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Abstract: We should not create Geographic Information (GI) only for a particular purpose. The reusability of GI 
will improve by unbundling drawing parameters from spatial data. We focus on personalized visualization of GI, one 
of the issues in ubiquitous mapping. We design a portrayal schemas which are independent from spatial data, and 
build prototype visualization system based on these schemas. This system aims to realize personalized visualization of 
GI by registration of drawing parameters as instances of the portrayal schemas, which are designed for different 
purposes to fulfill user’s requests. To ensure interoperability, the schemas refer to ISO19117, the international 
standard of Geographic Information - Portrayal. 
 
Keywords: personalization, visualization, ubiquitous mapping 


 
1. Introduction 
Standardization of drawing parameters 
Drawing parameters in this paper are data for spatial data representation in maps, such as symbols and parameters such 
as positions, angles and offsets to put symbols. At this moment, it is difficult to interchange drawing parameters among 
different systems. However, interchanging not only standardized spatial data but also standardized drawing parameters 
enables users to see standardized representations and to deepen mutual understandings. 
 
Reusability of GI 
We use many methods, such as maps, graphs, tables, documents and so on to describe the real world phenomena. 
And we choose the most proper way to create them. These designing works are usually enough to represent 
information for each purpose. However it is difficult to reuse them for other purposes.  
 
The reusability of GI will improve by modeling of the real world phenomena as features. Feature is defined as 
“abstraction of real world phenomena” in ISO/TC211 Standards, and it consists of “attributes (spatial, temporal, and 
thematic)”, “relationships with other features (inheritance and association)” and “operations”. Spatial data is a set of 
feature instances that comply with feature types. Spatial attributes are used for visualization, while temporal attributes 
are used to produce animations and thematic attributes are used for design of figures in spatial data representations. It is 
the underlying concept in ISO 19117 “Portrayal”, one of ISO/TC211 Standards, to separate drawing parameters from 
feature instances. We need not create spatial data for the particular purpose by multipurpose feature modeling. We just 
create sets of drawing parameters and reuse the spatial data.  
 
Personalization of maps 
Maps, one of the methodologies for representing GI, are designed for versatile uses in general. They are useful for 
mutual understanding of the real world. However, they are sometimes awkward for users because maps do not fulfill 
their personal requirements.  
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Ubiquitous mapping is a function that people can access any map at anywhere and anytime through the information 
network (Ota, 2004) and is expected as one of solutions to such problems. Personalization and visualization are big 
issues to realize the mechanism of ubiquitous mapping, because we have to store enormous amounts of GI if we 
accommodate personalized GI to answer every user requirements. 
 
Approach to standardization and personalization 
It is important to interchange standardized drawing parameters that are separated from spatial data to realize mutual 
understandings. And it is necessary to realize personalized representation according to user’s requirements for deeper 
understanding. 
 
We focus on portrayals of map in this paper. We design portrayal schemas to separate drawing parameters from 
feature instances, and implement prototype system based on these schemas. We create and register drawing 
parameters as user’s typical preferences, and represent personalized maps by switching over those preferences with 
this system. 
 
2. Schema for portrayals 
This section discusses the concept of portrayals in JPGIS ver1.0 which is the Japanese profile of ISO/TC211 
standards, and three portrayal schemas for representing features which are the profiles of JPGIS used in prototype 
system implementation as mentioned the section 3. 
  
Concepts of portrayals in JPGIS 
JPGIS ver1.0 defines two types of information to portray GI based on the concept of separating drawing parameters 
from spatial data. These two types are shown in Figure 1 as Dp1 and Dp2. 


 


Dp1 Dp2 


GI (Geographic information) 


Spatial data  
(Feature instances) 


Drawing parameters


 


Figure 1.Structure of GI 


The first one is drawing parameter (Dp1) such as symbols that can be applied to feature types. If different symbols 
which have same meaning are used in different maps, users would be confused. To realize mutual understandings, it 
is better to use standardized symbol in maps.The second one is drawing parameter (Dp2) which should be prepared 
for each feature instances. For better visualization, we use some parameters such as offset, tilt, and resizing symbols. 
The drawing parameters used in these techniques is unique for each feature instances. Dp2 has been treated as a part 
of spatial data in most GISs. However Dp2 is different according to user’s preferences and it is better to separate Dp2 
from spatial data for personalization. 
 
Portrayal Dictionary Schema  
There are two schemas for Dp1. The first one is a schema for symbols (Symbol Dictionary Schema), and the other is 
a schema for annotation styles (Annotation Dictionary Schema). 
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Symbol Dictionary Schema 
Symbol Dictionary Schema is defined as a schema for point, line and polygon symbols in JPGIS. Figure 2 shows the 
profile of JPGIS Symbol Dictionary Schema. This is simplified from JPGIS from practical point of view. For 
example, dashed line is defined as a sequence of integers which means line stroke, though it is defined as a set of 
geometric elements in JPGIS.  


Symbol
+ name : CharacterString
+ element : Set<SymbolElement>


SymbolDictionary
+ name : CharacterString


0..*+element 0..*


PointSymbol LineSymbol
+ unit : Integer


PolygonSymbol
+ unit : Sequence<Integer>


SymbolElement
+ geometry : CoordinateGeometry
+ color : Sequence<Integer>
+ width : Integer
+ pitch : Sequence<Integer>


 


Figure 2.Symbol Dictionary Schema 


SymbolDictionary is a set of Symbols. Symbol is the root class of the symbol objects, and is used to represent spatial 
attribute of a feature. It has two attributes name and element. Name is an identifier of the symbol. Element is a set of 
SymbolElement. SymbolElement consists of curves, and their colors, widths, and pitches which are the arrays 
representing the lengths of the dash segments. An example of SymbolElement is shown in Figure 3 . 


 
・geometry circle, 40 pixel in radius 
・width  1.5pt 
・color  (R,G,B) = (0,128,128) 
・pitch  5/3   


 


Figure 3.Example of SymbolElement 


Symbol has three subclasses; PointSymbol, LineSymbol and PolygonSymbol.  
PointSymbol is applied to a point object, such as the position of a building. It has two attributes inherited from 
Symbol. Name identifies a PointSymbol in the SymbolDictionary, and element consists the shape of the PointSymbol. 
LineSymbol is applied to a curve object, such as a road, a river, and an administrative boundary. It has two inherited 
attributes and one own attribute, unit. Unit is the length of a repetition pattern. The inherited attribute element collects 
the repetition pattern. PolygonSymbol is applied to a polygon object such as a land cover. It has two inherited 
attributes and one own attribute, unit. Unit shows horizontal and vertical sizes of a rectangle for repetition. The 
repetition pattern is stored in element. The examples of these three subclasses are shown in Figure 4. 
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LineSymbol 


PolygonSymbol 


unit
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Symbols in SymbolDictionary Example of how Symbols are used


 


 


Figure 4.Examples of Symbols and their uses 
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Annotation Dictionary Schema 
Styles of annotations are also standardized in most maps as symbols. Annotation Dictionary schema is defined in 
JPGIS as a dataset of annotation styles, such as a font, a color, and so on. Figure 5 shows the profile of JPGIS 
Annotation Dictionary Schema. This profile derives only simple elements from JPGIS for distinguishing annotation 
styles on maps. For example, Inter-character space which is defined in JPGIS is omitted.   


Font
+ name : CharacterString
+ size : Integer


Color
+ rgb : Sequence<Integer>


Direction
+ writing : CharacterString


ReferencePoint
+ position : CharacterString


AnnotationDictionary
+ name : CharacterString


Annotation
0..*+element 0..*


0..*+element 0..*


 


Figure 5. Annotation Dictionary Schema 


AnnotationDictionary is a class to describe a collection of annotation styles. Annotation is the root class of annotation 
styles, and has four subclasses; Font, Color, Direction and RefencePoint. 
Font is a name of a set of printing type of one size and face. It has two attributes name and size. Name is used for the 
font name and size is used for the font size. Color is a font color. It has one attribute rgb that is used to describe values 
of RGB Color. ReferencePoint shows the reference point of a character string. It has one attribute position that is used 
to decide the reference point of character string. Direction is the text direction. The attribute writing takes the value 
“horizontal” or “vertical”.  
Annotation has a role element. Element collects subclasses as a set. Figure 6 shows an example of an annotation 
instance which collects subclasses’ instances and an example of its use. Annotation”placeName01” is applied to the 
annotation “Tokyo” in this example. 
 
<Annotation name=”placeName01”> 
 <Font name=”Arial” size=”15”/> 
 <Color rgb=”91 81 163”/> 
 <Direction writing=”horizontal”/> 
 <ReferencePoint position=”center”/> 
</Annotation>  


Figure 6.Examples of Annotation and its use 


Portrayal parameter set for instances 
Portrayal parameter set is a set of visualization parameters having one-to-one relationships between feature instances. 
Figure 7 is the simplified profile of JPGIS portrayal parameter set schema implemented in this paper.  


Tokyo 
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SymbolParameter
+ symbol : Symbol


AnnotationParameter
+ style : Annotation


PortrayalParameterSet


Feature
+ name : CharacterString


PortrayalParameter
+ offset[0..1] : DirectPosition
+ angle[0..1] : Integer


1..*+element 1..*


1..*
0..* +feature


1..*+portrayal


0..*


 


Figure 7. Feature Portrayal Data Schema 


PortrayalParameterSet is a collection of PortrayalParameters. PortrayalParameter is the abstract root class for 
drawing parameters of feature instances; Dp2. PortrayalParameter has two optional attributes; offset and angle. These 
attributes are used for dislocation. We can set a dislocated position with offset, and an angle of annotation with angle. 
PortrayalParameter has two subclasses; SymbolParameter and AnnotationParameter. SymbolParameter has a 
reference to Symbol in SymbolDictionary with the attribute symbol, and AnnotationParameter has a reference to 
Annotation in AnnotationDictionary. These two classes have an inherited association with portrayed feature; feature. 
Accordingly, SymbolParameter and AnnotationParameter have references to portrayed feature and element in 
portrayal dictionaries (Symbol or Annotation). Feature instances have relationships with drawing parameters (Dp1 and 
Dp2) by these references. The attributes insert and angle are used depend on user’s request and if these attributes are 
not in use, spatial attribute of feature instance is used to represent. And symbol instances and annotation instances are 
matched with feature types automatically by using their names. 


 
3. Prototype System 
Mechanism for personalized visualization 
 Figure 8 shows the mechanism for personalized visualization. There are two processes, process for preference 
registration (process 1) and process for map personalization (process 2). 
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Figure 8.Mechanism of personalized visualization 


Process 1 is a process for cartographers. They edit symbols and annotations according to user’s preference. User’s 
preference in this case includes taste in color by personality, generation, transient mood and request for assistance of 
understanding.  
Process 2 is a process for map users. If they choose preference which has been registered by cartographers according 
to their requests, they can use personalized map. Users need not have expert knowledge during this process, however 
personalized maps are provided to them. 
 
Prototype system architecture 
We implement prototype system based on these schemas design mentioned already to realize the mechanism for 
personalized visualization. This system consists of four modules shown in Figure 9. 
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[1] FeatureTypeEditor


[2] SymbolEditor 


[3] SymbolizedFeatureEditor 


[4] InstanceEditor 


↓FeatureType 


FeatureType ←


Symbol and 
 Style → 


Preference → 


Feature and portrayal parameter instances


Real world


FeatureType↓ 


 


Figure 9.Prototype system architecture 


[1] FeatureTypeEditor is a software module for defining feature type with spatial attribute and thematic attribute. For 
example, feature type “Road” can be defined with two attributes; spatial attribute “curve” which shows shape of road 
and a thematic attribute “name” which is an identifier of road. [2] SymbolEditor is a software module to edit symbols 
and annotation styles. [3] SymbolizedFeatureEditor is a software module to define preferences by applying symbols 
and annotations to feature types. [4] InstanceEditor is a software module for creating feature instances in compliance 
with feature types, editing portrayal parameters with preference and representing feature instances with portrayal 
parameters. This editor is optionally used by the end user as necessity. 


 
4. Visualization with Porototype System 
We explain the personalized visualization of feature instances by applying the prototype system in this section. We 
design a set of feature types, editing symbols and annotations, and making preferences. Finally we create feature 
instances and editing its portrayal parameters by using preferences. The prototype system provides the function to 
edit data focused on visibility and preference for colors in editing symbols. 
 
Case Study: Feature Types 
Figure 10 shows feature types to realize personalized visualization of spatial data as a case study. There are the class 
“FeatureDataSet”, the abstract root class “Feature” and three subclasses of Feature; Road, Building and Park. These 
three subclasses of Feature have one common attribute name for instance identification. This thematic attribute can 
be used as an annotation that distinguishes the instance on the map. 
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Figure 10.Feature Types 


 
Road, Building and Park have own spatial and thematic attributes, and each of attributes can be used for personalized 
representation of spatial data. 
Road has three attributes; 
・ geometry : the shape of a road. The type of geometry is GM_Curve, 1-dimensional geometric primitive, 


representing the image of a long and narrow object defined in ISO/TC211 Standards. This attribute can be 
represented with a LineSymbol. 


・ congestion : shows that the road is busy or empty. If the value is true, it means busy. Busy road is dangerous for 
children. This attribute may be useful to design preferences. 


・ arcade : shows whether side walk is roofed or not. On rainy day, it is better to walk roofed sidewalk, 
however, on sunny day, some people want to walk unroofed sidewalk, and others do not because of suntan. This 
attribute is also used to design preferences. 


Building has two attributes; 
・ geometry : the spatial attribute of building. In this case, GM_Point, 0-dimensional geometric primitive, 


representing a position defined in ISO/TC211 Standards, is used to describe representative point of a building. 
This attribute can be represented with a PointSymbol. 


・ usage  : distinguishes usage of buildings, such as a post office, a hospital, a station and so on. Standardized 
and personalized symbols should be applied according to the value of usage.  


Park has two attributes; 
・ geometry : the shape of Park. GM_Surface is 2-dimensional geometric primitive, representing the image of a 


region on a plane defined in ISO/TC211 Standards. A PolygonSymbol is applied to represent area, and a 
LineSymbols is applied to show its boundary. By calculating center of gravity, a PointSymbol is applied to show 
representative point of a park. 


・ type  : distinguishes characteristic of Park such as a historic park, an athletic park, a botanical park and so 
on. Symbols should be selected to represent such a characteristic according to user’s requirements. 


 
Color Control 
The relation of background and foreground colors affects visibility of an object. If brightness contrast between two 
colors is small, the boundary of the object is not clear [3]. In such a case, contrast of colors in symbols and annotations 
on the map should be enough to distinguish each other [4]. To adjust the contrast of symbols and annotations, our 
prototype system has a function to control brightness. We can change brightness with moving scale bar and adjust 
contrast between selected color and background color.  
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In the meanwhile, people have preferences for colors depend on their generation, gender, life environment, personal 
experience, culture and so on [2]. Colors and combinations of them have not only optical effects but also 
psychological effects on people. Optical effects are effects such as indistinctness between objects and a flicker on the 
map. Psychological effects are such as sedative effect in blue, excitatory action in red and alarming effect in the 
combination of yellow and black. We can select color with the color palette in this prototype system and save colors 
with name for each preference to change colors according to the user preference. 


 
Case Study: Visualization of spatial data 
We showed the possibility to edit portrayal data to fulfill various purposes and to visualize spatial data as a personalized 
map with this prototype system. And visibility and mental process of colors can be considered in editing portrayal data. 
Prototype System can change portrayal parameters that are created by preferences when the user sends new request . 
For example, if the user is a pedestrian on a rainy day, this system can provide the representation of spatial data which 
roads with roof are highlighted. And if the user is a person on the way shopping, this system can provide the 
representation which stores are highlighted. 
 
The prototype system creates portrayal data sets using registered preferences, and changes them sets according to the 
user’s requests to change. For example, if a user is a child, he/she prefers highly bright colors such as orange and yellow, 
but if a user is an adult, staid colors are more preferred in general. Portrayal data with pastel colors may ease user’s 
mind in the spring season, portrayal data with blue and white color may give user breezy freshness and in the summer 
season. 


 
5. Future Work 
Users edit portrayal data for personalized visualization by themselves in this prototype system. However we have a 
plan to store information about human recognition for colors and personal preferences and to provide personalized 
maps automatically. User will be able to read the on-demand map anytime anywhere without specialized experience 
in portrayal with this mechanism. 
 
6. Conclusion 
We design schemas for portrayal focused on the separation of drawing parameters from spatial data, and implement 
the prototype system in this paper. This system provides the basic mechanism for standardization and personalization 
in spatial data representation. The good representations for individuals are of great variety according to various 
purposes, however, registration of portrayals makes it possible to visualize same spatial data in different styles, and 
the portrayals can be applied to other spatial data sets.  
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GI (Geographic information) 


Portrayal data


 


Figure 1.Structure of GI 
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The examples of these three subclasses are shown in . 
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スタイル 表番図 号 中央揃え 왼쪽  + ,  
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PointSymbol is applied to a point object, such as the position of the building. It has two attributes 


inherited from Symbol. Name identifies this PointSymbol in the SymbolDictionary, and element 


consists the shape of this Symbol. 


LineSymbol is applied to a curve object, such as a road, a river, and an administrative boundary of 


countries. It has two inherited attributes and one own attribute, unit. Unit is the length of repetition 


pattern. The repetition pattern consists of SymbolElements in element. 







PolygonSymbol is applied to a polygon object such as a land cover. It has two inherited attributes 


and one own attribute, unit. Unit shows side lengths horizontal and vertical sizes of a rectangle for 


repetition. The repetition pattern is stored in defined by element. 
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Symbols in SymbolDictionary
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Figure 4.Examples of Symbols and their uses 
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Figure 8.Mechanism of personalized visualization 


Process1 is a process for map-making specialists cartographers. They make symbols which symbolize features by 


relationship, resemblance, convention or other reasonable background (意味不明), and create symbol dictionaries 


and annotation dictionaries. Then they choose proper symbol and/or annotation style from dictionaries and apply to 


feature type, or feature attribute value such as quantity and type according to user’s preference. User’s preference in 


this case includes taste in color by personality generation or transient mood and/or request for assistance of 


understanding.    


Process2 is a process for map users. If they choose preference which has been registered by specialists according to 


their requests, they can use personalized map. During this process, users need not have expert knowledge, however 


they can personalize their map on-demand. 
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Road
+ geometry : GM_Curve
+ crowds : Boolean
+ coveredArcade : Boolean


Building
+ geometry : GM_Point
+ type : CharacterString


Park
+ geometry : GM_Surface
+ type : CharacterString


Feature
+ name : CharacterString


FeatureDataset


1..*+data 1..*
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Figure 10.Application Schema 


 


 


페이지 8: [150] 삭제됨 kuro 2006-08-30 PM 5:24:00 


 in Map 
 


페이지 8: [151] 삭제됨 kuro 2006-08-31 PM 2:27:00 


color  


 


페이지 8: [151] 삭제됨 kuro 2006-08-31 AM 1:21:00 







shape of the object seems to be deformed, and its  


 


페이지 8: [151] 삭제됨 kuro 2006-08-31 AM 1:24:00 


seems glari 


 


페이지 8: [151] 삭제됨 kuro 2006-08-31 AM 1:24:00 


ng [3 


 


페이지 8: [152] 삭제됨 kuro 2006-08-31 AM 1:24:00 


check  


 


페이지 8: [152] 삭제됨 kuro 2006-08-31 AM 1:25:00 


check  


 


페이지 9: [153] 서식 있음 kuro 2006-08-31 PM 12:15:00 


 서식 있음 
 


페이지 9: [153] 서식 있음 kuro 2006-08-31 PM 12:15:00 


( )영어 미국  
 


페이지 9: [153] 서식 있음 kuro 2006-08-31 PM 12:15:00 


 서식 있음 
 


페이지 9: [154] 삭제됨 kuro 2006-08-31 PM 12:16:00 


 These are caused by the personal experiences and images accumulated over ages. 


 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:16:00 


 서식 있음 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:16:00 


 : 글꼴 색 검정 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:16:00 


 서식 있음 
 







페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:16:00 


 : 글꼴 색 검정 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:16:00 


 : 글꼴 색 검정 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:16:00 


 : 글꼴 색 검정 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:16:00 


 : 글꼴 색 검정 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:18:00 


 서식 있음 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:18:00 


 서식 있음 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:18:00 


( )영어 미국  
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:18:00 


( )영어 미국  
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:18:00 


 서식 있음 
 


페이지 9: [155] 서식 있음 kuro 2006-08-31 PM 12:17:00 


( )영어 미국  
 


페이지 9: [156] 삭제됨 kuro 2006-08-31 AM 1:41:00 


have not only material influence but mental process. Considering the material influence of colors can visualize spatial 


data to eye-friendly map, but to visualize attractively, the mental process of color should be considered. To change 


colors according to user preference, w 


 







페이지 9: [156] 삭제됨 kuro 2006-08-31 PM 4:22:00 


palette 


 


페이지 9: [156] 삭제됨 kuro 2006-08-31 AM 1:41:00 


. 


 


페이지 9: [157] 삭제됨 kuro 2006-08-31 PM 12:19:00 


With this prototype system, w 


 


페이지 9: [158] 서식 있음 kuro 2006-08-31 AM 10:38:00 


paragraph, 양쪽 
 


페이지 9: [159] 서식 있음 kuro 2006-08-31 PM 2:29:00 


: ( ) Times New Roman, ( ) MS Mincho, ( )글꼴 영어 한글 영어 미국  
 


페이지 9: [160] 삭제됨 kuro 2006-08-31 PM 12:19:00 


n 


 


페이지 9: [160] 삭제됨 kuro 2006-08-31 AM 1:41:00 


on-demand  


 


페이지 9: [161] 서식 있음 kuro 2006-08-31 PM 2:29:00 


 : 글꼴 색 검정 
 


페이지 9: [161] 서식 있음 kuro 2006-08-31 PM 2:29:00 


: ( ) Times New Roman, ( ) MS Mincho글꼴 영어 한글  
 


페이지 9: [161] 서식 있음 kuro 2006-08-31 PM 2:29:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [161] 서식 있음 kuro 2006-08-31 PM 2:29:00 


( )영어 미국  
 


페이지 9: [162] 삭제됨 kuro 2006-08-31 PM 12:19:00 


in editing portrayal data,  







 


페이지 9: [163] 서식 있음 kuro 2006-08-31 PM 2:29:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [164] 서식 있음 kuro 2006-08-31 PM 2:29:00 


핀란드어 
 


페이지 9: [164] 서식 있음 kuro 2006-08-31 PM 2:29:00 


 : , 글꼴 색 검정 핀란드어 
 


페이지 9: [164] 서식 있음 kuro 2006-08-31 PM 2:29:00 


핀란드어 
 


페이지 9: [165] 서식 있음 kuro 2006-08-31 PM 2:29:00 


 : , 글꼴 색 검정 핀란드어 
 


페이지 9: [165] 서식 있음 kuro 2006-08-31 PM 2:29:00 


핀란드어 
 


페이지 9: [166] 삭제됨 kuro 2006-08-31 AM 1:45:00 


datasets 


 


페이지 9: [166] 삭제됨 kuro 2006-08-31 AM 1:43:00 


, 


 


페이지 9: [166] 삭제됨 kuro 2006-08-31 AM 1:43:00 


 which 


 


페이지 9: [167] 서식 있음 kuro 2006-08-31 PM 2:29:00 


 : , 글꼴 색 검정 핀란드어 
 


페이지 9: [167] 서식 있음 kuro 2006-08-31 PM 2:29:00 


핀란드어 
 


페이지 9: [168] 삭제됨 kuro 2006-08-31 AM 1:45:00 







using the visibility of colors 


 


페이지 9: [169] 서식 있음 kuro 2006-08-31 PM 2:29:00 


 : , 글꼴 색 검정 핀란드어 
 


페이지 9: [169] 서식 있음 kuro 2006-08-31 PM 2:29:00 


핀란드어 
 


페이지 9: [170] 서식 있음 kuro 2006-08-31 PM 2:29:00 


 : , 글꼴 색 검정 핀란드어 
 


페이지 9: [171] 서식 있음 kuro 2006-08-31 PM 2:29:00 


핀란드어 
 


페이지 9: [171] 서식 있음 kuro 2006-08-31 PM 2:29:00 


 : , 글꼴 색 검정 핀란드어 
 


페이지 9: [172] 서식 있음 kuro 2006-08-31 PM 2:29:00 


핀란드어 
 


페이지 9: [172] 서식 있음 kuro 2006-08-31 PM 4:24:00 


: ( ) MS Mincho, ( )글꼴 한글 영어 미국  
 


페이지 9: [173] 삭제됨 kuro 2006-08-31 PM 4:24:00 


s 


 


페이지 9: [173] 삭제됨 kuro 2006-08-30 PM 5:48:00 


homemaker  


 


페이지 9: [174] 서식 있음 kuro 2006-08-31 PM 4:23:00 


 : 글꼴 색 검정 
 


페이지 9: [174] 서식 있음 kuro 2006-08-31 PM 4:23:00 


 : 글꼴 색 검정 
 







페이지 9: [174] 서식 있음 kuro 2006-08-31 PM 4:23:00 


: ( ) MS Mincho, ( )글꼴 한글 영어 미국  
 


페이지 9: [175] 서식 있음 kuro 2006-08-31 PM 4:23:00 


: ( ) MS Mincho, ( )글꼴 한글 영어 미국  
 


페이지 9: [176] 서식 있음 kuro 2006-08-31 PM 4:23:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [177] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [177] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [177] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [177] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [178] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [178] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [179] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [179] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho, ( )글꼴 한글 영어 미국  
 


페이지 9: [180] 삭제됨 kuro 2006-08-31 PM 12:20:00 


, 







 


페이지 9: [180] 삭제됨 kuro 2006-08-31 PM 2:33:00 


which are created by user preferences, as 


 


페이지 9: [181] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [182] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [182] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [182] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [183] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [183] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [183] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [183] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [183] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [184] 삭제됨 kuro 2006-08-31 PM 12:21:00 


In the spring season, p 


 


페이지 9: [185] 서식 있음 kuro 2006-08-31 PM 2:37:00 







 : 글꼴 색 검정 
 


페이지 9: [185] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [185] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) Times New Roman, ( ) MS Mincho, ( )글꼴 영어 한글 영어 미국  
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


글  : 꼴 색 검정 
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) Times New Roman, ( ) MS Mincho글꼴 영어 한글  
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


( )영어 미국  
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


(영어 )미국  
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


( )영어 미국  
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


( )영어 미국  
 


페이지 9: [186] 서식 있음 kuro 2006-08-31 PM 2:37:00 


( )영어 미국  
 


페이지 9: [187] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 







페이지 9: [187] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [188] 서식 있음 kuro 2006-08-31 PM 2:37:00 


 : 글꼴 색 검정 
 


페이지 9: [188] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [188] 서식 있음 kuro 2006-08-31 PM 2:37:00 


: ( ) MS Mincho글꼴 한글  
 


페이지 9: [189] 삭제됨 kuro 2006-08-31 AM 1:41:00 


In this prototype system, we u 


 


페이지 9: [190] 서식 있음 kuro 2006-08-31 AM 1:50:00 


 : 글꼴 색 검정 
 


페이지 9: [190] 서식 있음 kuro 2006-08-31 AM 1:50:00 


 : 글꼴 색 검정 
 


페이지 9: [191] 삭제됨 kuro 2006-08-31 AM 1:46:00 


 But, 


 


페이지 9: [191] 삭제됨 kuro 2006-08-31 AM 1:47:00 


  


 


페이지 9: [191] 삭제됨 kuro 2006-08-31 AM 1:47:00 


in the future,  


 


페이지 9: [191] 삭제됨 kuro 2006-08-31 AM 1:47:00 


storing  


 


페이지 9: [191] 삭제됨 kuro 2006-08-31 AM 1:47:00 


cognizance  







 


페이지 9: [192] 삭제됨 kuro 2006-08-31 AM 1:48:00 


,  


 


페이지 9: [192] 삭제됨 kuro 2006-08-31 AM 1:48:00 


on-demand maps are 


 


 





		1. Introduction

		Standardization of drawing parameters

		Reusability of GI

		Personalization of maps

		Approach to standardization and personalization



		2. Schema for portrayals

		Concepts of portrayals in JPGIS

		Portrayal Dictionary Schema 

		Symbol Dictionary Schema

		Annotation Dictionary Schema



		Portrayal parameter set for instances



		3. Prototype System

		Mechanism for personalized visualization

		Prototype system architecture



		4. Visualization with Porototype System

		Case Study: Feature Types

		Color Control

		Case Study: Visualization of spatial data



		5. Future Work

		6. Conclusion

		References






Modeling Inter-relations among Heterogeneous Spaces 


through Conceptual Framework for Spatial 


Representations in Information Universe 


Masafumi Ono, and Ryosuke Shibasaki 


Center for Spatial Information Science,  


University of Tokyo,  


Cw-503 4-6-1 Komaba, Meguro-ku Tokyo 153-8505, Japan 
{maono,shiba}@iis.u-tokyo.ac.jp 
http://shiba.iis.u-tokyo.ac.jp 


 


Abstract. This paper provides a conceptual framework about representations 


for heterogeneous types of space. Our primary concern is on geographic 


knowledge that can be represented in information universe. From this 


perspective, the objective is to clarifying the problems for how to arrange 


geographical information realized as map information systems, rather than to 


proposing explicit solutions. Also, this paper highlights the various spatial 


relations for realizing semantic spatial inter-operability. These issues discussing 


in this paper will be useful for the design of modeling geographical information 


and data structure. 


1   Introduction 


Should we represent the geographic space as a jig-saw puzzle of polygons or a club-


sandwich of data layers? Probably neither. (Coucleis 1992) 


Like this, many debates have been conducted at several different levels in GIS. 


From raster-vector data models to field-object conceptual models (Goodchild 1992, 


Galton 2004), we can get several types of representation for geographic information 


(GI) as the results of such approaches.  


After various selections for GI representations were proposed, historically, a great 


focus in GIS researches had been on the viewpoint for integrating such GI to manage 


with common operations. On this issue, many discussions have been continued still 


(Fonseca 2002a, Kuhn 2002), although we currently do not get a complete solution. 


One of the reasons about incompleteness may be supposed as follows. The weak point 


of integration approach is to requiring that the system designer must understand the 


many rules for integrating GI before he starts to develop the information system 


including GI data sets. Generally, too many specifications spoil the motivation of 


developers. Then, many usual developers could agree with the aim of integration, but 


they could not always agree with paying costs to understand integration rules. After all, 


many developers started to construct the system according to their own idea. 







Through such processes, there exist many application-dependent map information 


systems. In usual, once an application system formalizes GI data sets originally, the 


data sets cannot be used far away from the system. On the other hand, however, data is 


valuable asset, and if its usage increases, the data becomes more beneficial. Therefore, 


after constructing such systems, a new demand about established systems is laid on 


inter-operability for the purpose of data sharing and/or refreshing. 


Under these circumstances, inter-operability becomes a key concern in GIS for the 


sharing of GI resources that can be facilitated (Harvey at al. 1999). Integration 


concerns the design of a system structure, while inter-operability concerns the 


interfaces among systems. The dynamic interaction among different applications 


requires not only to support data exchange technically but also to understand 


semantics for GI that such data indicates (Kavouras 2002). This issue, in other words, 


may lead to what kinds of GI are represented within the existing map information 


system, too. 


On that way, this paper addresses what kinds of geographical space can be 


represented by map information systems, as the specific semantic domain within 


information universe. The reason is that our primary concern is on instructive 


geographical knowledge even in information universe.   


 This paper provides a conceptual framework to clarify the problems for modeling 


geographic space. Like the issue shown in the beginning, it is no complete answer to 


the question how geographical semantics should be modeled. However, these issues 


discussing in this paper will be useful for how can the meaning of the GI be explained, 


and for how can the design of GI representations be modeled. 


The rest of the paper is structured as follows. In section 2, the several types of space 


is introduced and clarified, along with several discussions in this paper. In section 3, 


the next discussion is focused on the spatial inter-relations among the space types. In 


section 4, the considerations for application development as a map information system 


is highlighted. 


2   Heterogeneous spaces 


Space is an essential concept not only in GIS and cartography but also in the other 


many fields such as philosophy, mathematics and physics. Its concept is so general 


and abstractive that the term 'space' is used in various contexts. Thus, the meaning of 


'space' has become ambiguous. Because of this ambiguity, we will start from limiting 


the meanings of 'space' in this paper to clarify our scope. 


In general, an ambiguous term has more than two meanings. We must not confuse 


'ambiguity' with 'vagueness'. Vagueness is caused by the fact that the word's meaning 


is not explicit in a context, while ambiguity occurs when at least two interpretations 


exist in a word or phrase. Typically, there are three kinds of ambiguity at the lexical, 


syntactical or referential level (Berry 2003). 


Lexical ambiguity is caused by the fact that a term in a phrase or sentence generally 


has more than one meaning. Therefore, the sense including the term can be interpreted 


from at least two viewpoints. For example, if we take up a phrase 'the bias of the dress', 







one meaning may express the preference about the dress, and the other meaning may 


express the diagonal line on the dress. This ambiguity is because 'bias' has two lexical 


meanings: 'preference' and 'diagonal line'. 


Syntactical ambiguity is caused by the case that a word order allows more than two 


interpretations. For example, when we take up a phrase 'a small robot making factory', 


we cannot interpret whether 'a factory for making small robots' or 'a small factory for 


making robots'. In this example, however, it is possible to remove syntactical 


ambiguity by adding some marks for strict divisions or by paraphrasing the phrase 


itself. Sometimes, syntactical ambiguity is called 'amphiboly'. 


Referential ambiguity is caused by the case that we cannot understand what a term 


refers. As an example, imagine a situation that two men named John exists in the room. 


On this situation, if someone receiving a telephone says the phrase 'A man is calling 


you, John.', then it is not clear what the reference 'John' indicates. 


With taking sufficient care of these kinds of ambiguity, the following section will 


show the type of 'space' that we are concerned with. 


2.1   Space 


To avoid lexical ambiguities, the focus about space in this paper is on the following 


meanings. 


 


・ Space contains spatial elements within its, like a set 


・ Space has axioms that affect all spatial elements within its. 


・ Space is a domain that has an explicit boarder or an implicit limitation. 


・ Space is a base-model that has potentialities to be represented and implemented 


for information system. 


 


The way to avoid syntactical ambiguities had already shown above. 


To avoid referential ambiguities, we will add some modifiers to the term 'space'. 


For example, the space emphasized on cognitive phenomenon may be called as 


'cognitive space'. These modifiers are useful to specialize what the modified noun 


refers. From this circumstance, if a strong emphasis is on the previous definitions 


about space, we may introduce the term 'generic space' in this paper. 


In addition, we are here mainly concerned with knowledge that can be represented 


even in information system. The problems for representation of space within 


information universe, typically, may be associated with the ways of understanding for 


space from geography with maps and from linguistics with natural languages. 


Therefore, from two viewpoints, generic space can be distinguished as geographic, 


linguistic space. 


2.2   Geographic space 


Geographic space inherits previous definitions about generic space, and 


encapsulates ideas focusing on geographical phenomenon. Generic space exists only 







in abstractive universe (such as mathematics) and is independent of real world. In 


contrast to such generic space, geographic space mainly may contain more concrete 


spatial elements such as entities and/or events in proximity to the surface of the Earth. 


Therefore, it is necessary to characterize the spatial element within geographic 


space. Hence, in order to replace such name 'spatial element', this paper will introduce 


the term 'geo-region'. More concretely, the geo-region is characterized as follow.  


 


・A geo-region is a base model on which a geographical phenomenon is reflected. 


・A geo-region has a boundary to distinguish location among the others. 


・A geo-region has at least one name to discriminate from the others. 


 


On this characterization, in many cases, the boundary may be used for where the 


geo-region exists in a geographic space, and the name may be used for what the geo-


region is.  Furthermore, generic space regards all spatial elements within itself as 


equal, while geographic space regards each geo-regions as unique. Additionally, in 


geographic space, it is more important to analyze the relationship among geo-regions. 


2.2.1   Adequate theories for geographic space 


In geographic space, what kind of common theories as axioms affecting all geo-


regions within its space should be adopted? For this question, there are two region-


based technical theories enough to be considered: topology and mereology. 


Topology is a formal theory of connection. This theory uses logical and 


mathematical methodologies based on qualitative relations among regions. The great 


focus of topology is on the spatial properties among regions rather than location 


within space. 


On the other hand, mereology is a formal theory of parthood or overlap: of the 


relations of part to whole. This theory was initially developed as an alternative to set 


theory in the constructional analysis of the world of spatio-temporal entities. (Cohn 


2002) Through mereology, we may give mereological properties for the specific 


regions. For example, if a geo-region is the entity referred by count noun, distributive 


or collective property may be given. Or if a geo-region is the entity referred by mass 


term, dissective or cumulative property may be given. 


The resultant theories may be sometimes called, mereotopology. These theories are 


intended for reasoning about spatial relations among material objects. Note that the 


region-based theories such as topology, mereology, or mereotopology do not provide 


for giving account of the distinction between real substances and referential regions 


because they are neutral (Donnelly 2003).  


Through these remarks, the following axioms may be added in geographic space. 


 


・ Geographic space has topological property among geo-regions.  


・ Geographic space has mereological property among geo-regions. 







2.2.2   Field-based and object-based views 


In traditional GIS, there are many dichotomies when considering scientific idea, 


conceptual model, or data structure. One of these well-known dichotomies is a 


distinction between the field-based and object-based conceptual modeling approach to 


spatial information. (Kjenstad 2006, ) 


The field-based model originates from classical physics. For instance, if the field-


based modeling is applied for a geographic space, in many cases, its space may be 


represented with geometric formed geo-regions in Cartesian coordinate system. The 


primary concern of this model is where each region is located as values within space. 


Hence, the field-based approach shall prescribe the location for each boundary of geo-


regions with valid values in geographical space. 


The object-based model concentrates on a conceptual structuring of GI, in 


particular, for real-world entities. If the object-based modeling is applied for 


geographic space, in many cases, its space may be represented like a set as a 


collection of geo-regions. This model tends to be used for classifying each type of 


objects, or for judging the object with interest. Hence, the object-based approach shall 


prescribe discriminations for a specific geo-region (or a specific type of geo-region) 


from the others, according to a specific observation viewpoint. 


The difference between field-based and object-based approaches affects, in 


particular, the logical design for data structure and system implementation from the 


following reasons. The field-based geographic space shall prescribe its representation 


for space at first, and subsequently the values for location of each geo-regions are 


given. In contrast, the object-based geographic space shall prescribe a specific object 


or type of objects with interest, at first.  


Eventually, the more important focus of the object-based description is on the fact 


that objects give the identification of space rather than the fact that a space gives the 


correct location. These are important viewpoints enough to be considered. Through 


these viewpoints, geographic space should be considered more carefully. Therefore, 


geographic space that we defined above will be subdivided into 'authentic' and 


'arbitrary'-space. 


2.2.3   Authentic-space 


Authentic-space is like a field-based geographic space. The general spatial 


representation of authentic-space is more rigorous for real world. Such authentic-


space is more characterized than the field-based space as follow.  


 


・An authentic-space defines location for each geo-region. 


・An authentic-space gives values for the boundary of each geo-region . 


・Each geo-regions are parts of authentic-space. 


・Authentic-space  allows the various viewpoints of observation to co-exist. 







 
Figure 1. Authentic-space 


 


2.2.4   Arbitrary-space 


Arbitrary-space is like an object-based geographic space. The general spatial 


representation of arbitrary-space is more interested in objects that a human recognizes 


rather than space itself. Such arbitrary-space is more characterized than the object-


based space as follow.  


 


・ In an arbitrary-space, a specific object or type of object with interest are 


determined. 


・In an arbitrary-space, the relation between an interested object and the others are 


discriminated.  


・An arbitrary-space gives roles to objects. 


・Geo-regions occupy arbitrary-space. 


・Arbitrary-space is dependent on the viewpoint of some specific observation. 


 







 
Figure 2. Arbitrary-space 


2.2.5   Dichotomies 


Traditionally, there are various dichotomies except for the distinction between the 


field-based and object-based model. For clarifying characters of authentic and 


arbitrary-space more, we will additionally describe both spaces on the basis of these 


dichotomies. 


 


(i) Qualitative vs. Quantitative for spatial analysis 


 


This dichotomy is originated from the difference on technical approaches for 


spatial analysis. On the basis of this dichotomy, quantitative spatial analysis may have 


strong similarities with authentic-space, while qualitative quantitative spatial analysis 


may have strong similarities with arbitrary-space because fields are represented by 


quantitative values and objects are represented by qualitative properties in many cases. 


However, this statement is not a strict restriction. There are some exceptions that 


do not correspond to this pattern. As an example, we will take up any two geo-regions 


within authentic-space. When we have a great interest in the numerical relationship 


between these two geo-regions, by using values of each boundary, the distance 


between them may be calculated. This mathematical approach is a quantitative spatial 


analysis. On the other hand, when we have a great interest in the conceptual 


relationship between the two geo-regions, each region may be regarded as a features 


rather than boundaries. On the basis of such regard, the spatial relationship among 


each geo-regions may be represented by qualitative properties such as natural 


language. Therefore, we can say that this comparison is a qualitative spatial analysis, 


even if in authentic-space. 


 


 







(ii) Fiat vs. bona fide for spatial boundaries 


 


The dichotomy is a distinction in the realm of spatial boundaries. This distinction 


between fiat boundaries and bona fide boundaries is derived from the viewpoint of 


philosophy. (Smith 2000) 


Bona fide boundaries are just the classic physical boundaries and correspond to 


natural discontinuities, such as the edge of an island. We can look at many bona fide 


boundaries anywhere in real world. In contrast, fiat boundaries are induced through 


human demarcation in geographic domain. Because of dependence on our cognitive 


and/or social practices, fiat boundaries are not visible in real universe, such as the 


borders of the nation. 


Physically or mathematically, it may be easy to define the location for bona fide 


boundaries in authentic-space, because of natural borders. 


On the other hand, there are different types for fiat boundaries, involving not only 


the social one but also non-social. Essentially, non-social fiat boundaries involve 


borders of individual cognitive conceptualized schema, or anatomic divisions for the 


personal organs. The important difference between social and non-social fiat 


boundaries is the difference on observation. The social viewpoint can be shared in 


local community, while the non-social is independent as a premise. (But after 


agreements, the viewpoint can be shared subsequently).  


Considering these circumstances, fiat boundaries may be suitable to using within 


arbitrary-space. However, in fact, it is difficult to define the explicit fiat boundaries 


from several reasons, so that historically people had even killed each other for fiat 


borders of their cognitive territory. 


 


(iii) Pure science vs. social/individual life for spatial knowledge 


 


What is GI used for, as knowledge? Traditionally GIS theory should be considered 


from not only the purview of geographical sciences but also the purview of human 


activity and society. (Egenhoher 1995, Frank 2003) 


Even if authentic-space represented by pure science methods, by any chance, has 


ability to portray the real world completely, a person will not have ability to recognize 


all information on it. People have restrictions on recognition, and therefore, needs to 


understand as a certain focused portion of the world. The focusing from a specific 


perspective generates a bias at different level of granularity. Such biased space 


corresponds to arbitrary-space. Therefore, we shall assume that arbitrary-space can be 


represented by the ambiguous bias not only for a person but also for a society. 


2.3   Linguistic Space 


We will introduce the name 'linguistic space' that inherits the previous definitions 


about generic space and includes some additional extensions. A linguistic space 


contains the various terms as spatial elements. The objective of its space is to 


modularization of terms in a specific domain. As opposed to namespaces in XML 


(Bray 2006) where names have ID-like or address-like tendency, terms within a 







linguistic space refer to their meanings. Thus, each term identifies its linguistic space 


linking to semantic.   


A linguistic space manages the list of names and connects the names with 


descriptive information from a specific perspective. Because the influence of one 


perspective has a limitation by all means, the range of the influence may be equivalent 


to the domain of a linguistic space. 


In particular, the linguistic space that contains references for entities in real world 


and that connects with semantic about geographic reality is called geo-ontological 


space, in this paper. 


2.3.1   Geo-ontological space 


Ontology (Gruber 1993, Guarino 1995) is proposed as a mechanism for resolving 


common semantic frameworks from the perspectives of AI, philosophy and so on. The 


primary objective of ontology is to facilitate accurate and effective communications of 


meaning. Ontology is, therefore, the manifestation of a shared understanding of a 


domain. Although a complete understanding and a shared meaning for ontology itself 


are yet to be achieved, the specification of ontology is expected to benefits such as 


inter-operability.  And also, challenges for ontology-driven GIS systems (Fonseca 


2002b) are being continued, to share knowledge at different levels of semantic and 


geographic granularity. 


Through the idea about ontology we here defines the geo-ontological space, where 


terms refer to geographical reality. 


A geo-ontological space has a list of geographic names with descriptive information 


about their geographic locations, like a gazetteer (Hill 1999). However, in contrast to 


geographic space, the conceptual and spatial boundary of each terms are not always 


located with explicit values. Then, if the concept of a geo-ontological space is 


visualized, its space may be like a network in graph theory. On this analogy, a term 


within a geo-ontological space corresponds to a node in a network, and at the same 


time a semantic relation between two terms corresponds to a link. The relations 


between terms can be taxonomic and associative such as the concepts with 'is a kind 


of'. Eventually, a geo-ontological space takes a form such as RDF triple (Klyne 2004). 


The primitive form of RDF triple consists of the subject, object and predicate 


expression. With respect to geo-ontological space, a geographic term is substituted for 


a subject or an object, and then a description for spatial relations between both is 


substituted for the predicate. In geo-ontological context, because topology and 


mereology are significant, the interactions between geographic terms within a geo-


ontological domain may be represented by the predicate encapsulating topological or 


mereological concept. 


 







 
Figure 3. geo-ontological space 


3   Spatial inter-relations 


On our framework, there are a number of different types of space. Using these types, 


in this chapter, we will distinguish each inter-relation among these types of space.  


Notes that these relations are basically anti-symmetric. This means that the 


distinction between subjective space type and objective space type must be clear. In 


the data modeling or structural designing, it is important to care where the relational 


function between them is defined: subjective space side, objective space side, or 


something like the mediator managing both. 


These inter-relations are determined as follows: 


 


(i) Reflexive-spatial relation: This is the relation between the same types of space. 


The type of two spaces is referred reflexively. In reflexive-spatial relation, both 


subjective and objective space is the same type. Because both have many common 


properties, the various relevancies can be determined.  


 (ii) Trans-spatial relation: This is the relation between the different types of 


space. In trans-spatial relation, subjective and objective space is the different type. 


Because both have few common properties, the relevancies may be limited.  


(iii) Meta-spatial relation: This is the generic-specific relation about the types of 


space. For example, in this paper, a relation that obtains between geographic space 


and authentic-space is called meta-spatial relation.  


 


 Assigning the characterized label to the distinctive relations, it is useful that we 


can recognize the difference and character of each relation and pick up some 


specialized problems on them. 







3.1   Reflexive-spatial relation 


In our framework, reflexive-spatial relation indicates the relation between the two 


same types of space. Depending on the same property of both spaces, if the reflexive-


spatial relation is characterized more concretely, its relation on the specific situation 


may serve the method to integrate both. For example, when both subjective space and 


objective space are represented in 2-dimensional Cartesian coordinates space, the 


correspondence of one-side coordinate points to the other-side may allow the mapping 


between both spaces. Like this example, with the same quantitative property, the 


various kinds of mathematical methods such as a coordinates transformation can be 


available. On the other hand, if both spaces define the same qualitative property, 


topology or spatial reasoning may be available. 


3.2   Trans-spatial relation 


In our framework, trans-spatial relation indicates the relation between the two 


distinct types of space. Because of several variations for each type, it is inevitable that 


the conditions for the trans-spatial relations are more complex than reflexive-spatial 


relation. From this reason, we can not enumerate such all conditions in this paper.  


 Therefore, we shall not discuss in detail the definition. Simply, we shall show two 


strategies enough to be considered. One is due to the spatial coincidence. The other is 


due to qualitative spatial reasoning over the distinct spaces. 


 


(i) Coincide 


 


 The relation of coincidence is dependent on the various level of mathematical and 


cognitive granularity. More concretely, this strategy diverges into the divided methods 


for handling the overlapped part between both spaces.  


 From the quantitative perspective, it is important to represent the overlapped part 


as values. For instance, one of our well-known methods is to overlaying the local map 


on the base map. This case must be great careful of the unit of measure. On the other 


hand, from the qualitative perspective, it is important how to represent the overlapped 


part. This case depends how the same property is defined. 


 


(ii) Qualitative spatial reasoning 


 


 In trans-spatial relation, if any coincidence can not be found, many quantitative 


approaches are not applicable because some common criteria are indispensable for 


their approaches. Therefore, a fuzzy solution in qualitative approaches may have some 


potentialities rather than quantitative.  


 The base of qualitative reasoning is on how to represent the various spatial 


relations with meaningful concept such as RCC (Randell and Cohn 1992), 9-


intersection model (Egenhofer 2005). The concept is generally encapsulated in natural 


language representations. However, we do not have enough vocabularies to indicate 


the various patterns for heterogeneous relationships because we usually do not send 







more interests to heterogeneous objects than homogeneous objects. Therefore, it may 


be necessary for us to produce some suitable predicates as a premise. If so, some 


reasoning methods to interpret trans-spatial relation become available such as first-


order logic. 


4   From the conceptual spatial framework for map representations 


This chapter will show some potentialities to apply our conceptual spatial 


framework for map representations in information system.  


Under our conceptual framework we assume that, for instant, authentic-space is 


suitable to the spatial representation in general map information such as WGS84 


coordinates system, while arbitrary-space is suitable to the spatial representation such 


as guide map, sketched map, or the other local map just only in the specific 


community. Such the latter maps have already existed as image files anywhere in Web. 


In addition to this, we assume that it is possible to represent a geo-ontological space 


with using a notation form (such as OWL), a geographical glossary (such as gazetteer) 


and a spatial ontology model (such as SNAP-SPAN, see Smith 2004). 


In this instance, the important emphasis is on how we regard the arbitrary-space. 


The arbitrary-space as image files can be interpreted by the two ways: if its space is a 


formalized map as coordinates space, or a mapping for the relationship among 


interesting places. On the former interpretation, the trans-spatial relation between 


authentic-space and arbitrary-space may have functions for overlaying. On the later 


interpretation, the trans-spatial relation between arbitrary-space and geo-ontological 


space may be connected by names of place objects as hooks.  


On the other hand, the trans-spatial relation between geo-ontological space and 


authentic-space may be linked by the relation between references for entities within 


the geo-ontological space and names for regions within the authentic-space. However, 


here is one problem enough to be careful. What the references for entities indicate: the 


boundary of regions, or the inner part of regions.  


On our conceptual framework, when these problems are arranged, as a consequent, 


each space will supplement another space. 


 







 
Figure 4. Spatial inter-relations on conceptual model 


 


5 Future works 


In this paper, we indicated a horizon on the potentiality of inter-operability for may 


representations in information system. As a next step, now we are implementing an 


application system on this framework. 
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Abstract. Most golfers believe that knowing yardages will improve their score. Certainly it helps with 
club selection. But, simple "Graphic" yardage guides being notorious for error and inaccuracies, which a 
serious golfer will pick immediately, only serve to erode the player’s enjoyment and ultimately, golf 
course satisfaction. Someone believes with low-level aerial photographic images, golfer will be impressed 
with the accuracy of the depiction, helping them play a more confident game. But, there are no mapping 
products in true 3D available in the world that allows a golfer to determine shot distances in yards or 
meters. So, we suggest a lenticular technology for real 3D display as a viable alternative to conventional 
image map solution. This technology is an image display method for the generation of multi-image effects 
like 3D visualization or animation. This methodology is cutting edge stereoscopic image which 
overcomes the limitation of conventional photo tech by recomposing and producing 3 dimensional images. 
A significant strength of the methods are its versatility concerning display effects. The main use of the 
hardcopy 3D lenticular displays is in the fields of science, education, planning, and representation. This 
paper gives a concise overview of the lenticular foil technology and describes the production of the true 
3D yardage book of golf courses. For this study, 3D effects are achieved and evaluated with the lenticular 
display by incorporation multiple synthetic images based on digital topographic terrain model and by 
using the two images of the actual stereopair. 
 
 
Keywords : Lenticular display ,Ttrue 3D, Yardage book, Golf course map, Synthetic image 
 
 
 
1. Introduction 
 
Golf is a game in which the player's true opponent is the golf course. That is why the game can be 
enjoyed in solitude or with other golfers of every caliber and age. The ability of a golfer to know power 
and accuracy, and to play for what can accomplish, is a thing which makes the game as perfect as can be; 
while a thinker who gauges the true value of shots, and is able to play well, nearly always defeats an 
opponent who neglects to consider and properly discount shortcomings.  
 
At its best, good course management means being able to curve the ball and manage trajectory when 
player need to; knowing the game, such as club distances and shot tendencies; knowing how to handle 
various lies and situations on the course; how to cope with poor weather conditions; understanding risk 
and reward; and finally, controlling attitude and emotions in competitive situations. 
 
Most golfers believe that knowing yardages will improve their score. Certainly it helps with club 
selection. But, simple "Graphic" yardage guides being notorious for error and inaccuracies, which a 
serious golfer will pick immediately, only serve to erode the player’s enjoyment and ultimately, golf 
course satisfaction. Someone believes with low-level aerial photographic images, golfer will be impressed 
with the accuracy of the depiction, helping them play a more confident game.  
 
So, we suggest a lenticular technology for real 3D display as a viable alternative to conventional image 
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map solution. This paper gives a concise overview of the lenticular foil technology and describes the 
production of the true 3D yardage book of golf courses. For this study, 3D effects are achieved and 
evaluated with the lenticular display by incorporation multiple synthetic images based on digital 
topographic terrain model and by using the two images of the actual stereopair. 
 
 
2. Yardage Book & Course Measurement  
 
Yardage book is a small booklet to keep various yardages, landmarks, references and notes about each 
hole on a particular golf course. It includes the layout of every hole, distances to hazards and note how far 
every sprinkler is to the front and center of each green. Not to be sacrilegious, but a yardage book is a 
caddie's bible while they're on the golf course.  
 
Most golfer know what distance they get for full shots with each iron when they play the ball in its 
normal position. But, no matter how good a technique have developed and how well strike the ball, low 
scores and match play victories are virtually impossible to achieve if the course management skills and 
tactics are neglected.  
 
A few seconds spent on each tee planning exactly how to play the hole ahead is often the sole difference 
between a highly satisfying and enjoyable game and a nightmarish round. With each piece of land comes 
a multitude of attributes, some positive and some negative. It is essential to find out about these attributes. 
And, although it may be possible to route a golf course without such intimate knowledge of the land in 
question, this would amount to malpractice, pure and simple. Land is made up of earth, rock, water, and 
vegetation. These form the basis of all that occurs physically on any given piece of ground.  
 
The effective playing length for each golfer is derived by adding the measured yardage of the course to 
any adjustments made for elevation, roll, forced lay-ups, wind, and altitude. Adjustments should be made 
to the measured yardage if there is any factors and changes due to the obstacles on the golf course which 
is shown in Table 1. 
 
Table 1. Types of main obstacles on the golf course 


No. Factors Contents 


1 Topography A factor of how mounds and slopes affect the stance or lie in the fairway landing zone 
and whether the shot to the green is uphill or downhill. 


2 Fairway A measurement of the probability of hitting the fairway. 


3 Green Target 
A measurement of the probability of hitting the green from the fairway landing zones. 
The relationship between the length of shot played and size of the green determines these 
values. (i.e., long shots to small greens will generate higher values than short shots to 
large greens) 


4 Recovery and 
Rough 


A measurement of the probability of missing the tee shot landing zone or green, and the 
difficulty of recovering if either is missed. 


5 Bunkers A measurement of the effect bunkers have on play based upon their proximity to target 
areas and the difficulty of recovery. 


6 Out of Bounds A measurement of how much the out of bounds will come into play based upon the 
proximity of the boundary to the fairway landing zone or green. 


7 Water Hazards A measurement of how much the water will come into play based upon its proximity to 
the fairway landing zone or green. 


8 Trees 
A measurement of how trees effect the play of the two players based upon the size and 
density of the trees, their distance from the center of the fairway or green, the difficulty 
of recovering from the trees, and the length of the hole. 


9 Green Surface A measurement of the difficulty of a green from a putting standpoint. Speed of the green 
and surface contouring are the main factors. 


10 Psychology A measurement of the cumulative effect of the other nine obstacles. 


 
 
So, player needs exact map for the golf course and this is what we called the yardage book. The pro has 
access to super-accurate yardages; the weekend player does not. Instead, amateurs are forced to wander 
around golf courses looking for sprinkler heads, pacing things off, and "guesstimating" how deep a green 
is, how their angle affects the distance, how far off a water hazard is, and whether the sprinkler head even 







has the correct yardage 
 
Caddies would show up on Monday and Tuesday to walk the course, measuring every conceivable 
yardage and writing them all down in a little booklet. They'd include numbers that indicated the carry 
distance of a water hazard, draw arrows indicating severe slopes and funnels on the greens, predominant 
wind conditions, and notes about areas in which he/she did not want to miss which sample is shown in 
Figure 1. Unfortunately yardage books, hole location sheets and well-informed caddies are permitted by 
the governing bodies of every major event.  
 
 


 
Figure 1. Sample for the professional golf tournament yardage books for the PGA Tour 


(Ref.: 2003 Bellsouth Classic at Sugarloaf Lucas Book) 
 


 
In the 1990s, this too faded away as caddies with yardage wheels were replaced by ultra-accurate, GPS- 
and laser-measured yardage guides. Unfortunately, the opportunity to accurately measure yardages is not 
available to the average weekend player, and there exists an insidious rule that makes it illegal to measure 
the yardage with GPS or laser during a round of golf. Rule 14-3b says: 
 
Except as provided in the Rules, during a stipulated round the player must not use any artificial device or 
unusual equipment… for the purpose of gauging or measuring distance or conditions that might affect his 
play…  
 
In other words, we're welcome to use a range finder all we want if we don't mind breaking the rules. 
Range finders are, per the letter of the law, illegal for use in tournament play (their use in handicap rounds 
is considered allowable). If we're using a range finder or a GPS unit to measure distances, by the rules, 
the game we're playing isn't golf. 
 
But, USGA and R&A new sanctioned use of distance measuring devices, including GPS-based systems. 
The New Decision 14-3/0.5, scheduled to become effective on January 1, 2006, allows a Committee to 
permit the use of distance-measuring devices such as GPS-based systems and laser range finders by Local 
Rule. 
 
Although GPS technology was introduced to golf more than 10 years ago, this ruling has been anticipated 







as the key to rapid adoption throughout the golf industry. Today we can find all sorts of distance 
measuring devices on many courses, such as laser measuring guns the size of a cigarette pack which, 
when pointed at a small reflector on the flagstick and a trigger like button squeezed, the exact distance is 
displayed. Probably the most common device is the GPS(Global Positioning System) units that have been 
installed into the rooftops of golf carts or hand held devices. 
 
But, with the low-level aerial photographic images, golfer will be impressed with the accuracy of the 
depiction, helping them play a more confident game instead of simple electronic devices. Photographs of 
a site can be quite helpful to orient and give a first impression of the land. This is especially true of color 
photography. Photographs taken from the air and the ground, snapshots are good to show views from 
certain points and what the land looks like from the human perspective.  
 
 
3. Lenticular 
 
The Lenticular technology is an image display method for the generation of multi-image effects like 3D 
visualizations or animations. An auto stereoscopic display presents a 3D image to viewer without the 
need for special glasses or other impediments.  
 
The first auto steroeoscopic method to appear was the "barrier" technique, which was first proposed and 
demonstrated by French painter G. A. Bois-Clair in 1962. The barrier technique was later proposed using 
photographic methods independently by both Jacobson and Berthier around 1896.  
 
Creating 3D integral imagery, by digitally interlacing a multiplicity of computer generated 2D views, was 
first demonstrated in1978 by Yutaka Igarashi, Hiroshi Murata and Mitsuhiro of Japan. Although integral 
image has not yet achieved significant commercial success, its use is inevitable and holds great promise 
as being very unique display medium.  
 
 


 


Figure 2. Basic ideas how lenticular images work 


 
In recently, multi scale hardcopy depiction of Mars surface in true-3D was presented by Manfred F. 
Buchroithner and others in 2005 special issues of PE&RS which focused on the presentation of three 
stereographic information in one hardcopy.  
 
Creating lenticular images requires three products that are not now common in most companies using a 
wide format ink jet or continuous tone color printer. These three products are: 
 


- Interlacing software for graphic image manipulation  
- A lenticular lens. 







- Using interlacing software, create a graphic composite image.  
- Print the interlaced file to output device.  


 
Among them, choosing the correct lenticular lens is dramatically affects the final result. Lenticular lenses 
can come in an almost infinite variety of shapes and sizes. A lenticular lens sheet is any array of repeated, 
identical lenses with a convex (bowed outward) lens on one side and a plane(flat) surface on the other. 
Table 2 shows recommended lenses to use with different print production methods.  
 
Table 2. Suggestions for printing method based on LPI 


Print Process / LPI 10 15 20 30 40 50 75 85 100 140 200 
Large Format Inkjet x x x x x x      
Offset       x x x x x 
Flexography       x x x   
Traditional Photographic x x x x x x x x x x x 
Screen x x x x x       
Digital Photographic x x x x x       


 
Lenses are designed with characteristics that enhance certain capabilities. Lenticular effects can be broken 
down into two primary categories, Flip and 3D. Under each main category more specific effects can be 
found in Table 3. 
 
Table 3. Flip and 3D Effects 


FLIP EFFECTS (between 40° and 55°) 3D EFFECTS (between 15° and 30°) 
1. Flip 1. 2D to 3D Conversion 


2. Animation 2. Studio (tabletop) 3D 
3. Morph  
4. Zoom  


 
Every lenticular lens has a certain viewing angle (See table 4). This viewing angle is designed into the 
lens to favor certain outcomes. The best 3D lenses have a relatively narrow viewing angle, usually less 
than 30°. The best animation lenses have a wider viewing angle, usually more than 40°. Lenses that fall 
between 30° and 40° are usually general- purpose lenses; that is, they offer good 3D and good animation 
capabilities but may not be outstanding in either. 
 
Table 4. Viewing angle of Lenticular lenses 


LPI (Lenses per inch) VIEWING ANGLE 
6 46° 


10 48° 
15 47° 
20 47° 
30 49° 
40 25° 
45 47° 
50 34° 
75 49° 
85 43° 
120 46° 
130 48° 
140 46° 
300 23° 


 
The viewing angle and viewing distance are somewhat associated with one another. As Figure 3 
illustrates, in large format lenticular, the further away from the image, the more a viewer must move left 
or right in front of the image in order to get the complete effect. This is also true for smaller handheld 
lenticular images where the viewer usually rocks the image back and forth instead of left to right.  
 







 
Figure 3. The viewing angle and viewing distance 


  
Table 5 shows typical viewing distances and recommended lenses for those distances. There are 


exceptions to this but use the table as a general guide. 
 
Table 5. Viewing distances and recommended lenses for distances 


distance / LPI 10 15 20 30 40 50 75 85 100 140 200 
6"-12"       x x x x x 
1-2 feet       x x x x x 
2-6 feet    x x x x     


6-15 feet  x x x x       
15-30 feet  x x x        
> 30 feet x x          


 
A final consideration is whether or not the lenticular image is to be used outdoors or perhaps in a 
storefront window. The best lens material for outdoor weatherability is Polycarbonate and Acrylic. These 
plastics hold up well against UV radiation and can last for long periods outdoors. Without a protective 
"cap layer" of UV inhibitor, APET, PETG, Styrene and PVC do not last long outdoors before they 
become brittle and/or turn yellow. The choice of printing inks used is also very important. Solvent-based 
inks are durable for outdoor use, while Dye-based Inks are not. 
 
 
4. Aerial mapping for yardage book 
 
The opportunity has arisen to carry out extensive tests of the geometric accuracy of the aerial image for 
the golf course and the program implementing the analytical photogrammetric solution to produce the 
DEM and ortho-image. These tests have been undertaken over a very accurate test field located in 
Namchon Country Club which is near to Seoul. 
 
Test courses are photographed by RC-30 camera with approximately 1/5,000 scale. In addition to 
complete the each hole photographs, more-precise on-site green photographs are taken so that the area 
around the green can be seen unimpeded by perceptual obstacles on the ground. An aerial view of the 
green is fine, but the approach to the green is what is important. For this purpose, a series of ground-level 
green photographs are taken, each from a different angle, with the center of the green as the focal point.  
 







   
Figure 4. Ground-level green photographs 


 
In total about 15 photos were acquired with 60% overlap. Selected images were digitised by a DSW 650 
photogrammetric scanner with 1,200dpi resolution. The photogrammetric processing, carried out by a 
Socet Set v5.2, was concerned with a subset of 14 images chosen in order to cover the golf course. 
 
Inner orientation was performed with an affine transformation by using the image frame corners; values 
of the residuals were less than one pixel. Triangulation procedure, realized by bundle adjustment 
analytical model, encountered some difficulties due to unconventional strip geometry: indeed the irregular 
image overlap does not fit with the Socet Set triangulation module requirement of a strict distribution 
scheme for points connecting contiguous models and strips. However, the process achieved satisfying 
results with a maximum residual of 0.2m on the control point coordinates. Figure 5 shows the ortho 
mosaic image for the test site. 
 


 
Figure 5. Image coverage for the selected area 







DTMs of the stereoscopic models were automatically extracted by means of Socet Set image matching 
algorithm implemented in the Automatic Terrain Extraction (ATE) module, based on HRC (Hierarchical 
Relaxation Correlation) algorithm. In particular, due to various morphologies that characterize the golf 
course, “adaptive” correlation method and TIN format were chosen, in order to adopt the most suitable 
correlation strategy in each zone and make easier the successive interactive editing operation. For the 
purpose of orthophoto generation and lenticular display, DEM files in TIN format was changed and 
interpolated to 1m ground resolution in regular grid format. 
 
ATE products are suitable for the generation of orthophotos and orthophoto mosaics, very interesting 
tools for documentation and conservation of Cultural Heritage due to their capability to combine metrical 
information with a qualitative and photographic description of the objects. For the studied site, as already 
underlined, a post-editing process of the photogrammetric DTM was however necessary in areas with 
particular problems of homogeneous texturing or with sharp height variations. The orthophotos, 
characterized by a ground pixel size of 20 cm, were obtained by using bilinear transformation as 
resampling method, and, in a unique step, mosaicked together obtaining the orthophoto mosaic showed in 
figure 6. 
 


 
Figure 6. Superimposition of orthomosaic with vector drawing  


derived from topographical terrestrial survey and field investigation 
 
 
5. Generation of Lenticular Display 
 
In contrast to classical parallax stereoscopy, for a high-quality true-3D representation based on lenticular 
technology, a number of stereomates significantly higher than two had to be calculated. To generate the 
single 3D-views for the image and vector data was carried out by means of the software packages Socet 
Set, ERDAS, and 3D Studio MAX. The aim of this “photographing” is the generation of image 
information about the objects from different look-angles, resulting in a series of stereo-images with 
parallel optical axes that emulate a “virtual overflight.” The computation of both the strip width and the 
interlacing from synthetic images generated was accomplished using the MAGIC INTERLACER Pro 100, 
a plug-in for Adobe Photoshop. 
 
 
6. Concluding Remarks 
 
We suggest an lenticular technology for real 3D display as a viable alternative to conventional image map 
solution. This technology is an image display method for the generation of multi-image effects like 3D 
visualization or animation. This methodology is cutting edge stereoscopic image which overcomes the 
limitation of conventional photo tech by recomposing and producing 3 dimensional images. A significant 
strength of this methods its versatility concerning display effects. The main use of the hardcopy 3D 







lenticular displays is in the fields of science, education, planning, and representation. 
 
Lenticular imaging is a very creative medium and lenticular lenses can come in an almost infinite variety 
of shapes and sizes. There is no reason that golfers should not be able to use any positional information 
which is available (either though a caddy, a yardage book, a range finder, a GPS system, or whatever). In 
this sense, real 3D yardage book with lenticular display has an enormous potential for future applications 
bridge the gap between the golf industry and mapping & GIS business.  
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Abstract. The practical uses of location information as well as user requirements are increased in a mobile 
environment that supports portability. Various GIS-related Spatial DB services been processed. Generally, the 
logical relations of a traffic network are represented in a Road DB that uses a basic node-link structure. Such a 
structure is not adequately flexible to apply to various models and is inefficient with database retrieval on the 
maintenance management side. A new network modeling technique for location-based service is desired to solve 
this; that is, a data modeling technique to organize a set of dynamic attributes is desired in existing linear 
structure not to change.  We require the application of this efficient consolidation conversion process to a model.  
In this research, we alleviate the problems of the existing network model, including the limitations of its 
structure, through the design of a network model that uses dynamic segmentation. We tried to implement an 
efficient hierarchy modeling order to improve retrieval of the network and presentation. The paper’s contents 
are as follows. We define a node-and-link input-data schema for model application, and we define the problem 
of the existing node-link model and devise a plan that uses dynamic segmentation to improve the model. We 
apply that method to an object area and construct a hierarchy road network that is composed of multi-links. 
Finally, the model was evaluated through a performance analysis using data stored at a spatial database 
(SQLite 3.3.4). In conclusion, the designed model supports a stage presentation of various levels and 
hierarchical entity relations. Our goal was to complement the GIS spatial modelling functions with multiple 
representation and multi-scale.    
 
Keywords: Hierarchical Network Model; Dynamic Segmentation; Linear Reference System; Multiple-


representation; Multi-link  
 
 
 
1. Introduction 
 
1.1 Background and rationale of this study 
 
The practical uses of location information as well as user requirements are increased in a mobile environment 
that supports portability. Especially, a telematics service for the movement information usage of a location 
information foundation is utilized with one of the IT-839 services.   
 
The GIS DB technique is an important element of a telematics service. It involves a spatial data schema, a 
spatial index, an arithmetic operator, management through the spatial reference of spatial data and a location-
based service for car navigation. [4] GIS DB for vehicles is composed of the background, the network, POI and 
annotation. The background is a set of graphic elements that is displayed on the screen by lines and polygons. It 
is overlapped at each level for quick output, and is saved. The road is expressed as a center-line, and is linked to 
intersections. Also, the road stores rotation regulations of cross-roads as well as connectivity information to the 
hierarchy. [6] 
 
Generally, the network uses a node-link structure in which one point exists if two lines intersect. Such a 
structure expresses the logical relations of nodes and links. Nodes exist at the intersection of all links. So, the 
problem with this structure is that it cannot reflect the features, such as underpasses and overpasses, of an actual 
traffic network.  And Soft expression is difficult when an attribute is changed. The road is divided excessively to 
express such information if it cuts the link. Identical information is saved in duplicate at the link, and the 
quantity of the database is increased rapidly. Finally, multiple references to an identical individual induce 
disagreement of data change, making   data-sharing among different users difficult.  
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A new network modeling technique for location-based service is necessary to solve this problem. That is, a data 
modeling technique to dynamically organize attribute sets is desired in place of existing linear structures that do 
not change.  We need the establishment of this efficient consolidation conversion process for a model apply.  
 
1.2 Objectives and method of this study 
 
In this research, we alleviate the problems of the existing network model, including the limitations of its 
structure, through the design of a network model that uses dynamic segmentation. We tried to implement an 
efficient hierarchical model for retrieval of the network and presentation.  
 
The characteristics of a network model supporting a hierarchically structured road DB are as follows. It must be 
possible to express the hierarchy on a reduced scale. The network can define upside and downside relationships 
between individuals. It has proximity with the connectivity according to the topology structure of the road, so 
that retrieval performance is improved.[2] Also, a simple method must be devised to reduce data usage.  
 
The research content is as follows. We define a node-and-link input-data schema for model application, and we 
define the problem of the existing node-link model and devise a plan that uses dynamic segmentation to improve 
the model. We apply that method to an object area and construct a hierarchy road network that is composed of 
multi-links. Finally, the model was evaluated through a performance analysis using data stored at a spatial 
database (SQLite 3.3.4).   
 
 
2. An overview of Dynamic Segmentation 
 
2.1 Concept of Dynamic Segmentation 
 
Usually, roads of cities and routes of rivers become abstracted to a network in GIS and are constructed of linear 
individuals having static unity characteristics. However, we require a dynamic model according to the location 
of the linear which can express those characteristics. For example, there are pavement conditions, lane changes, 
freeway accident points, facilities (bridges, underground, high-level road) and flowmeter of rivers. This is 
impossible through simple nesting with one linear individual and other involved individuals. As shown in Figure 
1, the linear referencing system uses dynamic segmentation techniques that express the parts of a linear 
individual as a set of multiplex attributes. [1]  
 


 
Figure1.  Linear referencing system that uses dynamic segmentation 


 


 
Dynamic segmentation refers linear referencing data (events) and organizes section of the link without changing 
the existing structure. Also, this is a modeling method that connects the topology of a section to attribute data by 
including the relations between sections. [3] Therefore, this model permits network analysis through link 
merging or partition according to various purposes. 
 
2.2 Components of Dynamic Segmentation 
 







 


As shown in Figure 2, dynamic segmentation consists of routes and events (attributes). Events are the series of 
attributes involved with the linear model, sections are serial arcs having common attributes, and routes are the 
sets of those sections.  


 
Figure2.  Components of dynamic segmentation 


 
 
3. Design and Implementation of Dynamic Segmentation 
 
3.1 Design of input data 
 
(1) Node data 
 
Node data are point data representing intersections and change points. Node data have ID, level, class, and a 
number of adjacent links. The level of the nodes is the highest level of the adjacent links. Table 1 and Table 2 
show the structure and the codes of the classes applied to the model.  
 
Table1.  Node schema 


Item name Description Data type Byte Remarks 
Nod_LY Layer number character 8 Not NULL 
Nod_X X Coordinates double 4 Not NULL 
Nod_Y Y Coordinates double 4 Not NULL 
Nod_ID Node ID Character 8 Not NULL, PK 
Nod_LV Node Level Character 8 0 ~ 8 
Nod_C Node classification Tinyint 1 Node classification code


Nod_Adj Contiguity link number Tinyint 1 Not NULL 
 


Table2.  Node classification code 
Code Meaning Code Meaning 


1 Intersection 6 U-Turn 


2 Dummy node classification 7 Level division point 


3 Attribute change 8 Map limitation node 


4 Road end node 9 Rotary node 


5 Boundary Node 10 P-Turn 


 
 
(2) Link data 
 
Link data consist of ID, the ID of the start node and the end node, level, one-way traffic, the number of the lane, 
the level of the road, and a route number. The route number is endowed every roads, and a lower number of the 
route number is gave in Section used overlapping of national road.   The structure of the link data is shown in 







 


Table 3. The level of the link is assigned as according to accessibility and mobility. The level of the road has a 
value between 0 and 5. In the case of connected roads, we inputted the level of the connected roads, not isolated 
roads. The level of the road was inputted according to the level of the main road. 
 
Table3.  Link schema 


Description Item name Data type Byte Remarks 
Layer number Lk_LY Character 8 Not NULL 
X Coordinates Lk_V_XN1..N Double 4  Not NULL 
Y Coordinates Lk_V_YN1..N Double 4  Not NULL 


Link ID Lk_ID Character 8 Not NULL, PK 
Origin node ID Lk_FN_ID Character 8 Not NULL 


Destination node ID Lk_TN_ID character 8 Not NULL 
Link level Lk_LV Tinyint 1 0 ~ 8 


One-way traffic code Lk_OW Tinyint 1 0 ~ 3 
Lane number Lk_LN smallint 2   
Speed limit Lk_SD_H smallint 2   
Road name Lk_NAME character 30   
Road rank Lk_N_L Tinyint 1 0 ~ 15 


Route number Lk_N_NO character 8  


 


3.2 Application of Dynamic segmentation: Multi-Link Creation algorithm  
 
(1) Concept of multi-links 
 
As seen in Chapter 2, objects were presented with the set of multiplex attributes using the dynamic segmentation 
method. This model can combine several links and divide one link according to objectives. [7] Generally, 
networks consist of roads of a high-level base on a hierarchically lower level.  The high level has the complex 
data structures of the lower level because the high level has the merged nodes and links of the lower level. In 
Figure 3, we can see that the high-level link uses the structure of the lower-level link.  
 


 
Figure3. Link of upper-level marked splitting 


 
It is not proper to apply this method equally, because the lower level was designed to be analyzed in detail. Also, 
segmenting links on the excessively enlarged scale of the database and management is difficult. Ultimately, the 
cost-ineffective structure used in the upper level diminishes the performance of the search in spatial DB. [5] To 
solve this problem, we designed a multi-link structure after merging the roads of the same attribute using the 
dynamic segmentation method.  
 
(2) Clustering of multi-links 
 
To compose multi-links using the dynamic segmentation method, the lowest-level link has a unique absolute 
link ID.  This link can be used for road data, route planning data, and route guidance data. A differential link ID 
is endowed order level link with common attribute in ascending. The high-level link presents the relationship 
between the high level and the lower level with a start link ID and an end link ID.  







 


 
Figure4. Structure of general links and multi-links [8]  


 
 
There are conditions for connecting links in the process of making multi-links.  First of all, the common attribute 
of the link to constitute high level target the connected roads that have a road rank and a road number. Thus, we 
selected expressways and main roads, excepting general roads of short distance (Figure 5). Second, we 
connected with links having a continuous link ID on the same road level. However, we connected with links of 
the same road number where the same road levels intersected. Also, we connected with links of the same speed 
where there were many roads of the same level and road number (Figure 6). Third, we connected adjacent links 
and links broken by facilities and parcel boundaries. However, we did not connect with links of changed road 
level, the start/end point of a road, the start/end point of a driveway, or the start/end point of a toll road. Finally, 
we did not cut overpass/underpass roads (Figure 7). 
 


       


 Figure5. Connecting roads of the same grade    Figure6. Connecting roads of the same 
route number 


 


  
Figure7. Cutting the links at route origin /destination point  


 
(3) Implementation of multi-link algorithm 
 
The processes of the multi-link algorithm consist of preprocessing, the endowment of the link ID, and the 
extraction of the multi-link. In preprocessing, we merged every link and node to extract common attributes in a 
unit parcel. In a unit parcel, because there are node IDs duplicated between parcels, we alternate previous node 
IDs with new node IDs. We make a topology for links by endowing start/end node IDs to ensure connection and 
adjacency.  
 
Next, link IDs are endowed according to a standard level. We make link sets by sorted road level and road 
number. Intersected nodes in every link are endowed with the number of the link after making an event set. We 







 


endowed the link ID in sequence according to the link that has the same number,   the same event list ID, and the 
same start node (Case 1: General node). There are many linked nodes and links to consider in determining 
sections. If there are overlapped nodes, although the Link.current.ToNodeID is different from the 
Link.Next.FromNodeID, we made a multi-link after checking the overlapped nodes (Case 2: Boundary Node). 
Also, where there were more than three overlapped nodes, we endowed the link ID having the higher speed 
(Case 3: Connection Link). Finally, a common attribute of multi-link comes to make with origin link ID and end 
link ID. Also, the vertex of a multi-link is made of the coordinates of nodes.  


 
Figure8. Connecting multi-link on a parcel boundary (Case 2: Boundary Node)  


 
Figures 9, 10 and Table 4 show a pseudo algorithm and examples.  
 


        


Figure9. Assigning link ID                    Figue10. Generating multi-link   
 
Table4. Creation algorithm for multi-link 


ALGORITHM  


Pre-Processing 


// Step 1 : Node-Link Topology Define 
MergeNode = NodeThemeList.Merge 
For MergeNode.Count iteration 
  MergeNode.ID += 1 
} 
MergeLink = LinkThemeList.Merge 
For MergeLink.Count iteration 
  MergeLink.FromNodeID = MergeLink.GetNodeID(Link.First) 
  MergeLink.ToNodeID   = MergeLink.GetNodeID(Link.Last) 
} 


Multi-Link Clustering Process 


// Step 2 : Multi-Link ID Define 
MergeNode, MergeLink Open Theme 
For i iteration{        // From Upper Level 
     LinkSortList.Make // Linktype & RoadNum Sort 
     For j iteration    { // LinkSortList 
         EventList = LinkSortList(j).Intersect(MergeNode)    
         EventList.adjLink = EventList.count(LinkSortList(j)) 
         cnt = 0 
             If (EventList.adjLink == 1 && EventList.ID == Link.FromNodeID){ 
                 Link.current.ID = cnt 
                 Do { 


// Case 1 (General Node) 
If (Link.current.ToNodeID == Link.Next.FromNodeID) 
  Link.Next.ID = cnt + 1 
// Case 2 (Boundary Node) 
ElseIf (EventList.Count(Link.current.ToNodeID.GetXY) == 2) 
  Link.Next.ID = cnt + 1 







 


// Case 3 (Connection Link) 
ElseIf (EventList.adjLink >= 3) 
  Link = CompareSpeed.Get(Link.current) 
  Link.Next.ID = cnt + 1 


                 } while(EventList.adjLink == 1) 
// Step 3 : Multi-Link Generation 
                 Routes.Make(EventList.GetXY, StartID, OffsetEndID) 
             } // if 
     } // For j 
}  // For i 


 


 
3.3 Application of algorithm 
 
(1) Results of created multi-links 
We applied the metropolitan area (Seoul and Incheon city) using the designed algorithm (Figure 11). (a) – (f) in 
Figures 12 (a) – (f) present the multi-links resulting from the application of the proposed algorithm. Table 5 is a 
list of the links over 10 km among the extracted multi-links. Figure 13 shows the extracted results.  
 


 
Figure11. Study area (Seoul and Incheon City)  


 


               
(a) Seoul Ring Road           (b) Gangbyeon Expressway           (c) 2 Kyungin Expressway    


                 
(d) Kyungin Expressway   (e) Gyeongbu Expressway            (f) Naebu Expressway 


 


Figure12. Results of created multi-links  
 







 


Table5.  List of each  multi-link level (More than 10 km; Unit: m)  
Level Rank Road number Length Level Rank Road number Length 


5 1 100 89497 4 2 61 14241.1 
5 1 110 52895.5 4 2 20 13823.5 
5 1 50 39612 3 5 397 13400.7 
4 2 70 34056.1 4 3 39 12932 
5 1 120 28556.5 4 3 3 12798.7 
5 1 1 23031.9 4 2 51 12164.9 
4 2 88 21735.6 3 2 61 12084.7 
4 2 30 21498.3 3 4 23 11850.7 
4 6 92 21131.6 4 3 3 11779.1 
5 1 130 19736.9 4 3 43 11667.9 
4 5 399 19475.7 4 3 42 11430.1 
4 3 1 16740.8 4 2 23 11284.2 
4 3 48 16615.8 4 3 39 11059.3 
3 4 57 15938.6 4 2 312 10947.3 
5 1 15 15735.3 4 2 1 10910.1 
3 6 60 15561.5 3 5 389 10818.3 
4 3 1 15248.3 3 6 90 10479.6 
3 4 78 15193.2 3 6 21 10107.5 


 


(2) Result that is abstracted each level  


               
(a) Level 0       (b) Level 1      (c) Level 2 


                 


(d) Level 3     (e) Level 4     (f) Level 5 


 
Figure13. Road DB of each level   


 
3.4 A performance experiment 
 
We experimented with the proposed algorithm and the previous node-link model to evaluate the performance of 
our model. We tested according to the number of objects, level search, and response time. We used SQLite 3.3.4 
and constructed our model using Microsoft Visual C++. We executed spatial queries at each level, and measured 
the response time in milliseconds. We applied the same conditions, such as node/link position and study area.  
 
In Figure 14, we can see that the numbers of records and vertexes constructed in the form of multi-links 
decreased. This is the reason that main roads and expressways have connections, and then there are many 
merging links and generalizations. Figure 15 shows the execution time. The more higher-level nodes and link 
modes there are, the more execution time and rendering time increase, owing to the many links and vertexes. In 
the case of multi-links, the average query time is 36 milliseconds, which is 30 times faster than the previous 







 


model. The average rendering time is 31 milliseconds, which is reduced by a factor of 64. The two results show 
that proposed model is more efficient than the previous model.  
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Figure14. Comparison of number of individuals retrieved 
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Figure15. Comparison of time in which individual is retrieved 
 


 
4. Conclusions 
 
As described in this paper, we eliminated the design problem of the previous network model by using the 
dynamic segmentation method. We designed the hierarchical model to be efficient in network searching and 
presentation. First, we newly defined nodes, links and levels as they apply to the model. Second, we designed 
the new model to eliminate the problems of the previous link-node model. Third, we constructed a hierarchical 
network in the study area (Seoul and Incheon), and evaluated proposed the model.  
 As seen in the results of the experiment, the proposed network model is simpler in that, the dynamic 
segmentation method having been applied, there is less data than in the previous model.  The proposed model 
offers searching efficiency due to its structure, which reflects considerations of connection and adjacency. We 
expect that the proposed model, given the multi-link support of a hierarchical representation of levels and the 
relationships between objects, will complement the network spatial modeling functions of GIS with multiple 
representation and multi-scale.    
 
 
References 
 
[1] Bo Huang, 2002, An ODMG-based object model for dynamic segmentation, IEEE ITS International Conference  
[2] Dimitis Papadias, Jun Zhang, 2003, Query Processing In Spatial Network Database  







 


[3] ESRI White Paper, 2001, Linear Referencing and Dynamic Segmentation in ArcGIS  
[4] Ministry of Construction & Transportation, ITS Korea, 2003, Location reference standard  
[5] Maarten Vermeij, Peter Van OoSterom, 2000, Storing and Using Multi-Scale Topological Data Efficiently In A Client-
Server DBMS Environment1  
[6] Telecommunications Technology Association of Korea, 2003, Construction Guidelines for Mobile GIS DB with Leacy 
GIS DB 
[7] Takahiko Hamada, 2002, Kiwi Format and Telematics  
[8] Teruo Mimori, 2003, How to Access to the Kiwi Data  








Distributed Method of Hierarchical Metadata with 
Geographic Hierarchy Information in P2P Network 


 
Tadanobu Tsunoda1 and Kaoru Sezaki2 


1Institute of Industrial Science, University of Tokyo 
2Center for Spatial Information Science, University of Tokyo 


4-6-1 Komaba, Meguro-ku, Tokyo, 153-8505 Japan 
E-mail: tsunoda@mcl.iis.u-tokyo.ac.jp, sezaki@iis.u-tokyo.ac.jp 


 
 
Abstract 
With the previous GIS, if we search any information in which we are interested, we have to explicitly 
indicate what we want to know. Recently, Semantic Web technology is focused on the field of WWW to 
realize flexible search. If we apply this technology to LBS, Ubiquitous LBS system may be realized – we 
can automatically get any information and service anywhere at any time. However, almost all the 
researches and applications of Semantic Web are based on centralized server system. It is inconvenient 
because in the Ubiquitous environment, many metadata will be transmitted with P2P-like method, e.g. 
mobile ad hoc network. To solve this problem, we propose a distributed method of metadata using 
geographical information. Compared to other P2P methods, our proposal has these advantages, (1) small 
memory consumption, (2) low network traffic load, and (3) high search success ratio. We show the 
performance with the result of simulation which is done by network simulator. 
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LBS, Semantic Web, R-Tree, P2P, Schema-based Routing 
 
 
 
1. Introduction 
 
The recent remarkable progress on internet and wireless network technology will lead us to the 
Ubiquitous environment - we can automatically get any information and service anywhere at any time. 
With the previous GIS, if we search any information in which we are interested, we have to explicitly 
indicate what we want to know. It is difficult to realize the Ubiquitous environment because we can not 
automatically get any information and service without any explicit query. 
 
Recently, the Semantic Web technology is focused on the field of WWW to realize flexible search. 
Semantic Web is a framework to deal with Web pages by computers. It is based on metadata description 
language such as RDF (Resource Description Framework). Using Semantic Web, all objects in the world 
are semantically connected each other and even if we create any ambiguous query, its graph structure will 
introduce the accurate answers by inferring mechanism. We apply this technology to LBS. 
 
In the Ubiquitous environment, every mobile device does not necessarily have powerful wireless 
transmitter. That is to say, some terminals can communicate each other with IEEE802.11 ad hoc mode, 
bluetooth, IrDA, RFID tags and readers, etc. And the data are locally exchanged with P2P-like method. A 
central server does not always exist. We deal with this ad hoc network environment. 
 
Almost all the researches and applications of Semantic Web are based on centralized server system. 
Implementation of distributed RDF is quite difficult because we need to merge many distributed RDF 
graphs into one or split up the query and push it to the exact RDF data source. It is difficult to implement 
the system in the ad hoc network environment. 
 
To solve these problems, we propose a way to distribute metadata using geographical hierarchy 
information. We create this hierarchical structure with R-Tree algorithm [Guttman 84]. Using geocast[Ko 
99] , we distribute the instances of metadata or queries to a certain area. It will be possible to localize the 
communication in a certain area by our algorithm, and extra traffic does not be sent to outer area. 







This paper is organized as follows. We introduce some applications and issues of Semantic Web 
technology in the next section. In Section 3, we describe our proposal. In Section 4, we show the 
performance of our proposal with network simulator. In section 5, we discuss how we can realize better 
performance than this proposal. 
 
 
2. Application of Semantic Web Technology and Its Issues 
 
2.1 About Semantic Web Technology 
Semantic Web is a framework to deal with web pages by computers. The notion was proposed by Tim 
Berners-Lee who is the father of WWW[Lee 98]. To understand the semantics of web pages mechanically, 
computers use metadata description language, which is often written by XML. Semantic Web technology 
uses RDF (Resource Description Framework) to describe metadata of web pages. RDF is composed of 
RDF-triples, ‘Subject’, ‘Predicate (Property)’, and ‘Object’. These elements are described by some literals 
or URIs, which can describe all things and events in the world. These elements are connected each other 
and create a structure of a graph. And it is also possible to create a larger graph structure by connecting 
the elements that refer to the same URIs. Thus, things that exist all over the world are combinable in a 
single graph by using RDF. 
 


 
 


Figure 1. A graph structure of metadata of some bookstore 
 


Retrieval of the resource of RDF metadata is performed by matching of the graph. The query to RDF 
metadata also takes the structure of a graph. The reply to the query is obtained by matching of the graph 
as if we solved simultaneous equations. RDQL[Seaborne 04] and SPARQL[Prud’hommeaux 06] are the 
examples of query languages, which are very similar to SQL. If metadata can be added to all things, using 
these query languages, it will become possible theoretically to search anything in the world. Furthermore, 
it is also possible by using RDFS (RDF Schema) and OWL (Web Ontology Language) to perform flexible 
inferring. These offer another graph structure equivalent to the set of class objects to the instance data of 
RDF. Even if we create any ambiguous query, its graph structure will introduce the accurate answers by 
inferring mechanism. These functions are indispensable in order to build ubiquitous environment  
 
2.2 Applications 
Semantic Web has been focused as a technology of WWW, but we can apply it to many other fields, like 
GIS or LBS. There are several researches that apply the Semantic Web technology to context aware 
services. 
 
Noguchi et al. built the system with which we can search the situation of the people in the house where 
sensors or RFID tags are attached to the furniture and goods[Noguchi 06]. It is possible to draw what the 
people are doing by inferring with the values of sensors and the RDF graph that describe the relation of 
action of a human and furniture. For example, it will be inferred that a user is reading a book by sitting on 
a chair because the pressure sensor attached to the chair reacts and the RFID reader attached to the desk in 
front of the chair read the information of the RFID tag attached to the book. It is possible to give the 
meaning to the sensor and its values that does not make sense without the Semantic Web system. 
 
As a related research, Chen et al. built the system using the Semantic Web technology called 
CoBrA[Chen 04]. CoBrA grasps a user's situation and builds the intelligent meeting room. For example, 







if a user goes into this meeting room, the sensor installed in the meeting room will detect and user's 
authentication will be performed by his Bluetooth device. And if this system understands the user's 
information, the projector in the room will start automatically and the data for presentations are 
transmitted to it from user’s terminal. Weissenberg et al. are developing the system that offers the context 
aware service for mobile terminals for Olympic Games Beijing in 2008 [Weissenberg 04]. This service 
offers the information about not only the Olympic Games but shopping, or sightseeing to many foreigners 
who visit during the Olympic Games convention according to user’s situation. 
 
Thus, by using Semantic Web technology, it is possible to make the system that can infer users’ situation 
and the data around it, and it can offer suitable service automatically to them. 
 
2.3 Issues 
In the Semantic Web, all resources are made into a graph structure using URI and flexible search is 
enabled by inferring processing. We can access any information if metadata are added to everything in the 
world and they are summarized in one graph structure.  
 
However, such a system cannot be built easily. It is difficult to make metadata from everything in the 
world. In order to create metadata from various information, the environment where not only a service 
provider but also users can disseminate metadata information positively is indispensable, like the bulletin 
board systems, blogs in the present WWW, or file exchange systems in P2P networks. Recently, services 
such as Google Earth have appeared and geographic information and its contents are going to be 
exchanged between users. Metadata may also be able to be exchanged through such service. 
 
Moreover, it is impossible from viewpoints of load to the server and the network and the maintenance of 
them to manage the metadata of everything in the world with a single server. However, it is difficult to 
distribute RDF metadata. In order to solve this problem, we have to create the system which sends 
suitable query out to the suitable node of the decentralized RDF repository and matches the query with 
the partial graph of RDF. This operation becomes very difficult when the graph structure of RDF becomes 
complicated. Therefore, in many systems including the systems described above, central server type is 
used or service offer area is limited. 
 
There are a few researches that deal with distributed RDF. Nejdl et al. have proposed the technique for 
realizing a distributed RDF system by making routing tables for queries of RDF metadata in P2P network 
[Nejdl 03]. In this system, the nodes that exist in the P2P network are divided into Peers and Super Peers. 
And within the Super Peer, a routing table for transmitting a query to a suitable Peer is held. The routing 
table is created using the class type of RDF schema and the instance value of RDF metadata. If a certain 
query reaches the Super Peer, the query will be retransmitted to the Peer where the schema class and the 
instance value match the value held at routing table. As a related research, Cai et al. also proposed a 
distributed RDF system that operates in P2P network[Cai 04]. They use DHT (Distributed Hash Table) to 
create routing tables. When a RDF metadata created, one of the elements of RDF-triple (Subject, Object, 
or Predicate) is applied to some hash function (e.g. SHA-1). The rest of the RDF-triple elements are held 
at the node where the hash function refers. By using DHT, it is possible to reduce the logical number of 
hop count. 
 
Such technique may operate correctly in a wired cable network. However, it does not take into 
consideration the ubiquitous environment where there are various terminals (mobile PC, cellular phone, 
mobile game machine, RFID tags or readers, etc) and networks (wired network, wireless network, 
broadband network, narrowband network, etc). Those researches use routing tables that point to some 
logical address. So even if logically near, it may be very far in physical space. It is very inconvenient in 
some wireless P2P network, e.g. mobile ad hoc network. 
 
In this environment, it is more convenient for the communication of the metadata or the query to be 
geographically localized in a certain area. If metadata is localized in the data source neighborhood, it will 
be convenient for renewal of data, and excessive traffic will not be sent out to outer area. In order to 
arrange data locally in a certain area, it is important to use geographic information. In the next section, we 
propose a distributed method of metadata with geographic information. 
 
 







 
 
3. Distributed Method of Metadata with Geographic Information 
 
As stated so far, almost all applications using the Semantic Web technology are central server systems. 
There are a few researches that deal with distributed RDF, but they will not operate well in the ubiquitous 
environment. To solve the problem, we propose a method using geographic information. 
 
3.1 Mobile Ad Hoc Network and Geocast 
In the Ubiquitous environment, many type of terminals will be used and communicate each other, e.g. 
mobile PC, cellular phone, mobile game machine, RFID tags or readers, etc. Especially the mobile 
devices will greatly play an active part in the ubiquitous network. In recent years, a radio terminal can 
also perform high-speed communication now, but every mobile devices do not necessarily have powerful 
wireless transmitter. That is to say, some terminals can communicate each other with IEEE802.11 ad hoc 
mode, bluetooth, IrDA, RFID tags and readers, etc. Using mobile ad hoc network (MANET), the data are 
locally exchanged with P2P-like method. We think that MANET becomes the main technology of 
ubiquitous environment. So we propose a distributed method of metadata in the ad hoc network.  
 
There are several routing protocols used in MANET. DSR (Dynamic Source Routing), AODV (Ad hoc 
On demand Distance Vector), and OLSR (Optimized Link State Routing) are typical protocols. These 
protocol use hop count or RTT to find the shortest path to a destination. So they are not suitable in 
communicating to only terminals that are localized in a certain area because hop count and RTT do not 
necessarily show physical distance. But there are some routing protocols and addressing methods which 
use geographic information, GPSR[Karp 00], STA[Yamazaki 04], etc. If we use such technology, we can 
communicate with the terminals that exist in a certain specified area. To use these methods, all nodes have 
to know their position in the physical space. But recently we can easily know our position by using GPS 
devices or RFID tags. Even if we don’t have such devices, the nearest node in the ad hoc network can tell 
us its parameters of position, and we can approximately know where we are. These routing protocols and 
addressing methods can harmonize well with the technique that we are going to propose below. 
 
Our proposal use geocast to distribute metadata and transmit queries to suitable nodes. Geocast is one of 
the methods that transmit packets in MANET according to geographic information. We use LBM 
(Location Based Multicast)[Ko 99], a kind of geocast protocol. We can simultaneously transmit the same 
packets to all mobile nodes in a certain area by geocast. 
 
 
3.2 Creation of Geographic Hierarchy Information and Schema Based Routing Table 
In our proposal, the communication of the metadata or the queries between the mobile nodes is 
geographically localized in a certain area. The sources of the metadata may be some base stations, RFID 
tags, or something else. When a certain terminal approaches the data source, the terminal receives 
metadata from it. And the metadata are locally exchanged with P2P-like method, using geocast. When 
using geocast, it is necessary to set up the target areas. We create these areas by R-Tree 
algorithm[Guttman 84]. When some metadata appears, its location is registered into a spatial database as 
a node of R-Tree. We assume that this spatial database is independent of the MANET. As shown in the 
following figure, in the system which we assume, it is divided into the P2P - ad hoc network side treating 
dynamic data and the backend side treating static data.  
 
In the P2P – ad hoc network side, dynamic data, e.g. RDF metadata, are exchanged between mobile 
terminals. These data are updated so frequently that it is troublesome to register these with the database 
backend one by one. On the other hand, static data, e.g. map data, geographic hierarchy data of R-Tree, 
etc, are saved in the database backend side. These data are hardly updated. In the system which we 
assume, the database backend is connected to the source of metadata. We assume that the source nodes do 
not move, and these are installed in some static feature, e.g. a building, a store, etc. So assumption that the 
source nodes are connected with the database is not wrong. Those static data are used when the source 
node geocasts metadata to neighbor mobile nodes. 
 







 
 


Figure 2. Relation between P2P – ad hoc network side and database backend side of our proposal 
 


 
After registering the location of the source node, the instance of metadata is replicated to the nearest 
mobile device to the location where the metadata appears. Then, the mobile device geocasts the metadata 
to the terminals according to the MBR (Minimum Bounding Rectangle) of R-Tree.  
 
When a mobile device receives the replica of metadata, it retransmits the data to its parent region of 
R-Tree, but not whole of the instance. We assume the metadata itself also has hierarchical structure. The 
assumption is appropriate because many semi-structured data are formed as tree structure, e.g. XML data. 
When the mobile device receives metadata, it sends the upper class of the schema of the metadata to the 
geographically upper region. And when a terminal which is in the upper region receives the upper class 
data, it creates a routing table entry which indicates that this device does not know the instance value of 
the metadata, but know the lower region where the upper class of the schema is used. If some query 
which matches to the upper class, it can be retransmit to the lower region. After creating the entry, the 
terminal sends the next upper class information to the next geographically upper region. It is repeated 
until it reaches the top of the hierarchy. 
 


 
 


Figure 3. Hierarchy of geographic information and distribution of schema information 







The number of nodes to which the upper class data are transmitted increases as it goes to the upper area. It 
is not a problem because the data which are sent to upper area are abstracted by upper class of the schema 
and the amount of data information is reduced. 
 
3.3 Query Routing 
By the operation described so far, each node will have routing table as shown in the following figure. A 
query takes a graph structure, so when a node receives a query, we can check if the upper class of the 
schema of query matches the data of the routing table entry. For example, as we see the following figure, 
when a query reach a node in ‘Region 1’, it check the entries of the routing table. If the query use class 
‘A’, it will be retransmit to the ‘Region 2’. When the query gets to a node in ‘Region 2’ and if it has class 
‘C’ and ‘D’, it will be retransmit to the ‘Region 3’. At the last, if the query finds the instance of the 
answer in ‘Region 3’, an answer packet will be transmit to the source of the query. 
 


 
 


Figure 4. Contents of schema based routing table 
 


 
The query will be created by a user of mobile client. First, the query is geocasted to the area where the 
user is interested. Matching with the entries of routing tables as described above is performed in the 
process of the geocast. If there is no matching entry, the geocast to the first target is continued. If there are 
several candidates of entries that match the query, it is retransmitted to the deepest region of the R-Tree 
among these candidates. When there are still two or more candidates, the nearest region to the first target 
area is selected. The most suitable data nearest to users’ interested area are acquired with this algorithm. 
 
3.4 Operation of Answer Packets 
When a query matches an instance data, an answer packet is transmitted to the source of the query. 
Intermediate nodes along the path to the source of the query not only forward the answer packet, but also 
replicate the instance of the answer. This is the same operation as we mentioned in Section 3.2. 
Distributing replicas and upper classes of the metadata from the source node requires much cost because 
it has to flood many packets to many mobile nodes simultaneously, so this technique is used for traffic 
load reduction. 
 
 
4. Evaluation by the Simulation 
 
4.1 Simulation Environment 
To evaluate our proposal, we create a network simulator. By the simulator, we can measure various values 
such as traffic load, memory consumption, search success ratio, etc. We gave these initial conditions to 
the simulator. 







 There are 100 mobile nodes in a 1000 meters square area. These nodes can move inside the area. 
The initial position of these nodes are given randomly by uniform distribution. 


 Every node can communicate each other within 100 meters. 
 Every node moves according to random way-point mobility model. 
 Queries are generated according to Poison distribution. We set average interval time 60 seconds. 
 Instances of metadata are also generated according to Poison distribution, and the average interval 


time is 60 seconds. 
 
4.2 Creation of Metadata and Queries 
Since it was very difficult to actually make a lot of metadata, in the simulation, metadata was created 
using the algorithm described below. Suppose that there is a known schema, which takes a tree structure. 
We set the height of the tree 5. And we assume that every node has 5 children nodes. Next, one class is 
chosen at random out of the classes which constitutes the schema. And along with a tree structure, parents 
classes and children classes are connected by probability ‘p’ from the selected class. This operation is 
continued until we reach the dead end of the tree structure. We assume that an instance is created using 
the selected classes. 
 


 
 


Figure 5. Creation of instance from schema data 
 


 
We call the probability p ‘connectivity’. The larger this connectivity value is, the more complicated the 
tree structure becomes. Figure 6.a. shows the average height of the instance. We can see that if the 
connectivity value approaches 1.0, the height of the instance also approaches 5, the max height of the tree. 
Figure 6.b. shows the average number of classes which construct the instance. If the connectivity value 
approaches 1.0, the number of classes increases exponentially. 
 


 
Figure 6.a. Height of instance 


 
Figure 6.b. Number of classes 


 
We create not only instances but queries by this algorithm. Since the query also takes tree structure, we 
can apply the same method. We choose 0.2 or 0.6 as the connectivity value of queries. The tree structure 
becomes simpler when the value is 0.2. The query will be easily matched to any instances. On the other 
hand, when we take the value of 0.6, the query becomes more complicated and larger. It is more difficult 
to find instances which match the query. 
 
4.3 Related Works for Comparison 







Tsuchida et al. have proposed the technique of replicating data near the source node[Tsuchida 05]. It is 
partially similar to our proposal, but they do not use any routing method. In their proposal, the replicated 
data are distributed to not all of the neighbor nodes but nodes every two or three hops. The consumption 
of memory of the nodes is reduced by this method. We chose this work as a candidate for comparison 
with our proposal. We call this method ‘Skip’ in the following simulation results. We also make another 
candidate called ‘Flooding’. Although ‘Skip’ uses geocast to transmitting a query, ‘Flooding’ use 
broadcasting. Furthermore, we add a candidate ‘path’. Cohen et al. have proposed the technique of 
arranging the replicated data to intermediate nodes of the query path [Cohen 02]. This method is used in 
some popular P2P applications, e.g. Freenet. 
 
4.3. Simulation Result 
Figure 7.a. shows the search success ratio when the connectivity value of queries is 0.2. And the 
connectivity value is 0.6 in Figure 7.b.. The horizontal axes of these graphs mean the connectivity values 
of instances of metadata. The larger the value is, the more complicated the metadata becomes.  
 
We see that ‘Path’ takes the highest ratio to get answers. By the method of ‘Path’, it is possible to save 
data out of the certain region, on the other hand, the replica data are localized in a certain area in other 
methods. In ‘Path’ method, we can easily find the answers because the answers exist everywhere. But as 
we state later, it terribly consume memory per node.  
 
‘Flooding’ is a little superior to our proposal. It floods query packet to all nodes, so queries can check 
every node in the ad hoc network and the probability to find the correct answer becomes high. Compared 
to our proposal, it does not pay to use this method because the traffic load is very high as seen in Figure 
8.a. and 8.b.. We can see that when the connectivity value of instances or queries is high, there is little 
difference between ‘Flooding’ and our proposal. So if we deal with complicated metadata or queries, it is 
better to use our proposal. 
 
Figure 8.a. shows the average traffic load per node when the connectivity value of queries is 0.2. And the 
connectivity value is 0.6 in Figure 8.b.. As we mentioned above, ‘Flooding’ is the worst method from the 
viewpoint of traffic load. Our proposal has to generate extra traffic in order to create routing tables. It 
needs to send upper class data of a schema to the upper regions. Other proposals need not do this 
operation. Our proposal is a little worse than ‘Path’ and ‘Skip’. But our proposal still keep low traffic 
load.  
 


 


 
Figure 7.a. Search success ratio  


(Query p=0.2) 


 
Figure 7.b. Search success ratio  


(Query p=0.6) 


Figure 9. shows the average memory consumption per node. The connectivity of queries has no relation 
to memory consumption, so we show only one graph. ‘Path’ takes very large memory consumption. More 
than 1MByte memory is consumed when the connectivity value is 0.9. If we use this method, we have to 
use mobile terminals which have enough memory. Our proposal is a little inferior to ‘Skip’ and ‘Flooding’ 
because it has to use larger memory for routing tables. ‘Skip’ takes low traffic load and memory 
consumption. But it is inferior to our proposal in viewpoint of search success ratio. 
 







 
Figure 8.a. Average traffic load per node 


(Query p=0.2) 


 
Figure 8.b. Average traffic load per node 


(Query p=0.6) 
 
 
 


 
Figure 9. Average memory consumption per node 


 
 
5. Discussion 
 
As showed above, our proposal is superior to several conventional researches in search success ratio. But 
‘Path’ method is much better than our proposal except for memory consumption. This is because ‘Path’ 
method saves the replica of the instance data in outer region. ‘Path’ method is also superior to ‘Flooding’ 
one. It is considered that even if a packet floods, there are several nodes which the packet cannot reach. 
So however we do our best by using routing tables, there will be a limit. 
 
If we apply the method in which the instances of metadata are saved in upper region, the search success 
ratio may take higher value. It is against the notion that we had better communicate locally in a certain 
area. But it may be also required to arrange data in outer area moderately to realize higher search success 
ratio.. 
 
As another method, if we can split up the query in an intermediate node, and forward sub-queries to the 
proper nodes, we can get sub-answers from two or more nodes. We will get the correct answer by 
combining sub-answers into one. This method will be easily created by applying our proposal. It is our 
future work. 
 
 
6. Conclusion 
 
In this paper, we propose a method to distribute metadata according to the geographic information. We 
use R-Tree hierarchy to distribute the replica and upper class information of metadata. We also create 







schema based routing table using the hierarchical structure of the metadata. Compared to other P2P 
methods our proposal is superior in searching metadata in several viewpoints. But there are some points 
which should be improved. We are going to propose the strategy to replicate the metadata and deal with 
split query to realize higher success ratio in the future works. 
 
 
References 
 
[Cai 04] Min Cai, Martin Frank. ``RDFPeers: A Scalable Distributed RDF Repository based on A Structured 
Peer-to-Peer Network’’.  International Conference on World Wide Web, 2004. 
 
[Chen 04] Harry Chen, Tim Finin, Anupam Joshi. ``Semantic Web in the Context Broker Architecture’’. .IEEE 
Pervasive Computing and Communications,2004. 
 
[Cohen 02] E. Cohen and S. Shenker. ``Replication strategies in unstructured peer-to-peer networks’’. ACM 
SIGCOMM ’02, pp.177-190,2002. 
 
[Guttman 84] A.Guttman. ``R-trees: A Dynamic Index Structure for Spatial Searching''. In ACM SIGMOD 1984. 
 
[Karp 00] B. Karp and H.T. Kung. ``GPSR: greedy perimeter stateless routing for wireless networks’’. In proceedings 
of the 6th annual international conference on Mobile computing and networking (MOBICOM’00), pp243–254, 2000. 
 
[Ko 99] Y.Ko and N.H. Vaidya. ``Geocasting in mobile ad hoc networks:Location-based multicast algorithms’’. 
WMCSA, pp.101-110, 1999. 
 
[Lee 98] Tim Berners-Lee. ``Semantic Web Road map’’. http://www.w3.org/DesignIssues/Semantic.html , 1998. 
 
[Nejdl 03] Wolfgang Nejdl, Martin Wolpers, Wolf Siberski, Christoph Schmitz, Mario Schlosser, Ingo Brunkhorst, 
Alexander Loser. ``Super-Peer-Based Routing and Clustering Strategies for RDF-Based Peer-To-Peer Networks’’. 
International Conference on World Wide Web, 2003. 
 
[Noguchi 06] Hiroshi Noguchi,Taketoshi Mori and Tomomasa Sato. ``Knowledge Description-based Discovery of 
Sensor Program Components Utilizing RDF in Network Middleware’’. Third International Conference on Networked 
Sensing Systems (INSS), pp.217-224,2006. 
 
[Prud’hommeaux 06] Eric Prud’hommeaux and Andy Seaborne. ``SPARQL query language for RDF’’. Technical 
report, W3C, April 2006. W3C Candidate Recommendation, URL http://www.w3.org/TR/rdf-sparql-query/. 
 
[Seaborne 04] Andy Seaborne. ``RDQL - A Query Language for RDF’’. http://www.w3.org/Submission/RDQL/, Jan 
2004. 
 
[Tsuchida 05] G. Tsuchida, T. Okino, M. Tamori, T. Watanabe, T. Mizuno, S. Ishihara. ``A Replica Distribution 
Method of Data Associated with Location on Wireless Ad Hoc Networks’’. The IEICE Transactions on 
Communications, Vol.J88-B No.11, pp2214-2227, 2005. 
 
[Weissenberg 04] Norbert Weissenberg, Agnes Voisard, Rudiger Gartmann. ``Using Ontologies in Personalized 
Mobile Applications’’. ACM International Workshop on Advances in Geographic Information Systems, 2004. 
 
[Yamazaki 04] K Yamazaki, K Sezaki. ``Spatio-temporal addressing scheme for mobile ad hoc networks’’. IEEE 
TENCON 2004, Volume B,1-24 Nov. 2004 pp223 - 226 Vol. 2, 2004. 
 
 
 








Application of Geographic Information Mapping Technology 
for the Construction of U-Korea 


 


 


Myung-Hee, Jo 
Dept. of Satellite Geoinformatics Engineering, Kyungil University, Korea 


Tel) +82-53-857-7312, Fax) +82-53-857-7313 
e-mail: mhjo@kiu.ac.kr 


 
Yun-Won, Jo 


Dept. of Satellite Geoinformatics Engineering, Kyungil University, Korea 
Tel) +82-53-850-7373, Fax) +82-53-854-1272 


e-mail: sorabol00@hanmail.net  


 
 


Abstract 


 


  The idea of constructing ubiquitous Korea is bringing us the society that we can get various types of 


geographic information at anywhere and anytime. The geographic information should be easy accessible 


to user's preference and it should be obtained with the least procedures and proper coast.  


  This study discuss the various types of multimedia geographic information such as video GIS, virtual 


GIS, Mobile GIS through to present the surface information of real world. When the user acquires the 


information of preferable location including not only the natural environment information such as terrain, 


forest resource and water resource but also artificial environment information such as facilities.  


  The information will be the infrastructure data for construction of U-Korea. Moreover it should portray 


and reflect the user's preference to ease the decision-making.  


 


Key words: Multimedia, Geographic Information, Mapping, Ubiquitous  


 


 


 


Introduction 
 


Recently overall society is in a process of transforming into information-oriented society in various 


fields. As information infrastructure expands and develops, demands and actual use of geographic 


information are rapidly increasing. In this situation, the idea of constructing ubiquitous Korea is bringing 


us the society that we can get various types of geographic information at anywhere and anytime. This 
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geographic information should be easy accessible to user's preference and it should be obtained with the 


least procedures and proper coast. 


Especially, 'Joyful revolution of life', 'City that makes dream of future life come true', 'Ubiquitous 


environmental city' these are the things that signify the spatial technology which enables the real time 


network connectivity and provides the management capability of major facilities by linking geographic 


data and information system. 


In order to advance such spatial information technologies, Korean government selected satellite 


technology and remote observation system as its future promising technologies and heavily invested in 


core technology field, which enables 3 dimensional image based ubiquitous environment by merging 


spatial information technology such as GIS, GPS and communication network. 


Especially, satellite image and GIS integration technology is not only important in national security 


level, but also in improving economic activities and quality of human life by providing the detail digital 


map, city and traffic management, disaster observation, environmental disorder detection, agriculture, 


fishery, marketing, real estate, tourism, medical service; public and industrial sectors.  


Even further, it is a cutting edge technology, which can preserve the ecosystem of city and monitor for 


disaster.  Not only it protects lives and properties, but also it promotes the quality of life with pleasant 


city environment. Staff members need to devote themselves to promote customized administration and 


civil service, and local community should continuously be part of it.  


 This study discuss the various types of multimedia geographic information such as video GIS, virtual 


GIS, Mobile GIS through to present the surface information of real world. When the user acquires the 


information of preferable location including not only the natural environment information such as terrain, 


forest resource and water resource but also artificial environment information such as facilities.  The 


information will be the infrastructure data for construction of U-Korea. Moreover it should portray and 


reflect the user's preference to ease the decision-making and their life styles. 


 


 


The Current Spatial Information Technical Trend in Korea 
 
3D Satellite Image based Virtual Mapping Technology 


This is a large, multifaceted project to allow navigation of and interaction with very large and high- 


resolution, dynamically changing databases while retaining real-time display and interaction. The user 


can not only view these terrains from any viewing angle but also buildings, roads, high resolution 


imagery draped on the terrain, and other features.  


It can be used for urban planning, simulation of vegetation, soil, waterway, or road patterns, flood, and 


many other tasks. For example, urban planners can see the layout of streets, buildings, and parks on actual 


topography and can thus evaluate site lines, congestion, where sunlight strikes. 


 







 


Fig. 1 3D satellite image based 3D objector virtual mapping 


 


Multimedia GIS Data Mapping Technology 


In order to reflect the field status information on the computing system, video GIS method was used in 


this study. Usually this multimedia GIS such as video GIS allows the user to access a wide range of geo-


referenced multimedia data such as sounds and video by selecting resources from a geo-referenced image 


map base. In addition, since video is a spatio-temporal projection of the world in imagery, it can be 


considered capable of fully multi-dimensional geo-representation. It can be used for mapping from 


moving platforms, for target positioning, for the measurement of geo-phenomena such as air pollution, 


and as a process monitoring system.  


 


 
Fig. 2 Multimedia GIS data mapping 







In this study the definition of video data is to let GPS coordination data mapping to digital topography 


map and video data computing the time and coordination so that the exact location of certain feature and 


status around it have figured out efficiently. Here, the orient concept of mapping method is 


“Synchronization” to map GPS data received from field surveying to start point to of video GIS data.  


 


LBS based Real Time GIS Data Mapping Technology 


With the availability of real time positioning systems and cost-effective mobile telecommunication, it 


has become possible to develop real-time GIS that monitor, transmit, record and analyze the movement of 


mobile agents such as vehicles, people or animals.  


This integrates four essential technologies: GIS software, GPS technology, handheld communication 


devices and wireless telecommunications technologies. Bringing these technologies together makes the 


enterprise database directly accessible to field-based personnel anywhere and anytime. Also, the term has 


evolved to refer to automobile systems that combine global positioning satellite tracking and other 


wireless communications for automatic roadside assistance and remote diagnostics. This mobile GIS 


industry is not limited to automotive applications but also other applications are being studied or 


developed for monitoring water and air pollution, medical informatics and health care, and for distance 


learning in real time. 


 


 


Fig. 3 LBS based real time GIS data mapping  


 


 







The Practical Approaches of Spatial Information Technology  
 


In this study, the trend of new spatial technologies in Korea, especially which integrates with the high-


resolution images based application, virtual GIS mapping, mobile GIS mapping, and multimedia GIS 


mapping, is shown for the management of urban, water resource, forest area and etc. Fig. 4 shows the 


concept diagram of real world mapping system. 


 


 


Fig. 4 The process diagram of real world mapping system 


 


This real world mapping system was developed based on Windows 2000 and implemented by using 


Visual Basic 6.0 as development programming language, Map Objects 2.3 of ESRI and Blaxxun as GIS 


component, VB Script and eVC++ as developing communication module and Access or Oracle 9i as 


DBMS, respectively under intranet network environment. This system is expected focus on virtual GIS 


interface, video GIS interface and mobile GIS interface depending on the character of application and 


data Mobile GIS.  







 


Fig. 5 Development environment of Real world mapping system 


 


Real world Mapping System using 3D Satellite image based Virtual GIS 


The virtual flood simulation could be performed on 3D viewer and its flying and rotation from various 


angles on desired maps also could be also implemented as shown in Fig. 6. Especially, the virtual flood 


simulation could present the overflowed status depending on the height of sea in study area and indicates 


the high hazard area. 


 


 


Fig. 6 Flood simulation system using virtual GIS 


 


In order to monitor a forest landscape and predict the future advanced forestation, this virtual 


forestation simulation system presents the tree growth on passing years referencing site index of KFRI 


(Korea Forest Research Institute). In addition, 3D tracking simulation could be performed after 







constructing virtual environment by overlaying firebreak on 3D topography. Also, the reforestation statue, 


which is before and after a forest fire, could be monitored and compared. 


 


 
Fig. 7 Forestation simulation system using virtual GIS 


 


Real world Mapping System using Multimedia GIS 


This system is to manage forest road by mapping each video scene to GPS data and 3D satellite image 


map. Forest staffs could monitor the broad area or difficult to accessible area through using satellite 


images while video GIS information could reflect the detail status information in small region.  


 


 


Fig.8 Forest road information management using video GIS 


 


This system is to manage urban road by mapping each video scene to GPS data and 3D satellite image 


map. As you know, the information of urban road is very dynamically changing so that this video GIS is 







considered gaining the high efficiency to acquire site information within lower coast. 


 


 
Fig.9 Urban road information management using video GIS 


 


Real world Mapping System Mobile GIS 


This system was to develop for urban facility information management such as street light in real time 


as shown in Fig, 10. Especially, this system integrated 3-user mode; 1) client and serve system for 


practical affairs in a office, 2) web based system for general people and 3) mobile system for facility 


management outside office. All database of this system has operated in real time and expect to be applied 


for the other urban facilities.   


 


 
Fig. 10 Urban facility management system using mobile GIS 







Forest fire ground fighting team information management system was designed and implemented by 


integrating mobile GIS technique based on LBS, wireless network techniques, spatial data compression 


method and so on. Using those techniques, the real time tracking of ground fighting teams location was 


first acquired and presented on PDA then all the information about forest fire surrounding area such as 


storing reservoir status and road situation. Moreover, this system will play a critical role as making a 


decision supporting system for scientific forest fire protection and help real time forest fire hazard 


information offers service for public welfare administration business management. 


 


 
Fig. 11 Forest fire ground fighting team management system using mobile GIS 


 


The Convergence Technology for the construction of U-Korea 


  The definition of ubiquitous mapping is that people can access any map at anywhere and anytime 


through the information network. The key to make successful ubiquitous mapping is the convergence 


technology. There are three large technical categories; GIS, LBS, CALS and Ubiquitous. There have sub 


categories such as 3D GIS, 4D GIS (Time-Space integration), Remote Sensing (Satellite Imaginary) for 


GIS, network based positioning, GPS based Positioning, P2P/ad-hoc positioning, active sensor based 


location manage for LBS, XML, SOAP, UDDI, WSDL, Document standard platform for CALS and 


Mobile RFID, smart card, USN, 3G, DMB, BcN, FTTH, Wibro/WiMax, S/W, IT SoC for ubiquitous. In 


order to establish the intelligent Korea strategy, the spatial infrastructure information, national monitoring, 


urban facility management, and software industry will be successful obtained. 


 


Conclusion and Future Works 
 


The launch of KOMPSAT-2 announces the beginning of new spatial information era in Korea. This 


satellite based geographic information service, which delivers fast and accurate scientific information, 







will bring the changes of our industry and life style. Especially, the integration of satellite image with GIS 


application is not only important in national security level, but also in improving economic activities and 


quality of human life by providing the detail digital map, city and traffic management, disaster 


observation, environmental disorder detection, agriculture, fishery, marketing, real estate, tourism and 


medical service.  


This study is to look into the spatial information technical trend in Korea and shows the possibility of 


how spatial technology will open the next ubiquitous world. Consequently, the role of ubiquitous 


mapping will include not only map making but also map use and map communication considering the 


integration between the map, the spatial image, and the real word. 
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Abstract. Recently, traffic data acquisition by probe vehicles has attracted attention, since they enable 
detailed traffic information acquisition at a relatively low cost. One of the uses of probe vehicle data is to 
show the roadway level of service; however, previous representations are not very effective. The published 
indexes of the roadway level of service are not familiar to each individual and their visual representations 
are not easy to understand. This study focuses on the travel time data, one of the most familiar indexes of 
roadway level of service, and visualizes its hourly change in Tokyo city center. It is confirmed that the 
expression of travel time by “travel time contour maps” and “time-space maps” enables visualization of 
the present traffic condition in the city center. 


Keywords: visualization, time-space maps, probe vehicle data, road travel time, road transport level of 
service 


1. Introduction 


The Ministry of Land, Infrastructure and Transport (MLIT) of Japan has recently implemented the 
outcome-based road administration management in Japan, to make road administration more effective, 
efficient, and transparent from the road users’ viewpoint. The MLIT now reports typical outcome indexes 
of roadway level of service, such as the speed and time of travel and time losses due to traffic congestion, 
to evaluate its policy on road transport. Certain outcome indexes of roadway level of services are visually 
displayed, for example, such visualization is a “Traffic Congestion 3D Map,” which displays the annual 
total amount of social loss caused due to traffic congestion by using a three-dimensional representation. 
The figure at http://www.mlit.go.jp/road/ir/data/jutai/3dmap/kanto-rinkai/tsh13.html shows a 3D map of 
the social loss by traffic congestion in 23 wards of Tokyo, for example. 


The source data of these outcome indexes of road traffic was previously observed by roadside sensors or 
manual counts. However, nowadays probe vehicles (or floating cars) are widely used to collect traffic 
information (MLIT, 2004). Probe vehicles are cars equipped with positioning systems (e.g., GPS) and 
data collection devices that capture movements. The aggregation of the movement of each vehicle outputs 
the road traffic data. Since the road traffic data acquisition by probe vehicles has some advantages over 
the previous traffic survey techniques, it has attracted the attention of traffic engineers. 


Thus far, the basic road traffic data is the result of road traffic census, which is conducted in Japan every 
five years. This data is utilized for several purposes—from the traffic demand forecast to the evaluation of 
roadway level of service. However, the road traffic census surveys the traffic volume and travel time only 
on a particular weekday and holiday in five years. It is possible to evaluate the long term change in traffic 
condition; however, it has no information about the daily or weekly variation. 


Additionally, road traffic is also monitored by roadside sensors such as CCTVs and traffic counters, and 
the accumulated data is usually used for traffic control and management. These roadside sensors can 
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continuously observe traffic flow, but only at installation locations on main streets. Since the setting of an 
observation station comprise high costs, it is unaffordable to observe traffic flows on minor streets. 
However, probe vehicles can acquire traffic information at anytime on roads from alleys to main 
streets—at a relatively low cost. Currently, probe vehicle data is being utilized for many purposes such as 
the road traffic analysis and commercial route navigation services. 


Currently, the probe vehicle data is planned to be utilized for the evaluation of roadway level of service. If 
previous representations of outcome indexes of the roadway level of service, such as “Traffic Congestion 
3D Maps,” were applied to visualize the accumulated road traffic information by probe vehicle data, they 
could show the detailed information. However, this type of visualization has limits of its effect, since 
most people are unaware of the social loss or social based outcome indexes. It would be effective to show 
the individual based outcome indexes of transport level of service. Detailed traffic information by the 
probe vehicle observation would make it possible to create not only social-based outcome maps but also 
detailed individual based outcome maps, which are easier to understand. 


This study focuses on the travel time data, one of the most familiar indexes of road transport level of 
service, and tries to visualize the road transport level of service by using the probe vehicle data acquired 
in the Tokyo city center. 


2. Summarized Probe Vehicle Data 


The probe vehicle dataset used in this study was surveyed by MLIT. It comprises the records of the travel 
history of 20 taxies in Tokyo city center (within an approximate area of 20 km × 20 km) from May 2000 
to June 2002. The probe vehicle data is organized according to the all road data of the digital roadmap 
database of Japan Digital Road Map Association (Figure 1 (a)). The all road network data of the study 
area consists of 52,684 nodes and 158,287 directed links. The probe vehicle data has records of each 
vehicle’s passing date and time at the end nodes of every link, and the total number of records is 
16,931,890. This data has at least one travel record on 81,328 links for weekdays (Figure 1 (b)), 53,103 
links for Saturdays, and 49,468 for holidays. 


   


20-24 hrs.
16-19 hrs.
12-12 hrs.


1-11 hrs.


20-24 hrs.
16-19 hrs.
12-12 hrs.


1-11 hrs.


 (a) All road network data (b) Travel records on all road network on weekdays 


Figure 1. All road network data and probe vehicle data 


Then, the average travel time for each link is calculated hourly on weekdays, Saturdays, and on holidays 
through the aggregation of probe vehicle data. It is confirmed that most of the links on main streets have 
travel time data for all hours on weekdays; however, they have no travel record for some hours on 
Saturdays and holidays. Also, it is confirmed that sufficient travel records are not captured except on main 
streets, since only 19,530 links—around 10% of all the links—have travel records on greater than 20 
hours. 


Since most of the links except main streets have sufficient probe vehicles’ travel history, the 
reorganization of probe vehicle data is carried out based on the basic road data (Figure 2 (a)). The basic 
road network consists of the roads wider than 5.5 m, and the number of nodes and directed links is 16,840 
and 43,657, respectively. 
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 (a) Basic road network data (b) Travel records on basic road network on weekdays 


Figure 2. Basic road network data and probe vehicle data 


The basic road data is more compact than the all road data and it enables easy handling of the later 
process. The result of reorganization is that 30,275 links, i.e., approximately 70% of all links have more 
than one travel record, and 10,748 links, i.e., more than 20% of all links, have travel records of greater 
than 20 hours (Figure 2 (b)). The linear interpolation using the previous and the current observations was 
used to estimate the travel times in cases where there are no observations were made at certain hours. 


3. Visualization of Road Travel Time 


In this section, the visualization of road travel time in Tokyo is performed using the average travel time 
data calculated using the probe vehicle data. The two types of visualization, “travel time contour maps” 
and “time-space maps,” are tested. 


3.1 Visualization through Travel Time Contour Maps 


A travel time contour map shows the travel time from certain origins corresponding to certain departure 
times by using contour lines. Each individual would be able to create the individual based outcome maps 
of the road transport level of service according to one’s interest by setting arbitrary origins, e.g., one’s 
house and workplace. 


The three maps in Figure 3 are examples of travel time contour maps, which show the travel time from 
the Marunouchi exit of Tokyo station. The travel time for each link at its start time is estimated using 
linear interpolation and the travel time from the origin to all nodes on the road network is calculated by 
Dijkstra’s shortest-path algorithm. Spatial interpolation is then performed to generate contour lines with 
equal travel time. 


It is clear that the travel time contour maps can visualize the ever-changing road transportation level of 
service in the Tokyo city center based on the detailed traffic information observed by probe vehicles. The 
individual based travel time contour maps, which show the travel time according to an individual’s 
interest, would be effective tools to comprehend the present status of the roadway level of service. 


3.2 Visualization through Time-space Maps 


A time-space map is a cartogram that shows travel time data using distances on the map. The deformed 
map shape represents the inequality of the roadway level of service. 


First, 327 nodes and 1,112 directed links are selected as main intersections and streets in the study area. 
Figure 4 shows the setting of nodes and links on a map image of the study area, and the background map 
image in Figure 3 is Digital Map 200000 (Map Image), distributed by the Geographical Survey Institute 
of Japan. Every link is classified as a radial or a ring road, and every radial road link has 
attributes—inbound or outbound travel. 







   
0 42


km


8 0 42


km


8


 (a) 6 am on weekdays (b) 12 pm on weekdays 


  


Travel Time (Min.) 
0~ 5


 5~10 
10~15 
15~20 
20~25 
25~30 
30~35 
35~40 


40~45 
45~50 
50~55 
55~60 
60~65 
65~70 
70 


0 42


km


8


 (c) 6 pm on weekdays 


Figure 3. Road travel time from Marunouchi exit of Tokyo station 
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Figure 4. Main intersections (green points) and main streets network (blue lines) 


Next, the travel time between the main intersections is calculated by Dijkstra’s shortest-path algorithm, 
and the time-space map construction method (Shimizu and Inoue, 2004) is applied to visualize the travel 
time on the main streets. Time-space maps are created so as to show the difference of travel time between 
inbound and outbound travel. When creating time-space maps for inbound travel, the travel time data on 
inbound links of radial roads and all links of ring roads are used. 
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Figure 5. Road travel time on main streets at 9 am on weekdays 


(Red: Inbound travel，Blue: Outbound travel) 


Figure 5 is the time-space map at 9 am, corresponding to when the travel time difference between the 
inbound and outbound travel is largest on weekdays. It visualizes that the outbound travel time is shorter 
in the study area, but the inbound travel time is shorter at the inside of ring road No.6, “Yamate Douri.” 
However, since Figure 5 shows only the configuration of main streets, even the people who possess 
substantial knowledge on the road network in the study area might experience difficulty in understanding 
the characteristics of the travel time data. If the geographical maps are transformed on the time-space map, 
it would help create easy-to-understand maps. Subsequently, in this study, the affine transformation and 
universal kriging was performed to fit the geographical map to time-space maps. 


The three figures in Figure 6 are the result of the transformation of the geographical map. Figure 6 (a) 
shows the travel time at 5 am on weekdays, when the travel time in the study area is the shortest; Figure 6 
(b) shows the travel time at 9 am on weekdays, when the travel time difference between inbound and 
outbound travel is the largest, and Figure 6 (c) shows the travel time at 3 pm on weekdays, when the 
travel time in the study area is the longest. These figures visualize the travel time difference in hours and 
help ascertain certain facts, such as the travel speed is the slowest in the suburban area at 9 am, but it is 
the slowest at 3 pm in the city center. These time-space maps are also effective tools for the 
comprehension of roadway level of service. 


4. Conclusions and Future Efforts 


This study shows that the travel time contour maps and time-space maps can visualize the detailed travel 
time information observed by probe vehicles. Also, it is confirmed that these visualization techniques are 
effective in visualizing the hourly change of inner city road traffic level of service. 


It is planned to construct a tool that visualizes travel time change in a shorter time span and visualizes the 
effects of seasonality and weather conditions using the detailed probe vehicle data, which is surveyed by 
1,570 vehicles in Nagoya. 
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Figure 6. Visualization of road travel time changes 
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The Hanshin Expressway Company Limited has been gathering and providing traffic information since 1970. At present, 
congestion, incidents and other attributes are integrated in the traffic data warehouse. We analyzed 58,738 records stored 
from April 2004 to March 2005. By using CfsSubsetEval from the WEKA mining tool, we selected major attributes, Routes, 
Number of lanes, Causes, Lane block, Day/night, and removed construction records using an EM algorithm. We derived 
mathematical models for predicting incident duration from the records and discussed the applicability of data mining 
algorithms to the traffic data warehouse. 
 
Road traffic data, Traffic Data Warehouse, Clearance duration, Incident duration, Data mining 
 
 
 
1 Introduction 


 
In 2003, the road traffic database system of the Hanshin Expressway was reconstructed along with the renewal of the traffic 
management system. The current database system has been built with a data warehouse that manages a number of databases 
storing the data of traffic volume, road traffic information, and traffic accidents. This paper is a progress report concerning the 
availability of data mining technologies [1] applied to the data concentrated into a road traffic data warehouse [2]. Chapters 2 
and 3 describe the process of generating models for the prediction of incident duration and the results of experiments using 
WEKA [3]. The results are analysed in Chapter 4. Chapter 5 addresses the relevant issues and future perspectives regarding the 
data mining approach. Basically, this paper is based on the results of our paper[4,5]. 


 
 


2 Road traffic data warehouse and preliminary data mining process 
 
Various types of data measured on the Hanshin Expressway and stored into the traffic data warehouse can be used for many 
purposes. Especially, if the estimate of traffic incident duration becomes available, they make a large and positive impact on 
the operations of traffic management. For the first step of generating estimation models for incident duration, we examined 
randomly sampled incident data through several common types of data mining process such as data cleaning and data 
transformation. 
 
2.1 Algorithm examination with small sample 
 
Before the development of a model for predicting the incident duration, the data records with the following attributes are 
extracted from the incident database. 
 
• Sampled routes: all routes except for on- and off-ramps 
• Sampled period: one year from April 2004 to March 2005 
• Attributes: Month, Incident SQ, Area, Record number, Registered date, Registered hour, Released date, Released 


hour, Recorded date, Route, Number of lanes, Cause, Lane block, Location, Ramp, Release expectation, Vehicle 
type, Lane, Category, Day/night, Incident duration 


 
After this extraction, the records that have the identical Record number to another record and Incident duration less than 5 


minutes are combined to longer duration. From this modified data, 58,737 records that have valid values for the Number of 
lanes, Day/night, and Incident duration attributes have been selected as the base data set for the remaining process. 
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Through the process of visualization as shown in Figure 1, it has been found that some attributes affect the distribution of 
other attributes. For instance, during night, the records of Lane block tend to indicate “one-lane closure” or “two-lane closure” 
more frequently than “shoulder closure” or “half-lane closure.” Almost all attribute values for “shortly” that may be recorded 
in Release expectation are associated with “one-lane closure” in the record of Lane block. 


 
Figure 1. Distribution of incident duration by route 


 
Subsequently, for randomly selected 3,000 records, we examined several major algorithms prepared for classification and 


value prediction to obtain candidate models from rules, tree, functions, and lazy. Some of the models were generated as shown 
in the following: 


 
Output model: 
*Linear Regression Model: 
Incident duration (minutes)= 
107.6131*Cause=”Maintenance work, Others”+34.7619 
 
*M5 pruned model rules (using smoothed linear models): 
Number of Rules: 1 
Incident duration (minutes)= 
93.0528*Route=”Matsubara upward, Ikeda downward”+ 
88.3424*Cause=”Road inspection, Maintenance work, 
Others”+17.9418 [29/120.204%] 
 
Considering the application of the generated models, it is preferable to obtain a model in which rules or formulations are 


descriptive and can be manually interpreted. In the subsequent analysis, we give attention to M5Rules algorithm, which has 
been developed from M5 proposed by Quinlan, M5P algorithm, and Linear Regression using AIC criteria. 


It should be noted that several algorithms are inappropriate for generating a model of incident duration from the base data. 
Algorithms associated with correlation rules are unavailable. Since the incident duration is numerical, methods that generate a 
model from text attributes are not applicable. 


In order to identify the attributes that should be focused in this analysis, the same records were processed using Select 
Attributes functions. As a result of applying some of these functions to the data, the attributes of Cause and Day/night have 
been extracted. Later in this analysis, we are to pay attention to these attributes in terms of their characteristics and the process 
of model generation. 
 
2.2 Algorithm selection using categorized data 







 
To verify the result obtained from the sample data in the previous section, we applied CfsSubsetEval to all the records 


including the attributes of Route, Number of lanes, Cause, Lane block, Release expectation, Vehicle type, Category, 
Day/night, and Incident duration. CfsSubsetEval selected Number of lanes, Cause, Release expectation, and Day/night as 
the main factors that determine the incident duration. 


Meanwhile, a model of incident duration excluding the attributes of Release expectation, Vehicle type, Lane, and 
Category is also required, since these attributes are usually specified in the middle of incident operations. CfsSubsetEval was 
applied to the data set including the attributes of Route, Number of lanes, Cause, Lane block, Day/night, and Incident 
duration, and has selected the attributes of Number of lanes, Cause, and Day/night. These attributes consist of the following 
values: 


 
• Number of lanes: 1, 2, 3, 4 
• Cause: Fire, Emergency road repair, Breakdown, Maintenance work, Accident, Road cleaning, Road inspection, 


Obstruction, Discursive driving, Others 
• Day/night: Day, Night 
 
At this point, considering the characteristics of the Cause attribute, this attribute is categorized into Incidents (“Fire,” 


“Breakdown,” “Accident,” and “Discursive driving”), which tend to disturb vehicle traffic flow, Works (“Maintenance work” 
and “Emergency road repair”), which tend to be conducted along plans, and Others (“Road cleaning,” “Road inspection,” 
“Obstruction,” and “Others”), which tend to be caused by a temporary factor. For the reduction of data processing time, the 
original data was divided into six segments with the combinations of values included in Cause (Incidents, Works, and Others) 
and Day/night (“Day” and “Night”) and each data segment was processed with the attributes of Route, Number of lanes, 
Cause, Lane block, Day/night, and Incident duration. Since the data categorized into Incidents often attaches detailed 
attributes (Release expectation, Vehicle type, Lane, and Category) to its records, this type of data was also processed with 
the attributes of Route, Number of lanes, Cause, Lane block, Release expectation, Vehicle type, Lane, Category, 
Day/night, and Incident duration. 


Using the algorithms remarked in the previous section, the performances of generated models were compared with one 
another. The models were applied to each of the six data segments and two additional segments with the detailed attributes. 
Figure 2 shows the performances of the available algorithms for the data segment categorized into Works and “Night.” 


From the results of the experiments for those eight data segments, it has been found that SMOreg, IBK, Bagging, and 
Decision Table algorithms have preferable characteristics. The subsequent experiments employ these algorithms in addition to 
M5P, M5Rules, and Linear Regression algorithms, which can be applied easily to traffic management purposes. 


 


 
Figure 2. Performances of model algorithms for Works and “Night” data segment 


 
3 Model composition by selected algorithms 
 
The experiments in the previous section have shown that the prediction errors of incident duration are highly affected by the 
records with the incident duration exceeding 500 minutes. Since the incident duration of these records largely deviates from 
that of most records, it is quite difficult to improve the prediction errors even by processing the detailed attributes (Release 
expectation, Vehicle type, Lane, and Category), which are mostly added during road operations after the occurrence of 
incidents. Moreover, M5Rules and M5P outputs 13 rules and 26 clusters respectively, exceeding the number of data segments. 
Taking into account these results, the final step of the experiments generates models after the data cleaning with the following 
rules:  
 
1. Excluding records categorized as Works: 


The long incident duration categorized as more than 360 minutes is mainly related to the records included in Works. This 
type of incident generally has a prior schedule for road occupation. The incident duration associated with Works may be 







predicted more accurately by additionally using the data of work type or road occupation, which is not available in this 
experiment. 


2. Setting lower and upper bounds for incident duration: 
The base data contains many records with excessively short incident duration. For this type of records, the traffic operators 
mostly assume that the corresponding incident lasts only a few minutes. The records with incident duration shorter than 5 
minutes are excluded. In addition, the records with incident duration longer than 180 minutes are also excluded, since they 
are considered to exceed the duration of almost all trips on the Hanshin Expressway. 
 


The mining process for this cleaned data has shown that the M5P and M5Rules algorithms obtain smaller errors than the 
Linear Regression algorithm (Table 1). However, as the relative absolute errors are more than 80%, it may be required to 
generate more accurate prediction models. With regard to the generated model, the description has become too lengthy; for 
example, a portion of the model generated by M5Rules can be shown as follows: 


 
Performance index Linear Regression M5P (26 clusters) M5Rules（19 rules） SMOreg


Mean absolute error (min.) 17.4 16.6 16.6 16.7


Root mean squared error (min.) 24.5 23.7 23.7 25.3


Relative absolute error (%) 87.0% 83.1% 83.0% 83.7%


Root relative squared error (%) 89.4% 86.5% 86.4% 92.2%


Total Number of Instances 37380 37380 37380 37380  
Table 1. Performance evaluation for selected algorithms 


 
 
Incident duration (minutes)= 
-7.7721*Route=”Wan downward, Ikeda downward, Kobe upward, Wan upward, Kobe downward, Nishiosaka upward, 
Yamate downward, Ikeda upward, Moriguchi upward, Yodogawasagan downward, Matsubara downward, Kanhigashi 
crossroad, Matsubara upward, Moriguchi downward, Sakai downward, Kitakobe downward, Sakai upward, Hotarugaike 
downward, Kansakai crossroad, Kitashimoyama crossroad, Yamakitagami crossroad, Yamate upward, Kitakobe upward, 
Nakajima upward, Tarumi upward, Yodokishishimo crossroad, Yodokishigami crossroad, Kobeyamate, Kitakamiyama 
crossroad, Hotarugaike upward, Arino downward, Arino, Yodogawasagan upward”+ 
14.8144*Cause=”Discursive driving, Accident, Fire, Road inspection”+31.5147 
 
Furthermore, the characteristics of the cleaned data are extracted through a clustering algorithm (EM) in order to search more 


accurate models. As shown in Figure 3, some of the resulting clusters are highly affected by the Route and Number of lanes 
attributes; the characteristics are described as follows: 


 


 
Figure 3. Result of clustering algorithm for the cleaned data 







• Cluster 3 represents the loop line of the expressway and is uniquely identified. 
• Four-lane route (equivalent to the loop line) is also uniquely identified. 
• A few clusters have the maximum incident duration less than 100 minutes. 
• Only Cluster 4 exceeds 50 minutes for the minimum incident duration. 
 
Therefore, another model should be prepared for the loop line, which has the characteristics of incident duration differing 


from the other routes. Although a further analysis that has not been performed is necessary for this issue, these different 
characteristics are considered to relate with several factors: four-lane road structure, significant influences of large traffic 
volume on incidents, different traffic flow pattern, and/or longer time required for clearing road obstacles.  
 
4 Discussions on composed models 
 


In the earlier chapters, we attempted to generate models for predicting the incident duration from incident data stored in the 
data warehouse, using various types of data segments, mining algorithms, and data cleaning. Consequently, several prediction 
models including the route-based output of M5Rules as shown in Figure 4 have been obtained. 


 


 
Figure 4. Prediction values of incident duration by M5Rules 


 
It has been confirmed that the regression models with rule generation or data classification such as M5P and M5Rules can 


reduce the errors more than other algorithms. Since the RMS errors of the generated models subtly exceed 20 minutes, the 
prediction values of incident duration may be provided in the order of 30 minutes. The experiments in this paper have 
contributed to provide descriptive models that are applicable to the prediction of incident duration for traffic management uses. 


From the results of the experiments, it can be considered that the following issues need to be further analysed in terms of the 
relationship between data and incident duration: 


 
• Works should be separately analysed in detail because they operate lane closures along time schedules and have other 


attributes retrievable from other systems. In fact, road works are determined along with various attributes, data, factors, 
and management information, and their records are potential determinants of incident duration. 


• The incidents with duration longer than 180 minutes and shorter than 5 minutes need further analysis regarding operational 
issues in association with traffic management and purposes of information provision. 


• The loop line of the expressway should be independently analysed in obtaining a better prediction model. 
• The result of the clustering algorithm in the last experiment has indicated that many clusters exist for the maximum 


incident duration within approximately 100 minutes and that the relationship between clusters and data is still unclear 
except for a few remarkable characteristics. Further analyses are required with additional attributes such as weather data. 


 







In addition, with regard to the determinants of incident duration, the result of the clustering algorithm suggests that the 
attributes which are not explicitly recorded as data or cannot be recorded may influence the prediction errors. If this is the case, 
it is difficult even for the data mining approach to find this kind of fact. 


It should be noted that many studies concerning road traffic data mining are reported in the United States. Our investigation 
referred to some of these studies in terms of themes and concluding remarks [6-9]. Especially, we paid enough attention to one 
of the precedent studies [8] that pointed out the difficulties of predicting accurate incident duration through the modelling 
approach. 


It is also important to address issues other than the further analyses and the improvement of prediction accuracy. The 
information of the incident duration should be evaluated from the viewpoint of practical uses and data management. For 
instance, the prediction information needs to determine the group of persons, timings, media, and forms for its provision. As 
long as the information contains large errors, it is preferable that the prediction information is provided in the form of 
distribution rather than a unique value. 
 
 
5 Conclusions 
 


Besides the prediction of incident duration dealt with in this paper, there are various issues concerning effective uses of the 
road traffic data warehouse deployed for the Hanshin Expressway. The implementation of data mining functions is one of the 
possible ways to expand the current database system. The experiments performed in this paper followed basic process of data 
mining so that they can also work as the identification of problems regarding the availability of the data mining functions. 


At the stage of data arrangement, several attributes had to be manually added after the original data is retrieved from the data 
warehouse. To improve the efficiency of analyses, it is necessary to design a more appropriate database schema such as snow 
flake schema. In relation to the prediction of the incident duration, the data potentially relevant to the incident duration should 
be collected and organized in the database system so that the development of the prediction models can be continued when the 
additional data is available. 


In the process of model composition, selecting only appropriate algorithms from many ones may lead to difficulty in 
business uses because it needs to consider data characteristics and the purpose of analysis. A data mining tool such as WEKA 
facilitates the use of many data mining algorithms and can verify whether or not the model composition is practically feasible 
even in a relatively short period. Although this paper does not deal with the preliminary experiment that has been done using 
SPSS Clementine, it can be said that the appropriate selection of a data mining tool is also important. 


In order to identify the advantage of the data mining approach in the field of traffic management, more case studies need to 
be performed with several different themes or the same theme using improved base data. When some of these themes are 
related to the prediction of traffic congestion or travel times, the evaluation of the prediction errors also requires a comparison 
of performances between the current and new algorithms. 
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Abstract: We propose an information management method by mapping application about complex 
information, especially for earthquake disasters.  This application “Risk Triage Mapping” is expected to 
lead decision-making for risk control by information management in visual.  Risk Triage Map is 
expected to establish a uniform emergency response mechanism, and to make an organization in which 
members can mutually communicate. 
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1.  Earthquake risk and risk control  
Domestic and foreign researchers point out that Japan holds an unusually high risk of earthquake 
outbreaks compared to other countries in the world.  One indication made by the Central Disaster 
Management Council: The Cabinet Office, Government of Japan, states that the earthquake risk is 
extremely high in the Kanto region, including Tokyo1.  The possibility of an earthquake over magnitude 
7 to occur in the next several decades is a concern.  Thus, it is likely that Japan and its companies, as 
well as its citizens, will experience a devastating earthquake within their life spans, and this possibility is 
rising by the year.  Consequently, the necessity of effective risk control to minimize the influence of 
such an earthquake is rising.  In fact, a business association in a commercial sector in Tokyo has put in 
the Virtual Emergency Response Network: VERN for its emergency plan.  This is introduced as a 
system to ensure communications between employees, visitors about situations in a disaster and about 
orders from emergency office.  And also, some companies make a Business Continuity Plan: BCP, and 
there is financial support for disaster prevention measures2.   
 
For this urgent necessity, I propose a concept of risk control system.  I have based my study on the most 
terrible case of natural disaster possible: the earthquake.  This study aims to design a system capable of a 
real time response to a disaster through integrating various pieces of information about the disaster by 
mapping method and applying the prioritization of information by using the risk management method.  
The involved people take not only important and restrictive information, but also necessary information 
on demand form the map.  In addition, they can input latest information that they have into the map.  
So this information management is not any more a simple information system.  This is a communication 







method.  By IT supporting, a network by which we can get information wherever we are and 
communication 24h a day realize a communication anywhere and anytime.  So this system allows us to 
share and use the information in the map: ubiquitous mapping. 
 
2.  Prior measures and responses after a disaster 
Today, risk analysis enables us through several methods to evaluate the assumed damage of disasters: 
damage caused by earthquakes for example.  Such risk analysis includes the Event Sequence Diagram 
analysis which allows us to anticipate an appropriate scenario of disasters, the Cause-Consequence 
Scenario analysis which enables us to analyze the relations between damages and causal factors, and the 
Probabilistic Quantification analysis that quantifies the degree of damage.  These methods can be used 
to assume possible risks associated with accidents or disaster (for example, the distance between a heating 
element and combustible substance), and calculate its damage.  Based on the results of these analyses, 
precautionary measures can be planned from three viewpoints: human life / environment / business 
continuity.   In addition, emergency manuals or facilities/staff placement plans can be designed.   
 
However, when a disaster takes place, real time responses must be made apart from precautionary 
measures.   This is because real time responses must be flexible and reflect the environmental changes 
caused by the disaster.  In such an occasion, the one in charge of anti-disaster measures must make 
decisions about countermeasure in real time.  In other words, real time responses after an occurrence of a 
disaster requires one to take external factors into account (matters of ambiguity), to screen the important 
and necessary information, and to use resources limited by disaster.   The general difference of 
responses after a disaster and prior measures is indicated in Table 1.  As mentioned above, I have made a 
distinction between prior measures and responses after a disaster.  Prior measures are required certainly, 
and also with that in mind, I suggest a risk control for responses after disaster outbreak.  This study 
assumes cases of disasters of capital-sized urban cities. 
 


Table 1.  Distinction between prior measures and responses after a disaster 
 Prior measures Responses after a disaste


(Simulation) (Real time)


audience parties concerned parties concerned and outsider


objective
action


hazard map, planning for
organization, evacuation drill


posteriori response, continge


r


ncy


 
 
 
 
 
3.  Transmission and sharing the information 
When a local disaster occurs, refuges are established in necessary places, and one headquarter unifies 
them.  A refuge transmits information to the headquarter, and the headquarter controls the situation and 
gives orders.  This is the top-down disaster management.  However, in the case of a wide area disaster, 
an organization is hierarchized into several levels: refuges of each place, upper measures teams, 
departments of the refuges of each area, and the unification headquarter, to cover all over the disaster area 
effectively.  In this case, there is not a problem if the collection of the information and orders can be 
passed out efficiently in the top-down system.  However, exchanging of information is performed within 
each level even if information is gathered by the top.  In addition, information will be exchanged among 







various levels if immediate transmission of information is needed.  For example, when an earthquake 
disaster occurs in the Kanto area, information is gathered to the headquarters unifying the Kanto area, and 
orders are transmitted to the appropriate staffs in the lower ranks.  However, it is far more efficient to 
manage problems at the spot with members and staff in the area in case of life related and medical 
emergencies.  An ideal organization control needs a clear and distinct top-down structure, in which an 
effective crises control is enabled among plural levels by a smooth communication also.   However, as 
for the communication among plural levels, information can cause intricate communication, and it may 
lower the effectiveness of measures remarkably.  （Cf. Figure 1） 
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Figure 1.  Development and intricate of communication 
 
Therefore, not only transmission of information, but sharing of information at any time also becomes a 
problem when a disaster occurs in a wide area.  Sharing information is a measure to get a grasp of the 
situation, which is the first step of risk control.  To share information effectively and at any time, visual 
aids, such as charts, diagrams, geographical presentations may be useful.  Perception of figure is 
different from reading of sentences or numerical value that we need to do conceptualize them in head.  
The recognition of information by "a figure" can be understood instantaneously.  It takes time to 
comprehend information presented in numbers or sentences.  On the other hand, "a figure" can be 
interpreted spontaneously.  For example, almost traffic panels are presented by figures, not by sentences.  
The instantaneously is a characteristic of figure to be able to understand the information by a look.   
 
I suggest sharing of information through visual aids such as Geographic Information System: GIS 
technology for the purpose of risk control.   In fact, GIS technology is expected, in depend on it’s 
effectiveness, for a strategy of branch stores development, an effective public transport routes, some 
hazard maps.   For risk control, it is necessary to manage information, including hazard maps (an 
earthquake, a fire), traffic information, population, and so on.  For the design in this study, Common 
Operation Picture: COP is taken up as a data sharing for risk control.  A method of this information 
management allows all people concerned with risk control who will be making decisions in emergencies 
to share the same information for any time and to have a common recognition visually.  This will 
prevent a possibility of intricate information when a disaster occurs in a wide area and will take 







appropriate information management.  In the Figure below, 21 information such as roads, population, 
traffic, buildings damages, simulation about aerial pollution, etc, are presented in an example of COP.  In 
the example of Figure 2, a person can choose needed information by checking off boxes on the left.  
Here, I have displayed information on roads and main buildings such as hospitals.  The latest 
information can be updated and shared by each person within the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 2.  Draft proposal of COP 
 
For COP as a spatial communication system, Information Technology (IT) supporting is indispensable to 
visualize the information and to make a network for sharing of information with people who accesses 
COP.  For example, the advancement of mapping software has developed, from two dimensions to three 
dimensions expression.  The development of information technology permit to make the reliable 
information management, which is complicate, various, large-capacity and in real-time recently.  The 
problem of COP is the manipulation of maps made by various pieces of information about the disaster 
and the real-time mapping creation by involved people.  In the COP system, it is desirable that each 
person can see the latest information on map, and update a newest information that they have.  
Furthermore, as for communication devices for IT network, there is not only personal computer and 
laptop computer, but mobile devices are used frequently: mobile phone, Personal Digital Assistant: PDA.  
Then manipulation and creation of map to resolve spatial problems are implemented anywhere and 
anytime (cf. Figure 3).   
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Figure 3.  Ubiquitous Communicating (Mapping) Environment for COP  







4.  Evaluation of information and decision-making 
There are many kinds of information required for risk control.  Table 2 shows a representative list of 
such information, including data of risk assessments.  It is not only important to integrate this 
information, but is also vital to screen appropriate and unnecessary information based on the risk 
management techniques.    
 


Table 2.  Example information for risk control 
 
 
 
 
 


Basic information
 geological feature/topographiy
 land subsurface
 water pulse
 velocity / direction of the wind
 temperature / precipitation
 population of (day and night)
 land use account book  etc


Risk evaluation
 intencity of earthquake
 damage of building（collapse）
injured person
 fire
 hazardous substance
 estimates of loss
                                    etc


infrastructure
traffic (road, bridge, airport, etc)
gas (high/low pressure pipeline)
electricity (power station, distribution)
water service (water institution/pumping
communication (center/local station/optical
refuge,  medical care (hospital/medical office)
food goods/relief supplies                      etc


 
One must perform decision making adequately when a disaster occurs.  Triage of information is 
necessary in order to make clear what is needed to be dealt with first.  For example, in consideration of 
infants being more vulnerable to a sudden change in health conditions, it is common to prioritize the 
infants to have their medical examination done sooner in the pediatrics.  Similarly, it is also desirable to 
examine carefully information by a n¥method of risk management, in the case of a disaster.  In the case 
of decision-making, it is essential to grasp enough information to make appropriate and precise decisions 
on what to prioritize.  Figure 4 shows a risk matrix as one technique of an evaluation method. 
 
 
 
 
 
 
 
 
 
 


Figure 4.  Risk evaluation by matrix 
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In this matrix, the order of priority is evaluated depending on the frequency and the size of the damage of 
the possible risk.  For example, in the case of an earthquake, small and big earthquakes can be thought 
of, and these will be classified depending on how often they occur and how big a damage they cause.  
Small earthquakes may occur frequently, and great earthquakes that occur occasionally cause a 
devastating damage.  It is thought that an earthquake such as the Great Kanto Earthquake is in a frame of 
i of chart below, and if it is an earthquake of seismic intensity around 2 (Seismic Intensity Scale by Japan 
Meteorological Agency), it is placed on a frame of ii.  As the example of Figure 4 is a general matrix, an 
earthquake risk of the Great Kanto Earthquake level is estimated as "Med", but will be considered "High" 
if it judged that it is impossible to accept without precaution measures.   
I suggest applying the use of Risk Based Decision Making: RBDM as a method of information evaluation 







based on the risk assessment such as the risk matrix method that I have mentioned above.  The purpose 
of RBDM is to provide sufficient information needed in order to make decisions to prevent disasters in 
the simple and efficient way.  For efficient decisions against risks, the useful information is chosen, and 
finally, the reducing disaster is expected.  More simply stated, RBDM asks the following questions and 
uses the answers in the decision-making process: 1.  What can go wrong?, 2.  How likely are the 
potential problems to occur?, 3.  How severe might the potential problems be?, 4.  Is the risk of 
potential problems tolerable?, 5.  What can/should be done to lessen the risk? I think that RBDM, an 
information evaluating method based on risk management theory, will enable people to make suitable 
decisions in the case of a disaster despite their experiences of making such decisions.（Refer to a 
conception diagram of Figure 5.） 
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Figure 5.  Concept of decision-making support 
 
5.  Risk control 
It is necessary to face problems related to a system regarding real time responses to a disaster which 
occurs in wide areas, such as earthquakes.  And it seems that necessity of decision-making support by 
the information management and the risk assessment is high.  In establishing a support system for real 
time responses about a disaster in wide are, I apply the two following.    


1. Common Operation Picture: COP integrates in any time "the information collection, 
judgment / decision making, direction giving" and enables the recognition of the 
relationship between risks and geographical aspects visually.   


2. Risk Based Decision Making: RBDM enables triage of information and prioritization 
of the necessary information based on risk management.   


Spontaneous and continuous interpretation of data can be made possible by COP.  Furthermore, RBDM 
helps perform prioritization (triage) of information, and that support decision-makings.  These two 
concepts will allow unified recognition among different people in charge.  I evaluate this method as Risk 
Triage Mapping (cf. Figure 6).   
 
Abundant professional experience as a risk manager is necessary for decision-making in the case of 
emergency situations.  However, it generally takes a long time to educate him, and it is difficult to secure 
such talented people.  Furthermore, taking staff turnovers into account, it is possible for untrained staff 
to be placed in charge of disaster management, which explains a need for the support system. 
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Figure 6.  Concept for Risk Triage Mapping 
 
6.  Issue in the future about Mapping and Ubiquitous Mapping 
In recent years, the advancement of technology and media has greatly increased the amount of real time 
information accessible as well as methods of information collecting.  The advancement of technology 
has also accounted for improvement in accuracy of data analysis.  In next future, it will become 
important to use appropriate information effectively.  In that case, the importance of organizing 
information for decision-making rises.  Making of a organization of data is similar to the processing of 
knowledge and incoming information in the human mind.  A mapping is a distinguishing method of 
information by the characteristic of figure/ground, and a method of organizing data geographically in 
terms of relative positioning.  Therefore, in future, I think that a map is treated as a method to select the 
necessary information in the information increasing.  And a map is a communication method for all of 
interested people.  Even if there are diverse user, objectives, technical development, the system proposed 
in this study can support the decision-making by using this essential characteristic of a map: 
Figure/Ground.  And, as for map itself, it will be a map as a "mapping (a organization instrument of 
information)", not maps as a "drawing marks". 
 
I take up a consequence of this mapping system using COP and RBDM.  In this system, all of involved 
people, with IT supporting especially like mobile devices, are able to take information, update latest 
information of each other and use information according to his/her needs anywhere and anytime.  This 
characteristic is a potency of a mapping in future: ubiquitous mapping.   
 
                                                  
1 Central Disaster Management Council http://www.cao.go.jp/en/importa ntcouncil.html 
2 Development bank of Japan    http://www.dbj.go.jp/japanese/release/rel2006/0601_kyusyu.html  
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Cartographic principles and technologies have recently expanded to include applications in medical 
informatics. We explore online cartography of the brain, in particular the development of federated multi-
scale atlases of mouse brains within the Biomedical Informatics Research Network (BIRN, 
www.nbirn.net) project. The atlas development posed several new cartographic challenges, including 
spatial registration of brain maps developed with different instrumentation and at different resolution, 
integration of 3D brain data across the disparate spatial frameworks adopted by different atlases, 
exchange of location information across spatial scales, and “on-the-fly” generation of composite brain 
maps where map fragments are derived from several heterogeneous atlas sources. This paper specifically 
addresses the range of operational representations suitable for describing location in the exchange of 
spatial information between atlases.   
 
Keywords: brain cartography, cross-scale analysis, information integration, brain atlases, neuroscience. 
 
 
 
Introduction 
 
With early attempts to map human and animal brains nearly as old as the mapping of the earth, brain 
cartography is certainly not a new field. In recent years, however, the volume of available neuroscience 
data has multiplied with the development and proliferation of various scanning and microscopy 
techniques. Several seminal works have been published, including methodological studies (e.g. Toga 
1990, 1999, 2002; Bug and Nissanov 2003; Nissanov et al. 2002, Van Essen et al, 2001, Toga and 
Thompson 1998) and well-regarded atlases of the brain (Paxinos and Watson 1998; Paxinos and Franklin 
2001; Swanson 2002; Toga et al. 1995; MacKenzie-Graham et al. 2004, Hof et al. 2004).  Conferences on 
brain mapping have also become a regular occurrence (such as over 10 years of Organization for Human 
Brain Mapping (http://www.humanbrainmapping.org/). With the introduction of advanced GIS and 
visualization techniques to analyze protein signal expression and incorporate imagery in medical records, 
there is a stronger potential for interaction between the two fields. From this perspective, it is important to 
review the specifics of brain mapping from a cartographic perspective, and address the challenges posed 
by mapping in this domain. 
 
While it would be attractive to assimilate the accomplishments of centuries of cartographic thought into 
brain cartography, one has to be aware of several important distinctions between neuroscience 
applications and traditional geocentric representations: 
 
- While mainstream cartography has traditionally focused on 2D representations of the phenomena 


observed or modeled within the earth’s surface layers, this type of abstraction would not be 
generally valid for brain maps. Though detailed imagery is typically obtained through 2D high 
resolution brain sections, it is important to keep in mind that taken alone such sections may hide or 
distort our interpretation of brain anatomy and function. Hence brain atlases customarily represent 
stacks of co-registered image and segmentation sections developed along two or three dimensions, 
often accompanied by 3D reconstructions at lower resolution (e.g. Toga et al., 1995, Gefen et al. 
2004, Nissanov et al. 2002, Ali et al. 2005, Rex et al. 2003).  


- In place of the single geoid as cartographic base, neuroscience applications involve multiple species 
and individuals, imaged at different ages, developmental stages and conditions by a variety of image 
devices and magnifications. Resultant images are of different size, shape and topological 
organization. Often, this makes it impossible or meaningless to attempt perfect image alignment of 







individual image snapshots.  In fact, misalignment within developed atlas image stacks and 
individual external samples, as well as across atlas image stacks, is expected. The published atlases, 
rather than presenting an individual type, follow the route of averaging and creating “most probable” 
representations (Mazziotta et al. 2005).  Accuracy analysis is complicated by the difficulty to relate 
images developed at different scales, while the notion of “ground truth” analysis as it is typically 
understood is rendered meaningless. 


- Brain imagery reveals different anatomic features depending on a particular type of contrasting 
agent or other technique used to highlight image artifacts. It is not uncommon for individual images 
to lack identifiable features that could be used for relating them to other images or image stacks.   


- Lack of a universal agreed upon coordinate system, or agreed upon single nomenclature.  
 
Since the majority of brain atlases are developed as standalone multimodal databases with desktop or web 
application interfaces, there has been relatively little emphasis on how images can be integrated to 
support development of a comprehensive picture of brain morphology and function. One can speculate on 
the reasons for this, but some of the limitations can be traced directly to the specifics of brain cartography 
mentioned above, in particular the variety of representational forms and techniques used in the 
development of brain images, the variety of resolutions and scales of imaging, lack of agreement 
concerning nomenclatures and brain coordinate systems, as well as the limitations of converting 3D brain 
volumes into 2D representations. 
 
This paper focuses on a recent trend in brain cartography which has emerged in the last several years and 
has been explored, in particular, within the brain atlas integration component of the BIRN (Biomedical 
Informatics Research Network) project. The BIRN project focuses on creating a grid infrastructure for 
integrating data on brain morphology and function obtained by different researchers to support 
comprehensive understanding of the mechanisms and developing treatment for schizophrenia, 
Alzheimer’s, Parkinson’s and other dementias. One of the project goals is to create an online environment 
where disparate brain atlases developed by different groups of researchers and including imagery from 
different species at various development stages and resolutions, and produced through different 
techniques, can be integrated, accessed and queried. We are specifically interested in on-demand 
juxtaposition and spatial analysis of images, anatomic feature delineations, and annotations retrieved from 
multiple sources and developed at different scales, from cellular and sub-cellular to the entire rodent brain, 
to be integrated into composite brain maps. While triggered by specific tasks of a different scientific 
domain, these challenges appear to be of general interest to cartographers. We specifically focus on three 
of them related to operational definition of location that can be used for cross-scale integration of 
neuroscience data, cartographically-meaningful integration of disparate images and segmentations for 
misaligned data, and cross-atlas integration. The rest of the paper is structured accordingly. 
 
  
Cross-scale integration of brain images 
 
To evaluate hypotheses about prevalence of certain cell types in various sections of the brain, or assess 
signal distribution differences across phenotypes, it is often important to relate disparate images and 
segmentations developed at different scales and resolutions. If these are images of the entire rodent brain 
they can be warped and spatially registered to a common coordinate system. While a range of coordinate 
systems have been developed for the whole brain (e.g. Talairach and Tournoux 1988; for rodent brain, the 
stereotaxic coordinate system is the most popular, as expressed in the atlases of mouse and rat brain by 
Paxinos and Franklin 2001, Paxinos and Watson 1998), exchanging locations as 2D or 3D shapes in the 
stereotaxic coordinate system is error-prone due to differences across individual animals, discrepancy in 
the ways histological sections and images have been prepared by different researchers, and differences in 
anatomic feature delineations and nomenclatures, while for cross-species analysis stereotaxic locations 
are not applicable.  
 
  
 







 
 
Figure 1. Electron Microscopy of Purkinje Cell Dendrite, with segmented anatomic features. 
 
 
The same is true for relating images and segmentations across spatial scales. Images developed at cellular 
and sub-cellular scales may not have sufficient information for stereotaxic spatial registration. Typically, 
it is known in which region of the brain a cellular level image was taken, however the exact alignment 
and attribution of the image to a particular structure are hard to establish. Figure 1 gives an example of 
such an image of a Purkinje neuron within cerebral cortex, taken with an electron microscope at 
nanometer resolution and shown here within  the online GIS client, AxioMap (Zaslavsky 2000). This 
image can be hardly placed within a particular feature of the cortical area, let alone oriented with respect 
to stereotaxic coordinates. Instead, we may suggest that this image is representative for a particular brain 
region, i.e. conceptualize its location as “representative location”. Figure 2 shows such representative 
locations of cellular-level images contained in Cell Centered Database (CCDB), on a plate from a mouse 
brain atlas (Paxinos and Franklin, 2001) as shown in a SMART Atlas client (Zaslavsky et al, 2004). 
However, while such representative locations are useful for general positioning of detailed images on the 
map of the entire brain, they are insufficient for fine-grain cross-scale analysis. 
 
To address this issue, we have considered two additional modes of location description: (a) anatomic 
feature labels that can be traced to concepts in a common ontology, and (b) a system of spatial (including 
mereotopological) relationships generated with respect to a finite set of anatomical features associated 
with ontological concepts. Previously it has been shown that certain integration tasks can be resolved by 
defining integrated views over protein distribution data extracted from brain imagery and neuroscience 
databases in general (Gupta et al. 2003, Martone et al. 2002), in particular taking advantage of 
relationships between segmented and named regions as specified in neuroscience ontologies such as 
UMLS (Universal Medical Language System). Here we will demonstrate an approach exchanging 
descriptions of relative ROI (region of interest) locations derived from both semantic and spatial 
information in the image, where locations are conceptualized as systems of rules.  







 
 
Figure 2. An electron microscopy image is related to a representative location in a smaller-scale 
mouse brain map shown in the SMART Atlas client (Zaslavsky et al, 2004) 
 
Following S. Chesnokov (1982), we consider rules as implications A  B characterized by two 
proportions, rule accuracy (proportion of the realizations of the rule with respect to the extent of concept 
A) and rule completeness (proportion of the realizations of the rule with respect to the extent of concept 
B), i.e. 
 


Accuracy (a b) = P(AB)/P(A), and Completeness (a b) = P(AB)/P(B).  
 
In other words, rule accuracy reflects the proportion of applicable cases for which the rule is valid, while 
completeness refers to the proportion of the phenomena for which the rule is applicable (i.e. is analogous 
to rule confidence in association rule mining). The conditional frequencies characterizing the rule are 
typically evaluated through counts of occurrences of A, B, and the joint occurrence of A and B, and can 
be interpreted as proportions of area in A, B and in overlay of A and B respectively (Zaslavsky 1995).  
 
The following algorithm presents a procedure for extraction of a system of rules: 
 
 For each feature F in named_features (Ontology, Scale) 
  For each relationship R in Relationship_List 
   If (R(ROI, F) then 
    Rule = True 
    If (R = “overlay”) then 
     RuleAccuracy = Area (ROI & F) / Area (ROI) 
     RuleCompleteness = Area (ROI & F) / Area (F) 
    End if  
   End If 
  Print ROI, F, R, Rule, RuleAccuracy, RuleCompleteness  
  Next 
 Next 







 
This pseudo-code makes several assumptions: first, that the features delineated on the image belong to the 
list of commonly identified features, which therefore can be used as points of reference; and second, that 
there is a canonical set of spatial relationships that can be automatically evaluated. The list of spatial 
relationships between any two objects is potentially infinite, thus initially we focus on topological 
relationships and those that can be expressed in coordinate- and scale-independent forms (e.g. “ROI is 
twice as close to reference object A as to reference object B”.)   
 
Another factor in identifying which spatial relationships should be evaluated is their use in neuroscience 
literature for describing locations of anatomic features. For example, Entorhinal cortex (a memory center 
in the brain responsible for pre-processing of input signals before relay to the hippocampus, which has 
been recently shown to contain a directionally oriented, topographically organized neural map of the 
spatial environment – see Hafting et al. 2005) is described as follows:  


 
Entorhinal cortex:  Component of the temporal lobe on the mesial surface.  
The rostral and caudal boundaries of the entorhinal cortex are the rostral end 
of the collateral sulcus and the caudal end of the amygdala respectively.  The 
medial boundary is the medial aspect of the temporal lobe and the lateral 
boundary is the collateral sulcus (from a collection of spatial descriptions of 
anatomic features assembled by M. E. Martone) 


 
Note that the location description is based on commonly recognized neuroanatomical terms (temporal 
lobe, mesial surface, collateral sulcus, amygdala), while the object boundaries can be interpreted through 
a composition of adjacency relationships between the object and the common features. A parsimonious 
spatial description of this type may be automatically derived by pruning the initial – potentially large and 
redundant - set of rules extracted using the pseudo-code above. The rule pruning procedure can be done in 
two steps (1) logical pruning: identification of rules that can be excluded from the system of rules without 
the loss of overall rule accuracy, and (2) statistical pruning, where spatial autocorrelation of residuals is 
considered as a measure of rule quality (as in Ellner and Seifu 2002), with only those rules being 
discarded that result in correlated residuals. 


 
Once a system of rules describing a ROI location with respect to a set of common features {F} is derived, 
it can be “unpacked” over a target image having a set of features Exp({F},O).  This operator specifies an 
expanded set of features that also includes all “children” of features in {F} in an ontology O: Exp({F},O) 
= {F} + Children({F},O). The “unpacking” procedure represents a sequence of polygon overlay requests 
analogous to the traditional “exclusionary screening” commonly used in GIS. For example, if a location 
description uses the hippocampus as one of the reference features, the unpacking procedure may evaluate 
this relation with respect to the CA3 region since, in a neuroanatomic ontology, CA3 is in relationship 
“part-of” to hippocampus.  
 
4. Integrating misaligned brain images via visual juxtaposition.  
 
Another issue that brain cartographers have to address is joint analysis of image and segmentation 
fragments that are not perfectly aligned. As noted above, misalignment is expected, especially when the 
images or segmentations come from different sections, atlases, species, developmental stages, etc. Thus, 
overlapping them in a single frame may be not appropriate, and requires different cartographic solutions. 
Two such solutions have been developed within the SMART Atlas, a GIS-based online web application 
used as a visualization and analysis interface over collections of neuroscience images and segmentations 
assembled within the BIRN project. A more detailed description of the Atlas and the accompanying data 
management infrastructure is in (Zaslavsky et al. 2004, Martone et al, 2002).  
 
One strategy, appropriate for partially aligned fragments at similar scales, is to display images and 
segmentations side-by-side linked by stereotaxic coordinates. As the user moves the mouse over the first 
image, a second mouse pointer points to matching locations on the second image. While this approach 
does not solve the misalignment problem, it presents image integration in a less visually disturbing 
fashion. Another strategy is to relate images and segmentations via feature relationships in ontology (in 
our case, the Unified Medical Language System). Figure 3 shows a fragment of SMART atlas 







functionality, where the user selects an anatomic feature from the left image, and a type of relationship 
from the thesaurus component of UMLS she wants to explore (“self”, “parent”, “child”, “narrower”, 
“broader”, etc.). Features on the right image which are in the selected relationship with the selected 
features on the left, are highlighted. This approach allows to link images and segmentations when 
alignment is not expected, and aids in understanding topological relationships between features found on 
different images. 
 


 
 
Figure 3. Integrating images via relationships between anatomic features in UMLS 
 
 
Communicating location information across atlases 
 
Multiple online neuroscience atlases have been developed by different research groups. Often, they 
follow a client-server organization where a certain web client application, typically invoked via Java 
WebStart, communicates with an underlying database of images and segmentations, and sometimes also 
with a catalog of available images. One of the goals of atlas development within BIRN is to enable 
querying data and metadata contained in multiple available atlases from multiple atlas clients. Similar 
issues have been recently addressed within online mapping and GIS, where several service interface 
specifications have been developed. Through the efforts of Open Geospatial Consortium, specifications 
for retrieving map images, feature collections, and coverages (OGC’s WMS, WFS and WCS 
specifications, respectively), as well as for catalog services, have been proposed and implemented in 
software packages. However, brain atlases pose an additional communication challenge. Atlas clients are 
often developed to emphasize the features of a single underlying database of images and segmentations 
and to contain functionality that is meaningful for only a particular single dataset. Hence, rather than 
bringing images or segmentations into a universal client application – at the expense of  detail and 
functionality - it may be more appropriate to let users working with an atlas client invoke other atlases, 
and transfer atlas state information to them, which would include, at a minimum, information about the 
current image slice and highlighted anatomical features or regions of interest. This would allow 
neuroscientists to examine disparate, and possibly misaligned, data sets within synchronized online 
interfaces developed specifically for these data, rather than forcing the data into a single atlas interface. 
To our knowledge, the issue of inter-atlas communication at the client level, rather than at the data or 
catalog levels, has not been explicitly addressed in the literature. The atlas state exchange API was 







developed specifically to allow users to switch between different atlas clients while remaining focused on 
the same anatomical feature or region of interest. 
 


 
 
Figure 4. Position synchronization between two atlas clients (UCSD's SMART Atlas and UCLA's 
Shiva) based on the atlas interoperability API. 
 
The API consists of methods for initializing the state exchange service, submitting atlas state, retrieving 
atlas state, and closing the service. The initialization method adds a record to the database maintained at 
the atlas exchange server, which contains information about the submitting atlas client and the submitter’s 
user ID. The state_submit method appends information about the current atlas plate and the highlighted 
features (feature labels in a given ontology) or a user-defined polygon in stereotaxic coordinates to the 
record. The state_retrieve method is invoked from the target atlas so that it can be instantiated to display 
the nearest plate and highlight the appropriate features. The atlas interoperability API has been 
implemented for several brain atlases, including Shiva (UCLA), NeuroTerrain (Drexel University) and 
SMART Atlas (UCSD). 
 
 
Conclusion 
 
This working paper presented several approaches to integrating brain images and segmentations 
developed within the brain atlas component of the BIRN project. We focused on exchanging location 
information based on a combination of spatial properties of anatomic features extracted from the images 
and knowledge-based approaches. Integration across disparate neuroscience images requires a flexible 
concept of location, described by feature coordinates in a common coordinate system (where possible), or 
via anatomic feature relationships in a common ontology, or by extracting and exchanging systems of 
rules describing feature location. In addition, integration across disparate images and atlases calls for 
additional modes of cartographic visualization, and for cross-atlas integration interfaces. We believe that 
these challenges, highlighted by cross-scale integration and visualization needs of another domain, would 
be of interest to cartographers, especially as neuroscience visualization and atlasing embrace GIS 
approaches and software. 
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Abstract 
This paper proposes a spatial document management system (SDMS) that can easily and directly manage 
spatial documents. A spatial document is an electronic document that includes spatial reference 
information, such as HTML file, Excel file, text file and so on. Our system provides a simple interface 
operating such spatial documents in own personal computer and on the web and manages textual 
information about Point of Interest (POI) in these documents. When a user can load a spatial document in 
the system by “drag and drop” operation, the system converts address expressions in the document into 
POI information and displays a distribution of the POI information on a map. Our SDMS will support 
such mapping actions by many ordinary people and become a new tool for “ubiquitous mapping”. 
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1. Introduction 


 
This research aims to develop a spatial information management system to handle easily various kinds of 
spatial documents and support “ubiquitous mapping” by ordinary people. In this paper, a spatial document 
is defined as an electronic document that includes spatial reference information such as addresses, postal 
codes and telephone numbers. We can find various kinds of spatial documents on the web and own 
personal computers: access information, restaurant information, a list of fire stations, outbreak 
information of influenza.  
 
Spatial reference information is classified into direct location reference information and indirect location 
reference information. The former is the coordinate information such as latitude and longitude. The latter 
includes address, postal code, telephone number, place name and so on. Indirect location reference 
information is included in many spatial documents and needs to be converted into direct location 
reference information for displaying the information on a map. Such conversion is generally called 
“geo-coding”. Especially, geo-coding for an address expression is called “address matching”. A tool for 
handling spatial documents requires some geo-coding method. There are some geo-coding services on the 
Internet. Recently, the Google Maps API provides the APIs for geo-coding [Google]. Many users can 
develop the mapping application using the geo-coding service through such APIs. In many cases, an 
address expression is explicitly given to these services and applications. In contrast, location information 
such as an address in a spatial document is not explicitly tagged. It is difficult to extract such location 
information from the document. Extracting location information is generally called “geo-parsing”. Our 
system for handling spatial documents must have a mechanism for geo-parsing as well as geo-coding. 
 
Geographic information system (GIS) [Longley] can manage, analyze and visualize spatial information. 
GIS requires structured spatial data with direct location reference information. In many cases, a user 
needs to prepare a table data including latitude/longitude information by using some geo-coding services. 
Meanwhile, spatial documents are semi-structured and non-structured spatial data. The existing GISs 







cannot manage such spatial documents directly. Also, it is difficult for an ordinary user to operate an 
expensive GIS designed for an expert. The use of advanced spatial processing functions such as spatial 
join and analysis on the GIS will require much effort and training for ordinary users. A simple system 
with an easy-to-use interface is required for ordinary users.  
 
This paper proposes a spatial document management system (SDMS) that can easily and directly manage 
spatial documents. Our system provides a simple interface operating such spatial documents and manages 
textual information about Point of Interest (POI) in these documents. By “drag and drop” operations for 
electronic documents, a user can load spatial documents in the system. The system can extract address 
expressions from these loaded documents, convert these expressions into the corresponding POIs and 
display them on a map. The SDMS does not support advanced analysis functions that the existing GISs 
provide. However, our system is useful for many kinds of applications. For example, in the case that a 
user wants to immediately see only a distribution of POIs that he or she is interested in, this system works 
well. Such information is useful for real-time decision making and understanding the current situations 
and trends. 
 
This paper is organized as follows. In Section 2, we mention spatial document management systems for 
“ubiquitous mapping”. In Section 3, we explain the proposed system. In Section 4, we show the mapping 
example and discuss the current and future implementation. Finally, we give conclusion in Section 5.  


 
 
2. Spatial Document Management Systems for Ubiquitous Mapping 
 


An object that exists in the real world has multiple different representations of the location such as 
latitude/longitude information, an address, a postal code, a telephone number, popular name and the term 
for a specific domain. Such representations are written as text information in electronic documents, and 
each of documents may include one or more location representations. We can see such “ubiquitous” 
representations in many spatial documents in local and remote computers on the Internet. By using any of 
such location representations, we can specify the place where the object exists or the event related with 
the object occurred. Currently, our SDMS can convert an address expression that is one of location 
representations into a spatial entity (POI) in the system, and display these converted POIs on the map. In 
the future, if it can support other geo-coding methods, it will become a tool to translate textual location 
representation of an object in the real world into visual representation (spatial representation) of the object. 
By mapping location representations of multiple objects, we can visually understand not only the location 
information of each object but also the distribution of these objects and spatial relations among these 
objects. Furthermore, the SDMS will support real-time decision making and improve the abilities for 
spatial understanding, spatial recognition and spatial insight of ordinary users. 
 
In addition, if the SDMS can distribute the mapping results or the selected and edited POIs through the 
Internet, it will be an active communication tool as well as a passive communication tool. Dissemination 
of the mapping results as understandable visual representations will create the situation that many people 
browse, share and exchange such mapping results. In this case, the system will support bidirectional 
spatial communication between people. We think that the SDMS will become a tool to promote 
“ubiquitous mapping” [Morita, ICA] in the real world. If many users can use each SDMS for his or her 
own purpose, such mapping actions will occur anywhere at any time. The system should be designed as 
an easy-to-use tool for many people. We have developed the SDMS for ubiquitous mapping as 
human-centered spatial information management system, although most of the existing GIS are designed 
as function-oriented systems. 
 
 


3. Design of a Spatial Document Management System  
 


We design a spatial document management system (SDMS) as an easy-to-use tool for ordinary users.  
 
 







3.1 System Overview 
Figure 1 shows an overview of the proposed system. 
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Figure 1: An overview of SDMS 
 
Our system has the following characteristics. 
 
(a) Input of spatial documents by simple operation. 


Our system supports simple operation to input spatial documents (HTML, Excel, Word, TEXT, PDF, 
etc) to the system. A user can load these documents by drag and drop operations for a file icon and a 
folder icon. 


(b) Providing robust and reasonable address matching 
It can allow the diversity of address expressions and the omission of the address part to some extent. 
Also, it uses a remote address matching server as an address matching engine. The address matching 
covers all regions around Japan and is free.  


(c) Layer management of spatial documents 
It keeps a spatial document as a layer and manages POIs in the document at each document. If 
multiple spatial documents are loaded in the system by drag and drop operation, a collection of POIs 
included in each document is respectively managed and visualized as a layer. 


(d) Supporting basic functions for map control 
It supports basic operations for a map: scaling up, scaling down, movement and so on. In addition, 
the map adjustment function uses these basic operations and displays the region that includes all 
selected POIs. 


(e) Providing background map images for all regions around Japan 
It receives the map data from a remote server. As the background map, we use digital map (1/25000 
scale) of Geographical Survey Institute in Japan.  


(f) Using a composition of textual search and spatial search 
(g) Supporting export functions  
(h) Linking with spatial user dictionaries  
 
We use the CSIS address matching service [CSIS] as an address matching engine. So, the characteristics 
of the address matching of SDMS depend on the service. The service is a free service and covers all areas 
around Japan. It uses “gaiku” level location reference information [MLIT] that consists of pairs of an 
address expression and the coordinate information such as latitude and longitude. “gaiku” is more detailed 







administrative district than prefecture and city. The matching accuracy of the service is less than that of 
some commercial services. But, such commercial services are highly expensive, and the fee is higher as 
the service area is larger. Also, the commercial services require address expressions with the specific 
format for each service. The CSIS service can allow various kinds of Japanese address expressions. 
Japanese addressing system is more complicated than street addressing systems. The address expression 
has hierarchical structure and consists of multiple address parts. Each part has different granularity such 
as prefecture, city and more detailed level. 
 
The CSIS address matching server provides as a REST (REpresentational State Transfer) web service that 
returns the matching result for the given address expression as an XML data. The XML data includes the 
latitude/longitude information for the address expression, the matching level, that is corresponding to the 
accuracy of the address matching, the normalized address expression and so on.  
 


3.2 Processing Flow of SDMS 
Our system basically behaves in the following steps. 
 
(1) By drag and drop operation for a file icon, a user inputs the spatial document to the SDMS. 


(A user can drag and drop an icon of a folder that includes multiple spatial documents.) 
(2) The SDMS converts the loaded documents into the plain text. For example, it eliminates all HTML 


tags in an HTML document. 
(3) It extracts the candidates of address expressions from the plain text, by using techniques of natural 


language processing such as string matching and document scanning. 
(4) It sends the candidates to the remote address matching server, and receives the matching results from 


the server. These returned results include latitude/longitude information for the address as well as the 
matching level. If the candidate is not an address expression, the matching level is 0. If the matching 
level is low, the returned value is not regarded as an address. 


(5) The system inserts a <spa> tag into the place where the matched address is located in the converted 
plain text. The results received from the server are set as the attributes of the <spa> tag. We call the 
document including <spa> tags “spatial tagged text”. The spatial tagged text is corresponding to the 
original spatial document. The system manages the attributes for each <spa> tag in the spatial tagged 
text as a POI (see Table 1). It regards a collection of POIs generated for a spatial document as a layer 
and processes the POIs at each layer. 


(6) By referring the POI database that consists of spatial tagged texts, it displays a distribution of the 
generated POIs on a map. The background map images are provided from a remote map server 
through the Internet. In case that multiple spatial documents are loaded, all POIs in the corresponding 
tagged texts are displayed on the map.  


 
Table 1: Properties of POI  


 
Property name explanation 


Latitude/longitude 
information 


Matching result for the given address returned by a server 


Address expression Normalized address expression for the given address from a server 
Matching level Accuracy information about the matching result from a server 
Document place Path information where the document is located in the local computer 
Explanation part String from precedent characters to lasting characters of the address. 


(A user can specify the total length of the concatenated string.) 
 
Our system supports search functions over multiple loaded documents. It provides two kinds of textual 
(keyword) search functions: document search and POI search. In the document search mode, it returns all 
POIs in multiple documents that include the given keyword. Otherwise, in the POI search mode, it returns 
a collection of POI including the given keyword, by examining whether the explanation part of the POI 
includes the keyword or not. For example, it will be able to pick up POIs that include a common keyword 
such as “influenza” and fire station name. Also, it supports spatial range search to return POIs in the 
specified region.  
 







The system can export POI information into some commonly-used formats such as shape files, G-XML 
files and CSV files. Shape file format is a major format for GIS. By using the exported shape files, a user 
can perform advanced spatial analysis and visualization such as buffer analysis and kernel method on GIS. 
CSV formats are easy to use for some statistical software. By supporting the export of these formats, our 
system will realize a smooth linkage with many tools for advanced spatial information processing. 
 
The accuracy of the position of each POI is not always high. If the dictionary data about the target region 
is not enough for the address matching, the system may plot the POI in the wrong position. If a user can 
modify the position of the POI and register the modified position to a spatial user dictionary, the system 
will locate the same POI in the right position by referring the user dictionary. Also, by editing the position 
and the place name on the SDMS and putting these information into a user dictionary, we can use the 
dictionary as the data table for geo-coding. Constructing a spatial user dictionary for the specific domain 
will improve the availability of the SDMS in the domain. 
 
 


4. Implementation and Discussion 
 
Our system has been implemented by Java language and runs on a computer that is connected to the 
Internet. It communicates a remote address matching server and a remote map server through the Internet. 
In the early implementation, the prototype system used an address matching engine on a local computer. 
From the viewpoint of the system maintenance, the current version of SDMS uses the address matching 
server through the Internet. Generally, an address matching engine requires the update of the engine and 
the database for address matching. In Japan, some of reference information in the database often changes 
as a result of the elimination and consolidation of municipalities. 
 


4.1 Examples 
Figure 2 shows a graphical user interface of our system. The interface consists of a map panel, some GUI 
components for map control, some panels for POI/layer management, and so on.  


 


 
Figure 2: A graphical user interface of SDMS and the mapping result 


 







Also, Figure 2 shows that the mapping result (namely, the POI distribution) is displayed in the map panel 
with the background image, when a web page including a list of location of fire stations is loaded. Each 
POI is displayed as an icon with a label text. In this figure, the icon’s color is corresponding to the 
matching level. When multiple spatial documents are loaded, the icon’s color is corresponding to each 
document. The color of the icon can be changed by the setting panel. When a user selects an icon (POI) 
on the map by clicking a mouse, the system can show the properties of the POI such as latitude and 
longitude information. When a user double clicks an icon on the map, the system examines the path 
information of the corresponding original document and opens it. Consequently, a user can smoothly 
browse the original document that includes the POI. 
 


4.2 Interaction with the Web 
The current SDMS can directly load a spatial document on the Web and generate POI information. 
Instead of drag and drop operation, a user can input a spatial document by specifying the URL where the 
document is located. Web log (blog) pages dynamically change by user’s update, and distribute the update 
information to the Internet by using RSS (Rich Site Summary). Also, a user can input the summary page 
by specifying the URL of the RSS. Furthermore, there are many web sites that provide sensor information 
such as weather information, traffic congestion, air pollution and ocean condition. These web sites are 
frequently updated because these sensor information changes from hour to hour. We try to develop the 
SDMS in order to check periodically such dynamic web page and store the archival history in the system.  
 
There are some formats that can embed location information in a web document explicitly, such as 
GeoRSS [OGC] and microformats [Micro]. Many blog services give support to uploading a photograph 
from a mobile phone. If the mobile phone has a GPS device, a user can upload the photograph with direct 
location reference information such as latitude and longitude. For example, a user can directly describe 
latitude/longitude information in the RSS summary, by using GeoRSS [OGC] that is simple proposal for 
RSS feeds with location information by the Open Geospatial Consortium. In such cases, the location 
information is explicitly described in the web document and the system will be able to extract easily such 
location information from the document, without using any complex geo-parsing algorithms. So, we are 
developing the SDMS in order to extract direct location information that is embedded in a web document 
by using an explicit representation such as microformats and GeoRSS.  
 
Our system can export the generated POIs with some export formats. Though the export formats 
supported by the current SDMS are limited to shape files, G-XML files and CSV files, we can easily 
extend the system in order to generate and export RSS feeds with location information such as GeoRSS. 
Such exported files include geo-tagged location information. The system will be able to upload the RSS 
file to a certain web site. If a user checks the RSS of the web site frequently, he or she will immediately 
know the update information and understand the changes of the region of his or her interest. 
 
 


5. Conclusions  
 
This paper describes a spatial document management system (SDMS) that can easily and directly extract 
POI information from various kinds of spatial documents such as HTML files, Word files, Excel files, 
TEXT files and so on. A user can load spatial documents in the system by “drag and drop” operations. 
The system manages textual information about Point of Interest (POI) in these documents and displays a 
distribution of the generated POIs. The current version of the system converts an address expression into 
POI information by communicating with an address matching service on the Internet. Our SDMS is 
designed as a human-centered spatial information management system, and supports mapping actions for 
spatial documents by many ordinary users. The future SDMS will convert “ubiquitous” textual 
representations of location information into visual representations. Consequently, we think that the SDMS 
will become one of useful tools for “ubiquitous mapping”. Future consideration will include the 
evaluation and usability’s improvement of the proposed system and the distribution of the SDMS 
package. 
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People tend to pay attention to signs rather than watching the images of buildings especially on the 
first visit in order to relate to the real world when using the mobile phone VR navigation service. We 
would like to introduce our “Sign map” to help people find their way in city areas. The “Sign map” puts 
the sign object with texture mapping of a building into a 3D model. It is a technical methodology of 
mapping that uses building attribute information to label and display appropriate sign objects.  It 
emphasizes helping the human brain to recognize the objects by display signs rather than just displaying 
the actual shape and location of signs. In addition, this method also delivers a “personalized function”.  
Personalized function is the key methodology in the ubiquitous mapping concept.  It means that the 
system understands the user’s search history, personal tastes, or requests in order to alter the display 
signs to help the user to find the destinations.   


First of all, template sign objects such as a well-known bank, convenience store, or department store 
were created. After preparing the sign objects, they were displayed on the mobile phone’s screen 
according to the attribute value of the 3D building model to which they were attached. The sign map is 
simple but retains efficient information to supply the VR navigation service via mobile phone screens. The 
sign map method at this time still remains in the prototype model stage and still needs work on its review 
and modification; however, we can present the way of displaying and modeling schemes. Also, the 
coverage sectors on the sign map will be expanded not only for commercial signs and billboards, but also 
to cover public signs and tourist information as well. Therefore the sign map studies will have to become 
more diverse at the next phase of development. 


 
Key Words; “Sign Map”, 3D model, sign object, personalized, building’s attribute value 
 
 


 
1. Introduction 
 


Realistic and uniform representation of the real world by computer graphics (CG) is in increasing 
demand in our society for such things as landscape review applications.  However landscape expression 
by CG requires buildings, trees, traffic signs, and billboards to be created as individual objects; thus not 
only making their production time-consuming, but also requiring data transformation from an original to a 
proper format creating difficulty in data handling or data reuse.  Therefore, it is normal to create those 
objects independently in a CG environment corresponding to each project or purpose. Since those objects 
created by CG are texture mapped to be mutually orthogonal against the object, they retain the possibility 
of creating a defect of visibility in flythrough or walkthrough views depending on the angle of each 
texture. Fig.2 shows how a texture is mapped onto a building object compared with actual photography 
taken on site. (Fig.1) 
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In navigation systems, the major purpose is to guide the user to the destination set-up in advance by the 
user. But in general, the strategy of representation of maps displayed on the screen varies according to 
each different system. 


Human beings perceive a scene of the real world through their eyes and convert it to a simple visual 
model in their brain to recognize it. It is considered that the human brain processes and understands what 
is necessary or unnecessary to recognize through exaggeration and simplification (generalization) of the 
visual model generated in their brain. (Morita, 2005) It is important to understand that with the limited 
surface of a PDA or mobile phone display speed efficiency are required for humans to execute in their 
brain the process of generalization of a scene in order to recognize the objects. Therefore, this paper deals 
with the general concept of the generalization of urban landscapes through signs and introduces a 
prototype of a 3D walkthrough sign map emphasizing user side context. 
 


 
 
 
 
 
 
 
 
 
 
 


        Fig 1 On site seen Fig.2 Photo realistic representation of 
the scene by CG  


 
2. What is a “sign map”? 
 


It is the technical methodology of mapping that uses building attribute information to call and display 
appropriate sign objects on the screen. It emphasizes helping the human brain to recognize the real world 
by displaying sign objects. This method also delivers a “personalized function”.  Personalized function 
is the key concept in the scheme of ubiquitous computing. The concept is that the system understands the 
user’s search history, personal tastes, or requests in order to alter the display signs to help the user to find 
the destinations effectively. 


 
 


3. Sign map creating process 
 


There are two major processes in sign map production. The first is creating a solid 3D building model 
and making linkage information (attributes) for labeling sign object(s) at each building model. The second 
is the creation of a sign object archive. Appropriate sign objects are selected from a preliminarily created 
archive through the attribute query sequence that runs according to the personal requirement. Thus 
appropriate sign object(s) are labeled for display on mobile phone or PDA terminals adjusted to the 
context of the user (Fig.3).  







3.1 Creations of three-dimensional building model  
It is important to specify in the creation phase of a 


3D building model how we assign building height (Z 
value) to the 2D building footprint. In this case, 
LIDAR elevation point data is applied as the building 
height source. The LIDAR data used retains a Z 
accuracy of ±15cm (RMSE) with about 2m point 
spacing.  We extract 1 (one) Z value from all points 
falling within the building footprint, and assign it as 
the building height. We have four alternatives for the 
Z value extraction method (Table 1). Although each 
method has its own characteristics and can be used 
for different specifications and purposes, we applied 
the mode method which usually shows stabilized 
results (Table.1). 


 
Table.1 


 
3.2 Creation of sign object  


The sign object is created in Wavefront OBJ (*.obj) format. OBJ format allows the use of group ID 
design, and it enables labeling of objects through its attribute database. Also OBJ format is an ASCII file 
that describes coordinates information and their order of circulation to each object; which allows 
attaching a sign object and changing its size freely without physically changing the side surfaces of a 
building. This flexibility and adaptability are the reasons why OBJ format was selected for this project. 
We also used 3d studio max from Autodesk for sign object creation. 
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Method Characteristic


Max


Because it selects the highest Z value within the building footprint, it can retain enough
threshold in the upper range.  However if there is a point from power lines, antennae,
conductor rods or poles above the actual buildi
may become higher than actual value.


Rate


The height values within the footprint are sorted
(%) of  height from the upper order to be assign
power lines above the actual building top surface, 
depends on the % specified by user.


Mode


It creates a histogram by height values within the
assigned.  Roof tops that have inclined or gable e
Also buildings that have multi top floors with la
height as well.


Average
It selects an average value out of all values with
points falling within the footprint,  having multi t
produse results lower than the actual height.


Fig.3 Conceptual scheme of sign map 
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4. Characteristics of a sign map 
 


The characteristics of a sign map are classified into two categories as listed below; the first category is 
related to its novelty. The second is related to its functionality. 


 
4.1 Novelty of sign map 


- Real space and map space are linked and referenced together through sign objects. 
- Its main source is signs, and they always face the user in display. 
- Through the visual exaggeration and simplification of sign objects, building objects are mapped as 


well readable and recognizable to the user. 
 


4.2 Main functions of sign map 
- Each sign has 3D pointing information (Templates of signs can be registered at the 3D coordinate 


as link information). 
- Signs are preliminarily created and registered as objects. Effective signs could be banks, 


convenience stores, department stores, fast food stores, or restaurants. 
- There is a function to avoid overriding of multiple signs in 3D representation on the display screen. 
- Personalized function allows user to display different signs based on user’s requests or generate 


signs according to user’s search history. 
- Automated display function of sign object uses building attributes to select appropriate sign 


objects. 
- Exaggerated sign display, usually taking 50% to 70% of a building object size, makes the signs 


easy to recognize. 
- It is easy to maintain the sign objects and able to reuse the objects already registered. 


 
 
5. Investigation of the effectiveness of sign map 
 
5.1 How do sign maps and CG differ? 


Having mentioned previously the novelty and functionality of the sign map, we can verify how the sign 
map, CG, and field photography are different in their characteristics. The results are shown in table.2. 
 


Table.2 
 Effects of sign map (Advantages) Field Photography CG Sign Map


Data Reusability
Production time redundancy
Maintenance manageability


Low Moderate High


Personalized display with conditional order Low Moderate High


 
 
 
 
 
 


1


2


3 Visual recognition in walk through view Low High High
 
 
 
 







5.1.1 Data reusability, Production time redundancy, and Maintenance manageability 
Field photography is difficult to handle (clipping or trimming) to use directly as sign objects. Although 


CG can simply duplicate the object using clone command, it usually requires hand-editing work in order 
to retain the quality of the object in keeping with the context; and it tends to become a time-consuming 
procedure. On the other hand, the premise of the sign map uses the sign object as a simplified model 
(symbol). And they are labeled for display through attribute information queries. The sign map method 
not only makes the production of sign objects easy and fast but also allow objects to be reused through 
simple ID information updating for each object rather than physically copying the objects or making 
object models. 


 
5.1.2 Personalized display with conditional order 


With field photography it is difficult to give conditional orders for managing its personalized display 
with ON or OFF assignment. CG can handle conditional orders for personalized display, but it should be 
set preliminarily so that objects are displayed in virtual reality model where they are ON or OFF 
according to conditions preset at a certain time and location. Therefore, with CG it is difficult to deliver a 
real time personalized display in conditional order of users. In order to resolve these difficulties within a 
CG environment, the sign map method stores building models and sign objects separately in OBJ format 
with each attribute ID. The ID helps the search process in each database and retains the attribute database 
and archive based on the information of the search and record history. Therefore, the sign map is designed 
to hold sustainability for personalized real time display. 


 
5.1.3 Visual recognition in walkthrough view 


Since field photography is taken from a given perspective angle depicting whole truth, it may block the 
things that users want to see behind objects (tree, wall, car, etc.) located closer to the user (camera). CG is 
able to omit or delete purposely unwanted objects from the data and can change the level of detail to be 
displayed according to the distance between user and objects to make a view more recognizable.  
However, as CG can change the viewpoint freely and becomes so realistic and similar to the real world, it 
starts to resemble field photography or even to give the same quality level as the real world. As what CG 
can show us today is becoming so realistic, we perhaps unconsciously may try to interpret CG views in 
the same way as we recognize real world objects. It could be the same for mobile phones or PDA devices, 
which were created as interface tools providing reference information to the real world. In other words, 
we may be doing duplicate interpretation and recognition of the real world through our own vision and 
through CG viewing devices. Therefore, it is efficient to use vision device to provide us with reference 
information to help our natural perception and recognition of the real world. The sign map does not 
pursue realistic visualization, but it emphasizes conditional visualization for users to help define the 
location. The sign map shows selected or limited information specified by the user; for example, a variety 
of shops in a building can only be displayed as sign objects defined by personal request. If there are sign 
objects located at further buildings, the system can omit unnecessary signs and will only put the requested 
sign objects to ensure easy recognition. The sign map also displays the sign object to face user. Therefore, 
as the user passes in front of the building a sign object rotates facing front to the user for easy recognition. 
Although CG can set text string rotates to face the user, the sign map is more comprehensive and a new 
method of visualization for mobile display. 


 
 







5.2 Visualization quality and capability among different models  
Although it could be subjective to grade the 


effectiveness of the sign map, we focus here on 
three different samples (Fig.5, 6, 7) depicting 
different display types to compare the level of 
effectiveness of visual recognition. Figure 5 is a 
simple plain building model, Figure 6 is a plain 
building model with sign objects, and Figure 7 
consists of a plain building model with sign 
objects and a façade view attached to the main 
buildings. Figure 6 shows more information to 
users for location and directional recognition than 
Figure 5 does. It is clear that Figure 6 shows the 
sign objects directly facing the user adding clear 
visible references. Figure 7 shows the same quality 
of information as Figure 6 does for sign objects but 
has extra texture mapping to the buildings nearest 
to the user, which represents additional contextual 
information about the site. 


Fig.5 3D model (Simple shading method)      


 
 
6. Conclusion 
 


The sign map method at this time still remains at 
a prototype model stage and requires work on its 
review and modification. However, we can present 
the way of displaying and modeling schemes. Our 
next prediction and task is to develop the portal site 
for human navigation where users can upload the 
sign imagery taken by a mobile digital camera to 
create his/her own sign objects adding favorite 
places.  Also, the coverage sectors in sign maps 
will be expanded not only for commercial signs 
and billboards, but also to cover public signs and 
tourist information as well. Therefore sign map 
studies will have to become more diverse in the 
next phase of development. 


Fig.6 Sign map (Non textured) 


Fig.7 Sign map with texture mapping (only  
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Abstract 
 
Although the wireless Internet is a natural and inevitable progression from the wired Internet, the 
two developed much differently. The wired Internet was based on existing personal computer 
and workstation technology that had begun in the early 1980s.  Over 1.3 billion computers were 
already in use when the World Wide Web was introduced a decade later.  The browser software 
was free and no additional hardware was required – beside the use of a modem for connection 
purposes.  The Web was quickly applied for all sorts of information delivery and its use 
expanded rapidly. In contrast, the development of the mobile Internet is hindered by a number of 
factors, not the least of which was the development of a wireless infrastructure. To fund its 
development, commercial companies devised new services that would generate revenue.  One 
such revenue scheme was Location Based Services (LBS), a model for informing the mobile 
phone user where they are currently located and what services are available in the surrounding 
area. For a variety of reasons, LBS has not grown as quickly as had been predicted.  While one 
might blame the small display, there are many reasons examined here why the wireless Internet 
and LBS have not expanded more rapidly. 
 
1.0 Introduction 
Within little more than a decade after the release of Mosaic, the first multimedia web browser, 
the distribution of maps through the Web – either static or interactive – has become firmly 
entrenched and has drastically altered the way that people access maps. The Internet, now 
described as history’s most powerful communication tool, has had a profound impact on map 
delivery. Within a few years in the mid-1990s, the distribution of maps through the Internet grew 
from almost zero to an estimated 200 million a day. Never in the history of cartography has there 
been such a dramatic shift in the way maps are delivered to map users. While Internet 
cartography is still in the process of development, millions of map users now turn to the Internet 
to access all types of geospatial information.  
 
Concomitant with the growth in the use of the Internet has been the introduction of mobile 
telecommunication. In recent years, numerous telephone/computer handheld devices have been 
introduced with varying levels of computer processing and telecommunications capabilities.  An 
attribute shared by all of these devices is a small screen and this constraint has been particularly 
limiting for the display of maps. For this and a variety of other reasons, mobile mapping has yet 
to be accepted as a viable technology – besides the larger navigation systems available for cars.  
Even here, there are reports that car navigation systems are rarely used primarily because the 







user interface is complicated and the screen is hard to see. The maps are often obsolete and 
obtaining updated information can be very expensive.  
 
In contrast to mobile systems, the development of the Internet was based on existing personal 
computer and workstation technology which had started to be used in the early 1980s. There 
were over 1.3 million computers connected to the Internet (Kikta, et. al. 2003, p. 10), including 
225 million personal computers (Computer Industry Almanac 2005), when the World Wide Web 
was introduced through Mosaic in March 1993. The browser software was free and no additional 
hardware was required, beside the use of a modem to connect to the Internet. In addition, the 
Web was quickly used for all sorts of information delivery from news to email, and from 
commerce to promoting the Jihad. There were few limits to what information was available. 
 
Not to be overlooked is the fact that the personal computers that were in use at that time were 
mainly designed for text processing. Page layout programs were in wide use by the late 1980s.  
By the early 1990s, graphic software had been introduced as well. Personal computers were 
essentially used to help produce output on paper, consisting of both text and graphics. In fact, 
concerns were expressed during this time that these so-called paper-saving devices were actually 
contributing to more paper usage. 
 
Mobile devices developed much differently and were either not connected to the Internet – as 
with PDAs – or were tied to expensive commercial mobile phone technology. In an attempt to 
further increase revenue, mobile phone companies introduced Location Based Services (LBS), a 
model for informing the mobile phone user where they are located and what services are 
available in the surrounding area. The complexity of the system, combined with privacy 
concerns transformed a brilliant concept to a bust. The integration of GPS devices within the 
mobile device to more accurately locate the mobile phone user did little to further the 
development of LBS. 
 
The use of mobile devices is expanding at an exponential rate. The Computer Industry Almanac 
(2005) reports that worldwide number of cellular subscribers surpassed 2 billion in 2005 — an 
increase of only 11M from 1990 and 750M in 2000. Figure 1 shows how mobile phone use 
varies by region. At this level, Europe leads the world in mobile phones per capita followed by 
the US and the Asia & the Pacific region. China is the clear leader in cellular subscribers and 
will reach nearly 400M at year-end 2005. No other country comes close.  Russia has seen 
tremendous growth in the last few years and is projected to be in third place by year-end 2005. 
Rapid expansion in India will see a future climb in the rankings to a possible #2 in 2010. 
Worldwide cellular subscribers are forecasted to reach 3.2B by the end of 2010, approaching 
one-half of the world’s population. 
 
While spatial information delivery has great potential with mobile devices, it has not met the 
monetary expectations of telecommunications companies. A variety of reasons are examined 
here for why the development of the wireless Internet, and spatial information delivery in 
particular, has occurred differently than its wired counterpart. These differences will continue to 
affect how mobile mapping develops in the future. We begin by examining the differences in the 
development of these two forms of Internet access. 
 







 
 


Information Technology Usage Trends 
  1990 1995 2000 2005 2010 


Cellular Subscribers Per 1,000 People        


USA (#) 21.1 127 388 683 946 
W. Europe (#) 9.1 60 634 930 1,008 
Asia-Pacific (#) 0.4 7.1 71 230 379 
Worldwide (#) 2.1 15.6 123 319 478 


 Computer Industry Almanac (2006) 
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Figure 1.  Cellular subscribers per 1,000 people by region. 
 
 


2.0 Contrasts in Development 
 


2.1 The Role of Government 
With considerable investment in infrastructure, the US government played an important role in 
the development of the Internet.  The initial impetus derived from paranoia, a fear that a nuclear 
attack by the Soviet Union would render communications systems in the United States 
inoperable.  In 1969 three computers, located remotely from each other, were connected under 
what was then Advanced Research Projects Agency Network (ARPANET).  By 1971, 
ARPANET computers were connected at nearly two dozen sites, including Harvard University 
and MIT and protocols for remote terminal access (Telnet) and file transfer (FTP) were defined.  
As Kitka et. al. (2002, p. 8) point out, sometime during the 1970s ARPANET developed into a 
government subsidized person-to-person communications service.  In the 1980s, the Internet 
transitioned from the control of ARPANET to the US National Science Foundation.  Established 
in 1986, NSFNET had a speed of 56 Kbps and 5000 Internet hosts.  While Tim Berners-Lee 
posts the first computer code for the World Wide Web from Switzerland in 1991, many of the 
early developments of the Web during the 1990s also came from the United States.  Foremost 
among these in the 1993 introduction of Mosaic, the first graphics-based Web browser. During 







the following year, traffic on the Internet expanded at a 341,634% annual growth rate. By 1996, 
when Microsoft Internet Explorer was introduced, there were 12.8 million Internet hosts and 
over 500,000 WWW Sites and the number of users reaches 40 million.  By 2001, the United 
States with less than 4.5% of the world’s population represented over 40% of its users. 
 
In contrast, the role of government, and the US government in particular, in the funding and 
development of mobile networks has been minimal.  In Europe, governments provided funding 
and helped establish standards that would allow interoperability between systems.  In the United 
States, a more laissez-faire approach has led to many cellular systems with most being 
incompatible with the rest of the world.  In terms of cell phone use, the US is far behind other 
developed, and some lesser-developed countries.  It ranks 30th worldwide in cell phones per 100 
population behind countries like the Czech Republic, Portugal, and Slovakia (see Table 1).  
Kitka et. al. (2002, p. 95) state that the most important reason that the US is behind in mobile 
phone use is geographic size and population density.  A smaller investment in infrastructure is 
needed in Japan and Europe because there is less space to cover and often more people in that 
smaller space. 
 
While the role of government in the development of technology is not always clear, most would 
agree that the wired Internet could not have developed in its present form without the funding 
provided by the US government.  In addition, as the largest economy in the world, the US has 
played a key role in many technological developments in the past century – both through 
government initiatives and private sector competition.  Its lack of direction in the development of 
the mobile Internet, and mobile phone use in general, has been particularly noticeable.   
 
Ling (2004) comments on the explosive growth of mobile phone use and the interesting variation 
in national adoption patterns.  Stuckey (2004) points out that much of the variation can be 
attributed to the In much of the rest of the world, the caller pays for the cost of the call. In the US, 
it is more common for the cost of the call to be shared by the calling and called parties, putting 
the called party somewhat at the mercy of the calling and arguably diminishing the attraction of 
carrying a mobile phone. 
 
Table 1.  Cell phones per 100 population in 2002. 


Rank Country 
per 100 


population  Rank Country 
per 100 


population 
1 Taiwan 106.45  23 Korea, South 67.95 
2 Luxembourg 101.34  24 France 64.70 
3 Hong Kong 92.98  25 Hungary 64.64 
4 Italy 92.65  26 Australia 63.97 
5 Iceland 90.28  27 Japan 62.11 
6 Sweden 88.50  28 New Zealand 61.84 
7 Czech Republic 84.88  29 Slovakia 54.36 
8 Finland 84.50  30 United States 48.81 
9 United Kingdom 84.49  31 Brunei 40.06 
10 Norway 84.33  32 Canada 37.72 
11 Greece 83.86  33 Poland 36.26 
12 Denmark 83.33  34 Malaysia 34.88 
13 Austria 82.85  35 Turkey 34.75 
14 Spain 82.28  36 Thailand 26.04 







15 Portugal 81.94  37 Mexico 25.45 
16 Singapore 79.14  38 Philippines 17.77 
17 Switzerland 78.75  39 China 16.09 
19 Belgium 78.63  40 Indonesia 5.52 
20 Ireland 75.53  41 Vietnam 2.34 
21 Netherlands 72.24  42 Cambodia 1.66 
22 Germany 71.67  43 Laos 1.00 


    44 Burma 0.03 
Source:  NationalMaster.com 
 
 


2.2 Content Development 
If the Internet had no content, it wouldn’t be of interest to anyone.  Content makes the medium 
useful and interesting, and the easiest way to add content to a new medium is to copy the old.  
This fact was recognized as early as 1971 when Michael Hart (1992) started the Gutenberg 
Project for the online distribution of classical texts – the first being the U.S. Declaration of 
Independence. The idea was to convert the information on paper to the computer and thereby 
make it available to more people.  The same thought occurred in the 1990s to map librarians at 
the Perry-Castaňeda Library Map Collection at the University of Texas as they converted their 
collection of maps to be accessible through the World Wide Web (University of Texas 2005).  
Most of the maps scanned by the University of Texas Libraries and served from their web site, 
currently 5715, were produced by the US government (CIA, USGS, National Park Service) and 
therefore are in the public domain. No permissions are needed to distribute them.  The maps are 
available in ordinary JPEG format, and hundreds of thousands are downloaded every day.  Some 
are even available in PDF format that can take advantage of the better resolution of printers. 
 
In contrast to the large amount of content available through the Internet, information available 
through mobile phones is very restricted.  Among the many reasons for this are slower 
communications speeds and the need to re-format web pages for a smaller output size. In 
addition, the cost structure of mobile phone providers is such that access to web content is more 
expensive than ordinary phone service, either for the mobile phone itself or added charges that 
may be assessed according to the number of pages viewed.  In short, the current mobile phone is 
not a good medium for information delivery for anything but the human voice, short text 
messages and small pictures.  This situation will certainly change but it will require a 
considerable investment of capital and time. 
 


2.3 Compatibility with Existing Media  
Alan Kay (1977), who conceived of the Dynabook and whose design work led to the 
development of the graphical user interface, argues that the computer is not a tool or an 
instrument, but a medium.   A medium is the carrier of information and is used to transmit 
knowledge and ideas between people.  Each medium has a certain potential for communication. 
The computer, with the help of the Internet, is being used not only as a tool to help make maps, 
or search a database, but as a medium of communication.  It was argued by McLuhan in the 
1960s that we live in a rear-view mirror society (Theall 1971).  According to McLuhan, all new 
forms of media take their initial content from what preceded them.  Not only is the new medium 
based upon the old, but society dictates that the only acceptable way of approaching the new 
medium is by emulating the old – through the rear-view mirror. 







 
In order for a new medium to take its initial content from what precedes it, it must incorporate a 
delivery mechanism that can display that information.  The personal computer made this possible 
in cartography for everything but large maps – the kind of maps that only a few had access to 
anyway.  However, to preserve the property of mobility, wireless devices cannot display most of 
the content of paper or the traditional computer medium because of the small display size.  
Making the display larger would make the devices less than mobile.  Funk (2004, p. 44) 
estimates that doubling the display size doubles the display weight and increases the weight of 
the plastic housing by 50%.  Similarly, a 20% increase in display area leads to a 30% increase in 
price.  The issue, Funk goes on to point out, is whether customers will choose a heavier and more 
expensive phone in order to have a larger display.   
 
As Rhoton (2002, p. 117) states, it would be convenient if all the applications that been 
developed over the past years on computers “could simply be dropped into a mobile environment 
and continue to work without any additional effort.”  To be backward compatible, the mobile 
device would have to be able to perform the same function of the previous device in the process 
of adding new functionality. In addition to the small screen size, Rhoton (2002, p. 117) points 
out that mobile systems cannot be backward compatible because: 1) Many mobile platforms are 
closed systems, such as the Blackberry; and 2) there is a great deal of diversity in the machine 
interfaces of mobile devices. For these reasons and others, the mobile devices that are currently 
available represent a medium that is not backward compatible with either paper or the Web. 


 
2.4 Developing a user base and paying for information 


As Rhoton (2002, p. 9) points out, a computer is not affordable for large segments of the world's 
population.  Even those who can afford it may not feel the value of the Internet is high enough to 
justify the investment.  Wireless devices are smaller and more affordable than desktop systems 
and more easily deployed in constrained environments.  One of the reasons why the wireless 
Internet has been so popular in Japan is people’s mobility and the lack of extra space in people’s 
living areas.  
 
If we want to see the impact that the mobile phone will likely have on our lives, we need to look 
no further than Japan.  In 2002, only about 15% of Japanese consumers and business people were 
using the Internet through PCs.  The remaining 85 percent were willing to accept the limitations 
of smaller display screens and keyboards on wireless handheld devices (Kitka et.al, 2002, p. 101).   
It is estimated that the Japanese mobile Internet market represents more than 75% of the global 
market for mobile Internet services, with Korea a strong second (Funk 2004, p. 7).  Mobile 
phones are already used here as portable entertainment players, cameras, membership and loyalty 
cards, guidebooks, maps, tickets, watches, alarm clocks and devices for accessing everything 
from news to corporate databases (Funk 2004, p. 1).  It is estimated that within a few years, 
mobile phones will be used in Japan for train and bus passes, credit and debit cards, keys, 
identification, and even money. 
  
One reason for Japan's greater success is that the mobile telephone giant NTT DoCoMo created a 
separate organization to focus on consumers as opposed to business users and devised a micro 
payment system in which NTT DoCoMo collects charges for content providers (Funk 2004, p. 
8).  The company earns a 9% fee from providers that charge for their information (Kitka, et. al., 
2002, p. 99).  The lower emphasis placed on business users by Japanese and Korean firms made 







it easier for them to ignore business users and focus on general consumers in the mobile Internet 
(Funk 2004, p. 11). In the rest of the world, when it comes to new technology, business users are 
viewed as the early adopters.  
 
The user base for the Internet developed quickly during the 1990s but the remuneration of 
content providers on the web is still a major problem.  There is still an expectation for free data 
and many providers of information have yet to devise a reasonable and workable payment 
system.  This has stunted the development of online cartography in that there is little reason to 
develop new content if cartographers will not be paid for their work. 
 


2.5 Free maps 
Paying for maps, for many people, has always been an option, not a necessity.  In the US, state 
road maps are usually provided for free as a way to encourage tourism, and many tourist 
agencies provide local maps without cost.  City maps are often available in the local phone book.  
Membership in an automobile club also provides “free” access to maps although the annual 
membership, including a variety of services, can be quite expensive.  The Internet has further 
perpetuated the concept of free maps, with sites like MapQuest and Google making user-defined 
maps with only the cost of annoying ads.  All of these free maps are based on databases that were 
originally created by the US government. 
 
A considerable monetary investment is required to transform existing maps for use on small 
display devices.  The maps need to be highly generalized and this is not a task that can be easily 
automated.  Car navigation companies re-coup the cost of this new “cartography” through the 
associated display hardware.  There is no special display counterpart with mobile phones and 
therefore no method to recover costs through the purchase of additional hardware.  Providers will 
be forced to charge for the mobile map product, a practice that will be resisted by the mobile 
phone user. 
 


2.6 Competition from wired Internet map use 
The distribution of spatial information through wireless networks is in competition with more 
than a decade of development in Internet mapping. Three identifiable trends in this new form of 
map distribution have already emerged.  The first era, from about 1993-1997, consisted of 
scanning paper maps and limited forms of interactive maps.  The second era was dominated by 
both interactive street mapping (MapQuest along a series of competitors) and online GIS systems.  
The third development is community mapping, the ability of map users to change and update the 
content of online maps.  Analogous to editing a website, as implemented through sites like 
Wikipedia (Wikipedia 2005), Google introduced a similar concept for maps allowing users to 
enter information (Google Maps 2005).  Signs of a similar form of growth in the development of 
the wireless spatial information delivery are hard to find.  As mobile mapping develops, it will 
have to contend with a more mature development platform in its wired counterpart. 
 
 
3.0 Changing Patterns of Map Use  
 
It is clear that new forms of map delivery will change how maps are used.  The following 
sections examine these trends.  
 







3.1 Navigation 
Many people consider the navigation market to be the largest potential market for mobile 
Internet services. An indicator is the popularity of car navigation systems.  These systems are 
particularly popular in Japan where there are more than 10 million installed units, about 14% of 
all vehicles (Funk 2005, p. 125).  But, these systems remain expensive.  One reason for the high 
cost of car navigation systems, up to $4000, is that few of the components are standard.  Most 
manufacturers use proprietary CPUs, maps, map engines, operating systems, and displays.  
Competition forces prices up by adding features such as improved displays, more detailed maps, 
and DVD movie playback. 
 
Another trend emerging from Japan is that train, bus and destination-information services are far 
more successful than map services, the latter of which was expected to form the basis for a 
mobile Internet navigation service (Funk 2004, p. 132).  Users of the destination-information 
services input departure and arrival times and the system responds with information from actual 
timetables.  It is easier to download train information and information on restaurants in text form 
than to download map information.  So, at least in Japan, destination-information and restaurant 
services have become successful while map services have not (Funk 2004, p. 132).   
 
Mobile map services began in Japan in late 1999 (Funk 2004, p. 137).  Similar to online maps 
with PCs, users input an address to generate a map of the site.  The providers offer simple maps 
for free and charge for more detailed maps (about $2.50 a month).  The most popular function is 
sending maps in mail messages by forwarding the URL of the map.  Use of these services is far 
less than for the destination information services, probably on the order of only 1% in 
comparable traffic (Funk 2004, p. 137). Not only are the map services more expensive but the 
small screen and poor resolution make the maps hard to read.   
 
An interesting development in mobile phone mapping in Japan involves the generalization of 
maps.  The small display forces a heavier reliance on landmarks.  But, even here, the map 
provider had to reduce the number of landmarks on the maps because of the available screen 
space.  This reduction in the number of landmarks was too difficult to do manually so the 
companies relied on an automated system to decide which landmarks could be shown at certain 
scales.  This caused well known landmarks in some areas to be eliminated.  Although improved 
displays will allow more landmarks to be shown, the map provider will have to update the 
underlying database thus incurring further costs (Funk 2004, p. 137). 
 


3.2 GPS integration 
It is anticipated that the combination of mobile phones and global positioning systems will be the 
next major development in mobile mapping.  However, the power required by the GPS unit is 
still a major problem.  In vehicle navigation systems, there is sufficient power from the car to 
power the receiver.  The power consumption of the GPS receiver makes the use of pure GPS 
with phones more difficult and thus requires some form of "assisted GPS." In A-GPS, most of 
the GPS calculations are done at the server level.  The receiver, being limited in processing 
power and normally under less than ideal conditions for position fixing, communicates with the 
“assistance server” that has higher processing power and access to a reference network of 
locations. The main purpose of AGPS is to provide municipalities with location-based 
emergency phone service, such as emergency 911 service and designed for short-term use 
(Wikipedia 2005).  A-GPS reduces power consumption and increases positional accuracy but 







drives up communication costs.  Current communication charges would mean that if a phone's 
location were updated every 5 minutes over an 8 hour period, a charge of over $80 would be 
incurred (in 2003).  A-GPS position may also time-consuming.  It takes approximately 15 
seconds to download the GPS data, 15 seconds to send these data to the server and carry out the 
calculations, and 15 seconds to download the map to the mobile unit (Funk 2004, p. 145). 


Put into effect at the end of 2005, the US Federal Communications Commission (FCC) now 
requires all cell phone carriers to provide the ability to trace cell phone calls to a location within 
100 meters or less. In order to comply with these FCC requirements, most carriers have decided 
to integrate GPS technology into cell phone handsets, rather than overhaul the tower network 
that could be used to triangulate the position. Most GPS enabled cell phones do not allow the 
user direct access to the GPS data. Rather, the location data will only be sent to the cell phone 
provider if an emergency call is made. As the system is being designed for emergencies, it seems 
unlikely that such a system will provide continuous GPS information – a requirement for 
effective mobile mapping. 


3.3 People Tracking 
People tracking involves the use of a GPS device to track the location and movements of people.  
Tracking the location of children, or parolees, or even pets, may provide the impetus to provide 
the necessary GPS and online tracking infrastructure.  Several service providers advertise the 
capability to track a person or an object on a PC screen. Indeed, most commercial trucks are 
tracked in such a way.  Alan Philips of uLocate.com is optimistic about the future of people 
tracking, saying “Cell phones are becoming multi-purpose devices capable of much more than 
simple voice communication. By leveraging the latest in satellite and wireless technology, 
uLocate is providing a secure, reliable, service that creates value for families, individuals, and 
small businesses without any additional overhead, hardware or software” (Directions 2003). 


Monmonier (2003) examines how mapping is being used to invade privacy.  He points out that: 
“Web cartography is especially valuable—and potentially threatening—because it not only 
greatly expands the audience of potential watchers (Peterson, 2000) but also allows for 
unprecedented customization of maps that describe local crime patterns, warn of traffic 
congestion and inclement weather, disclose housing values, or—thanks to the Global Positioning 
System (GPS) and the new marketplace for “location-based services“—track wayward pets, 
aging parents, errant teenagers, or unreliable employees” (p. 98).  He concludes that: “As society 
and government work through the significance of locational privacy and decide what legal 
limitations, if any, are appropriate and permissible, the debate will turn to possible restrictions on 
Internet cartography…” (p. 111). While the tracking of people may become technically possible, 
it will raise concerns among privacy advocates. User-centered mobile mapping may not be 
allowed based on these concerns. 


4.0  Mental maps and wayfinding 
 
A mistake is often made in thinking that map use occurs at the instant that the user is examining 
the map.  To think this way is to deny that humans have a memory and are able to process 
information after an object has been removed from view.  It can be argued that the majority of 
map use occurs without a map being present.  Our daily movements within our surroundings, 







indeed, any thought about the spatial world beyond our immediate view, is based on both first-
hand experience and the maps we have seen.  Although the depictions of the spatial world we 
keep in our brains are not always accurate, they suffice to help us find our way through our 
immediate environment and to think about the world beyond.  These mental or cognitive maps 
are the maps that we actually use.  They are also the representations that give us the comfortable 
feeling that we know where we are and how to get to places.  Mental maps help us feel “found” 
in the sense that we are aware of our spatial surroundings.  In contemplating the future of 
Internet maps and mobile mapping, we need to examine how maps influence the internalized 
representations we form from them, and how they help us interact with the world.   
 
 


4.1 Mental map formation 
While we don’t know exactly how mental maps form, we do know that they are based both on 
direct experience with the environment and looking at representations of the environment in the 
form of maps.  The internalization of maps seems to happen without conscious awareness 
because people can recall the outlines of countries and the shapes of continents without 
intentionally remembering to do so.  In addition, these shapes are remembered quite early as 
children can recognize outlines of countries and continents at young ages.  It seems that maps 
have a major impact on the formation of mental maps from a very early age. 
 


4.2 Mental map formation in wayfinding 
There seems to be close relationship between the formation of mental maps and the process of 
wayfinding.  While the primary purpose of wayfinding is to get to the destination with as little 
effort as possible, the secondary purpose is to create a mental map of the route, however 
primitive as first, that will aid in finding the location again without the use of a map.  In other 
words, the purpose of the map in this function is to create a mental construct such that it will be 
rendered meaningless when the same task is performed again. The map succeeds by becoming 
useless. 
 


4.3 Creating a Permanent Dependence 
In contrast, when using a mobile device for wayfinding, the user is directed to a location with 
minimal mental effort by the user. Because there is little coordination between the map and the 
environment, the quality of the resultant mental map is compromised. In addition, the depictions 
presented on the mobile device are too schematic to create a functional mental map of the 
environment. It is very likely that the user will need to get instructions from the device again for 
not only the return trip but a future trip to the same location. What the LBS has succeeded in 
doing is creating a permanent dependence on the device. The LBS device succeeds by becoming 
indispensable. 
 
Being told where you are bypasses the process of finding out where you are and this inhibits the 
formation of mental maps.  Certainly, the process of finding out where you are helps to form a 
mental map, a mental conception of where you have been and where you need to go.  We need to 
be careful in developing wayfinding tools that we also contribute to the formation of long-term 
mental maps. 
 
5.0 Conclusion 
 







It seems that there are major differences in the development of the wired and wireless Internet 
and these differences will affect how maps and spatial information are delivered to users.  The 
wired Internet was an outgrowth of a government initiative while the wireless Internet is almost 
totally a commercial enterprise.  The commercial aspect of the wireless Internet permeates all 
aspects of its growth and development. 
 
As Kitka et. al. (2005, p. 106) state, the “wireless Internet will most certainly provide society 
with new experiences and freedom, and unprecedented access to information.” Funk (2004, p. 
51) sees that larger “memory, faster processing capability, and greater network speeds are being 
used to improve the user interface, and it is possible that they can be used to significantly 
improve the user interface in the future.” Wiberg (2005, p. 344) adds that the “computers of 
yesterday were about getting things done as quickly as possible, the computer of tomorrow will 
help us to prolong, sustain and develop the things we care about the most, i.e., our ongoing 
interactions with others. 
 
The size of the display remains a concern for the delivery of maps.  The most troubling aspect of 
our dependence on this new technology in cartography is that it may not provide long-lasting 
spatial information.  Rather, the systems will help guide us to a location without providing the 
type of long-term information that will help us find that location on our own.  Further, this 
dependence will lead to an uneasy relationship with the world around us – and perhaps the 
feeling of always being lost.  If we are to best use these new technologies, we need to remember 
that the ultimate purpose of a map is to provide a sense of connection with the world around us. 
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Abstract 
 


Over the years, many researches have been performed to create 3D digital maps. However, the existing 


maps are still time-consuming and very costly because a large part of the 3D digital mapping is 


conducted manually. To compensate for this limitation, we propose the algorithms to represent 3D objects 


as 3D symbols and locate these symbols into a base map automatically. First of all, we constructed the 


3D symbol library to represent 3D objects as 3D symbols. Then, for automatic mapping of 3D symbols 


into a base map, we used predefined parameters such as the size, the height, the rotation angle and the 


center of gravity of 3D objects. Finally, the 3D map in urban area was constructed and the mapping 


results were tested using aerial photos as reference data. Through this research, we can identify that the 


developed algorithms can be used as effective techniques for 3D digital cartographic techniques. Now, we 


are focusing on extracting valuable information from aerial photos for automatic mapping of 3D symbols 


to compensate developed algorithms. 


 


Key words: 3D object, 3D symbol library, 3D symbol mapping, LIDAR 


 


 


1. Introduction 
 


The proliferation of digital mapping techniques, computing devices and the Internet has fostered a 


growing interest in 3D digital cartographic techniques. Many applications need to have 3D geographical 


information as well as 2D information of the terrain. Over the years, many related researches have been 


performed to create 3D digital maps. The subsequent introduction of digital technology in cartography, at 


first, transformed the processing of analogical maps; as it developed, it [changed the form of the produced 


work-Comment: What do you mean by ‘produced work’?], making it animated, interactive and three 
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dimensional. Proceeding to 3D virtual cartography means proceeding automatically from symbolism to 


realism. The symbolic image is replaced by dynamic models. However, this process is still time-


consuming and is very costly because a large part of 3D digital mapping is conducted manually.  


To circumvent this limitation, we propose algorithms to represent 3D objects as 3D symbols and locate 


these symbols into a base map automatically. First of all, we constructed a 3D symbol library to represent 


3D objects as 3D symbols. In the 3D symbol library, the attribute and geometry information are stored. 


The attribute information defines factors related to the types of symbols and geometry information 


defines factors related to the shapes. In this study. these factors were used to match 3D objects and 3D 


symbols. For automatic mapping of 3D symbols into a base map, we used predefined parameters such as 


the size, the height, the rotation angle and the center of gravity of 3D objects. Then, the factors described 


above are extracted from LIDAR (Light Detection And Ranging) data and 2D digital maps. By 


classifying LIDAR data and using the attribute information of 2D digital map, the factors are extracted to 


search the 3D symbol matching a 3D object in the symbol library. The parameters to locate the 3D 


symbols into the base map are also extracted by analyzing LIDAR data. Finally, the 3D map in urban area 


was constructed and the mapping results were tested using aerial photos as reference data.  


Through this research, we found that the developed the algorithms can be used as effective techniques for 


3D digital cartographic techniques. Now, we are focusing on extracting valuable information from aerial 


photos for automatic mapping of 3D symbols to compensate developed algorithms. 


 


 


2. Establishment of Symbol library 
 


To perform the automatic matching 3D symbol to a 2D base map, the 3D symbol library should be 


predefined. In this library, the geometry information of 3D symbol which define the shape of symbols and 


the attribute information which define the class and necessary parameters to be used in automatic 


matching process are stored. The class attributes define the types of symbols such as apartments, 


commercial buildings, governmental office, etc. The parameters consist of gravity centers of the objects, 


translation parameters, rotation parameters and etc. In this study, we constructed a 3D symbol library, 


only considering buildings which are classified in 1:1,000 2D digital maps. The library are constructed in 


ARC/GIS commercial GIS software and the automatic matching process are realized using VBA 


programming language.  
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2.1 Geometry information of 3D symbols 


 


To construct the geometry information of the 3D symbol library, we used the classification defined in 


1:1,000 national digital maps. Table 1 shows the classification criteria used in the paper and Table 2 


shows some examples of the library constructed in ARC/GIS software. 


 


Table 1. Example of classifications used in the library 


Class code Class name Object type 


AAA001 General houses Polygon 


AAA002 Public houses Polygon 


AAA003 Apartments Polygon 


AAA004 Buildings  Polygon 


AAA005 Green houses Polygon 


AAA006 Buildings under construction Polygon 


AAA007 Unauthorized Buildings Polygon 


AAA008 Commercial buildings Polygon 


AAA999 Unclassified buildings Polygon 


 


Table 2. Examples of 3D symbol library 


Class code Class name 3D symbol Class code Class name 3D symbol 


AAA001 
General 


Houses 
AAA006


Buildings 


under 


construction


AAA002 
Public 


Houses 
AAA007


Unauthorize


d Buildings


AAA003 Apartments AAA008
Commercial 


building 


AAA004 Buildings AAA999
Unclassified 


buidings 
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AAA005 Green houses    


 


2.2 Attributes information of symbol library  


 


To define the shape of symbols and match symbols to 2D base map automatically, various kinds of 


information are necessary. In this paper, the following definitions were used.  


 


2.2.1 Class ID  


 


To find the appropriate 3D symbols from the constructed library, the common information between a 2D 


base map and a symbol library are necessary. Generally, the attributes such as unique IDs, primary keys, 


object names and classification ID are employed. In this paper, we defined class codes from digital map 


as Class IDs and used this attribute to search the appropriate symbol in the library. Fig. 1 shows the Class 


ID field constructed in the library. 


 


Figure 1. Class IDs of 3D symbol library 


 


 


2.2.2 Symbol shape parameter; X and Y 


 


These parameters define the shape of each symbol. The attribute X means the length of a symbol in the 


X-direction and Y means the length of a symbol in the Y-direction. When creating a library, these values 


are determined by default values. Then, they are modified when mapped onto the 2D base maps. 
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2.2.3 Symbol shape parameter; Z 


 


This parameter also defines the shape of each symbol. The attribute Z means the height of a symbol in the 


Z-direction. This value is determined by a default value when creating a library. Then, it is obtained 


automatically from LIDAR (Light Detection and Ranging) data which are co-registered with 2D digital 


maps (see equation (1)). 


1


1 n


i
i


Z GH
n =


= ∑                                    (1) 


 


Where iGH  is the height value of a LIDAR point grouped by a polygon in 2D digital map and n  is the 


number of points in the group. 


 


2.2.4 Mapping parameters; tx , ty  and rotation angle (θ ) 


 


These parameters are used for automatic symbol mapping. To find the locations of which symbols are 


placed, gravity centers of objects in 2D digital maps are used. The values of x_t and y_t mean the gravity 


center of objects to be mapped. They were computed with equations 2 and 3. 
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Where, tx and ty are coordinates of vertices of a polygon and A  is the area of a polygon. The values of 


θ  are rotation angles of objects according to Z-direction which are obtained from 2D polygons on 2D 


digital maps. Fig. 2 shows the parameters defined in the paper and constructed in the library. 


 


Figure 2. Examples of attributes of constructed library 
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3. Experiment and analysis  
 


3.1 Data description and target Area  


 


The target area for this study was Daejon, South Korea where there are mainly apartments and 


commercial buildings. Fig. 3 shows LIDAR data, aerial photos and 2D digital maps to be used in the 


study. LIDAR data was captured using a high-end airborne laser system which is developed by Optech 


company. The specification of LIDAR data is presented in Table 3.  


 


Table 3. Specification of LIDAR dataset 


Altitude 200~3000m 


Vertical accuracy 
<15cm (flying height is less than 1200m) 


35cm (flying height is 3000m) 


Horizontal accuracy 1/2000 * flying height 


Transmission angle 0~50° 


Reflection angle 12bit 


Multi returns 1~4th range 


 


3.2 Construction of the 3D digital map 


 


The general goal of a 3D digital map is realistic visualization and database construction of a real world. 


For the realistic visualization, we used the 3D base map using aerial photos in the study. This map was 


constructed based on co-registration techniques between LIDAR data and aerial photos. Then, by using 


the 3D symbol library and 2D digital map, the 3D symbol mapping was conducted. In this process, the 


pre-defined parameters were used. Fig. 4 shows the processing flow of the 3D symbol mapping 


graphically.  
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(a) creation of DEM from LIDAR data                  (b) DEM mesh 


  


(c) Overlapping aerial photos and DEM mesh             (d)  3D base map 


 


(e) 3D digital map 


Figure 4. The process of 3D symbol mapping 


 


3.3 Analysis  


 


The assessments of mapping results were conducted in several ways. To investigate the accuracy of 


mapping results, we compared the area, perimeter and the degree of matching of the classes between the 


2D base map and the 3D digital map. The area ratio and perimeter ratio of objects were calculated using 


Eqs. 1 and 2. Table 4 shows the mapping results from the accuracy test. 
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Table 4. The accuracy test of mapping results 


Class codes The number of objects The matching accuracy (%) Area ratio (%) Perimeter ratio (%) 


AAA001 10 10 (100%) 110 114 


AAA002 0 0 (100%) 110 107 


AAA003 30 30 (100%) 110 99.3 


AAA004 0 0 (100%) 0 0 


AAA005 0 0 (100%) 0 0 


AAA006 4 4 (100%) 110 95.0 


AAA007 12 12 (100%) 110 93.1 


AAA008 19 19 (100%) 110 102 


AAA999 0 0 (100%) 110 0 


∑  75 75 (100%) 110 101.73 


 


From table 4, we can see that there is no error in the automatic class matching process between the classes 


of 2D map objects and the classes of the 3D symbol library. The area ratio shows that the area of the 


symbols increases after the symbol mapping. This is normal because we set up the safety coefficient as 


1.1 to cover all of the objects in 2D maps with symbols [as much as possible-??]. The perimeter ratio is 


also increased a little bit due to the fact that the complex 2D objects were replaced by relatively simple 


3D symbols. However, this ratio does not affect the location accuracy of objects. Fig. 5 shows the final 


product constructed using proposed methodologies. From this figure, we can identify that the relatively 


large objects such as apartments and commercial buildings can be represented well with symbols. 


However, it is hard to represent the small ones such as general houses and public houses with symbols 


because their shapes are so diverse. Therefore,  various symbols and classification of objects are 


necessary and in more detail. 
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(a) 3D visualization with 2D polygons 


 


(b) 3D visualization with 3D symbols 


   
(c) 3D symbols in 3D digital maps 


Figure 5. 3D symbol digital map 


 


 


4. Conclusions and Future works 
 


In this paper, we presented a generally applicable methodology to construct 3D digital maps efficiently 


using 3D symbols. The algorithm explicitly formulates step-by-step methodologies. First of all, we 


created a 3D symbol library consisting of geometry information and attribute information of 3D symbols. 


Then, by using LIDAR data and 2D digital maps, the parameters to be used for mapping were extracted. 


The results clearly demonstrate that this approach can be applied to construct 3D digital maps. 
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Abstract 
 
The paper describes the use of PPGIS technology and process to create a multi-lateral 
system of communication and feedback between the residents, planners, and politicians 
in the Boston regional planning. In particular, it focuses on five readily available 
technologies in use – local knowledge, GIS simulation, inter-operable web-based GIS, 
middleware, and instant polling. 
 
Metropolitan Area Planning Council (MAPC) conducts the 30-year long-term 
comprehensive regional planning for the Boston Metropolitan Area every decade. In the 
Boston Metropolitan Area, regional cooperation became more important today than ever 
before. Cities and towns across the Commonwealth are facing serious strategic issues in 
the arenas of economic development, infrastructure, environmental protection, and social 
equity. Simultaneously, there is growing recognition of the need for municipal 
cooperation and regional governance in achieving workable solutions to these complex 
challenges. 
 
From its previous planning experience, MAPC has leaned the following: (1) Planning 
needs to reflect local knowledge more than before. (2) Planning needs to be interactive 
and flexible, so that all participants, especially citizens, understand the trade-offs and 
social/collective welfare. (3) Planning needs to utilize available information as much as it 
could. (4) Planning needs to offer mutual understanding among stake holders towards 
consensus building, which can lead seamless decision making and implementation. (5) 
Planning needs to encompass bottom-up approach more than before for its success. (6) 
Planning needs to represent region’s un-biased collective needs. 
 
Correspondingly, MAPC is trying to utilize currently available technologies in planning 
and to develop an alternative approach to use information. 
 
MAPC use an annotation tool which allows participants’ location knowledge over the 
web. With this tool, all participants can add her/his concern into discussion and share it 
with others. This tool also offers how well participants represent the community. 
 







Second, GIS simulation enables community-based spatial decision-making. Participants 
can apply different set of assumptions, such as water consumption rate per residents, and 
then they can immediately check the potential outcome in 2030. 
 
Third, GIS technology evolved into a new phase of inter-operability over the Web. 
Instead of compiling all data into their machine, people can use and share information on 
the fly. For example, MAPC’s Web GIS is linked to the Massachusetts GIS center 
(MassGIS), so that MAPC just use MassGIS data on its Web GIS. It increases the 
accuracy of data and reduces the maintenance hassle. 
 
Fourth, along the same effort, planning is trying to use unutilized administration data. 
Administration organizations, such as City of Boston, generate valuable information from 
the everyday transactions. Intelligent middleware provides technical processing and 
privacy security, so that those data can be use in planning. 
 
Five, instant polling is a wireless Audience Response Systems which combine cutting 
edge audience response software with interactive wireless keypads to provide real-time 
feedback in meetings and classrooms. An audience response system makes it possible to 
pose questions during discussion. After participants respond to the question using their 
wireless keypad, the groups’ responses are displayed for analysis and discussion. 
 
These technologies effectively and efficiently help all participants develop a new 
strategic plan for the region. These technologies help all participants understand and 
share (1) what the implication would be under their scenarios; and (2) what other people 
think and value. These technologies enable bottom-up planning, so that they are great for 
mutual learning, which leads consensus building. 
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Abstract 


 


In recent years, extensive studies have been carried out on acquisition and application of high resolution 


imagery. In addition, various methods to extract information from imagery obtained through several 


different sensors are being used. Among those methods, edge detector is useful to extract a specific object 


from panchromatic imagery for mapping. The reason is that panchromatic imagery has better spatial 


resolution than color imagery and better spatial resolution improves the object extraction result. 


Extraction process is also simple when using panchromatic imagery. With the rapidly growing request for 


information extraction from high resolution color imagery in recent years, it is necessary to accommodate 


edge detection methods different from those used in panchromatic imagery. In this paper, we probe which 


color space is appropriate for edge detection, and we also propose an appropriate road extraction 


algorithm for the selected color space conversion. In road extraction, a proper choice of color space is 


very important. Color spaces such as RGB, IHS, CIEL*a*b*, and CIEL*Ch are generally used. In the 


selection of color space, we chose the CIEL*Ch color space because it discriminates ground features well, 


and various utilization of color information is possible. 


 


Key words: CIEL*a*b*, CIEL*Ch, Color space, Road, Lane 


 


 







1. Introduction 
 


The importance of spatial information and imagery for car navigation system and mobile services has 


been increasingly recognized. Recently, following the introduction of Geographic Information System, 


the application of car navigation system and mobile services have increased. On the way towards 


mapping and spatial data acquisition, road extraction from aerial imagery has drawn considerable 


attention in the past years. Aerial photo can be utilized to multi-purpose, for example, edge detection, 


change detection, and image interpretation. Also, it is relatively inexpensive compared to the associated 


costs of acquiring photograph. Especially, the ground resolution of aerial photo in comparison with 


satellite imagery is high. Lately, we are able to obtain the aerial photo with high resolution aerial photo 


according to the manufacturing technology of digital camera. However, color aerial photo inherently 


contain significant difficulty that require careful modeling to describe the color. The first reason is that the 


ground resolution of panchromatic imagery is better than that of color imagery for mapping and the 


second reason is that the multispectral imagery is not necessary for edge detection. A major advantage of 


using color imagery is that it has discrimination ability in the ground features. It is very important how to 


transform color brightness value in order to detect edges from color imagery. In this paper, we used the 


lane separation line and the center line to extract urban roads. After converting the color space of color 


imagery, we extracted the lane separation line, which are then used to select and extract the roads. In this 


case, it should be taken into account that we should paint a same color to the same road marks  


 


 


2. Previous work 
 


The existing road extraction techniques can be classified into the three approaches based on, namely, 


spatial resolution, spectral resolution, and the characteristic of area. The typical case which spatial 


resolution is low, we can extract the center line of the road after selecting road candidates by image 


segmentation. The opposite case which spatial resolution is high, road can be extracted by linking the side 


edges. Fan et al. (2001) propose an approach to extract color edges before extracting the edges to the 


multidimensional gradients. This approach requires color space conversion. The approach that was 


proposed by Ruzon et al. (2001) for color edge detection consists of color space conversion, creating 


color signature, distance between signature, and edge detection. The region of interest of approach that is 


used for automatic road extraction from aerial photo can be divided into rural and urban areas. In rural 


areas, the method uses an explicit model for lines and their surroundings has been proposed (Steger, 


1998). Another approach based on Marr's theory of vision is proposed. This approach consists of low-


level image processing for edge detection and linking, mid-level processing to form road structure, and 


high-level processing for the recognition of roads (Trinder et al., 1998). In urban areas, road extraction is 


based on a semantic model for roads. The images are divided into categories so called "global context": 
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rural, forest, and urban. Different parts of the road model and different strategies are used in each global 


context. In rural areas, a multi-scale approach is employed to find initial hypotheses for roadsides, which 


are then grouped into road segments using local context knowledge. In urban areas, road markings and 


DEM information are used to extract road segments (Hinz et al., 1999). In order to deal with the high 


complexities of the aerial photo, they integrated the detailed knowledge about roads and its context (Hinz 


et al., 2003). The above-mentioned approaches show that varying strategies for different types of imagery 


are promising. Most approaches which are developed to extract roads in color imagery usually start from 


color space conversion. 


 


 


3. Color space conversion 
 


Edge detection techniques from color image are generally classified into three approaches. The point at 


which image recombination occurs is the key to understanding the different categories of color edge 


detection algorithms: output fusion methods, multidimensional gradient methods, and vector methods. 


Few of them convert the color space for edge detection. In the first method (output fusion method), gray-


scale edge detection is carried out independently in each color component. Then, these results are 


combined to yield the final edge. In the second method (multidimensional gradient method), they are 


characterized by a single estimate of the orientation and strength of an edge at a point (Ruzon et al., 2001). 


Furthermore (vector method), the decomposition and recombination steps nullify each other; the vector 


nature of color is preserved throughout the computation. Various color spaces are used considering the 


characteristic of imagery, for example, RGB, IHS, CIEL*a*b*, and CIEL*Ch. RGB is a convenient color 


model for image representation and analysis because the human visual system is also an RGB color space. 


The RGB color model is an additive color model in which red, green, and blue light are combined in 


various ways to create other colors. The IHS color model defines a color space in terms of three 


constituent components: Hue, Saturation, and Intensity. CIEL*a*b* is the most complete color model 


used conventionally to describe all the colors visible to the human eye. It was developed for this specific 


purpose by the International Commission on Illumination. The CIEL*a*b* color space has been created 


to serve as a device independent, absolute model to be used as a reference. Although the perceptual color 


spaces (IHS, CIEL*a*b*, and CIEL*Ch) may be more suitable for image representation and analysis (Fan 


et al., 2001), the CIEL*Ch color space selected in this paper, for two reasons. First, the chrominance 


components are explicitly separated from the luminance component in the CIEL*Ch model. Second, the 


luminance component is more accurate for delineation ground features than the brightness value in the 


RGB model (Yang et al., 2003). Let us take shadow for example. It is a good illustration of the point that 


the luminance is two or three times as the brightness value of each band. Both output fusion method and 


multi-dimensional gradient method have no advantage of color imagery because they fused the edge 


extracted from each band. Every Color spaces have strength and weakness, as we noted. Color 
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discrimination in the RGB color space is not easy because it use three elements of Red, Green, and Blue. 


The perceptual color spaces are more suitable form image analysis and are able to represent color. In 


particular, CIE color space shows good performance in recognizing ground feature. 


 


 


4. Proposed strategy for road marks extraction 
 


Our approach attempts to apply CIEL*a*b* color model to enhance the image and reverse it after 


equalizing histogram. Generally, high altitude and atmospheric condition of acquiring photograph prevent 


discrimination of ground feature from image. Due to the noise caused by the high altitude and 


atmospheric condition, image enhancement is necessary to use the color information in aerial photo. How 


to transform RGB color model to CIEL*a*b* color model is defined by 


 


x = 0.412453×R + 0.357580×G + 0.180423×B  XnX /  = x / (255×0.950456) 


y = 0.212671×R + 0.715160×G + 0.072169×B YnY /  = y / 255 


z = 0.019334×R + 0.119193×G + 0.950227×B  ZnZ /  = z / (255×1.088754) 


 


16)/(116* 3/1 −= YnYL   008856.0/ >YnY  


)/(3.903* YnYL =       008856.0/ ≤YnY  


{ })/()/(500* YnYfXnXfa −=  


{ })/()/(200* ZnZfYnYfb −=  
3/1)( ttf =              008856.0>t    ZYX ,, : tristimulus values 


116/16787.7)( += ttf     008856.0≤t   ZnYnXn ,,  : tristimulus values of the reference white 


 


The table below illustrates imagery which was used in our research.  


 


Table 1: Image specification 


Number of color channels 3(Red, Green, Blue) 


Focal length(f) 55.046 mm 


Pixel size 9 microns 


Flying height 1585.567m 


 


Enhanced images have the advantage of enabling road marks to be distinguished from roads. Figure 1 


shows a schematic diagram of our approach. Contrast enhancement of color images is typically done by 


transforming an image to a color space that has image intensity as one of its components. One such color 


space is CIEL*a*b*. This functions are used to convert the image from RGB to L*a*b* color space. 


Manipulating luminosity affects the intensity of the pixels, while preserving the original colors. 
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Figure 1: Strategy for urban road extraction 


 


   


Figure 2: Original image                 Figure 3: Enhanced image 


 


The object of the equation below is to separate saturation and hue from a* and b* using CIEL*Ch color 


space conversion as follows. Precisely, the equation below is used to derive L*, C, and h from L, a*, and 


b*. 


 


22 *)(*)( baC +=     ⎟
⎠
⎞


⎜
⎝
⎛= −


*
*tan 1


a
bh  [degree]  ( °≤≤° 3600 h ) 


Saturation(C) and hue(h) value are able to choose a specific color. By choosing the value in the luminance 
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range of 70 to 100 and the in the saturation range of 0 to 5, we can make road mark image of interest as 


shown in figure 4. In order to eliminate the hole in the extracted road marks, we applied the close 


operation to the region of interest. Firstly, we found a structure element which had to be a little larger than 


the elements that we would like to remove. Secondly, we let that structure element run over the image and 


performed a dilation operation. When we dilate with the structure element every object that is smaller 


than that structure element will disappear, but those holes will disappear. Thirdly, we applied the erode 


operation. That combination is what we call the close operation. Precisely, close operation is that the 


application of dilate operation immediately followed by a erode operation using the same structuring 


element. 


 


                


Figure 4: Road mark candidates          Figure 5: After closing operation 


 


However, the area of concrete building and road was extracted with road marks. This raised the question 


of how to discriminate between extracted road marks and the others. In this paper, since aerial photo used 


in this paper has about 25cm spatial resolution, we selected the parameter. Then, the lane separation lines 


were selected considering the major axis length and the minor axis length of each lane separation lines as 


shown in figure 6. Using the road mark which has long major axis length among the candidates, this 


enables to road center line to draw along that feature as shown in figure 7. 


 


    


Figure 6: Selected road markings             Figure 7: Center line (yellow line) 
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5. Linking 
 


Lane line can be extracted by linking the centroid of road mark candidates. The orientation is the angle 


between the x-axis and the major axis of the ellipse that has the same second-moments as the region. 


Figure 8 illustrates the axes and orientation of the ellipse. The left figure of the feature shows an image 


region and its corresponding ellipse. The right figure shows the same ellipse, with features indicated in a 


graphical manner: the dotted black lines are the axes and the orientation is the angle between the 


horizontal dotted line and the major axis 


 


   


Figure 8: Orientation of the feature 


 


 
Figure 9: Strategy for linking 


 


We sought for the nearest centroid of lane separation lines to link them. The first point to be discussed is 


the spatial relation of the seed feature and the second feature. The second point to be discussed is the 


question of whether the distance between the line segment and the second point is the bigger than 


threshold or not. If the condition is satisfied, they will connect iteratively. If not, they will seek for the 


next centroid of the candidates for verifying whether the distance between the line segment and the 


second point is the bigger than threshold or not. The road in the below image is the result of the proposed 


approach. 
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Figure 8: Extracted road 


 


 


6. Conclusion 
 


To extract road in color imagery, we extracted the center line and the lane separation line by selecting a 


specific features with color space conversion and linking methods. Aerial photo can be generally utilized 


for road extraction. The first reason is that the ground resolution of panchromatic imagery is better than 


that of color imagery for mapping. The second reason is that the color imagery is not necessary for road 


extraction. Recently, acquisition and application of the color imagery have become easy to perform due to 


superior spatial resolution. Using color, the specific ground feature can be selected in the area of interest. 


The advantages of road extraction based on road marks can be found in the applications in image that has 


many ground features, such as in urban areas. Every color models for color space conversion have 


strength and weakness. The perceptual color space is more suitable from image analysis and is able to 


represent color. Especially, CIEL*Ch color space has a good performance in recognizing ground features. 


We produce the road map that is used to CNS to extract the more precise road map, as using the lane 


separation line and the center line existed on road, in comparison with previous study of the road 


extraction focused mainly extraction of the road center line. Also, we can extract road mark and original 


image for maintenance and management of roads, such as mending road marks. 
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Abstract: In order to estimate the GPS availability that is dynamically changed by the interaction 


between satellites and terrain according to location and time, we propose an integrated GIS simulation 


framework focusing on satellite visibility and multipath-mitigated positioning accuracy. Three 


components are central to our method: (i) GPS signal propagation model based on the 3D ray tracing 


method using satellite orbital information and 3D vector map, (ii) multipath satellite identification model 


for distinguishing multipath-emitting satellites using spatial statistical methods, and (iii) GPS availability 


estimation model for analyzing satellite visibility and multipath-mitigated positioning accuracy by 


combining the signal propagation model and a theoretical DLL (delay lock loop) correlator. Generally, 


reflected signals are the main cause of multipath that may deteriorate GPS availability even under the 


circumstance in which enough satellites are secured. Through an experimental simulation of Shinjuku, 


Tokyo, the feasibility of our method for multipath satellite identification is proved to be appropriate 


particularly when enough satellites are secured. Since multiple GNSS are being integrated recently, we 


can expect multipath mitigation effect to some extent just by excluding multipath satellites from position 


computation process. 


 


Keyword : GPS availability, multipath-mitigate, 3D ray tracing 


 


 


 


1. Introduction 
 


In urban canyons where a number of skyscrapers are densely built up, GPS signals are prone to be 


blocked, reflected, diffracted, or diffused by them. Generally, reflected signals are the main cause of 


multipath that may deteriorate GPS availability even under the circumstance in which enough satellites 


are secured. As Conley [Conley et al, 2006] addresses, the GPS availability is an indication of the ability 







to provide a usable navigation service within a specified coverage area, being equated to satellite 


visibility and positioning accuracy. Related work to the GPS availability may be divided into two 


categories, likewise: visibility prediction simulation and accuracy improvement technique. While the 


work on visibility prediction [Januszewski et al, 1999], [ Taylor et al, 2005] has contributed to analyzing 


line-of-sight in a GIS simulation environment, the work on accuracy improvement has contributed to 


developing multipath mitigation techniques based on hardware enhancement or signal processing 


[Dierendonck et al, 1997], [Garin et al, 1997], [Minami et al, 2000], [Ray et al, 1999]. However, an 


integrated GIS simulation framework for estimating not only satellite visibility but also the positioning 


accuracy that incorporates multipath mitigation has not been sufficiently accomplished.  


 


In order to estimate the GPS availability that is dynamically changed by the interaction between satellites 


and terrain according to location and time, we propose an integrated GIS simulation framework focusing 


on satellite visibility and multipath-mitigated positioning accuracy based on 3D-GIS and spatial statistics.  


Three components are central to our method: (i) GPS signal propagation model, (ii) multipath satellite 


identification model, and (iii) GPS availability estimation model. First, the GPS signal propagation model 


for predicting satellite visibility is based on the 3D ray tracing method using satellite orbital information 


and 3D vector map. Secondly, the multipath satellite identification model is for the improvement of 


positioning accuracy by distinguishing the satellites incorporating reflected signals. This model is based 


on spatial statistical methods for capturing the distribution pattern of simulated positions. The GPS 


availability estimation model analyzes satellite visibility and positioning accuracy by combining the 


signal propagation model and a theoretical DLL (delay lock loop) correlator. 


 


 


 


2. Methods 
 


(1) GPS Signal Propagation Model 


 


Since different satellite combinations may produce different measurement positions under multipath 


environment, it is necessary to consider all visible satellites at a given location and time for predicting the 


positioning accuracy on a probability basis. The propagations of direct, reflected, diffracted, and diffused 


signal (Figure 1) for use in the computation of satellite visibility and positioning accuracy are derived by 


satellite orbital information and 3D-GIS. 







 


Fig. 1. GPS signal propagation model using satellite orbital information and 3D-GIS 


 


 


(2) Multipath Satellite Identification 


 


Using the above GPS signal propagation model, all possible combinations of n visible satellites at a given 


location and time are obtained (nC4 + nC5 + … + nCn-1 + nCn). When some of the satellites emit multipath, 


the simulated positions recomputed by each satellite combination may be distributed close to or far away 


from the true position depending on the pseudorange error of the corresponding satellite. Figure 2 


illustrates the distribution of simulated positions, standard deviational ellipse for outlier detection, and 


kernel density surface for hotspot detection, which are the main components for our multipath satellite 


identification model.  


 


The simulated positions outside a standard deviational ellipse that spatially summarizes entire simulated 


positions can be regarded as outliers. On the other hand, for the simulated positions inside the standard 


deviational ellipse, a smoothed probability density surface is obtained by kernel estimation. The 


hotspot(s) on the density surface can be regarded as the most probable area of measurement concentration. 


If one hotspot is found, this hotspot has a high possibility of being formed by the lead of multipath-free 


satellites. In case two hotspots are found, presumably, one is formed by the lead of multipath-free 


satellites whereas the other by the lead of multipath satellites. Since multipath satellites are prone to be 


against the consistency validation process that verifies if the satellites producing the simulated positions 


inside a hotspot must be also available at the corresponding position, we can distinguish the hotspot by 


multipath-free satellites from the hotspot by multipath satellites. Final identification of multipath satellite 


is computed by the satellite participation ratio of O/H (outlier vs. hotspot) in the case of one hotspot and 


H/H (hotspot vs. hotspot) in the case of two hotspots. 







 


Fig. 2. Outlier and hotspot detection for multipath satellite identification 


 


 


(3) GPS Availability Estimation 


 


Since positioning accuracy can be estimated by comparing a true position and the average of simulated 


positions, one of the most important parts of GPS availability estimation is to compute pseudorange error 


of each satellite using a theoretical DLL correlator. With this correlator simulation, we compute the 


positioning accuracy by all visible satellites and by the satellite combinations excluding the multipath 


satellite derived by the above multipath satellite identification model. Figure 3(a) shows an ideal 


correlation peak without multipath present, and Figure 3(b) and 3(c) show a distorted correlation peak 


with multipath present. If a multipath delay is less than chip width, the asymmetry forces a tracking point 


not to be aligned to desired correlation peak, and thus the multipath component creates a pseudorange 


error in delay lock loop as the result of symmetrical distortion of correlation function. The pseudorange 


error is obtained by the difference between the ideal correlation peak and the midpoint of the correlator 


spacing. 







 
Fig. 3. Pseudorange error computation using theoretical DLL correlator 


 


 


3. Experimental Simulation 
 


A simulation for predicting satellite visibility and multipath-mitigated positioning accuracy is conducted 


for Shinjuku, a representative skyscraper area in Tokyo. The simulation target around Tokyo Metropolitan 


Government Building is divided into 200 by 200 cells with 4 meter’s resolution. The date of simulation is 


set to February 7, 2004 in GMT+9, and the YUMA almanac #232 is used for satellite orbital information 


of the date. The predicted number of visible satellite at 0, 6, 12, and 18 o’clock (Figure 4) and the 


predicted positioning accuracy with multipath-mitigation (Figure 5) are illustrated. 


 


 


(a) 00:00 (b) 06:00 (c) 12:00 (d) 18:00 


 


Fig. 4. Predicted number of visible satellite 


 







 


(a) all visible satellites (b) excluding PRN-10 (c) all visible satellites (d) excluding PRN-28


 


Fig. 5. Predicted positioning accuracy with multipath mitigation 


 


 


4. Concluding Remarks 
 


We proposed an integrated GIS simulation framework for predicting satellite visibility and 


multipath-mitigated positioning accuracy based on 3D-GIS and spatial statistics. Generally, reflected 


signals are the main cause of multipath that may deteriorate GPS availability even under the circumstance 


in which enough satellites are secured. Our method for multipath satellite identification is thought to be 


appropriate particularly when enough satellites are secured. Since multiple GNSS are being integrated 


recently, we can expect multipath mitigation effect to some extent just by excluding multipath satellites 


from position computation process. 
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Abstract 


Map-based services constitute a particularly important class of services for mobile users, especially drivers. 
Navigation services alone include routing, dynamic routing, traffic updates, and turn-by-turn directions. 
Tourist guides, weather advisories, and location-based information directories are also services that are 
relevant to drivers and are most effectively delivered via in-vehicle (or in-hand) map-based user interfaces. 


In this paper we introduce a new model for the delivery of map-oriented services, which we call XVC/Maps. 
XVC/Maps adopts the document-oriented application model introduced by the World-Wide Web, in which 
the application executes on the server but delivers the user interface via documents to a universal document 
viewer on the user’s client. However, in our model, the documents represent map features, and the user’s 
“browser” is a map-feature viewer. Like an HTML browser, the map viewer offers various capabilities for 
supporting user interaction, but the features are map-oriented. The viewer makes use of an HTML browser 
for supporting user interaction based on Web media. 


We have implemented XVC/Maps in a telematics oriented end-user viewer framework, and have also 
implemented it in developer-oriented tools supporting development of map-based applications. 


Keywords: Internet mapping, document-based architectures, telematics 


Introduction 


Map-based services constitute a particularly important class of services for mobile users, especially drivers. 
Navigation services alone include routing, dynamic routing, traffic updates, and turn-by-turn directions. 
Tourist guides, weather advisories, and location-based information directories are also services that are 
relevant to drivers and are most effectively delivered via in-vehicle (or in-hand) map-based user interfaces. 


We may expect that users will want to use these services in combination. Tourists, for example, may wish to 
have the assistance of navigation service guide them around a city, while receiving restaurant locations on 
their map, while at the same time viewing the locations of their traveling companions. However, currently 
map-oriented services are delivered as separate applications. Each application renders its own maps, with 
its own particular features—routes, traffic alerts, restaurant locations, and positions of 
companions—overlaid on them. Thus, if users are receiving real-time navigation instructions from one 
service and traffic alerts from another, they cannot easily see if any traffic alerts relate to the routes they are 
taking. They cannot easily see if their companions are located next to recommended restaurants. In using 
the services simultaneously, they are forced to switch back and forth from one application to another. They 
must manage the viewer of each map separately, and to deal with the different user interface characteristics 
of the different applications (e.g., different pan and zoom controls). 


In the mobile environment, this is not only inefficient in the use of device resources, which are scarce in 
mobile devices, but in the in-vehicle environment the additional demands this situation makes on the user’s 
attention can result in severe distractions when driving. 


In this paper we introduce a new model for the delivery of map-oriented services, which we call XVC/Maps. 
XVC (eXtensible Viewer Composition) is a larger framework for composition of user interfaces of 
mobile-user applications. XVC/Maps is an integration of the XVC model with earlier work we called the 







“MapWeb.” XVC/Maps adopts the document-oriented application model introduced by the World-Wide 
Web, in which the application executes on the server but delivers the user interface via documents to a 
universal document viewer on the user’s client. However, in our model, the documents represent map 
features, and the user’s “browser” is a map-feature viewer. Like an HTML browser, the map viewer offers 
various capabilities for supporting user interaction, but the features are map-oriented. The viewer makes 
use of an HTML browser for supporting user interaction based on Web media. 


We first describe the general application model of XVC/Maps. We then describe the three basic elements of 
it: the map viewer, the map-feature language, and the feature server for basemaps. We then describe how 
this model is realized in other elements of a telematics system, a content creation and previewing tool and a 
telematics simulation console. 


XVC/Maps: A Document-Oriented Mapping Application Model 


In Figure 1, we illustrate the basic model of our document-oriented model for map-based services. Using 
the normal HTTP request mechanism of Web applications, users initiate sessions with the various service 
providers they will use, typically beginning the session through a Web interface. 
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Figure 1. Document-oriented map-based service model. 


Our model contains three main elements: the map viewer, the Map Feature Language (MFL) that service 
providers use to describe map features, and a protocol for requesting basemap features from feature servers 
(MWFS, for MapWeb Feature Servers). These are described in the sections following. 


The Map Viewer 


The map viewer in our model is a component based on the specifications for the MFL language and the 
MWFS protocol. The only strict requirements are for it to be able to render MFL and request basemap 
features from MWFS servers. 


MFL rendering 
The primary function of the map viewer is to display MFL content pushed from application providers to the 
vehicle display. MFL map features include icons, points, polygons, polylines, image tiles, and text. 
Geometry information in MFL map features is specified in geographic coordinate systems. The primary 
function of the map viewer is therefore to make a projection of the features as a map. No particular map 
projection is required. A simple projection, which is suitable for small areas, is to regard longitude and 
latitude essentially as a Cartesian coordinate system. This is described further in the MFL Specification. In 
addition to receiving pushed feature sets, the map viewer should also enable users to load feature sets by 
entering URLs. 







An MFL file may contain absolute or relative URLs, which are links to images or feature descriptions. For 
absolute URLs, the map viewer can load the content directly by making an HTTP connection. To resolve 
relative URLs, when the MFL has been received through the Load Content method, the map viewer obtains 
the document’s absolute URL from the Content Manager’s Get Content URL method. The map viewer 
assumes the content for these URLs has been previously pushed to the client. 


Feature-set visibility control 
To help the user manage the map display and control the “crowdedness”, the map viewer should provide the 
user means to turn the visibility of feature-sets on and off, and to remove feature-sets that are no longer 
being used. 


Basemap layer loading 
“Basemap” layers are map feature-sets that present basic features such as land, water, populated areas, and 
road networks. These feature-sets should be loaded first so that they are at the bottom of the map. Basemap 
feature-sets are the same as any other feature-set with the exception that they may have an “isBaselayer” 
attribute set to “true,” which the map viewer may use to push them down in the layer stack so that they are 
under non-baselayer feature-sets. The Map Viewer remembers the URLs of basemap feature-sets and load 
them automatically when the map viewer is initialized. A file format that includes this function is presented 
in the “Data Schema” section below. 


Interactions API 
The Map Viewer offers an API to other viewers (through the Viewer Compositor) that enables other 
viewers to load map features, highlight specified map features, move the view to include specified map 
features, and retrieve the latest clicked-on locations from the map viewer. 


Pan/zoom controls 
The Map Viewer enables the user to pan in any direction and to zoom in and zoom out. It should also enable 
the user to zoom in to a particular area indicated by the user. And it enables the user to enlarge the view area 
of the map to contain any selected feature set. To reduce the number of controls present on the display, the 
Map Viewer supports gesture-based panning and zooming, where panning is indicated by finger-swiping 
on the screen, and zooming in and out are indicated by circling the finger clockwise (to zoom in) or 
counter-clockwise (to zoom out) on the screen. 


Map Feature Language 


MFL was designed to enable commonly portrayed map features to be defined textually, with presentation 
attributes defined by the content provider. Currently, MFL supports the following kinds of features: icons, 
point-shapes, text, linestrings, polygons, multi-linestrings, multi-polygons, and image tiles. The geometry 
of each feature is described in geographic coordinates, using GML [1]. MFL allows the geometries to be 
described in any well-known geographic coordinate system, but the coordinate reference system must be 
specified in the GML. This enables coordinate transformations when feature sets using different coordinate 
reference systems are rendered on the same map. It is expected that all implementations will be able to 
handle WGS-84 coordinates. 


The presentation of each feature is described using presentation attributes such as color, line-width, font and 
font-size. This integration of geographic coordinates with presentation information is what gives MFL its 
role as presentation language for map features. In its general semantic level and features, it is similar to 
KML, the Google Earth map feature markup language [4]. 


The full specification of MFL is found at [5]. 


Structural elements 
The Feature and FeatureSet elements provide a simple structure for MFL documents. They are 
grouping mechanisms and are also the locations of title and label information, descriptions, and styles. 


Feature 
The Feature element defines a visual map feature. A Feature element may contain multiple renderable 
elements, described below, which are rendered in the order in which they appear in the MFL. A label 







element supplies a short description of the feature, a description element supplies an extended description, 
and may include a URL for an HTML description. A style element supplies styling information that 
applies to the renderable elements. It provides common presentation attributes such as fill color, line color, 
and line width. 


FeatureSet 
The FeatureSet element is the MFL document root element, and provides a collection of Feature 
elements. A title element gives the feature set a name that can be displayed in a feature-set list or a 
pop-up window. It also supports the same description element as Feature. 


The scaleRange element gives the range of view scales (in pixels-per-world-unit) that the feature-set 
creator considers acceptable for this feature set. If not included, the feature set is considered acceptable at 
any view scale. A MapWeb Feature Server is expected to return, for any given feature set, scale ranges that 
are contiguous. The purpose of the element is to enable viewers and feature servers using the MWFS 
protocol to implement a “distributed zoom” capability. Viewers implement limited scaling of features 
within the scale ranges of the feature-sets that are loaded, and when the viewer scale goes outside the scale 
range of any feature-set, the viewer re-requests the feature-set from the feature server it came from, 
including in the request the new scale factor. 


Renderable elements 
Renderable elements include Icon, Image, Linestring, MultiLinestring, PointShape, Polygon, 
MultiPolygon, and Text.  


Icon 
The Icon element is used to position an image at a geographic point. The image is drawn so that it is 
centered on the given point. The image may be supplied via a relative or absolute URL or as Base-64 
encoded image data. Map viewers will typically cache images because they may often be repeated in a 
feature-set. 


Image 
The Image element is used to draw a square image within a given rectangle expressed in geographic 
coordinates. The image may be supplied via a relative or absolute URL or as Base-64 encoded image data. 


Image elements differ from Icon elements in that the image must be scaled to fit within the given 
geographical coordinates. The geographical coordinates are first transformed to screen coordinates using 
the viewer’s projection transformation, and then the image is drawn within the resulting rectangle. Image 
elements are typically used for basemaps constructed of image tiles. Using the FeatureSet element’s 
scaleRange element, a basemap server can offer a different set of tiles for each scale range. 


Linestring, MultiLinestring 
The LineString element is a GML element, and is used to represent features such as driving routes and 
weather patterns. MultiLinestring is simply a container for multiple Linestring elements. 


PointShape 
PointShape is used to draw shapes at geographic points. Currently supported shapes are rectangles and 
ellipses. 


Polygon, Multipolygon 
Polygon is a GML element used for rendering closed regions. A Polygon consists of an outer boundary 
(the outerBoundaryIs element) and, optionally, an inner boundary (the innerBoundaryIs element) 
consisting of one or more rings. Inner rings will form holes in the polygon. This can be used for lakes with 
islands, for example. A MultiPolygon is simply a container for multiple Polygon elements. 


Text 
MFL’s Text element allows text to be drawn on the map. Text can be drawn in any font, style, and size, and 
can be drawn at an angle. An “anchor” feature enables text to be placed in different positions relative to the 
specified location. MFL provides the position constants BOTTOMLEFT, BOTTOMMIDLEFT, BOTTOMCENTER, 
BOTTOMMIDRIGHT, BOTTOMRIGHT, TOPLEFT, TOPMIDLEFT, TOPCENTER, TOPMIDRIGHT, TOPRIGHT, 







CENTERLEFT, CENTERMIDLEFT, CENTER, CENTERMIDRIGHT, and CENTERRIGHT. The text should be 
drawn such that the given Point is at the location—relative to the text—specified by the anchor element. 
If the anchor location is not specifed, the default is BOTTOMLEFT. 


Schema 
Example. The MFL document below illustrates the use of the Linestring element, and is rendered as the 
driving route shown in the example screen shots below. 
<?xml version="1.0" encoding="UTF-8"?> 
<FeatureSet xmlns:gml="http://www.opengis.net/gml"> 
   <title>LineString feature created on Thu Jan 20 10:12:52 KST 2005</title> 
   <Feature id="1"> 
      <label>LineString feature</label> 
      <gml:LineString> 
         <gml:coord><x>126.97245025634766</x><y>37.554317474365234</y></gml:coord> 
         <gml:coord><x>126.97300720214844</x><y>37.55436325073242</y></gml:coord> 
         … 
         <gml:coord><x>126.98782348632812</x><y>37.57071304321289</y></gml:coord> 
      </gml:LineString> 
      <style> 
         <fillColor rgb="255,0,51" opacity="50%"/> 
         <lineColor rgb="255,51,51" opacity="50%"/> 
         <lineWeight>8.0</lineWeight> 
      </style> 
   </Feature> 
</FeatureSet> 


MapWeb Feature Server 


An MFL feature-set can be as large, in geographic extent, as desired. Feature-sets that represent basemap 
layers may cover very large areas, up to the entire globe. If these are detailed layers designed for high zoom 
levels, these feature-sets can be extremely large, in terms of the amount of data, and thus are not practical to 
send to map viewers in their entirety. Therefore, associated with the MFL specification, there is a simple 
protocol defined for communicating with Web servers serving these large feature-sets, which enables them 
to send only that part of the feature-set that will be rendered by the viewer. The protocol consists of 
predefined query parameters in an ordinary HTTP GET request. We refer to this as the MWFS protocol. 
Associated with this protocol is a cooperative caching scheme implemented by both the viewer and the 
server (but is optional for both). 


MWFS Protocol 
A request to an MWFS server consists of an HTTP GET request with the following query parameters: 


featureset Names the feature-set requested. A feature server may serve many different feature-sets, 
which could be different basemaps for different purposes (e.g., political boundaries or 
geographical features). 


bounds The area requested, as a bounding box (see format below). This should typically be the 
actual bounding box of the current view. The server must return features covering at 
least this area. A feature server may return features for a larger area, in order to reduce 
the number of requests on the server; a viewer may also increase the area beyond the 
current view’s bounding box for the same purpose, and as a prefetch mechanism. 


The format of the bounds parameter is “lng-min lat-min lng-max lat-max”, 
where lng and lat are longitude and latitude, respectively. Note that the spaces 
separating the coordinate values must be encoded as “+” signs, per the HTTP 
specification. 


crs The coordinate reference system of the coordinates, as an EPSG code. 


scale A floating-point parameter that is the current scale used by the viewer, in 
pixels-per-degree-latitude. This enables the feature server to return a feature-set 
appropriate for that scale. The feature server should return a feature-set with a 
scaleRange element that indicates the scale range that the feature-set is appropriate 







for. 


useCache A boolean parameter that permits the feature server to remember which features it has 
served a client in a particular client session. It can then elect to not return features that it 
has already sent a client in the current session. This is designed to reduce the average 
size of the feature-sets returned to the client. A client will set this to true only if it merges 
the features received in successive requests for a feature-set into a single feature-set 
object. 


 
Figure 2. XVC Components. 


Below is an example of a request to an MWFS server: 


http://safari.watson.ibm.com:9080/mwfs/MapServerServlet 
?featureset=basemap 
&bounds=126.9658+37.55883+126.99674+37.5769 
&crs=EPSG:4326 
&scale=41451.57 
&useCache=true 


XVC 


XVC is a comprehensive application viewer framework specifically targeted to the needs of telematics 
users and telematics services providers. For service providers, its document-oriented model enables them to 
deliver applications to users without having to develop and maintain custom clients, and its 
content-composition model enables them to compose user interfaces from viewers specifically supporting 
the forms of content used in telematics applications (such as the map viewer). For users, XVC’s model of 
application composition enables users to take advantage of multiple services simultaneously without 
having to switch from one user interface to the next. In this section we give an overview of XVC and 
illustrate it through a scenario that involves the composition of a recommendations service, a real-time 
navigation service, and a buddy tracking service. 


XVC Architecture in Overview 
In this section we give a high-level overview of the XVC architecture. The components of XVC are shown 
in Figure 2. It’s set of predefined viewers include not only the map viewer and HTML viewer already 
mentioned, but also other viewers important to telematics applications: a ticker viewer, a sound player, and 
a dock viewer described below. A Client Agent receives multi-part content from applications, using both 
push and pull mechanisms. The Viewer Compositor directs the content to the appropriate viewers and 
facilitates interaction among the viewers. A Layout Manager manages the size and relative arrangements of 
viewer panes according to static application preferences. 







Figure 3 illustrates the functions 
of the Viewer Compositor. Each 
viewer exposes certain functions 
that can be invoked by other 
viewers. The functions are 
invoked through actions declared 
in Javascript event declarations. 
For example, the map viewer 
pane at the top left of Figure 3 
shows a route. Clicking on the 
route brings up the list of 
turn-by-turn directions in the 
HTML viewer. 


Illustration Scenario 
We illustrate the use of XVC, 
and some particular features of 
our predefined viewers, in the 
context of the following scenario. 
Eric plans to spend the day hiking with friends. In his automobile he uses a telematics service that enables 
him to use several on-line services simultaneously: a real-time navigation service that will provider him 
with a route to the trailhead and push him turn instructions along the way; a buddy-tracking service that will 
show him the location of his friends as he drives; and a recreation-oriented point-of-interest service that will 
show him on the map some recommended places to stop. 


 
Figure 3. Viewer Interactions. 


Using an HTML search form provided by 
the POI service, Eric locates the 
agreed-upon trailhead on the map.  


 Eric enters the name of the trailhead 
using an on-screen keypad and 
submits the form. 


 The service returns the information 
requested as MFL. 


 The MFL is rendered on the map, but 
is outside the current view. In such a 
situation, the map viewer will ask the 
user if he/she would like the map 
view changed to show the newly 
added features. 


 







By touching and holding on the trailhead 
icon, Eric brings up the map viewer’s 
context menu, in which the navigation 
service he has subscribed to has installed 
a “get route to” action. He selects this. 


 The navigation service pushes an 
initial route as MFL and the full set 
of driving instructions as HTML. 
Each turn instruction contains a link 
to the corresponding MFL icon in the 
map content. Likewise, the turn 
icons in the map content link to the 
corresponding turn instruction in the 
HTML content. 


 


Eric starts a service that shows real-time 
traffic conditions for the visible map. 


 The service pushes the set of 
conditions for the visible map as 
MFL, and periodically refreshes 
them at fixed intervals. It uses 
MWFS, and so receives the current 
view window in the request. 


Eric starts the “Buddy Tracker” service 
that shows his friends’ locations. 


 The Buddy Tracker application 
determines the locations of Eric’s 
friends (using Topaz services not 
discussed in this paper) and pushes 
them to Eric’s device as MFL. Each 
icon specifies an “onclick” action 
that causes a Buddy Tracker chat 
viewer to be loaded. 


At mid-morning Eric would like to stop 
for a cup of coffee. Seeing on his map 
display that both he and his friend Emily 
are near a scenic rest stop, he brings up 
the Buddy Tracker chat viewer by 
touching Emily’s icon. He enters “Meet 
here for coffee?”, touches the map at the 
rest-stop icon, and pushes “Send.” 


 The Buddy Tracker chat viewer 
queries the map viewer for the last 
touched location and sends the 
message, with the location, to the 
Buddy Tracker application, which 
forwards it to Emily as a composite 
message. 







Meanwhile, the navigation application 
pushes a composite “turn here” message 
to Eric’s device. Since the application is 
not in the foreground the full message 
does not show, but an animated icon 
shows in the Dock, a “turn here” message 
is scrolled in the ticker, and audio for the 
instruction plays in the sound player. Eric 
touches the icon, which brings the 
application to the foreground, showing 
the full turn instruction. 


Other Uses of the XVC/Maps Viewer 


In the same project in which we developed XVC/Maps model, we found we needed map-based tools for 
content creation and simulation of telematics clients. These were developed using the same core map 
viewer as in XVC/Maps. Below we show a screen shot of the simulation tool. It enables application 
developers to simulate movement of vehicles on a map, and allows them to see the relationship of the 
vehicle to the content which the application may be pushing to the vehicle’s XVC/Maps viewer. 


 
Figure 4. A telematics simulation console built on XVC/Maps. 


Related Work 


Our work is broadly related to a number of areas, but in this section we focus on its relationship to mapping 
services. Map-centric web applications are undergoing a revolution. Until recently, consumer-oriented 
map-based web applications were a small niche in the overall web applications landscape. They were most 
popular for delivering driving directions or showing the locations of commercial establishments. With the 
advent of services such as Google Maps [3], Yahoo! Maps [8], and Microsoft MapPoint [6], content 
providers are now able to easily produce map-based applications by composing their content with basemaps 







from one of these mapping services. Instead of accessing WSDL-based web-service interfaces from 
traditional programming languages such as Java or C++, programmers can access lightweight web services 
from scripting languages such as Javascript. The fact that Google Maps and Yahoo! Maps are free is 
undoubtedly also a strong factor in the growth of these map-based applications. 


The technologies employed in these applications are part of a family of Web-related technologies called 
“Web 2.0.” The combination of one of these map services with an application’s content is called a 
“mashup.” The application composition model in XVC/Maps is somewhat similar, except that the end-user 
controls the composition, or “mashup,” not the application developer. Thus in the XVC/Maps model a user 
can see not only apartment listings (for example) from one source, but also bike trails, bus routes, and 
school districts—all from different sources. The composition is performed on the end-user’s map, not in an 
application’s web page, and so can include any application provider’s content. 


The map services mentioned take a step toward document-oriented mapping, in that an application’s 
content is represented as a document that is rendered on an independently provided map. But because the 
document is rendered within the application’s code, it is not a true document-oriented model, where the 
application supplies UI features as documents to an independent viewer. Google Earth [1] offers more of a 
true document-oriented model, as KML [4] is a language for complete, ready-render documents. It also 
enables multiple provider’s content to be rendered on the same map. However, the viewer (the Google 
Earth application) is proprietary, whereas XVC/Maps is specification-based. 


The Open Geospatial Consortium defines a number of standards useful in mapping applications. Besides 
GML, used by MFL, it defines the Web Map Service [8], a Web service for returning map images, and the 
Web Feature Service [7], a service for returning geographic features in GML, using application-specific 
document formats. 


Conclusions 


We have introduced an application model particularly suited to mapping applications for mobile users. It 
enables users to receive multiple services simultaneously, on the same map. Users thus need to learn and 
use only one set of map viewer controls. However, despite being rendered on the same map, each service 
maintains a logically separate interactive session. 


In our use of MFL 1.0, we have identified certain shortcomings. It does not have the animation features that 
SVG has, which, although perhaps not of fundamental importance, can enrich the presentation of certain 
content. The chief shortcoming, however, is that at present there is no definition of how an MFL viewer will 
interact with a browser. We envision a DOM-based interface, and ECMAScript-based event handling. Also, 
we would like to define an MFL 1.5 based on GML 3.0. 
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Abstract.  Since the 1990s, in-vehicle navigation system (IVNS) has rapidly become pervasive across 
Japan. Currently, various types of maps are used in Japanese IVNS, such as 2-D or 3-D maps, bird’s-eye 
view, diagrams, and satellite images, instead of turn-by-turn displays. In addition, drivers can choose 
map orientation between north-up and heading-up dividing the display into different types of maps. Such 
a wide range of mapping styles can be accustomed to the diversity of driving situation and driver’s 
preferences. Nevertheless, little is known about how drivers use these types of maps. The aim of this study 
is to examine the variations in the map use of IVNS. Specifically, attention is focused on gender-related 
differences because recent growth of the number of female drivers may diversify the use of IVNS maps. We 
analyzed data from an Internet questionnaire survey of drivers living in Tokyo Metropolitan Area (n=537). 
A focus group interview to several drivers was also conducted to get further information on the use of 
IVNS maps. The results of the analysis revealed that female drivers tend to use landmark information and 
heading-up display though their preferred styles of maps vary with the driving situation. These can be 
entirely explained by the findings of the previous studies on gender-related differences of spatial 
cognition. 
 
Key Words: in-vehicle navigation systems, map use, spatial cognition, gender-related differences, Japan 
 
 
 
Introduction 
 
Ubiquitous mapping, which means that anyone can make or use maps anywhere and anytime, has 
prompted diversification of map styles by accommodating them to situations of map users. The in-vehicle 
navigation system (IVNS) gives a typical example of this trend. Especially in Japan, IVNS that provides 
various styles of maps has rapidly become pervasive. Nevertheless, little is known about how drivers use 
different types of maps of IVNS.  
 
Previous studies of map use have clarified variations of map usage by general public (Wakabayashi 2003). 
In particular, gender-related differences of map use have attracted attention to researchers in spatial 
cognition. According to the findings obtained by the studies on spatial cognition and navigation, map use 
is expected to be different between male and female drivers. The aim of this study is to examine the 
variations in the map use of IVNS focusing on gender-related differences. 
 
Whereas most of the previous studies on this subject employed experimental methods for small sample 
size, few attempts have been made to collect and analyze data from a large sample size. To grasp the 
diversity in the use of IVNS maps, I conducted a questionnaire survey using Internet for drivers in Tokyo 
Metropolitan Area and quantitatively analyzed data obtained. In addition, to compensate the limitation of 
quantitative analysis of aggregated data and to examine the actual conditions of map use, a focus group 
interview was made for a part of the respondents to the questionnaire. 
 
 
Popularization of IVNS in Japan and variation of its map style 
 
Since the 1990s, IVNS has rapidly become pervasive across Japan: the ownership rate has risen from 
7.0% in 1997 to 33.5% in 2004. Such a widespread use of IVNS in Japan was promoted by the expansion 







of infrastructure developed by the government and private sector (e.g., ITS (Intelligent Transport 
Systems), digital road maps, and VICS (Vehicle Information and Communication System)), and the 
product development race between private companies. In addition, the difficulties in navigating Japanese 
cities because of their complex street networks and area-based address system (Barthes 1970) may also 
lead to heavy dependence of route guidance on maps including IVNS (Suzuki and Wakabayashi 2005).  
 
As a result, various types of maps are currently used in Japanese IVNS, such as 2-D or 3-D maps, 
bird’s-eye view, diagrams, and satellite images (Figure1); but few of them use turn-by-turn displays. In 
addition, drivers can choose map orientation between north-up and heading-up dividing the display into 
different types of maps. Such a wide range of mapping styles can be accustomed to the diversity of 
driving situation and driver’s preferences. 
 


 
 
  (a) Bird’s eye view    (b) 3-D pictorial map 
 


Figure 1. Examples of maps used in Japanese IVNS 
 
 
Viewpoint and methodology of this study 
 
Gender-related differences in spatial cognition and wayfinding 
 
Over the past several decades numerous studies have explored gender-related differences in spatial 
cognition and wayfindin skills (Self and Golledge 2000). Many researchers have reported that males 
perform better than females, especially on small-scale tasks involving mental rotation and spatial 
perception. Nevertheless, some authors argued that males might perform better than females on some 
spatial tasks, the reverse might be true on other tasks (Kitchin and Blades 2002, pp.103-110). For instance, 
males are likely to outperform females on tasks using spatial knowledge from direct experience rather 
than tasks using map-derived knowledge whereas females excelled at landmark memorization and 
localization (Montello et al. 1999). In addition, Gilmartin and Patton (1984) and Golledge et al. (1995) 
found a slight difference between the sexes on a variety of map use and map-learning tasks.  
 
Gender differences can be also regarded as an outcome of the different strategies that males and females 
may use in spatial tasks rather than a matter of superiority or inferiority of spatial abilities. For example, 
women often use localized landmark-based wayfinding strategies while men often use more global 
configurational strategies to follow routes (Golledge, 1999, p.35). Concerning verbal descriptions of 
routes and places, males tend to use cardinal-direction and metric-distance terms, while females refer 
more to landmarks in their route descriptions (Ward et al., 1986).   
 
These differences may also be affected by personality factors. For example, females’ spatial anxiety is 
closely related to their wayfinding strategies (Lawton 1994, 1996). Since fear of getting lost is likely to 
have negative impact on self-confidence of wayfinding, women tend to have less confidence in their 
spatial abilities than do men (Cornell et al. 2003). As a result, females are likely to have few navigational 
experiences than males, having fewer opportunities to increase their spatial orientation skills (Coluccia 
and Louse 2004). 
 
Nevertheless, it is not clear whether these findings drawn from experimental studies in laboratories are 







applicable to the performance in the real world setting. In particular, little is known about gender-related 
differences in the use of IVNS maps. The aim of this study is to reexamine the findings drawn from 
spatial cognition research in the context of navigation with IVNS.  
 
Hypotheses 
 
According to the findings from the previous studies of the gender-related difference in spatial cognition 
and wayfinding, the following hypotheses about the use of IVNS can be formulated: 
(1) The role of landmarks: While male drivers would pay greater attention to configurational or survey 


knowledge (e.g., cardinal direction, distance), female drivers would be more likely to use landmark or 
route knowledge. This difference can affect the information used in navigation with IVNS.  


(2) Map orientation: Because females are inferior in mental rotation task to males, female drivers would 
prefer more to use the heading-up display of IVNS than male drivers. 


(3) The use of maps and verbal guidance: Since males tend to navigate relying heavily on configurational 
knowledge, they would prefer to use maps in IVNS. In contrast, females would prefer to use verbal 
guidance of IVNS, because of their preference to the landmark or route knowledge and their 
superiority in verbal abilities. 


(4) Sense of direction and wayfinding: Since females have higher level of spatial anxiety, self-assessment 
of one’s sense of direction of female drivers would be lower than that of male drivers. This may not 
necessarily lead to the experience of disorientation, because females are likely to navigate carefully to 
compensate their lack of sense of direction. 


These hypotheses are tested through the methods mentioned later. 
 
Research method 
 
To examine the variation in the use of IVNS maps, data from a large number of people should be 
collected. Hence, I conducted a questionnaire survey using Internet. The respondents were randomly 
chosen from members of the iMi Net, an e-mail-based marketing service. The members voluntarily 
registered to participate in the service and there were about forty-five thousands registrants. The 
questionnaire survey was conducted by assigning equal number of samples to five age groups from 20’s 
to 60’s or over keeping males and females in balance. Sampling and collection of the questionnaire were 
commissioned to Lifemedia Inc. in 2005. In consequence, 1,008 members answered the questionnaire. 
Quantitative analysis was made to the data from 537 respondents who had used IVNS, focusing on the 
difference between men and women. The questionnaire consists of 21 items of questions concerning the 
use of maps and IVNS, wayfinding strategies, and sense of direction.  
 
Then a focus group interview concerning details of the conditions of their use of maps and IVNS was 
conducted for 14 drivers (8 women and 6 men) from the respondents to the questionnaire who voluntarily 
participated. Male and female groups were interviewed separately for two hours. The content of these 
interviews were recorded with IC recorder and qualitatively analyzed.  
 
 
Gender-related differences in the use of IVNS 
 
Quantitative analysis of questionnaire data 
 
The role of landmarks 
Concerning the spatial information used in an unfamiliar environment, women reported higher use of 
landmark information than men (Table 1). In contrast, male drivers pay more attention to street names and 
direction signs, which suggests that they use more configurational strategies relying on the survey 
knowledge to follow routes. These results agree with the findings obtained in the previous studies on 
gender-related difference of wayfinding strategies and direction giving. 
 
These differences are also reflected in the answers to the question about the scale and style of the map. 
Though respondents choose proper scale and style of IVNS maps according to driving situations, men 
favor ordinary two-dimensional maps (Table 2). In contrast, women prefer to use schematic diagrams at 
major intersections, indicating a landmark-based wayfinding strategy.  
 







Table 1. Sourcse of reliable information used in driving unfamiliar route (multiple answer). 
 


Source of information Female % Male % χ2test
IVNS 214 86.6 271 93.4 ***
Direction signs at intersections 141 57.1 190 65.5 **
Intersection names on traffic signs 138 55.9 150 51.7
Street names on traffic signs 115 46.6 152 52.4 ***
Sheet maps 115 46.6 141 48.6
Place names on road signs 89 36.0 105 36.2
Landmarks along the route 90 36.4 83 28.6 *
Distant landmarks 41 16.6 43 14.8
GPS 21 8.5 25 8.6
Celestial bodies 4 1.6 19 6.6 ***
Magnetic compass 5 2.0 10 3.4


N 247 - 290 -
*　p<.10, ** p<.05, *** p<.01  


 
 


Table 2. Scale and type of maps used in each situation of drive. 
 


Situation of drive


Scale / Type of maps


%Female %Male %Female %Male %Female %Male %Female %Male
Small scale plane map 54.3 61.0 72.9 72.8 23.9 27.2 25.5 22.1
Small scale bird's eye view 10.5 8.6 13.4 12.4 7.3 8.6 8.1 4.5
Largel scale plane map 24.3 24.5 6.5 8.3 42.9 42.1 40.9 48.6
Lage scale bird's eye view 2.0 1.4 0.4 2.1 6.1 8.3 7.3 7.9
Schematic diagrams of intersections 7.3 3.4 5.7 4.1 18.6 11.4 15.4 11.7
3-D picture of intersections 1.6 1.0 1.2 0.3 1.2 2.4 2.8 5.2


Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
N 247 290 247 290 247 290 247 290


Searching
destination


Route selection Finding
alternative path


Checking present
location and
direction


 
 
 
 
The orientations of maps 
Though drivers’ favorite map orientation of IVNS varies not only with the situation of drive but also with 
sex, the heading-up form is preferred especially when drivers check direction or find alternative path 
(Table 3). This agrees with the previous research finding that forward-up aligned maps are easier to use 
than misaligned maps (Levine et al. 1984). In particular, female drivers tend to use the heading-up display 
even when they search destination or select routes before driving. The reason for this can be that females 
are poor at mental rotation task that is necessary to read misaligned maps.  
 
 


Table 3. Map orientation of IVNS used in each situation of drive. 
 


Situation of drive
%Female %Male %Female %Male


Searching destination 46.2 57.2 53.8 42.8 <.01
Route selection 41.3 55.2 58.7 44.8 <.01
Checking present location and direction 25.5 32.1 74.5 67.9 n.s.
Finding alternative path 25.5 31.0 74.5 69.0 n.s.


N 247 290 247 290
p: Significance levels of Chi-square test.


North-up Heading-up p


 
 
 







The use of maps and verbal guidance 
Since drivers are regulated to look at the monitor of IVNS less than two seconds by Japan Automobile 
Manufactures Association and the Road Traffic Act revised in 2005, most of Japanese IVNS provide 
verbal guidance to compliment the map. Nevertheless, the verbal guidance can provide partial 
information of maps. Hence, drivers should proper use of the verbal guidance and maps of IVNS. 
 
As shown in Table 4, there are several differences in the pattern of using IVNS between men and women. 
Male drivers indicate tendencies toward confidence to IVNS, changing map scale, and neglecting route 
guidance. In contrast, female drivers tend to drive away from the route unconsciously and rely on the 
verbal guidance of IVNS. Therefore, the reason for female drivers’ reliance on verbal guidance can be 
that they cannot afford to look at maps on the monitor during driving. This is reflected in the complaints 
about IVNS as shown in Table 5 where about one half of the females show dissatisfaction with inability to 
look at maps during drive whereas males indicates complaints about the depiction of maps or advanced 
functions of IVNS. 
 


Table 4. Levels of disagreement with the statements about the use of IVNS. 
 


Female Male Female Male
I feel safe when I drive with IVNS. 1.70 1.56 0.73 0.66 *
I change map scale of IVNS frequently. 2.82 2.57 0.99 1.02 **
I have difficulty in setting route on IVNS. 2.74 2.95 0.95 1.00 *
Sometimes I drive away from the route of IVNS unconsciously. 2.74 3.05 0.94 0.91 **
Sometimes I neglect the route guidance of IVNS intentionally. 2.28 1.96 0.87 0.89 **
I think speech recognition of IVNS is a convenient function even imperfect. 2.15 2.07 0.87 0.85
I place prime importance to more functions when I select IVNS even if they
are useful. 2.61 2.60 0.90 0.96


I usually drive relying on verbal guidance of IVNS bacause I cannot afford
to look at maps on the monitor. 2.87 3.14 0.91 0.94 **


I usually search route with IVNS even in the drive to near or familiar places. 3.35 3.29 0.93 0.91
I refer to the manual in detail when I learn to operate IVNS. 3.16 2.89 0.96 1.00 **
I search the route with IVNS only when I go on an outing. 2.40 2.40 1.02 1.00


N 247 290 - -
# Levels of disagreement rated on four-point scale.
* p<.05, ** p<.01


Mean# SD T-testItem


 
 
 


Table 5. Complaints and requests to the functions of IVNS (multiple answer). 
 


Complaint / Request to IVNS %Female %Male χ2test
Complicated procedures for scrolling or changing scale of the map 47.0 44.5
Insufficient precision of forcasting congestion or travel time 29.6 52.1 **
Incomprehensiible route connections 41.3 37.6
Inability to look at the map during drive 47.0 29.3 **
Difficult to get information about tourism or restaurant 23.1 33.4 **
Difficult to read signs or letters on the map 19.8 30.0 **
Inadequate verbal guidance 20.2 16.6
Too small signs or letters on the map 19.4 16.9
Other 13.0 13.1


N 247 290
** p<.01  


 
 
Sense of direction and wayfinding 
Self-assessment of one’s sense of direction shows that males have confidence in their orientation and 
wayfinding abilities than females (Table 6). This implies that females feel much anxiety about navigation. 
Nevertheless, less difference in the experience of disorientation between male and female are observed in 







Table 7. The reason for this can be that females tend to navigate carefully considering their poor sense of 
direction, while males are prone to drive boldly neglecting navigational guidance (see Table 4) because of 
too much confidence in their spatial abilities. The answers to the reason for disorientation experience, 
where males frequently reported that they had believed wrong route to be correct, appear to reflect this. 
 
 


Table 6. Mean scores by male and female on the self- 
assessment of one's sense of direction. 


 
Mean SD N


Female 3.05 1.088 247
Male 2.51 0.978 290


t=5.98, p< .001


Answers were made on 5-point scale: 1 was
"very poor", 5 was "very bad".


 
 
 


Table 7. Experience of disorientation. 
 


Frequently Female %Female Male %Male
Scarcely 41 16.6 50 17.2
Occasionally 132 53.4 180 62.1
Sometimes 57 23.1 44 15.2
Frequently 17 6.9 16 5.5
Total 247 100.0 290 100.0
χ2=6.557, p<.10  


 
 
The difference in the confidence in one’s spatial abilities between men and women is also related to the 
frequency and spatial extent of driving. For example, men tend to drive more frequently and wider area 
than women. This is closely related to the purpose of drive: major purpose of drive for women were 
picking-up family members or shopping. These differences are attributable to the gender division of labor. 
 
Qualitative analysis of the focus group interview 
 
To ascertain the validity of the findings obtained through the quantitative analysis of aggregate data and 
to examine the actual conditions of map use, a focus group interview was conducted. The participants 
showed several tendencies common to male and female drivers rather than gender differences.  
 
First, drivers actually use limited types of maps choosing among various maps of IVNS though they use 
different types of maps in accordance with the situation. Unexpectedly, they prefer to use conventional 
plane maps rather than new types of maps (e.g., bird’s eye view or three-dimensional maps), which is 
consistent with the result of the questionnaire data (see Table 2). Some participants talked about the 
reasons for this that they were not accustomed to use these new types of maps, and it was difficult to 
recognize distances from bird’s eye view. In addition, some participants told that they seldom divided 
display or changed map scale of IVNS because of the difficulty in operation. In this way, new types of 
map depictions of IVNS are not effectively used by drivers. 
 
Concerning the direction of maps, some participants said that they chiefly used north-up displays of IVNS 
though the majority of the participants preferred heading-up ones. There is little difference in this 
tendency between men and women. In any case, two types of the drivers can be differentiated in terms of 
the preference of map orientation. 
 
As to the usage of verbal guidance, many participants complained about the inaccuracy and inappropriate 
timing of the guidance. Especially current IVNS can provide insufficient information when one navigates 
in the vicinity of the destination because of the limitation of accurate positioning. Hence, drivers do not 
entirely rely on the guidance of IVNS. For instance, some participants said that they usually carried about 







printed maps acquired through the Internet with PC on the drive. 
 
Consequently, marked difference between men and women was not observed in the results of the group 
interview unlike those of the questionnaire data. This can be due to the biased samples of the participants 
who appear to be more interested in drive and IVNS than general public. In any case, this implies that 
various factors besides gender may have an influence on the use of IVNS. Nevertheless, large numbers of 
female participants talked about their poor sense of direction and difficulty in looking at maps during 
drive. Hence, some of the gender-related differences can be attributable to females’ anxiety about 
orientation and wayfinding rather than the difference in spatial abilities. 
 
 
Conclusions 
 
So far I have outlined the gender-related differences in the use of IVNS by Japanese drivers. Results of 
the analysis of questionnaire data entirely supported four hypotheses derived from the previous studies on 
gender-related differences in spatial cognition. In addition, this research revealed that drivers use different 
types of INVS maps in accordance with the situation. Considering the findings from the focus group 
interview, some of the gender-related differences can be attributable to females’ anxiety about orientation 
and wayfinding. Hence, these differences should not be discussed solely in terms of superiority or 
inferiority of spatial abilities. 
 
Variations in the use of IVNS among each gender group also imply that a variety of factors other than 
gender may have an influence on the use of IVNS. In particular, differences in spatial cognition and 
orientation have been interpreted by biological theories (e.g., hormones, brain laterality), evolutionistic 
theories (e.g., hunting or gathering), environmental factors, personality factors and so on (Coluccia and 
Louse 2004). Nevertheless, there have been no consistent explanations because gender difference is 
confounded with other variables. Especially the use of IVNS can be affected not only by map reading 
abilities but also by driving skills or spatial experiences in daily life. Hence, a future direction of this 
study will be to examine the gender-related differences considering innate properties of spatial cognition 
and wayfinding as well as experiential ones.  
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The utilization of Location Based Services for pedestrian navigation requires the derivation of accurate, 
reliable and always available position information. In contrast to common car navigation systems it is 
required to navigate within scenarios with no fixed trajectories available from digital maps. In this 
contribution the prototype of a map-independent positioning system for pedestrians is presented. It 
consists of a knowledge-based component for outlier detection in the measurement data, quality analysis 
and calibration of the multi-sensor system as soon as a positioning component with a central Kalman-
filter for the optimal estimation of the kinematic state of the pedestrian. Two typical test scenarios for 
indoor and outdoor scenarios from the city of Vienna are presented. The results can be evaluated as very 
promising. 
 
Keywords: pedestrian, map independent location, Kalman filter, knowledge-based, sensor integration 
 
 
 
1. Introduction 
 
In the field of vehicle navigation the combination of position measurements with digital maps usually 
increases the accuracy and availability of position information. The digital map contains the road network 
in which the covered trajectory will be adapted by map-matching techniques (Czommer, 2001). 
However pedestrians frequently move outside of digitally acquired road networks. Consequently a 
transfer of the above procedure is not always possible. Typical “off-road” scenarios are represented by 
pedestrian precincts, parkways and by the whole indoor area. In contrast to vehicle positioning fixing the 
pedestrian's trajectory to specific ways is not possible due to his more variable possibilities to move. 
 
Nevertheless the increasing importance of Location Based Services (LBS) requires an accurate, reliable 
and preferably always available determination of the pedestrian’s position information. In passive 
environments usually absolute and relative position sensors are available which are integrated into the 
user’s mobile device (e.g. PDA). In most cases the sensors are GPS, altimeter, step counter and digital 
compass. Digital maps are used for the visualization of the position based on the sensor outputs. 
 
In this paper the prototype of a map-independent knowledge-based Kalman filter (“WiKaF”) for optimal 
pedestrian positioning is presented. In Thienelt et al. (2005a and 2005b) the WiKaF concept, its system 
architecture and the integrated sensors are described. In figure 1 the multi-sensor system is shown. It 
comes from the NAVIO project (see Gartner et al., 2004) and contains a Dead Reckoning Module 
DRM III (PointResearch, 2005), a barometer PTB 220 (Vaisala, 2005), a digital compass HMR 3000 
(Honeywell, 2005) and an eTrex Summit GPS receiver (Garmin 2005). 
 
In the following the two main components of the positioning module are introduced. The knowledge 
based component is e.g. responsible for the pre-filtering process of the measurement data which includes 
a first step of outlier detection. In a further step the central Kalman filter manages the optimal estimation 
of the pedestrians position. For support in dead reckoning scenarios the filters system and measurement 







equations connect the multi-sensor output with human motion models. The combination of knowledge 
based component and Kalman filtering aims at an increasing reliability and an additional reduction of the 
inertness of the filter. At the end of the paper first test results of the positioning module are presented. 
 


PTB 220


eTrex Summit


HMR 3000


DRM III


 
 


Figure 1:  A multi-sensor system developed by Gartner et al. (2004) 
 
 
2. Knowledge-based component 
 
The central element of the position module is represented by the Kalman filter. Using the system and 
measuring equations it is possible to estimate an optimal position of the pedestrian to each epoch tk+1. 
Incorrect measurement data or an insufficient dynamic model leads to unsatisfactory results (strong 
deviations from the reference trajectory). In the ideal case the filter corrects the trajectory by itself after 
some epochs or in the worst case it leads to the failure (diverge) of the Kalman filter. The knowledge-
based component contributes to the decision making in the surrounding of the Kalman filter, in which e.g. 
roughly incorrect measuring data will be already excluded. Thereby the component supports the fol-
lowing tasks: 
 


• Pre-filtering of the sensors’ outputs 
• Choice of the motion models for description of the pedestrian’s dynamic state depending on the 


geometry of the trajectory 
• Calibration of the multi-sensor system 
• Administration of the positioning sensors 


 
Pre-filtering of the sensors’ outputs:   Parallel to data acquisition the measurement values are pre-
filtered. The pre-filtering has the task to provide adapted error models for the sensors and to eliminate 
disturbances and outliers. Besides the evaluation of measurement data this process also contains the 
determination of correction and scale factors, e.g. the declination for magnetic heading measurements or 
the step length. Essential precondition for the implementation of this process chain as a knowledge based 
system is an extensive knowledge engineering which is represented in Thienelt et al. (2005a). 







Choice of the motion models:   Using magnetic heading data the knowledge-based component 
determines the current geometrical element of the pedestrian’s trajectory: circle or straight line. This 
information is used as input for the selection of the motion model in the system equations of the Kalman 
filter. In case of a straight line the model of Wang (1997) is used. In case of a circle the model of 
Eichhorn (2005) is used. Both models will be briefly described in sections 3.1 and 3.2. The aim of this 
differentiation is to minimize overshooting effects of the Kalman filter in the case of fast turns of the 
pedestrian. Integrating an actuating variable (changes of heading) into the motion model this is achieved 
in Eichhorn (2005) for vehicle positioning with gyro data. However in our case the application of an 
actuating variable on the whole trajectory caused a disturbed progress of the estimation results. In areas 
with magnetic disturbances there also appeared a significant drift of the trajectory. These negative effects 
can be explained with the partly poor quality of heading determination in the pedestrian sensor system. In 
the system the measuring accuracy of the sensor is not the limiting factor, but the attachment of the sensor 
at the body and the movements of the pedestrian (e.g. disturbed motion, Thienelt et al., 2006). 
Consequently the more robust motion model of Wang (1997) was introduced for positioning in straight 
sections and sections with small curvature. 
 
Calibration of the multi-sensor system:   The system calibration is divided into the initialisation of the 
multi-sensor system and into diverse single sensor calibrations during its operating time for drift 
minimization. In the WiKaF-concept both calibration tasks are accomplished by the knowledge-based 
system. Among others this includes the detection of suitable points of time for a calibration and the 
determination of the new calibration quantities. A system calibration is particularly necessary in sections 
with long dead reckoning scenarios with no GPS data available. In WiKaF alternative possibilities for the 
calibration of heading and the current step length are discussed. Apart from the classical calibration of the 
step length with GPS data the determination from biometric data is examined. Biometric data can be e.g. 
size, weight and sex of the pedestrian. These quantities will be used in a knowledge-based module to 
derive geometrical quantities like the step length. 
 
Administration of the positioning sensors:   The acceptance of a mobile application strongly depends 
on its operating characteristics. This is closely linked with its available energy. The simplest way to save 
energy is to switch off all sensors, which are currently not used. Another possibility is an individual 
variation of the sensors measuring frequencies depending on the current walking scenario. For example 
an activated GPS receiver in an indoor environment is a waste of energy and substantially affects the run 
time of the whole system. Therefore the knowledge-based system will be also used for energy 
management. 
 
A knowledge-based system consists of the following major components: a knowledge base, an inference 
engine, a user interface, a knowledge acquisition tool and an explanation tool. The knowledge base is the 
most important component of a knowledge-based system and contains the relevant domain-knowledge 
which is implemented by the knowledge engineer. Knowledge engineering means the interaction between 
the knowledge engineer and the particular domain specialists to acquire all relevant knowledge from the 
domain and to implement this knowledge into the knowledge base. Special knowledge acquisition tools 
assist the knowledge engineer in this difficult work. The following process of finding the solution for a 
problem can be simplistically viewed as finding a connection between the available input factors and the 
conclusion. This is done by the inference engine. The user interface serves to establish the communication 
between the system and the end user. The explanation component helps the user to understand the 
reasoning strategy of the system. In the meantime knowledge-based systems are common in the field of 
diverse industrial and scientific applications (see Gottlob et al. 1990 and Steifik 1998). 
 
Common knowledge representation schemes are: predicate logic, production rules, semantic nets, frames 
and others. In WiKaF the knowledge base is realised as a rule based / object oriented approach. Rule 
based programming is one of the most common techniques for the implementation of knowledge. Rules 
can be used to represent heuristic expert knowledge. A rule based approach consists of two parts: a set of 
rules and a working memory. The following example is part of the working memory and is implemented 
in the software clips (see Clips, 2006): 
 
 
 
 







(deftemplate Epoche 
(slot ID (type INTEGER)) 
(slot Schritt and (type INTEGER))  
(slot DRMHoch (type FLOAT)) 
(slot DRMRechts (type FLOAT)) 
(slot eTrexHoch (type FLOAT))  
(slot eTrexRechts (type FLOAT))  
… ) 


 
In the example the cut-out of the template Epoche contains the multi-sensor data from the current 
measurement epoch and consists of 6 slots: ID (epoch), Schritt (number of steps), DRMHoch (X-
coordinate of DRM III), DRMRechts (Y-coordinate of DRM III), eTrexHoch (X-coordinate of eTrex), 
eTrexRechts (Y-coordinate of eTrex). Each slot is identified by its name and type. So e.g. the first slots 
has the name ID and the type INTEGER. 
 
As mentioned before the second part of such a system is a set of rules. A rule is divided into two parts: the 
left-hand side (LHS) and the right-hand side (RHS). In the LHS the preconditions of a rule are defined 
and in the RHS the actions. The rule will be applied if all preconditions are fulfilled. In this case the 
actions specified in the RHS are executed. More details can be found in Gottlob (1990), Steifik (1998) 
and Thienelt et al. (2005a). The following example is the clips representation of a very simple rule: 
 
(defrule AbfrageDruck 
    (Epoche(ID ?index&: (= ?index? *aktuelle_Epoche*))) 
    (DruckPTB ?DruckPTB&: (< ?DruckPTB *Schranke_Druck*)) 
  => 
    (bind ?*DruckPTB* 1) 
  ) 
 
The rule AbfrageDruck checks if a value for the pressure is stored in the current measurement epoch. 
The header contains the keyword defrule followed from the rule name. Two preconditions follow: 
 


• Precondition 1: reads the current epoch (no precondition in the actual sense). 
• Precondition 2: tests if the measurement value for the pressure (DruckPTP) is more than a 


given level (global variable *Schranke_Druck*). 
 
If both preconditions are fulfilled the global variable DruckPTP is assigned with the value 1. 
 
 
3. Kalman-filter component 
 
The multi-sensor integration of the pre-filtered raw data is focussed on the derivation of optimal, reliable 
and preferably always and everywhere available position information of the pedestrian. For this reason a 
position module with central Kalman filter for sensor fusion was developed (see Thienelt et al., 2005a). 
Taking into account theoretical assumptions concerning the current motion of the pedestrian (system 
equations) and including additional measurements (measuring equations) the filter enables in each epoch 
the optimal estimation of the state of motion. The fundamentals of Kalman filtering are described in Gelb 
(1974) and Schrick (1977). 
 
In the WiKaF prototype two different 2-D motion models are implemented. Both models are derived from 
a non-accelerated, constant circular motion (assumption for one sampling interval). Positive and negative 
accelerations of the pedestrian are assumed to be stochastic influences and considered in the disturbance 
variables of the Kalman filter. Integrating an additional measured actuating variable (change of 
orientation Δα of the pedestrian) into the motion model a reduction of the filters inertia in case of sudden 
changes of the pedestrian’s orientation can be realized. This “causal modification” is used in (Eichhorn, 
2005) for the filtering of vehicle manoeuvres in inner urban areas and country roads. In the following the 
two models are briefly presented. 
 
 







3.1. Constant circular motion without actuating variable 
 
Referring to Wang (1997) the undisturbed constant circular motion can be quantified by the following 
non-linear kinematic model: 
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With the five state quantities Y(tk), X(tk) = absolute position of the pedestrian in the reference coordinate 
system at epoch tk, α(tk) = azimuth of the motion, υt(tk) = tangential velocity of the circular motion in the 
interval [tk, tk+1) and ar(tk) = radial acceleration of he circular motion in [tk, tk+1). 
 
Deviations between reality and model assumptions are considered by two disturbance variables. In the 
system equations (1) the tangential speed υt is disturbed by a stochastic tangential acceleration w(at) and 
the radial acceleration ar by a stochastic radial jerk w( r). a&
 
The linearized disturbed system equations of the kinematic Kalman filter result as follows: 
 
  kkkkkkk wSxTx 1,1,1 +++ +=  (2) 


 
In (2) x represents the vector of the state quantities, T the transition matrix, S the disturbance matrix and 
w the vector of the disturbance variables. 
 
3.2. Constant circular motion with actuating variable 
 
Referring to Eichhorn (2005) the undisturbed “causally modified” motion model of a circular motion is 
described by the following nonlinear system equations: 
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With the four state quantities Y(tk), X(tk) = position of the pedestrian in the reference coordinate system at 
epoch tk, α(tk) = azimuth of the motion and υt(tk) = tangential velocity of the circular motion in the 
interval [tk, tk+1). 
 
In the “causally modified” motion model the change of the azimuth of the motion Δα(tk+1) is introduced 
as actuating variable and obtained from measurements (e.g. by the electronic compass of the DRM III, see 
section 1). Sudden changes in the pedestrian’s orientation can be already considered in the prediction of 







the filter. This leads to a significan damping of overshooting effects in the filtered trajectory. In this case 
only the disturbance of the tangential velocity υt by a stochastic tangential acceleration w(at) must be 
considered. The linearized system equations of the disturbed Kalman filter result as follows: 
 
  kkkkkkkkkk wSuBxTx 1,1,1,1 ++++ ++=  (4) 


 
In comparison to the pure kinematic motion model (2) this model is extented by the actuating variable u 
(= Δα(tk+1)) and its associated coefficient matrix B. 
 
 
4. Outdoor tests 
 
The following results are obtained from a scenario in a selected test area. The area is located in the center 
of Vienna with narrow streets and 5-6 floor buildings. The dense buildings are the main reason for 
frequent losses of the GPS signal and extensive dead reckoning scenarios. In figure 2 it is shown that a 
40 m long section in the Gusshausstrasse and a 50 m long section in the Karlsgasse must be passed in 
dead reckoning. 
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Figure 2:  Selected results from measurements in test area 2 


 







The right part of figure 2 shows the filtered trajectory when the WiKaF position modul is used with the 
motion models of Wang (1997) and Eichhorn (2005). In principle the shape of the reference trajectory is 
very well reconstructed. In selected sections even a track-troth allocation to the reference is reached. In 
pedestrian navigation track-troth means the correct allocation of the roadside and/or the sidewalk to the 
pedestrian. However this is lost again in dead reckoning. Nevertheless a correct allocation to the road can 
be achieved. In table 1 the r.m.s. (= root mean square) values of the filtered trajectory are presented. They 
serve as quality criterion for the absolute position accuracy. With available GPS the r.m.s. value is 
smaller than 3 m. This is also equivalent with the track-troth scenarios. In sections with poor or no GPS 
maximum r.m.s. values from 3 to 9 m are reached. 
 


Table 1:  r.m.s. values of the outdoor test area 
 


Section GPS-availability Error (r.m.s.) 


Beginning  Resselpark Very well 2 m 


Ending Argentinier Strasse Well 3 m 


Ending Gußhaustrasse No 3-5 m 


Beginning Karlsgasse Few 3-5 


Middle Karlsgasse No 9 m 
 
In the Karlsgasse (straight line with appr. 120 m) a significant drift can be identified which generates a 
maximum deviation of 9 m to the reference trajectory. The reason for this is an extented dead reckoning 
of 50 m caused by a total loss of GPS combined with a simultaneous drift of the magnetic heading sensor 
caused by magnetic disturbances (see Thienelt et al., 2006), e.g. parking cars, etc. 
 
The bottom left corner of figure 2 compares the filtered trajectory when the two different motion models 
are separately and combined used. In the separate case the overshooting of the trajectory has no 
significant influence to the really bad result. Only the combination delivers a fitting to the Karlsgasse. 
 
In the left upper corner of figure 2 the results of a filtered trajectory with the DRM III (standard module 
for pedestrian positioning) are presented. It can be recognized what happens if the GPS signal is too 
strongly weighted in an urban environment. The influence of bad GPS signals is extremely high and the 
guidance of a pedestrian becomes impossible. Consequently the quality evaluation of the GPS signals is 
of substantial importance. In WiKaF this is done by the knowledge-based component and the innovation 
test of the Kalman filter. 
 
 
5. Indoor tests 
 
The indoor test measurements were realized at our institute building. Beginning and end of the trajectory 
are the main entrances of staircases 1 and 2. The route follows staircase 1 up to the third floor, crosses the 
floor and goes down again by staircase 2. Figure 3 shows the progress of the reference trajectory and the 
filter results. 
 
The good results in the height profile are achieved by air-pressure measurements which are transformed 
by an empirical linear characteristic line (see Thienelt et al., 2006). However the determination of the 
horizontal position is much more challenging. Figure 2-1 shows the progress of the filtered trajectory in 
staircase 1. Because of the difficult spiraled structure of the staircase there are occuring significant drift 
errors. At the end of the staircase the maximum horizontal deviation is about 5-8 m. Of course this is not 
sufficient for indoor positioning which aims to room detection. 
 
The “bad guy” is the electronical compass which induces serious errors in heading. The drift of the 
heading at the beginning of the third floor is nearly random. Various test measurements show quantities 
between 15 to 60 gon. For a successful indoor guidance it is necessary to provide good initial values for 
absolute position and heading at the beginning of the scenario and to provide possibilities for a system 







update during dead reckoning. In figures 2-2 and 2-3 the effect of the introduction of absolute reference 
values at the beginning and the end of the third floor is shown. Using this additional information the east 
deviation of the trajectory reaches only 2-4 m and the north deviation 4-7 m. The bigger error in the north 
component comes from a bad step recognition on the stairways. The step recognition and the related 
knowledge-based calibration will be subject of further investigations. 
 
For the determination of absolute position information two different indoor positioning systems were 
examined. On the one hand the WirelessLAN positioning software ipos (IMST, 2004) was tested with a 
position accuracy of 1-3 m (see Retscher et al., 2006). On the other hand the use of RFID tags was 
simulated. RFID (= radio frequency identification) is a method for the non-contacting reading and storing 
of data. The data is stored in so called RFID tags (small labels). The term RFID designates the complete 
infrastructure which enables the wireless readout of information from the tag. In addition to the tag the 
system also contains a transmitter/receiver unit and the integration into an existing server system (see 
Finkenzeller, 2000). 
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Figure 3: Selected results from indoor measurements 


 
The practical use of ipos requires databases for the signal strength distribution of the WLAN access 
points for the whole building (see IMST, 2004). In a building with such an existing infrastructure the use 
of this positioning software is uncomplicated but not failure-free. The necessary calibration and creation 
of the databases is very elaborate. In addition further structural changes of the building or human 
activities may cause deviations in the calibrated signal strength patterns and have negative effects on the 
available position accuracy. The authors expect a larger reliability, accuracy and availability from the use 
of RFID tags. The suitability of the RFID technology for the integration into multi-sensor systems will be 
investigated in the next project of our institute. 
 
 
Concluding remarks and outlook 
 
The introduced approach presents a knowledge-based Kalman filter for pedestrian positioning. The 
WiKaF position module was implemented successfully and tested in selected scenarios. In this paper the 
position module itself as well as first results for outdoor (inner urban area) and indoor (institute building) 
trajectories were presented. Now future work will mainly focus on the combination of indoor and outdoor 
scenarios and the further reduction of drift effects in dead reckoning. 
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People tend to pay attention to signs rather than watching the images of buildings especially on the 
first visit in order to relate to the real world when using the mobile phone VR navigation service. We 
would like to introduce our “Sign map” to help people find their way in city areas. The “Sign map” puts 
the sign object with texture mapping of a building into a 3D model. It is a technical methodology of 
mapping that uses building attribute information to label and display appropriate sign objects.  It 
emphasizes helping the human brain to recognize the objects by display signs rather than just displaying 
the actual shape and location of signs. In addition, this method also delivers a “personalized function”.  
Personalized function is the key methodology in the ubiquitous mapping concept.  It means that the 
system understands the user’s search history, personal tastes, or requests in order to alter the display 
signs to help the user to find the destinations.   


First of all, template sign objects such as a well-known bank, convenience store, or department store 
were created. After preparing the sign objects, they were displayed on the mobile phone’s screen 
according to the attribute value of the 3D building model to which they were attached. The sign map is 
simple but retains efficient information to supply the VR navigation service via mobile phone screens. The 
sign map method at this time still remains in the prototype model stage and still needs work on its review 
and modification; however, we can present the way of displaying and modeling schemes. Also, the 
coverage sectors on the sign map will be expanded not only for commercial signs and billboards, but also 
to cover public signs and tourist information as well. Therefore the sign map studies will have to become 
more diverse at the next phase of development. 


 
Key Words; “Sign Map”, 3D model, sign object, personalized, building’s attribute value 
 
 


 
1. Introduction 
 


Realistic and uniform representation of the real world by computer graphics (CG) is in increasing 
demand in our society for such things as landscape review applications.  However landscape expression 
by CG requires buildings, trees, traffic signs, and billboards to be created as individual objects; thus not 
only making their production time-consuming, but also requiring data transformation from an original to a 
proper format creating difficulty in data handling or data reuse.  Therefore, it is normal to create those 
objects independently in a CG environment corresponding to each project or purpose. Since those objects 
created by CG are texture mapped to be mutually orthogonal against the object, they retain the possibility 
of creating a defect of visibility in flythrough or walkthrough views depending on the angle of each 
texture. Fig.2 shows how a texture is mapped onto a building object compared with actual photography 
taken on site. (Fig.1) 
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In navigation systems, the major purpose is to guide the user to the destination set-up in advance by the 
user. But in general, the strategy of representation of maps displayed on the screen varies according to 
each different system. 


Human beings perceive a scene of the real world through their eyes and convert it to a simple visual 
model in their brain to recognize it. It is considered that the human brain processes and understands what 
is necessary or unnecessary to recognize through exaggeration and simplification (generalization) of the 
visual model generated in their brain. (Morita, 2005) It is important to understand that with the limited 
surface of a PDA or mobile phone display speed efficiency are required for humans to execute in their 
brain the process of generalization of a scene in order to recognize the objects. Therefore, this paper deals 
with the general concept of the generalization of urban landscapes through signs and introduces a 
prototype of a 3D walkthrough sign map emphasizing user side context. 
 


 
 
 
 
 
 
 
 
 
 
 


        Fig 1 On site seen Fig.2 Photo realistic representation of 
the scene by CG  


 
2. What is a “sign map”? 
 


It is the technical methodology of mapping that uses building attribute information to call and display 
appropriate sign objects on the screen. It emphasizes helping the human brain to recognize the real world 
by displaying sign objects. This method also delivers a “personalized function”.  Personalized function 
is the key concept in the scheme of ubiquitous computing. The concept is that the system understands the 
user’s search history, personal tastes, or requests in order to alter the display signs to help the user to find 
the destinations effectively. 


 
 


3. Sign map creating process 
 


There are two major processes in sign map production. The first is creating a solid 3D building model 
and making linkage information (attributes) for labeling sign object(s) at each building model. The second 
is the creation of a sign object archive. Appropriate sign objects are selected from a preliminarily created 
archive through the attribute query sequence that runs according to the personal requirement. Thus 
appropriate sign object(s) are labeled for display on mobile phone or PDA terminals adjusted to the 
context of the user (Fig.3).  







3.1 Creations of three-dimensional building model  
It is important to specify in the creation phase of a 


3D building model how we assign building height (Z 
value) to the 2D building footprint. In this case, 
LIDAR elevation point data is applied as the building 
height source. The LIDAR data used retains a Z 
accuracy of ±15cm (RMSE) with about 2m point 
spacing.  We extract 1 (one) Z value from all points 
falling within the building footprint, and assign it as 
the building height. We have four alternatives for the 
Z value extraction method (Table 1). Although each 
method has its own characteristics and can be used 
for different specifications and purposes, we applied 
the mode method which usually shows stabilized 
results (Table.1). 


 
Table.1 


 
3.2 Creation of sign object  


The sign object is created in Wavefront OBJ (*.obj) format. OBJ format allows the use of group ID 
design, and it enables labeling of objects through its attribute database. Also OBJ format is an ASCII file 
that describes coordinates information and their order of circulation to each object; which allows 
attaching a sign object and changing its size freely without physically changing the side surfaces of a 
building. This flexibility and adaptability are the reasons why OBJ format was selected for this project. 
We also used 3d studio max from Autodesk for sign object creation. 
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Method Characteristic


Max


Because it selects the highest Z value within the building footprint, it can retain enough
threshold in the upper range.  However if there is a point from power lines, antennae,
conductor rods or poles above the actual buildi
may become higher than actual value.


Rate


The height values within the footprint are sorted
(%) of  height from the upper order to be assign
power lines above the actual building top surface, 
depends on the % specified by user.


Mode


It creates a histogram by height values within the
assigned.  Roof tops that have inclined or gable e
Also buildings that have multi top floors with la
height as well.


Average
It selects an average value out of all values with
points falling within the footprint,  having multi t
produse results lower than the actual height.


Fig.3 Conceptual scheme of sign map 
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4. Characteristics of a sign map 
 


The characteristics of a sign map are classified into two categories as listed below; the first category is 
related to its novelty. The second is related to its functionality. 


 
4.1 Novelty of sign map 


- Real space and map space are linked and referenced together through sign objects. 
- Its main source is signs, and they always face the user in display. 
- Through the visual exaggeration and simplification of sign objects, building objects are mapped as 


well readable and recognizable to the user. 
 


4.2 Main functions of sign map 
- Each sign has 3D pointing information (Templates of signs can be registered at the 3D coordinate 


as link information). 
- Signs are preliminarily created and registered as objects. Effective signs could be banks, 


convenience stores, department stores, fast food stores, or restaurants. 
- There is a function to avoid overriding of multiple signs in 3D representation on the display screen. 
- Personalized function allows user to display different signs based on user’s requests or generate 


signs according to user’s search history. 
- Automated display function of sign object uses building attributes to select appropriate sign 


objects. 
- Exaggerated sign display, usually taking 50% to 70% of a building object size, makes the signs 


easy to recognize. 
- It is easy to maintain the sign objects and able to reuse the objects already registered. 


 
 
5. Investigation of the effectiveness of sign map 
 
5.1 How do sign maps and CG differ? 


Having mentioned previously the novelty and functionality of the sign map, we can verify how the sign 
map, CG, and field photography are different in their characteristics. The results are shown in table.2. 
 


Table.2 
 Effects of sign map (Advantages) Field Photography CG Sign Map


Data Reusability
Production time redundancy
Maintenance manageability


Low Moderate High


Personalized display with conditional order Low Moderate High


 
 
 
 
 
 


1


2


3 Visual recognition in walk through view Low High High
 
 
 
 







5.1.1 Data reusability, Production time redundancy, and Maintenance manageability 
Field photography is difficult to handle (clipping or trimming) to use directly as sign objects. Although 


CG can simply duplicate the object using clone command, it usually requires hand-editing work in order 
to retain the quality of the object in keeping with the context; and it tends to become a time-consuming 
procedure. On the other hand, the premise of the sign map uses the sign object as a simplified model 
(symbol). And they are labeled for display through attribute information queries. The sign map method 
not only makes the production of sign objects easy and fast but also allow objects to be reused through 
simple ID information updating for each object rather than physically copying the objects or making 
object models. 


 
5.1.2 Personalized display with conditional order 


With field photography it is difficult to give conditional orders for managing its personalized display 
with ON or OFF assignment. CG can handle conditional orders for personalized display, but it should be 
set preliminarily so that objects are displayed in virtual reality model where they are ON or OFF 
according to conditions preset at a certain time and location. Therefore, with CG it is difficult to deliver a 
real time personalized display in conditional order of users. In order to resolve these difficulties within a 
CG environment, the sign map method stores building models and sign objects separately in OBJ format 
with each attribute ID. The ID helps the search process in each database and retains the attribute database 
and archive based on the information of the search and record history. Therefore, the sign map is designed 
to hold sustainability for personalized real time display. 


 
5.1.3 Visual recognition in walkthrough view 


Since field photography is taken from a given perspective angle depicting whole truth, it may block the 
things that users want to see behind objects (tree, wall, car, etc.) located closer to the user (camera). CG is 
able to omit or delete purposely unwanted objects from the data and can change the level of detail to be 
displayed according to the distance between user and objects to make a view more recognizable.  
However, as CG can change the viewpoint freely and becomes so realistic and similar to the real world, it 
starts to resemble field photography or even to give the same quality level as the real world. As what CG 
can show us today is becoming so realistic, we perhaps unconsciously may try to interpret CG views in 
the same way as we recognize real world objects. It could be the same for mobile phones or PDA devices, 
which were created as interface tools providing reference information to the real world. In other words, 
we may be doing duplicate interpretation and recognition of the real world through our own vision and 
through CG viewing devices. Therefore, it is efficient to use vision device to provide us with reference 
information to help our natural perception and recognition of the real world. The sign map does not 
pursue realistic visualization, but it emphasizes conditional visualization for users to help define the 
location. The sign map shows selected or limited information specified by the user; for example, a variety 
of shops in a building can only be displayed as sign objects defined by personal request. If there are sign 
objects located at further buildings, the system can omit unnecessary signs and will only put the requested 
sign objects to ensure easy recognition. The sign map also displays the sign object to face user. Therefore, 
as the user passes in front of the building a sign object rotates facing front to the user for easy recognition. 
Although CG can set text string rotates to face the user, the sign map is more comprehensive and a new 
method of visualization for mobile display. 


 
 







5.2 Visualization quality and capability among different models  
Although it could be subjective to grade the 


effectiveness of the sign map, we focus here on 
three different samples (Fig.5, 6, 7) depicting 
different display types to compare the level of 
effectiveness of visual recognition. Figure 5 is a 
simple plain building model, Figure 6 is a plain 
building model with sign objects, and Figure 7 
consists of a plain building model with sign 
objects and a façade view attached to the main 
buildings. Figure 6 shows more information to 
users for location and directional recognition than 
Figure 5 does. It is clear that Figure 6 shows the 
sign objects directly facing the user adding clear 
visible references. Figure 7 shows the same quality 
of information as Figure 6 does for sign objects but 
has extra texture mapping to the buildings nearest 
to the user, which represents additional contextual 
information about the site. 


Fig.5 3D model (Simple shading method)      


 
 
6. Conclusion 
 


The sign map method at this time still remains at 
a prototype model stage and requires work on its 
review and modification. However, we can present 
the way of displaying and modeling schemes. Our 
next prediction and task is to develop the portal site 
for human navigation where users can upload the 
sign imagery taken by a mobile digital camera to 
create his/her own sign objects adding favorite 
places.  Also, the coverage sectors in sign maps 
will be expanded not only for commercial signs 
and billboards, but also to cover public signs and 
tourist information as well. Therefore sign map 
studies will have to become more diverse in the 
next phase of development. 


Fig.6 Sign map (Non textured) 


Fig.7 Sign map with texture mapping (only  
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Abstract  
 


In recent years, the LBS (Location Based Service) system has become one of the most important 


technologies of the 21st century thanks to the development of ubiquitous computing system, GIS 


(Geographic Information System) and digital mapping technologies. In the LBS system, it is essential to 


provide the location information of moving objects accurately and reliably. For this purpose, we propose 


the location sensing system using active RFID (Radio Frequency Identification) tags and readers. The 


proposed location sensing system consists of active RFID tags and RFID reader devices. Each RFID tag 


is placed in a road ramp. The object coordinates of road ramps are already stored as a database in digital 


map and the road ramps placed along the roads construct the network for location sensing. In this way 


we can use the coordinates of these road ramps as reference points. To test the availability of this system, 


we designed various kinds of constrained simulations. Through experimental results, we can identify that 


the developed system can be used as an alternative to GPS in outdoor location sensing systems. Currently, 


we are focusing on field tests using real RFID tags and reader devices. 


 


Key words: RFID, Location sensing system, moving objects, road ramps 


 


 


 


1. Introduction 
 


The proliferation of ubiquitous computing system, GIS (Geographic Information System) and digital 


mapping technologies has resulted in growing interest in LBS (Location Based System) and its 


applications. In the LBS system, it is essential to provide the location information of moving objects 


accurately and reliably. Over the years, many systems have been built to automatically provide 


information of moving objects. Triangulation, scene analysis and proximity are the three principal 


서식 있음: 가운데


서식 있음: 글꼴: 12 pt


서식 있음: 글꼴: 기울임꼴


삭제됨: U


삭제됨: s


삭제됨: twenty-first


삭제됨: to


삭제됨: , thus


삭제됨: Now


삭제됨: fostered the


삭제됨: adapted 


삭제됨: provide 


삭제됨: the 







techniques for automatic location sensing. For this purpose, the current systems are generally dependent 


on the GPS (Global Positioning System) technology, a satellite-based navigation system made up of a 


network of 24 satellites placed into orbit. However, as it is satellite dependent, GPS has an inherent 


problem in terms of accuracy when determining the location of moving objects  located inside buildings 


or in the middle of massed building sites.  


 


To compensate for these limitations, we propose the location sensing system using active RFID (Radio 


Frequency Identification) tags and readers as an alternative to GPS. There are several advantages when 


using the RFID technologies in LBS system compared with other types of location sensing technologies. 


First of all, the most significant advantages of common among all types of RFID systems is the no contact 


and non direct line-of-sight nature of this technology. Also, all RFID tags can be read despite extreme 


environmental factors, such as snow, fog, ice, paint and other environmentally challenging factors. 


Furthermore, the RFID system can work at remarkable speeds because tags can be read in less than a 100 


milliseconds. The other advantages are its promising transmission range and cost-effectiveness.  


 


In this paper, we designed location sensing system which is made up of active RFID tags and RFID 


reader devices. Each RFID tag is placed into a road ramp. The object coordinates of road ramps are 


already stored as a database in digital map and the road ramps placed along the roads construct the 


network for location sensing, thus we can use the coordinates of these road ramps as reference points. 


Furthermore, in this system, active RFID tags can be supplied with operating power from road ramps. 


Each moving objects has a RFID reader and received signals and coordinates of road ramps from active 


tags. Then, the coordinates of a moving object are determined in real-time using the TDOA (Time 


Difference of Arrival) algorithm. To test the availability of this system, we designed various kinds of 


constrained simulations. In the simulations, the number of used active tags, the transmission interval of 


RFID reader devices, and the speed of moving objects are considered as constrained factors. Through 


experimental results, we found that the developed system can be used as an alternative to GPS in indoor 


or outdoor location sensing systems for obtaining information about moving objects.  


 


 


2. Methodologies 
 


To determine the location of moving objects, we applied the TDOA algorithm. It is a method for 


measuring reach-time of signal that is transmitted from reference points to moving objects. In this 


methodology, signal propagation time is used instead of absolute time. Once we can obtain the difference 


in signal propagation time, we can find the hyperbolas that have two reference points as focal points. The 


location of the moving object is an intersection point of these hyperbolas. Fig. 2 shows the location 


determining concept of TDOA algorithm.  
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Fiure 1. The location determining concept of TDOA algorithm 


 


Based on the TDOA algorithm, we designed a location sensing system using RFID readers and tags. As 


mentioned above, we used RFID tags placed on the road ramps as reference points and the location of the 


moving object were determined using signal propagation time measured by the RFID reader on the 


moving object. Also, to test the feasibility of the system, we conducted several simulations with three 


constraints; the number of used active tags, the transmission interval of RFID tags and the speed of 


moving objects.  


 


 


3. Experiments and analysis 
 
3.1 Data description  


 


In this study, the aerial photos were used to choose the test area around Deajun, South Korea. The 


location information of road ramps was extracted from digital cartographic map to form reference 


network of the test area. Fig. 3 shows the target area and fig. 4 shows the network of road ramps used in 


this experiment, respectively.  
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Figure 3. Target area of the study 


  


 


Figure 4. Target area overlapping with locations of road ramps 


; redline shows the route of moving object used in the study 


 


3.2 System setup  


 


Each moving object has a RFID reader and received signals and coordinates of road ramps from active 


tags. The coordinates of a moving object are determined in real-time using the TDOA algorithm. The 


mobile unit or tag sends a radio message that is received by the RFID Reader of a moving object. Each 


reader records the Time of Arrival (TOA of the same message with an accuracy of ~1 nanosecond). In our 


proposed system, the RFID reader's operating frequency was 125 MHz. It also has an 802.11b interface to 


communicate with other machines. Table 4 shows the specification of RFID devices used in this system.  
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Table 1. Specification of proposed system 


System  RFID Real Time Location System 


Maker  AeroScout 


Composition  Location Server / Receiver / Tags 


Feature 


 - Performance (outdoor): 200m (600 feet) 


 - Wi-Fi (IEEE 802.11 b/g)   


 - TDOA method 


 


To test the feasibility of the proposed system, we designed various kinds of constrained simulations. In 


the simulation, the number of used active tags, the transmission interval of RFID tags, and the speed of 


moving objects were considered as constrained factors. Table 2 provides the description of the designed 


simulations 


 


Table 2. Designed simulations 


case object velocity transmission interval number of tags 


case 1 man 4km/h 1 sec 4～8 


case 2 man 4km/h 5 sec 4～8 


case 3  car 60km/h 1 sec 4～8 


case 4 car 60km/h 5 sec 4～8 


 


3.3 Experimental results 


 


One of our goals is to find a suitable number of RFID tags for real time location sensing. We tested the 


system by increasing the number of tags from 4 to 8 and computed coordinates of moving objects which 


are man and car, respectively. Fig 5 shows the experimental result under this condition. 
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Figure 5. Errors of cases when increasing the number of tags from 4 to 8 


 


In the results, we can see that the RMSE of estimated coordinates of mowing objects decreased as the 


used number of tags increased. Especially, when the used number of tags increased from 4 to 5, the 


RMSE decreased significantly. When more than 5 tags were used, the change in RMSE was not 


significant. Meanwhile, it increased memory and processing overhead of the system. Therefore, we can 


conclude that the best number of tags is 5 for real-time localization of moving objects. 


 


Next, to identify the effect of transmission time on the system, we conducted an experiment by changing 


the transmission time of tags from 1 to 5 seconds. When the transmission time was set as 1 second, it 


showed a slightly better accuracy than that set at 5 seconds for every case. However, it required five times 


greater power when setting up the transmission time as one second than as five seconds (See Table 3). 


Therefore, we can conclude that the transmission time of tags should be set as 5 seconds to achieve 


maximum efficiency of the system. 


 


Table 3. Battery replaceable (day) 


battery replaceable 


1 channel 3 channel transmission interval


1 transmission 2 transmission 1 transmission 2 transmission
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1 sec 64 33 22 11 


5 sec 275 151 104 54 


10 sec 464 275 195 104 


30 sec 850 599 463 275 


1 min 1076 850 700 463 


 


Finally, Fig. 6 shows the trajectory of moving objects when using five tags and setting up the 


transmission time as 5 seconds. 
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(b) 


Figure 6. The trajectory of moving objects; blue line indicates the reference route, red lines in (a) 


and (b) indicate trajectory of moving objects of which speed is set as 4km/s and 60km/s respectively 


 


 


4. Conclusions and future works 
 


In this paper, we presented a location sensing system using RFID readers and tags. In the system, the road 


ramps have been chosen as references on which the RFID tags were placed. Then, to test the feasibility of 


the developed location system, we conducted several experiments using three constraints which are the 


number of used active tags, the transmission interval of active RFID tags and the speed of moving objects. 


The outcome of these experiments are summarized as follows. 


- From the simulation test, we determined that the appropriate number of active tags for determining the 


location of moving objects in one session is five. 


- Considering the power efficient of the system, it is appropriate that the transmission time of tags is 5 


seconds. 


- Under the proposed system,it is not necessary to have a large number of expensive RFID readers 


because there was no problem with using cheaper RFID tags as references in our experiments. Thus, it is 


worth mentioning that the proposed system can be built more economically than existing location sensing 
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system using RFID readers and tags. 


- Finally, the developed system designed using RFID readers and tags can be used as an alternative 


location sensing system of GPS system. 


- Currently  we are focusing on the field test, using commercial RFID tags and readers. 
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Abstract: Wayfinding assistance, such as route planning or navigation assistance systems, can benefit 
from the integration of individual previous environmental knowledge. To enable applications to use this 
information, it has to be utilized first. Places and paths which are known and meaningful to a user can be 
partially identified within spatio-temporal patterns acquired from location sensor data. In this 
publication we will present a series of algorithms to identify, extract and maintain individual previous 
environmental knowledge from location data streams. We will focus on paths and segments as structural 
elements and rely on the methods of a previous publication on place extraction.   
 
Keywords: Individual Wayfinding Assistance, Personalization, Knowledge Extraction and Representation 
 
 


1. Introduction 


Current wayfinding research usually addresses the question of how people navigate, orientate and how 
they can be supported in unfamiliar environments. This scenario is important to understand the underlying 
concepts of wayfinding and to identify general principles applicable in wayfinding assistance. However, 
in everyday life we usually perform wayfinding tasks in partially (not every place and path is known) 
familiar environments (e.g., if we look for the address of a particular doctor, shop or agency). Recently, as 
the location awareness of mobile devices has constantly increased, people have been interested in 
analyzing location data to extract spatial user profiles for location-based services or diary applications 
(e.g., [Ashbrook&Starner 2003; Hightower et al. 2005; Liao et al. 2004]). However, only very few 
contributions attack the question of how familiarity with an environment and its mental representation can 
be captured, represented, and used for wayfinding assistance (e.g., [Patel et al. 2006]).  
Wayfinding assistance systems have a common default assumption of first-time novel users with no 
knowledge of the present environment. This assumption does not lead to wrong results, but it disregards 
cognitive and representational benefits for the user. If a system knows about the “spatial signature” (a 
unique set of places like a user's home, his work, his grocery, the kindergarten of his kids, etc.) of a user it 
can use this previous knowledge as a reference frame for personalized assistance. Integrated in a mobile 
device, like a mobile phone, such an assistance system can generate location sensitive route directions and 
maps based on individual reference points, a user's meaningful places, and paths between them. 
 


2. Benefits of Integration of Previous Knowledge 


The integration of previous environmental knowledge in wayfinding assistance offers several benefits:  
- Information Reduction and Implicit Reassurance: If a path from place A to place B is well known 


to the user, he will not need a detailed description and can rely on his previous knowledge. 
- Effective Map and Direction Generation for Mobile Devices: Directions and maps can be reduced 


to a fraction of “naive” results without losing relevant information. Mobile mapping will benefit 
from this property: maps can be adapted by translating the degree of familiarity to the displayed 
level of detail; those parts of a route, which the user has good knowledge on, can be displayed 
with less details (i.e. highly schematized), and parts with no or little knowledge can be displayed 







in detail. This transformation is related to Agrawala's activity based map transformation 
[Agrawala&Stolte 2001]. A straightforward approach for destinations near reference points is to 
simply display the reference point and the unknown part of the route (as in  fig. 3).  


- Display-free Navigation and Knowledge Acquisition: Relying on previous knowledge, users do 
not need to stick to displays or maps; hence, their knowledge acquisition of the environment is 
fostered [Krüger et al. 2004]. Users are supported through regionalized navigation which relies on 
their known regions and places ([Wiener et al. 2]). Furthermore, users can acquire new 
environmental knowledge faster through relating new locations to previously gained knowledge.  


- Rapid Access to Maps: If maps integrate individual meaningful places, map understanding will be 
more intuitive (e.g., “Place A is only a few streets from Peter's house.”). Couriers, taxi drivers, 
disaster managers, or emergency car drivers, i.e. people who need rapid access to spatial 
information, will benefit from such knowledge integration.  


 


3. Previous Environmental Knowledge 


Literature on familiar environments has a great consensus about the involved entities of representations 
[e.g. Lynch 1960, Lovelace et al. 1999] and a good understanding (but less of a consensus) how 
environments are familiarized. Previous environmental knowledge is built-up and fed by different sources 
and senses. Knowledge is not only assembled from direct perception during locomotion, also external 
sources like maps and their highlighted features, videos, photos or information gained from conversations 
with other people will build concepts of the environment before they are actually perceived [see a 
discussion in Richardson et al. 1999]. These mechanisms are interesting, as they implicitly mean that 
features in an environment will become meaningful if they are particularly highlighted. But they also 
define the demarcation of intention and possibility: We are interested in estimating previous 
environmental knowledge by analyzing the movement patterns of an individual from location sensor data 
(like GPS receivers). From this source it is impossible to estimate knowledge which is achieved from 
different sources like previous map consultations.  
The level of familiarity with a certain part of the environment describes how good an individual knows 
the relationships of the spatial entities contained in this region. The more relations are known the more 
complete is the knowledge, and vice versa, if no relations are known, no knowledge is present. Any 
system built on previous environmental knowledge will have to consider the individual level of the 
previous knowledge of its users. Due to the individual local experiences and additional knowledge 
acquisitions, it is problematic to judge the level of knowledge reliably. In this work we will focus on the 
estimation of the individual level of knowledge, i.e. the semantics of a place as a result of syntactic 
pattern analysis.  
If we consider learning an environment as an instance of a general learning task, we can pragmatically 
argue from basic learning theory [Anderson 2006], which leads us to the basic assumptions of this work: 


- The more often an individual visits a place, the more meaningful it is to her. 
- The more time a individual spends at a place the more meaningful it is to her. 
- The more meaningful a place is to an individual, the better it qualifies as a reference.  


We will further apply these assumptions to the paths between places. Consequently, the more often a path 
is traveled the better an individual will know it. This does not necessarily apply to all entities along a 
route. We will have a better concept of salient features and – more important for this work – places we 
connect with recurring activity. Examples are turning at junctions or usual stops at traffic lights in 
contrast to an arbitrary building along the route. This assumption is substantiated by the longer duration 
spent at such places compared to other places on the route as well as their intrinsic distinguishable 
meanings. There are indications that the modality of transportation affects the perceiving of the 
environment: Active locomotion (e.g. driving a car by oneself, riding the bike, walking) and its inherent 
direct examination of the environment assist the absorption of environmental features. Passive locomotion 
like riding a bus, underground, or train can affect environmental learning. At this stage of this work, we 
will not consider effects like this. 
 


4. The Spatial Signature: Places, Segments and Paths 


The common elements in literature about spatial pattern extraction and modeling are places and ways (or 
paths). They are used as the main building blocks for any application built on extracted location data. To 







clarify the terms, it is important to differentiate between the terms location or position and the concept of 
place: location and position refer to geographic coordinates (see Fig. 1), whereby places are spatially 
extended locations with a distinct semantic meaning within its spatial context. “Spatially extended” 
denotes the proposition that a place does not address single coordinates (which can be of arbitrary 
precision), but always a “blurry” area, thus a fuzzy set of coordinates. This area is neither restricted to the 
dimensions of the spatial entity nor exclusive.  
The semantics or the meaning of a place is expressed via labels. Labels are user-centric, personal and 
individual expressions of what meaning a place has to an individual. Beside common knowledge places 
(like a parliament, swimming pool, shopping mall) there are many places which are only meaningful to a 
comparatively small number of people. Tenements, for example are usually only meaningful to people 
who live there or who know people living there. Places can have diverse and dynamic semantics, like 
office buildings housing different companies or music clubs with regularly changing program. 
Furthermore, also the role of the individual can imply different labels, e.g. a horse stable that can be a 
workplace or a place for leisure-time activities.  
   
  


 
 
 


The meaning of and the familiarity with a place is usually determined by the activities and experiences a 
person establishes to the particular place. This is further driven by the frequency and durations of visits at 
a particular place. The more often a place (e.g. the workplace or the weekly fitness club) is visited and the 
longer the spent durations are, the better the conceptualization of this place will be [Anderson 2006]. The 
intensity of the local experiences is also a crucial parameter for the conceptualization of a place (e.g. the 
church where a person got married). We will further categorize places into major places and minor places. 
Major places are (assumed) conscious main references in an individual’s conceptualization of the 
environment. Either they are places where an individual spends measurably more time than at other 
locations or has made particular experiences at. Minor places in contrast, refer to structurally interesting 
places: a typical minor place is visited very frequently for only short durations (e.g. a usual stop at a 
traffic light along a frequently traveled route). A minor place is conceptually only meaningful, if it is 
“visited” regularly or if it is an important decision/connection point (e.g. the branching of an important 
path into other paths). Fig. 2 shows a place with the required elements for this work: the centroid (which 
is the location of the place), the type of the place (major and minor), the mean duration spent and how 
often it has been visited so far. The fields for the first visit and the last visit are important for the 
judgment of the up-to-dateness of the represented knowledge: the more recently the acquired knowledge 
was reinforced, the better it will serve as a reference. If the last visit was a long time ago, we consider 
“aging-effects” to the knowledge: the place or segment will suffer losses in terms of referenceability.    


Fig. 1: Definition of a location Fig. 2: Definition of a place  Fig. 3: Definition of a segment  


A basic assumption of this work is that people usually do not just wander around, but travel 
(intentionally) from a (major) place A to a (major) place B, whereas B can be equal to A. This implicitly 
means that trips typically do not address minor places as starting points or destinations but major places. 
Consequently, a path is a traveled path between two Major Places. A path can contain other ways from 
and to different major places. Furthermore, a path is built upon segments which contain exactly two 
places and the track points between them (see Fig. 3).  
We call the set of all major places, minor places, paths and segments of a person to be her spatial 
signature. The spatial signature expresses the basic elements of previous environmental knowledge.  
 







5. Extracting and Estimating Previous Environmental Knowledge 


Previous environmental knowledge is partially embodied in the movement patterns of people. If we 
analyze the paths people usually travel and the places people usually visit, we can extract spatio-temporal 
coherencies which can be interpreted as an expression of environmental knowledge. Since the location 
awareness and the computational properties of everyday devices like mobile phones constantly evolve, 
we are able to analyze traces on a constant daily basis. As it is not suitable to record and analyze a 
personal location dataset once - individual environmental knowledge is situational, dynamic and a matter 
of constant change – we approach a compact, optimizable and always up-to-date knowledge 
representation.  
The input for the automatic mining and interpretation of movement data is the output of location sensors 
like the data received from GPS sensors. Although the technology rapidly evolves and the accuracy of the 
measurements constantly enhances, sensor noise will always be a concomitant phenomenon of the 
measurement process. The sources for noisy GPS measurements are manifold and range from weak 
energy supply of the receiver to signal distortions caused by urban canyons or trees. There is a quality 
indication encoded in the GPS signal itself, but the expressiveness of this value is only of slight 
usefulness for our task. We know that the signal is not very good and what accuracy we can expect, but 
nevertheless we have no better measurement at hand.  
For this reason we have to develop and apply strategies to successively correct, optimize and validate the 
results of the analysis processes successively by a combination of old and new measurements. The 
optimization of recognized places, which are dense spatial clusters, can be obtained by computing the 
centroid of the corresponding cluster. The centroids of very close clusters (potential spatial discrepancies 
of the same place) can be merged according to their weight. This approach cannot simply be transferred 
to records representing paths as they have a relatively smaller amount of records for each point. They 
require representations and algorithms which are able to process and manipulate the incoming data 
on-the-fly, and relating them to an existing relatively sparse model of traveled paths. In the following 
section we concentrate on extracting, updating and representing paths from a location data stream.  
 


5.1 Extracting and Accessing Previous Environmental Knowledge 


The extraction of meaningful places is the backbone of a personalized navigation system. There are a 
series of publications dealing with the problem of mining spatial patterns from location logs. In 
[Schmid&Richter 2006] the authors introduce a different approach on extracting and handling location 
data. The introduced algorithm IDENTIFY-PLACES is based on data streams instead of collections of 
log files, is adaptive to the movement behavior of the user and provides mechanisms for implicit data 
cleaning. The only granularity parameter which has to be adjusted manually is the desired minimal 
duration time spent at clusters to be classified as a “place”. The spatial range is defined by the average 
movement-speed of an individual: every two subsequent records are assumed to define a movement if 
they are cluster-unbound. This method prohibits a constant minimization of the recognition threshold and 
avoids “cluster-pulling” (the effect of creating a series of subsequent and connected lower bound clusters), 
when the velocity is very low. But it still allows the recognition of places on a very fine level of 
granularity. The velocity of the last n samples is used for data-cleaning in case of weak or distorted 
signals: from the progression of the velocity within the last n samples it checks the plausibility of the 
received values and ignores and balances them accordingly. The extracted information about places is 
further consolidated by merging neighbored places. Due to the noisy nature of GPS signals and the 
possible detachment of the device from the user (e.g. a lost or forgotten mobile phone), every place has to 
be reinforced and thus confirmed by a number of visits. Major places have to be reinforced less often, 
whereby minor places have to be confirmed on a frequent basis (e.g., we assume that only if a person 
stops regularly at the same traffic light she will establish a proper conceptualization of this place).  
The integration of places in personalized wayfinding assistance is only meaningful if the user knows how 
to get from A to B and if the system knows how well the user knows this particular route. We have to 
focus on the extraction and representation of traveled paths with the same concentration as for places. We 
start by using the place recognition functionality as an input for the path recognition. The path recognition 
will benefit from the preprocessing of the place identification (data cleaning and reduction and partial 
classification) and will process only the remaining parts of the stream (as only they can be paths). The 
incoming data samples will be investigated on their possible membership of existing paths. As paths are 
represented as an ordered list of segments, we have to check if a known segment contains the current 







sample or a track point in a small distance to it. In order to perform this search efficiently, the underlying 
data (if existent) has to be prepared accordingly. An even distribution of track points (the control points) 
of a segment further facilitates local modifications (i.e. curve optimization), always based on real 
measurements and not on interpolated data.  
 


5.1.1 Even Control Point Distribution 


These basic properties are implemented in algorithm ADD-TRACKPOINT (see Algorithm 1). As 
arguments it requires the last subsequent track points Cn-1, Cn as well as the current segment it is working 
on (the control of the actual segment is provided by higher level algorithms). The last accepted track point 
Cn-2 is acquired from the current segment.   


Fig. 6: Path overlay with 
geometric constraints and 
underlying  known path 


Fig. 4: Typical distribution of 
location data samples defining 
segments and places 


If the distance between Cn and Cn-1 is larger than the allowed threshold value corridor width (which 
defines the maximal valid extension of a path), both points will be added to the segment. To ensure 
further control, we bridge the too large gap by interpolating new control points between Cn and Cn-1 such 
that for each two subsequent points Ci> Cn-1, Ci+1<Cn, dist(Ci, Ci+1)≤ corridor width. Otherwise we check 
if Cn-1 is required at all (steps 6-7): if not it will be ignored, otherwise it will be added. The necessity of 
Cn-1 depends on geometric or distributional essentiality. As a result we obtain a segment with evenly 
distributed track points (which can be denser at parts having important geometric properties). The 
geometric veridicality depends on the sampling rate of the data stream as well as the resolution defined by 
the corridor width: the higher the sampling rate, the denser is the incoming data (1 sample/sec means a 
higher input frequency than 1 sample/60 sec). The necessity of a single sample itself depends on the 
resolution (representation density), defined by the width of the corridor around a segment; the broader the 
corridor the more inaccurate the resulting representation will be. This property contains a trade-off: the 
narrower the corridor, the weaker the recognition rate in case of imprecise signals. This also results in 
numerous (eventually needless) local optimizations. On the other hand, if we define a too wide corridor, it 
might overlay neighbored segments or will not be optimal in terms of geographic veridicality, which 
makes integration in geographic data more difficult. 


Fig. 5: Resulting reduced and 
interpolated segment with minor 
(medium dots) and major (big 
dots) places 


 


Function: ADD-TRACKPOINT (Cn-1, Cn, currentSegment, corridorWidth) 
Input:  Subsequent Trackpoints Cn-1, Cn, where Cn-1 is subsequent to lastTrackpoint∈currentSegment, currentSegment is the 


segment the points are added to, the corridor distance corridorWidth of currentSegment  
Output:  Will return the  


 
1. Cn-2  lastTrackpoint∈currentSegment 
2. if (getDistance(Cn-1, Cn) ≥ corridorWidth) 
3.  currentSegment  addTrackPoint(Cn-1) 
4.  currentSegment  interpolate and add new Trackpoints between Cn-1 and Cn 
5.  currentSegment  addTrackPoint(Cn) 
6. else if getDistance(Cn-2, Cn) < corridorWidth ∧ Cn-1 = important for geometry 
7.  currentSegment  addTrackPoint(Cn-1) 
8. return currentSegments 


 
 
Algorithm 1: ADD-TRACKPOINT 







5.1.2 Creating and Updating Segments 


The creation of a new segment is crucial if a series of incoming samples can not be associated with an 
existent segment. CREATE-SEGMENT (see Algorithm 3) creates a new segment from a list of 
subsequent samples using the functionality of ADD-TRACKPOINT for representation optimization. As a 
segment has to consist of two places P1, P2 and the track points between them, the first recognized place 
will be set for both variables (step 2). This results in a segment which starts and ends in the same place, 
which excludes it from referencing it in a path (which consists of an ordered list of segments). This is 
consistent with the definition of a segment and the implicit referencability, which is based on places 
(minor or major) and not on segments. 
 
 


 


Function: UPDATE-SEGMENT (CLDS, currentSegment, CB, corrWidth, DB) 
Input:  The segment currentSegment, which is checked for updates, the correspondence buffer CB consists of trackpoint 


pairs CSi, CLDSi where CSi∈currentSegment and CLDSi∈LocationDataStream. CSi is the trackpoint of 
currentSegment with the minimal distance to CLDSi. corrWidth is the corridor width of the segment. 


Output:  The current Segment 
Side-Effects: Will alter the contents of CB and DB 
 


1. corrCS  select CS∈currentSegment such that the distance from CLDS to currentSegment is minimal. 
2. if getDistance(CLDS, corrCS) < corrWidth  
3.  for all CSi, CLDSi ∈ CB 
4.   select and remove next CSi, CLDSi ∈ CB 
5.   CS ∈ currentSegment ≡ CSi  compute weighted mean coordinates based on CSi, CLDSi 
6. else if CB can hold more elements 
7.  CB  CB ∪ (CLDS, corrCS) 
8. else CB capacity is exhausted 
9.  if (∀CLDSi ∈ CB ∃CSi ∈ Wj ∈ DB such that getDistance(CLDSi, CSi ∈ Wj) < corrWidth ) 
10.   currentSegment  Wj ∈ DB 
11.   CSi∈ CB  CSi ∈ Wj 
12.   for all CSi, CLDSi ∈ CB 
13.    select and remove next CSi, CLDSi ∈ CB 
14.    CS ∈ currentSegment ≡ CSi  compute weighted mean coordinates based on CSi, CLDSi 
15.  else     
16.   currentSegment  CREATE-SEGMENT(CLDS1∈ CB, ∀CSi ∈ CB) 
17.   DB  DB ∪ currentSegment 
18. return currentSegment 


 
 
Algorithm 2: UPDATE-SEGMENT 
 


The tracking of incoming samples and the bonded identification and updating of the corresponding 
segments is performed in UPDATE-SEGMENT (see Algorithm 2) This function requires the current 
sample CLDS, the current segment (provided by a higher level algorithm). Further, it requires a 
correspondence buffer CB, which is an ordered list of pairs consisting of subsequent samples and their 
corresponding track-points in the current segment. The correspondence itself is defined by the distance 
between the sample and its track-point counterpart: the point of the segment which has the minimal 
distance to the viewed sample is its corresponding point of the segment. It is not required that the 
relationship between a sample and and segment element is unique: multiple samples can have the same 
corresponding point within the segment. CB itself is managed by higher level algorithms, such that its 
content outlasts this function. CB stores the last i samples (and their counterparts) up to the size n of CB 
where dist(CLDSi, CSi∈currentSegment) > corridor width, thus the minimal distance of the sample to the 
segment is larger than the allowed threshold value. If the capacity n of CP is exhausted, UPDATE-
SEGMENT assumes that the contents of CP form a new segment or belong to another known segment. If 
no corresponding known segment can be identified, the connection-point bridging the old segment with 
the new one is classified as a minor place and the new segment is created accordingly (see steps 16-17). If 
a corresponding known segment can be identified, it will be updated with the contents of CP (after 
creating new correspondences, see steps 9-14). If the contents of CP drop below the threshold corridor 
width before the capacity n is exhausted, CP is assumed to be a part of the current segment. In this case, 
the segment will be updated and optimized by means of the correspondences in CP (see steps 2-5). At the 
end of the function the current segment (new or known) will be returned to the higher level algorithm.  







 


 


5.1.3 Adding Places to Segments 


As segments (and on a higher level paths) are only meaningful if they reference places, a functionality to 
add new places to existing segments is crucial. A segment addresses by definition two places P1 and P2. If 
a newly extracted place Pnew (minor or major) is assigned to an existing segment S which contains two 
places P1-old ≠P2-old it has to be replaced by the two segments S1-new, S2-new such that (P1-old, Pnew)∈S1-new, 
(Pnew, P2-old)∈S2-new (steps 8-18 in ADD-PLACE, see Algorithm 4). If P1-old ≡P2-old, we have to differentiate 
between two situations: If Pnew is subsequent to the last track point of the segment, P2-old will be replaced 
with Pnew. Otherwise we have to introduce two new segments S1-new, S2-new such that (P1-old, Pnew)∈S1-new, 
(Pnew, Pnew)∈S2-new (see steps 3-9). Finally, the current segment (new or known) is returned. 
 


Function:  CREATE-SEGMENT (P, TP) 
Input:  A Place P and a list of trackpoints TP 
Output:  Returns a new segment 
 


1. newSegment  null 
2. newSegment  newSegment ∪ (P, P) 
3. for all TPi∈TP do 
4.  newSegment  ADD-TRACKPOINT(TPi, TPi+1, newPath, defaultCorridorDistance) 
5. return newSegment 


 
 
Algorithm 3: CREATE-SEGMENT 


Function: ADD-PLACE (S, P, TPP-1, TPP+1, DB) 
Input: A place P and a segment S, the last cluster unbound trackpoint TPP-1 “before”(<) P, the first trackpoint 


TPP+1”after”(>) P. The set of all places, segments and ways DB. 
Output:  The modified segment S 
Side-Effects: Will update, add and alter Si∈DB, Paths Wi∈DB 
 


1. split  false 
2. newP2  P 
3. if (P1∈S ≡ P2∈S) 
4.  if (TPn ∈S < P) 
5.   split  true 
6.   P2TP+1  P 
7.  else P2∈S  newP2 
8. else split  true 
9.  newP2  P2∈S 
10. if (split = true)  
11.  STP-1  (select all track points TP0, TP1, …TPP-1 ∈S) ∪ (P1, P) 
12.  STP+1  (select all track points TP P+1, TPP+2, …TPn ∈S) ∪ (P, newP2) 
13.  WS  select all Paths Wi∈DB where S∈Wi 
14.  for all Wi∈WS do 
15.   remove S∈Wi and replace with STP-1, STP+1 
16.  DB  remove S from DB 
17.  DB  DB ∪ (STP-1, STP+1) 
18.  S  STP+1 
19. return S 


 
 
Algorithm 4: ADD-PLACE 
 


5.1.4 Bringing it all together 


To avoid losing the big picture of extracting, updating and extending segments, the algorithm 
MANAGE-SEGMENTS (see Algorithm 5) illustrates how all functionality can be plugged together and 
attached to IDENTIFY-PLACES in [Schmid&Richter 2006]. Steps 1-6 are responsible for the 







initialization of necessary variables. Their values have to outlast the actual current computation cycle. 
This means, they have to be managed from the outside. MANAGE-SEGMENTS works as follows: if the 
new arriving sample TP is a known place, the corresponding segment will be selected and tracked via 
UPDATE-SEGMENT (steps 10-12). If TP is a new place and no current segment is identified so far, it 
selects a segment S from the set of all places and segments DB where we can find a trackpoint TPs∈S 
with minimal distance to TP. If the distance of TP and the next subsequent samples is below the threshold 
value corridor width, we assume that the last samples belong to S. In this case UPDATE-SEGMENT and 
ADD-PLACE are called with proper parameterization (see steps 13-15). If TP is a new place and no 
corresponding segment can be identified, a new segment will be created and tracked (step 16).  If TP is 
not a place and no corresponding segment S can be identified, it initializes minDist with the minimal 
direct distance to the closest segment. MANAGE-SEGMENTS will try to create a new segment, which is 
only possible if a new place is identified. If the distance between the original distance measurement 
sample and the current sample is equal to minDist, we have to check if we connected the closest known 
segment. If not, minDist will be re-initialized and the process starts again.  If TP is assumed to belong to a 
known segment (as a place or a trackpoint), it will be directly processed in UPDATE-SEGMENT. 
 


Algorithm: MANAGE-SEGMENTS (TP,  DB) 
Input: A set of places P, segments S and paths W, DB. The current trackpoint or place TP. 
Output: void 
Side-Effects: Will update contents of DB (segments, paths) 
 


1. trackpointBuffer  trackpointBuffer ∪ TPn 


2. correspondenceBuffer CB  [n][2] 
3. isNewSegment  false 
4. minDist  0 
5. TPnew  null 
6. currentSegment  null 
7. if (isNewSegment = false) 
8.  if (currentSegment = null) 
9.   if TPn is a place  
10.    if TPn∈Si∈DB 
11.     currentSegment  select Si∈DB sucht that TPn ≡ (P1∈Si∨ P2∈S)  


                   ∧ getDistance(TPm-j∈Si, TPn-i∈trackpointBuffer) is minimal 
12.     currentSegment  UPDATE-SEGMENT(TPn, currentSegment, CB, corridor width, DB) 
13.    else if TPn or the elements of trackpointBuffer are elements of an existing segment Si∈DB 
14.     update Si with {TP0, TP1, ..TPn-1}∈ trackpointBuffer and wait for TPn+1  
15.     currentSegment  ADD-PLACE (Si, TPn, TPn-1, TPn+1, DB) 
16.    else currentSegment  CREATE-SEGMENT(TPn, trackpointBuffer) 
17.   else if TPn∈Si∈DB, such that getDistance(TPm∈Si, TPn∈trackpointBuffer) ≤ corridor width 
18.     currentSegment  UPDATE-SEGMENT(TPn, Si, CB, corridor width, DB) 
19.   if (currentSegment is a new segment) 
20.      isNewSegment  true 
21.    minDist compute distance to closest segment 
22.    TPnew  closest point of currentSegment to closest segment 
23. else 
24.   if getDistance(TPnew, TPn) < minDist 
25.    if(TPn is a place) 
26.     currentSegment  ADD-PLACE(currentSegment, TPn-1∈trackpointBuffer, TPn, TPn, DB) 
27.    else currentSegment  ADD-TRACKPOINT(TPn-1∈trackpointBuffer, TPn, currentSegment, corridor width)
28.   else if (TPn is element of a segment Si∈DB)  
29.    currentSegment  ADD-PLACE(currentSegment, TPn-1∈trackpointBuffer, TPn, TPn, DB) 
30.    currentSegment  ADD-PLACE(Si∈DB, TPn-1∈trackpointBuffer, TPn, TPn, DB) 
31.    if (currentSegment is a known segment) 
32.     isNewSegment  false 
33.   else minDist compute distance to closest segment 
34.    TPnew  closest point of currentSegment to closest segment 


 
 
Algorithm 5: ADD-TRACKPOINT 







5.1.5 Classifying Places and Segments 


The functions and algorithms outlined above only work with fully classified data or assume that the data 
will be classified at a higher control level. They do not provide any usage functionality for the treated and 
generated segments and places. This means, every place and segment updated, integrated or created is 
assumed to be qualified as a reference in the particular spatial signature. As the reinforcement of 
estimated previous environmental knowledge is a fundamental postulation of this contribution, we have to 
employ further classifications, either on the algorithmic or on the representational side. We will have to 
cope with a dynamic, constantly evolving and partially degenerating knowledge structure. Fig. 7 
illustrates what functionality we have provided so far and indicates what a required knowledge structure 
looks like. The top level illustrates the samples of a data stream and its structural elements (segments, 
places). The second level depict the structural classification into segments and places as described in the 
algorithms in [Schmid&Richter 2006] and in this work. The third level depicts the knowledge model 
which has to be maintained by further, logically higher levels. The middle part of the knowledge structure 
shows the part of the extracted knowledge, the system assumes the user is aware of. The left part depicts 
places and segments which have not been confirmed properly, but are already classified as the 
accordingly elements. The right side illustrates “aged” knowledge, thus knowledge which has not been 
reinforced for a long time. It is still present, but might need more detailed description in an externalization.    
 
 


Fig. 8: Integration of a previous 
environmental knowledge (see 
Fig.8) as a graph in geographic 
data ([http://maps.google.com]) 


Fig. 8: Places and segments 
extracted from location data 
streams, only referencable 
extracted minor places (orange) 
and major places (red) are 
depicted. 


 


 


 


 


 


  


Fig. 7: Extraction and classification 
levels: the top level is the stream layer, 
the middle level is the classification 
layer and the bottom level is the 
representation level. 


  


5.1.6 Querying and Accessing the Extracted Knowledge 


If we want to access the model to identify a route incorporating the individual previous knowledge, we 
can use basic graph search and backtracking methods: in the first step we generate a knowledge graph 
from the geographic more veridical place and segment representation (see Fig. 8) as obtained from the 
introduced extraction and classification algorithms. Then we overlay the geographic data with the 
previous environmental knowledge graph (see Fig. 9). In the next step we have to identify the closest 
reference point(s) to an unreferenced destination. This point is preferably a well known major place. Then 
we select the shortest path using the best known segments from the model. According to the level of 
knowledge on the incorporated segments, we can generate externalizations like route instructions and 
maps: Subsequent parts of the route which the user has good knowledge on, can be chunked to 
meaningful units and representationally reduced. Those parts, which the user only has limited knowledge 
on, have to be represented in more detail.  
 







 


6. Conclusion and Further Work 


Unknown environments are a common setting in wayfinding research. But in every-day live we rarely 
find ourselves in completely unknown environments, but rather need to find unknown places in a partially 
known environment. Taking individual previous knowledge into account, wayfinding assistance systems 
can provide more efficient, compact, and adaptive support. In order to exploit this knowledge, a users' 
familiarity with an environment needs to be captured and turned into a meaningful representation. In this 
work we presented a series of algorithms to extract and classify data from location data streams according 
to their structural patterns. In detail, we focused on extracting, representing and optimizing segments of 
paths.  
Our future work will focus on the usage and maintenance of individual environmental knowledge, as well 
as the integration in target applications like route planners, navigation assistance and systems producing 
personalized maps. Additionally, we will empirically verify the quality of the output of our system.  
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Abstract. Geoinformatics mapping is an innovative tool  for environmental scanning and project planning 


which uses GIS, GPS, remote sensing, and the  internet. The outputs of the project are needed not only for 


the design and implementation of rationalization measures but also for the conceptualization of 


financial/resource management reforms in higher education, including the introduction of normative 


financing in the Philippines. Thus, a commissioned study was conducted to develop a geoinformatics-


based decision support system (DSS) to establish geo-referenced data and information of higher 


education institutions (HEIs) and programs in the Philippines that incorporates and builds upon current 


understanding of ubiquitous and internet  mapping for other subsequent spatial analysis; and 


operationalize such DSS for policy research and  development on HEIs. The DSS called map analysis 


program (MAP) was developed to build wealth of geo-referenced data and information of the 


Philippine’s HEIs and programs for policy research development. Geo-referenced database  and 


thematic maps using major outputs of MAP showed various indicators on access and relevance, quality 


and efficiency thrusts that are useful for higher education research, planning and policy options for 


rationalization and resource management of HEI required under the medium-term higher education 


development and investment plan by the Philippine Commission on Higher Education. The use of GIS and 


GPS-based survey databases among HEIs are emerging dynamic mapping tools to share statistical data, 


information and knowledge among stakeholders on geographic areas and related policy issues which 


could be easily uploaded in the internet or intranet.  A graphic user interface visual programming  linked 


with ArcView  GIS, mobile mapping systems, as well as thin and fat client internet mapping architecture 


will be discussed.  A case study is presented to demonstrate the use of MAP for policy options among 


HEIs in the Philippines. Other similar applications conducted such as risk mapping of groundwater 


nitrate-nitrogen contamination from 1992-2002, parcellary mapping of  rice paddy cultivar test sites in 


2002-2003, and inventory of  renewable energy systems in 2004-present. Such methodological framework 


on ubiquitous and internet mapping of MAP can be replicated elsewhere to promote exchange of 


knowledge and information in the third wave generation of cartographic modeling. Efforts to create a 


cadre of geoinformatics professionals, conduct of advance research studies, symposia and partnerships 


with local and international levels  in the Philippines will also be presented. 


 


Keywords: Geoinformatics, GIS, GPS, remote sensing, ubiquitous and internet mapping 


 


 


 


1. Introduction 


Basic and vital to the detailing and implementation of rationalization projects and activities among higher 


education institutions (HEIs) are data on the programs, campuses and facilities within each community of 







 


geographic areas. Such database could be gathered and compiled under the profiling and typologies of 


public HEIs projects. However, the data elements for HEIs were initially established by the Commission 


on Higher Education or CHED (CHED, 1996), and such important database need to be fully 


operationalized and lacks geo-referencing for spatial analysis.  Moreover, the spatial distribution of HEIs, 


programs and facilities cannot be fully appreciated without visual representation of said database. Maps 


would enable planners to relate such data and information to the geographic, physical characteristics, 


infrastructures, feeder population and education needs of the service area of the HEIs.  Often researchers 


are interested in identifying areas where certain thresholds of population, income, or other demographics 


within a specific proximity are present.  For example, many franchises require a certain level of 


population before they consider opening a branch in a particular area.  This effort commonly uses 


geographic information system (GIS) or related ubiquitous, mobile mapping technology to display the 


demographic data and to generate summaries or reports based on the proximity measures and 


demographics of interest any time and any where. Mapping is a useful tool for environmental scanning 


and planning. The outputs of the project are needed not only for the design and implementation of 


rationalization measures but also for the conceptualization and projectization of financial/resource 


management reforms in higher education, including the introduction of normative financing (CHED, 


2001). To manage such voluminous database, systematic tools can be used and assembled as a decision 


support system (DSS). A DSS is a computer-based of integrating database and analytical modeling 


methods such as artificial intelligence, decision analysis, optimization, modeling, etc. to support decision 


making (Aldeman, 1991). Walker & Zhu (2000) listed four reasons that would justify the development of 


research-based DSS for rural planning and resource management, such as: 1) increase of available 


information; 2) increase of complex decision making; 3) professionalization of resource management 


systems; and 4) increase of requirements to demonstrate “due process”. However, such DSS had been 


applied mostly on agricultural land use planning options, crop suitability using GIS and natural resources 


management (Lansigan, et al., 2000; Pascual, 1994), and being considered just lately in higher education 


and policy researches. 


 


This study aimed to: 1) develop a geoinformatics-based decision support system (DSS) to establish geo-


referenced data and information of HEIs and programs that incorporates and builds upon current 


understanding of ubiquitous and internet  mapping for other subsequent spatial analysis; and 2) 


operationalize such DSS for policy research development on HEIs. Case studies were conducted to 


demonstrate the use of such DSS methodology. Similar applications such as risk mapping of groundwater 


nitrate-nitrogen contamination, parcellary mapping of  rice paddy cultivar test sites, and inventory of  


renewable energy systems and related activities in the Philippines will also be presented. 


 


1.1  Geoinformatics and Mobile Mapping System 


Geoinformatics is the scientific discipline dealing with the collection, dissemination, storage, analysis, 


processing and presentation of geographic data or geographic information. It is an integrated spatial 


research tool combining informatics and earth science. The term geoinformatics originated in the last few 


decades of the 20th century, as the result of the integration of three disciplines; photogrammetry, remote 


sensing, and geographic information systems, and now the internet. GIS architectures have traditionally 


focused on a static environment in which users sit at workstations to perform spatial analysis. Emerging 


technologies such as the internet, wireless communication and mobile computing devices are changing 


the way GIS is being used by moving GIS from the desktop into field user’s hands. These technologies 


are making GIS mobile and the operations on the fly. A Mobile Mapping System (MMS) is an 


information technology that has been developed since late 1980s with the advance and progress in mobile 


positioning technology, modern communication technology, spatial information technology and 


embedded technology, etc.. Integrating diversiform advanced technologies above-mentioned, MMS is 


capable of real time data accessing, mapping, and spatial data visualization. MMS not only collects 


dynamic data about some object in moving, but also manipulates these data in order to make decision 


efficiently, and make these data be downloaded into a desktop GIS simultaneously by wireless or wire 


communication as you like. Now MMS  has been applied in many fields, such as intelligent transport, 


precision agriculture, field surveying and environment engineering and so on for outstanding real time 


supply is very essential in these fields and MMS can do (Fig.1). For example, in precision farming, 


information technologies are so essential that MMS is important or beneficial. Equipped with mapping 


sensors and navigation sensors, MMS can collect field data anytime, anywhere, in any manner. At the 


same time, MMS can be connected with a GIS or combine GIS software in its mobile terminals directly. 







 


Thus, MMS for precision agriculture can monitor planting process all along. Moreover it can contrast 


multi-temporal data collected or stored in database and find what changes occurred, where, when and 


how, then give an efficient plant plan (Rasher, 2001). 


 


Fig. 1 Conceptual framework of a mobile mapping system. 
 


All the data acquisition devices can get plenty useful attribute information. The information will be edited 


and geo-referenced, then stored in the Spatial Database. Geo-reference process is very necessary because 


these data will be integrated with other information from multi-sources. Field data collection is always a 


difficulty for cartographers, surveyors and researchers. The tools available for mapping applications have 


been bulky in size and weight, expensive, and difficult to learn for a long time. Fortunately, the advances 


of remote sensing, GPS technology, GIS and some data edit and analysis software drive the field data 


collection. The advance refers not only precision has been improved, but also the hardware has become 


smaller, lighter, and cheaper. The software has become easier to learn, and more inexpensive;  so the data 


collection task becomes easier, more economical and faster to complete.  


 


 


2. Methodology 
 
Structured questionnaire which contained major data elements profile of an HEI was used by enumerators 


during field surveys. All available public and private HEIs as well as feeder high schools within each 


province or geographic area of coverage were surveyed by assigned enumerator per province. A global 


positioning system (GPS) receiver was used by the enumerators to  locate the latitude and longitude 


coordinates taken at each HEI, which represent the geo-reference point data of a HEI as an input database 


collectively in the geographic information system software.  


 


Other primary and secondary database were gathered and digitized as follows: a) digital base map - the 


municipal boundary at 1:50,000 scale, provincial boundary at 1:150,000 scale, road network and river 


system in electronic format were digitized.  


 


2.1 Framework 
 


A set of geoinformatics tools such as geographic information systems (GIS), GPS and database 


management systems (DBMS) was assembled to gather, store, easy retrieval and analyze spatial geo-


reference data/information and generate/disseminate information about HEIs (Pascual et al., 2004). The 


methodological framework of the study is presented in Fig. 2 showing the  input database, process or 
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analysis and the expected outcomes of the analysis.  The Visual Basic Version 6 language was used as 


“front-end” to develop and shell the geo-referenced database for the various input and outcomes, as well 


as linkages on display at will various indicators defined by each thrusts as required by Office of Planning 


Policy Research and Information (OPPRI) of CHED. There were three thrusts considered, namely, the 


access and relevance, efficiency and quality thrusts. Likewise, a web-based architecture to upload any 


specific data and information for wide dissemination with quality control and security was considered.  


Such DBMS and GIS interface serve as a decision support systems (DSS) tool to build wealth of data and 


information of HEIs and other physical attributes and programs in the geographic areas, as well as the 


feeder high schools near those HEIs. Special emphasis was paid to the step from geo-referenced point  


data to spatial analysis that is tailored to the type and quality of readily available attribute data gathered. 


Initial modules in GIS software such as spatial query (theme-on-theme selection), 50-km radius of 


influence of an HEI to generate a buffer zone for proximity analysis indicators to identify of 


homogeneous micro regions, overlaying tools of map themes based on a specific data elements or 


attributes were employed based on criteria and various indicators for each thrust required by the 


commission (MMSU, 2003). Buffering is a fundamental spatial analysis operation in GIS (ESRI, 1999). 


A buffer defines an area of inclusion or exclusion around a geographic feature, like HEI. Once the various 


data entry, GIS query modules, report generation and other pertinent documents were assembled and  


fined-tuned, a graphic user interface and ArcView GIS software was applied to automate such DSS tool.  


Moreover, the DSS methodology developed was presented to planners and staff of CHED-OPPRI and 


other researchers for interactive process of DSS development. This makes the DSS  dynamic, reusable, 


ubiquitous, ease in encoding, and shareable to others. 


 


 


Fig. 2 Conceptual framework of the map analysis program. 


3. Results and Discussion 


 
3.1 Development of DSS Methodology 
 


The entity relationship consists of six entities namely the HEI Program (program/course offerings for 


each HEI), Region, Province,  Municipal (the municipalities under the different provinces) and the feeder 


high schools. For every municipality, there are HEIs that belong to a municipality. Its relationship with 


the municipal is there are several higher education institutions that belong to that municipality (many to 


one).  The higher education institutions offer programs or courses.  Different HEIs offers the same 


program or courses thus the relationship is many to many.  Feeder high schools also belong to a 


municipal. There are several feeder schools that belong to the municipal thus the relationship is one to 


many. A municipal belongs to a province and there are several municipalities for every province. The 
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relationship between the two is there are several municipalities for every province (many to one).  Every 


province as well belongs to a region and there are several provinces for every region (many to one). With 


this input-output relationship, the data entry modules were constructed using Visual Basic 6 as “front-


end” where MS Excel files (initial data entry and files given by CHED-OPPRI) were extracted, for ease 


in data encoding. Such DSS methodology on its on-going development was presented to major 


stakeholders, such as the heads and staff of MIS division of CHED-OPPRI, other researchers and 


colleagues in the academe and other research institutions, as well as to planners in the government and 


private agencies. Their comments and suggestions were considered in the final development. Such 


productive interactive process development of such DSS to other stakeholders also brought interest for 


similar thinking and policy option research and development. 


 


3.2 The Feature of the DSS MAP 
 


The hierarchy structure of the data entry, modules, GIS query, report generation and documents. From the 


data entered into the system, the specific features and attributes were used in the GIS software to produce 


the desired thematic maps, tables and other attributes, as required. Using GIS software, all database 


required by CHED were integrated to produce thematic maps that show spatial distribution of HEIs, 


among others, for a certain geographic area (region or province). Such decision thematic maps provide 


planners an integrated information for better decision-making process.  Thematic maps in digital format 


would allow production of hard copy for regional/provincial need analysis by intended users. The MAP 


can accommodate a nationwide spatial database on HEIs and academic programs in the country as well as 


feeder high school’s profile and other geographic features of an area. From these database and geographic 


features, regional maps (1:250,000) and provincial maps (1:50,000) were generated to show the 


following: 1) location and spatial distribution of HEIs, including campuses; 2) distribution/density of 


programs (SUCs programs as basis for querying); 3) density and distribution of feeder schools and 


populations; and 4) relevant regional and provincial as well as municipal features and characteristics. 


 


3.3 Application of Map Analysis Program for HEIs Policy Option 


 
The total number of HEIs as of May 8 2003 is 1,479, of which 1,305 are private while 174 are public 


(CHED, 2003).  Low quality degree programs are 


those with zero-low percentage passing in 


professional licensure examinations and maritime 


programs not meeting STCW’95 requirements.  


Potential savings in the closure/phase out of SUCs 


programs with 5% and below passing could be 


used in upgrading other programs that are more 


relevant and have greater potential significance. 


But one important consideration for such phasing 


out/closing program strategy is the possible 


displacement of students enrolled in those affected 


programs. Hence, in order to ensure that student 


access would not be adversely affected by the 


closure/phase out of programs, the availability of 


alternative programs – within 50 km of the 


affected HEI and at varying tuition fee level can be 


explored and opted such as in Figure 3. The MAP 


DSS could  show such alternative programs and 


HEIs where students affected by phase-out/closure 


could go to. 


 


 


 


3.4  Other DSS Mapping Applications 


A parcellary mapping was implemented in a number of rice ecosystems in the Philippines. Given the geo-


referenced maps and its attribute files, such can be populated with other as time series of rice yield trials 


data and any features or metadata for subsequent spatial analysis and strategic planning. All parcellary 


maps should have its own metadata (Fig. 4). Such comprehensive metadata allow management, control 


Fig. 3 50-km buffer of overlapping of course in 


B.S. in Agricultural Engineering.  







 


and protection of the data investment as well as use and re-use for present and future activities. Thus, a 


GIS environment lends to support socioeconomic survey data and can implement to integrate other data 


and information. This allows one for spatial integration of data within a coherent framework with spatial 


consistency of the entire set of data. 


Likewise, a time series of monthly from 


1992-2002 of elevated nitrate-nitrogen 


groundwater contamination from ten 


shallow wells in 265 ha watershed was 


mapped which served as decision/risk maps 


useful for planning and extension works of 


researchers and extensionist to advise 


farmers to reduce inorganic nitrogen 


fertilizers in their intensive cropping as 


shown in Fig. 5. The WHO set the 


maximum contamination level of NO3-N at 


10 ppm. As shown in Fig. 5, there is an 


eminent danger of using groundwater for 


irrigation and household uses (Pascual, et 


al., 2004). 


 


 
 


 


Moreover, with the long-term of the Philippines to promote renewable energy resources and systems, 


wealth of data and information on renewable energy systems were developed following the methodology 


of MAP (Fig. 6). It is on-going study and 


ubiquitous and internet mapping shall be employed 


in the whole country in partnerships with other 


universities (ANEC, 2006). Notwithstanding the 


DSS methodology development of MAP, it is of 


utmost importance to involve stakeholders and end 


users from the beginning in the system design and 


frequent  interactions between policy researchers 


and other stakeholders during development is 


important. The DSS MAP developed served as a 


tool to share information and knowledge as well as 


policy issues and concerns to rationalize HEIs. 


There is a need to transfer the knowledge of the 


DSS methodology to regional CHED MIS and 


HEIs for full operationalization of CHED HEMIS 


incorporating MAP. 


 


Fig. 5 Risk map of NO3-N in January and October 2001. 


 


Fig. 6  Splash menu of MAP program. 


Fig. 4 Parcellary mapping of NCT and MAT sites. 







 


3.5  Thin Client and Fat Client Approaches 


 
In the “thin client” architecture (Fig. 7), most of the processing load is on the server, which may consist 


of a single central computer or a cluster of inter-connected computers (Trinidad, 2000). The client side is 


limited to rendering of html files and processing of Java-script commands. 


 


Fig.7 Thin client architecture (Trinidad, 2000). 


In server-side Internet GIS, complex GIS software, as well as the GIS databases, resides on a server that 


is administered by the deploying organization.  


 


The ISMAP attribute in an image element (as in <IMG> tag) identifies an image as an image map. Image 


maps are graphics in which certain regions are mapped to other documents. By clicking on different 


regions, different resources can be accessed. For example; <a href=…><img src="map.jpg" ismap></a>. 


To be able to employ this type of image maps in HTML documents, the HTTP server that will be 


controlling document access must have the correct cgi-bin software installed to control the image map 


behavior. That is the document must have access to an image map handling script and the map file 


defining the graphic ’hot-spots’.A simpler form of image map, called client-side image maps are also 


possible. Currently, this type of map is a proposed extension to HTML. The CGI scripts, also called 


gateway scripts are external programs that run on the Web server. Gateway scripts are use to create 


interactive Web publications. The standard that defines how external programs are used on Web servers 


and how they interact with other applications is called the “common gateway interface”. Common 


languages used in writing scripts are; Bourne Shell, C Shell, C/C++, Perl, Python, Tcl, Visual Basic, 


JavaScript and VBScript. In the “fat client” architecture as shown in Fig. 8, most of the geo-processing is 


performed on the client side. The server is limited to data retrieval operations. Unlike in the case of the 


“thin client” architecture where rendered maps are transmitted as image files, the geo-data in the “fat 


client” approach are transmitted in the form of the more compact vector data structure (Trinidad, 2000). 


 


Fig. 8  Fat client architecture (Trinidad, 2000). 


In client-side Internet GIS, the client is enhanced to support GIS operations by moving some GIS 


functionality to the client. Client-side solutions typically are implemented by augmenting the Web 


browser with Java, ActiveX or plug-ins. Some client-side solutions require users to install a complete 


client application. The primary advantages of client-side solutions are the abilities to enhance user 


interfaces and implement solutions using vector data. When client-side solutions use vector data 


structures, a large set of graphic and GIS operations can be performed locally. Window display changes 







 


can happen without re-transmitting a request to the server that can result to s significant performance 


advantage. Core GIS operations like editing, buffering, overlay analysis and route tracing are examples of 


operations that are enhanced by exploiting vector data structures on the client side. The disadvantages 


associated with client-side solutions relate to distributing software and data. Distributing software (Java, 


ActiveX or any other type) is problematic.  


 


3.6.  Other Geoinformatics Initiatives at MMSU 


 
In February 2004, a partnership with Dr. Kiyoshi Honda of AIT-STAR concluded to a 5-day training on 


advances on geoinformatics where 60 professional all over the Philippines and 50 senior students from 


MMSU attended the said training. An agreement was signed among professional to form a cadre of 


geoinformatics professionals to continue and promote the use of geoinformatics. Thus, the first 


geoinformatics symposium was held at MMSU on November 10-12, 2006 where 75 professionals (with 2 


Malaysians and 1 German nationals) and 150 senior students attended such forum.  Just recently, Dr. 


Makoto. Kimura of IIO, Kyoto University, Japan conducted a lecture visit on July 31, 2006 at MMSU and 


we drafted a collaborative project to apply the do-nou technology on some access road at the campus 


where ubiquitous mapping is an important tool to show synoptic view of the area at MMSU Batac Main 


Campus (Fig. 9). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Fig. 9  Land satellite  imagery showing the proposed access roads using do-nou  


technology at MMSU, Batac Campus, Ilocos Norte, Philippines. 


 
Thus, with the continuing effort to promote the use and commercialization of ubiquitous and internet 


mapping in the academe and the industry, Morita (2004) concluded that the research agenda for 


generation of personalized maps according to the objective and spatial context are: (1) mapping system 


development considering participation, collaboration, and partnership of users; (2) cross-cultural 


comparative studies to clarify similarities and differences between ubiquitous mapping implementations; 


and (3) consider information security and privacy. It is further recommended that ubiquitous mapping 


should aim to realize technical solutions for map creation and use, and to predict the effect on society, and 


ubiquitous mapping accelerates, facilitates, and stimulates the universal nature of map creation and using 


through the application of advanced information technologies. 


 


 


4. Conclusion 


 
The user-friendly and dynamic DSS called MAP developed by the Mariano Marcos State University used 


indispensable geoinformatics tool. Such software can be coined as a DSS tool for statistical database 


banking for subsequent analyses of HEIs and their respective programs. Such DSS have provided users 







 


with the quantitative information as presented on various indicators on major performance thrusts in 


higher education, providing users to examine various scenarios for decision making in rationalizing HEIs 


within a given geographic area of interest. Such database must be accessible and available to users when 


and where needed, and in a form that is understandable by the user. Thus, there’s a need for more 


strategic planning for rationalizing HEIs to identify the best location and help stem the uncontrolled 


growth in the number of HEIs and programs. Utmost is a need to institutionalize the use of CHED Higher 


Education Management Information Systems (CHED HEMIS) to include MAP to explicitly indicate 


point coordinates (latitude and longitude) and other spatial data elements in each HEI, among other 


physical and/or socioeconomic features in the area for geospatial analysis.  The DSS development of 


MAP provides an opportunity to establish links between researchers and planners/policymakers. It is 


important to present the DSS to users and other experts from early stage and continues to refine based on 


their new ideas for improvement. With ever increasing challenges in spatially-related managing and 


decision making applications, wired GIS cannot meet the demands of users for easy access to spatial data 


and spatial analysis. For faster and timely analysis, data needs to be uploaded and retrieved from the field 


to minimize acquisition time frames, and remove intermediate processes that are typically required to get 


geographic information from the field into an application. This fosters faster processing and real time data 


updating. The explosive growth of the wireless telecommunications market has taken mobile computing 


to another level: wireless GIS and is offering new ways of accessing and analyzing geo-spatial 


information on handheld devices. 


 


Geoinformatics and mobile mapping system is never a concept. Many applied mobile mapping systems 


have been studying in many counties, and some have been used in practice. It is clear that mobile 


mapping system can be used in many fields. There are many such samples. With the development of 


spatial information technology and modern communication, as well as the advance in computer hardware 


and software technologies, mobile mapping system will explore new areas of applications and become 


more intelligent, efficient and steady. It may run online geoinformatics module for an unmanned aerial 


vehicle, motion innovative intelligent traffic management and service,  among other ubiquitous and 


internet mapping in the near future. This need an investment before synergies in ubiquitous and internet 


mapping methodology development comes to the forefront.  
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ABSTRACT 
Locationally aware mobile computers have significant potential to affect the lives of 
people in positive ways. When connected to a wireless network the utility of such 
devices is magnified since contextual information can be retrieved and used to augment 
the limited storage and processing capacities of these devices. This paper will describes a module for the 
MoGeo educational system that is designed to address real-time,contextually-based network routing for 
the mobility impaired on The University of Iowa campus in the U.S. 
 
The goal of the MoGeo exercise is to develop a routing system that can respond to: 1) 
user context, 2) network impedances, 3) context specific impedance behaviors such as scope of influence 
and severity of effects, 4) location-based services that provide feedback to the system and the individual, 
and 5) multimodal routing solutions delivered in a variety of formats. Context awareness is a significant 
feature of the MoGeo system. User context,including properties like personal preferences and degree of 
disability is considered in the routing solution offered to the user. The routing solution can bereturned in 
graphic, text, audio, or some combination of these formats depending on the preferences of the user or 
physical limitations that may constrain the use of a particularformat. 
 
This educational module is implemented using the MoGeo framework which is based on server-side 
geospatial processing and thin-client, field-based, mobile computers with wireless network cards and 
global positioning devices. Open-source software, including PostgreSQL with the PostGIS spatial 
extension, web map servers (Mapserver, Mapguide and Geoserver), and the Openlayers client provide 
much of the functionality for this module. Routes are calculated using the Pgdijkstra shortest path 
extension for PostgreSQL database. A basic form of the module has already been implemented in the GIS 
curriculum at The University of Iowa and extensions are currently under development. 
 
Key words: MoGeo, LBS, mobile GIS, wireless networks, routing 
 
 
 
Introduction 
 
Technological advancements have the ability to provide increased equity in day-to-day activities for 
people with different abilities.  Eyeglasses, for example, can provide assistance to minimize the impact of 
vision impairment and after correction most people can function as if they had no impairment at all.  
Surgery can be used to improve a medical condition so that the recipient can minimize the effect of the 
impairment.  Some impairments are temporary in nature, such as a foot injury that requires an individual 
to use crutches while he or she heals, but others are chronic and require assistance from medical 
appliances such as wheelchairs.  Mobility impairment is a common condition whose impact can often be 
mitigated through the application of medical technology.  However, even though medical appliances can 
be used to assist individuals there can be impediments that affect a person’s ability to navigate through an 
environment.  In addition, medical appliances have limitations for safe operation that are specific to the 
type of appliance.  For example, wheelchairs require relatively smooth surfaces and can only be used on 
relatively gentile gradients.  The use of appliances in areas that exceed their safety parameters can be 
dangerous to the individual.  Individuals with mobility impairment are required to understand the 







environment in terms of obstacles and acceptable pathways in order to gain access to places.  People in 
unfamiliar places might not know which paths are acceptable unless appropriate signs are posted in 
conspicuous places.  There are also temporary obstacles such as construction, inoperable elevators, the 
effects of weather conditions, and traffic problems that can affect whether a path is safe for operation.   
 
The Americans with Disabilities Act of 1990 (ADA) mandates and enforces regulations and standards 
designed to end discrimination against individuals with physical or mental disabilities.  Associated 
standards establish design specifications that govern access to public buildings and other areas.  The 
intent of these specifications is to remove the barriers and reduce the burdens placed on individuals with 
mobility impairment (e.g., through the provision of elevators, ramps, or lifts).  However, gaining 
information about the locations of these features can be problematic.  In this paper we examine the use of 
geographical information systems (GIS), internet mapping, mobile computing, and wireless connectivity 
to provide these kinds of information.   
 
We have developed an educational exercise for our students that seeks to address the real-world problem 
of equal access to areas for people with mobility impairment.  The exercise is implemented using the 
MoGeo educational system in the Department of Geography at The University of Iowa (UI).  The goal is 
to use MoGeo technology to assist individuals navigating across the UI campus.  Assistance, in the form 
of routing solutions to desired areas, is provided to users through a web interface that is available from 
any networked computer.   Although obstacles will surely always exist, we can use a combination of 
traditional network routing and location-based services (LBS) to provide information about the best way 
to get around these obstacles.  Because obstacles affect people to varying degrees so students are asked to 
develop routing solutions that include: 1) user context, 2) network impedances, 3) location-based services 
that provide feedback to the system and the individual, and 4) multimodal routing solutions delivered in a 
variety of formats.  To successfully complete this exercise the student design the routing system, create 
spatial datasets that can be used for finding routing solutions and develop techniques for the presentation 
and symbolization of the results.  The MoGeo system provides the framework through which the exercise 
is implemented.   
 
 
MoGeo Framework 
 
The MoGeo system is a geospatial educational framework that was primarily designed to provide 
students in geographical information science (GISci) courses with a field-based educational experience 
(Armstrong and Bennett 2005). It was designed to be modular and extensible so new functionality can be 
easily developed.  Technologically, the MoGeo system consists of a variety of servers (web, application, 
and database), clients (fixed and mobile computers), computer networks (wired and wireless), 
applications (GIS, statistical) and data.  Since MoGeo was created to provide fixed and location-based 
educational services (LBES) most clients use wireless network interface cards (NIC) to connect to the 
services and global positioning devices (GPS) to determine their current locations.   
 
Because MoGeo is based on a modified LBS approach it uses spatial, temporal, and other contextual 
triggers to initiate system events.  Events can be any computer-related activity that helps achieve lesson 
goals.  For example, popup messages to the user in the field, online quizzes, server-side GIS analyses or 
storing GPS coordinates in the database are examples of events.  The types of events used in the field-
based exercises are determined by the instructor in the design phase of the lesson.  Context provides a 
unique and individualized experience for students using the system and is one of the key components of 
the mobility routing exercise.  Event triggers provide the stimulus that drive MoGeo.  Spatial event 
triggers, for example, initiate events when locational criteria are met.  For example, if students are 
studying the effects of erosion near a river, a locational trigger may be used to link an area exhibiting 
erosion with additional information about erosion processes stored in knowledge repositories on a server.  
The location defined by the spatial trigger becomes a real-world example of the concept that an instructor 
is teaching to the students; abstract ideas become linked to real-world examples.  Event trigger types can 
be combined to facilitate individual or group oriented activities designed to help students achieve lesson 
goals.  Event triggers link the educational purpose of an exercise to a property of the student’s educational 
environment.  The form in which the linked information is provided can be dependent on individual 
preferences so context can be used to be used to reinforce individual learning styles or needs.  Some users, 
for example, may prefer information in a visual format while others may prefer audio or textual.  Users 







should be provided information in the format of their choice when possible, but access to other formats 
and other knowledge repositories can be provided as well.   
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Figure 1.  The MoGeo framework. 
 
Figure 1 shows the basic structure of the MoGeo system and its components.  The web server provides 
basic web functions such as webpage delivery and input forms.  Forms can be used to collect information 
about the user and create personal profiles that are stored in the database server.  PHP, JavaScript, 
VBScript and Python are used to support dynamic webpages and behind the scenes functionality such as 
database connectivity and some GIS functions.  The database server, in this case PostgreSQL, stores all 
spatial and aspatial data related to the MoGeo system.  PostgreSQL has been extended to include the 
PostGIS (http://postgis.refractions.net/) spatial extensions and the Pgdijkstra routing module from the 
Cartoweb project (http://www.cartoweb.org/cwiki/PgdijkstraWin32).  The PostGIS spatial extensions 
allow us to run some GIS analyses and functions directly from within the database.  Other types of 
analyses can be conducted in the application server with results returned to either the web server or 
database.  The web server is the common gateway to the database and application servers but direct input 
into the database server from a client application is also possible.   
 
 
Routing for the mobility impaired – the MoGeo way 
 
The ultimate goal of this exercise is to create a web-based routing service that is accessible to anyone 
with a networked computer.  The service should offer route solutions based on the following: 1) user 
context, 2) network impedances, 3) location-based services that provide feedback to the system and the 
individual, and 4) multimodal routing solutions delivered in a variety of formats.   
 
User context 
This is individual level information about the person using the routing service.  Although the user is not 
required to provide personal information it may be in their benefit to do so.  Privacy concerns do exist, 
however, and sensitive information will not be collected.  By knowing personal preferences and needs the 
system can tailor the results to that user.  For example, a user may prefer a textual description of a route 
solution rather than a graphical image or desire audio cues to be triggered when they miss a turn on the 







way to the destination.  Because this exercise focuses on routing for the mobility impaired it is necessary 
for the system to know the type of impairment that a user has because this will affect the offered solution.  
Any additional information is left to the discretion of the user.  Students will not collect information that 
can be used to personally identify users although pseudo-profiles can be stored so returning users can use 
previously stored information.   
 
Network Impedance 
Impedance is a measure of effort required to traverse a network segment.  Impedance can be measured, 
for example, in units of time, energy, money, distance or safety.  Many factors can influence the 
calculation of  impedance values including mode of travel (e.g., pedestrian vs. vehicle, legal restrictions, 
physical characteristics of network segments, and user specific characteristics.  Impedances have specific 
properties and a scope of influence that can be different for individuals so students will have to model 
these properties and update the relative weights of network segments. Legal restrictions include limits on 
the direction of travel (one-way roads and limited turning movements) and speed limits.  Since routing 
will be multimodal for this exercise (e.g., pedestrian and private vehicle) all parts of the network will not 
legal restrictions imposed.  
 
Network characteristics important to this study include surface type and gradient.  Some sidewalks, 
especially on the UI campus, traverse steep gradients that may hinder movement in one or more directions 
and, thus, are assigned high impedance values.   These values that may differ, for example, depending on 
whether a traveler is moving up or down hill and the user’s requirements.  Contextual awareness in the 
MoGeo system can be used to weight the effects of network characteristics based on these requirements.  
For example, for people in wheelchairs stairways would possess exorbitantly high impedance values, thus 
forcing selected paths to pass though buildings entrances that possessed ramps and/or access elevators.  
Users of manual wheelchairs, canes or crutches may also be limited by the gradient of a network segment, 
while experienced crutch users or powered wheelchair users may not experience problems with these 
gradients so the capabilities of the individual may be addressed as well.  Students may not such factors 
however since the weighting schema would be complex and personal evaluations of capabilities would be 
hard to measure accurately.  The MAGUS project (Matthews, et al 2003), however, illustrates how 
weighting schema can be used to model access for wheelchair users in urban environments.  By 
incorporating a similar strategy for weighting network segments the MoGeo system can model accessible 
areas and provide a route to them.   
 
Impedances to travel can also be temporary and once the cause has been removed the network returns to 
normal operation.  For example, a construction project that blocks a sidewalk will be temporary but while 
it is in process it will be an obstacle to routing.  As soon as the construction ends the network connectivity 
will be restored and flow can resume.  Snowfall, flooding, icing, or other non-catastrophic environmental 
events can be seen as temporary impedances as well.  Weather events could add a temporal dimension to 
intended travel and users might have to be routed around events or told to pause at locations until the 
event has passed.   Modeling the temporal dynamics of a system will require real-time updates to the 
impedance weights so to adjust  for changing conditions.  Impedance updates should come from a variety 
of sources in a standard format that can be integrated into the route calculations.  For example, to fully 
implement such a system every organization that can affect the network should have the ability to update 
their current obstacles.  A secure web interface could provide this functionality through a simple point 
and click interface and attributes of the obstacle can be used to adjust the weights for the affected network 
segments.  Some agencies already do this in the form of public real simple syndication (RSS) feeds.  
When an event occurs the RSS (or GeoRSS – RSS with embedded locational information) feed can 
provide information about the event, its effects, and expected duration.  These parameters could be added 
automatically to the route selection.     
 
Multimodal routing solutions 
To make the exercise more realistic, routing across multiple modes of transportation will be offered.  As 
with many large institutions, parking near buildings on the UI campus is not always feasible.  Therefore it 
is expected that users will need to generate routes that include multiple modes of transportation (e.g. 
roads and sidewalks).  The student will need to develop datasets and methods to connect route segements  
comprised of multiple networks.  A common scenario might be driving by car to the UI campus, parking, 
and then using a sidewalk to reach the final destination.  In the design phase of the project students will 
develop a webpage that allows users to select a starting point from a drop down list, use an address 







geocoded on to the network, or start the initial routing from GPS coordinates.  The destination is selected 
from a list of building choices on the UI campus.  Simple point and click methods to fix the start and 
destination are available as well.   
 
Data 
Students will use a combination of existing and produced data for this exercise.  The instructor provides 
basic datasets such as road and sidewalk networks, building footprints, digital elevation models, and 
remotely sensed imagery.  Students can use additional sources if desired.  They are required to conduct 
visual surveys of the campus to build context specific impedances and gain information about the 
locations of ADA specified features such as access ramps, elevators and stairs with railings.  The 
instructor provides information on weighting schema to assist students in developing models that reflect 
the difficulty of traversing network segments.  Students are encouraged to experiment with alternate 
approaches to weighting impedance as well since there is probably no optimal solution for all users.  In 
addition, students are encouraged to examine the ADA standards to better understand the types of access 
that are mandated by the act and to recognize environmental features that assist those with mobility 
impairment.   
 
An example 
The following illustrates how the exercise could be completed.  Figure 2 shows an aerial view of a portion 
of the campus with the locations of buildings and the physical features used in the example. 


 
 
Figure 2.  Overview of example area. 
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Figure 3.  Processes involved in a simple routing service. 
 
Figure 3 shows a diagram of the processes involved in this simple example of implementing a routing 
service.  In this example, assume that the user is confined to a non-powered wheelchair, they are 
somewhat familiar with campus but know that construction is occurring, and they need to go from the UI 
Main Library to Jessup Hall. The description of the process at each numbered step in Figure 3 is as 
follows: 


1. The user connects to the MoGeo web server to create a profile containing their personal 
preferences and needs – they are using a PDA with a wireless network interface card (NIC) and a 
GPS. 


2. User profile information is collected and stored for later use in the PostgreSQL database. 
3. Although edge routing impedances have been pre-calculated for network segments using planar 


distance they are adjusted based on temporary obstacles on the network.  In this case, there is 
construction blocking the sidewalk near Jessup Hall (see Figure 2) so the impedances must be 
adjusted to remove this segment from consideration in the route solution.  


4. The system determines that since the user is in a wheelchair, impedance weights should be 
adjusted because of the presence of steep sidewalk gradients (see Figure 2) and the context of the 
user.   


5. The route solution is created in the database by applying the Dijkstra shortest-path algorithm to 
the sidewalk and building networks.  Since there is an elevator in the building across the street 
from the library it is included in the route solution to avoid the slope gradient.   


6. The web server uses Geoserver to produces a web mapping service (WMS) service based on the 
selected route. 


7. The route is visualized on the PDA (Figure 4 – white line).  
 







 
 
Figure 4.  The route returned to the user. 
 
Although this is a simple example it does show the general processes involved in this exercise.  The 
student developing the application could make it more powerful, and more complex, by including 
ancillary location-based services, such as highlighting nearby historic or scenic areas or displaying 
available transportation services with timetables.  In order for this type of service to work the user would 
have to possess a mobile computer with a network card and a GPS.  Such services could, at the discretion 
of the user, monitor the location of persons in transit, compare this location to predefined routes, and 
warn them when a turn is missed.  Directions could then be sent to help the user back to the correct path.  
The implementation of such a service requires only a point in polygon test at regular time intervals that 
compares the user’s location to a buffered route to determine if the user is still on the correct path.  This 
simple location-based service can be expanded to re-calculate the route given a new location.  Another 
service might show the locations of public transportation access points, estimated times of arrival of 
transportation services published in a parsable format like RSS or GeoRSS.  Weather forecasts could be 
provided in case of inclement weather with real-time updates and warnings from the National Weather 
Service.  For example, if a storm was predicted to hit an area at a certain time a service could keep the 
user informed of the updated prediction and automatically warn them if certain weather conditions are 
evident.       
 
 
The educational value of the exercise 
 
Although a basic form of exercise has been used in previous courses we expanded on its functionality by 
incorporating components of the MoGeo system.  It is expected that students in this course will gain 
experience with modeling real-world problems, basic programming, internet mapping, and location-based 
services.  Although students might benefit from a background of computer or database programming, the 
MoGeo framework has pre-defined functions that can be copied and pasted to build service functionality.  
For example, the actual route calculation consists of one line of Python code but students need only to call 
the function to run it.  They do not have to build or extend it.  Students with greater programming skills 
can extend the basic system to include features such as location-based services or other advanced services.     
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Abstract. Neighborhood Quality of Life indicators are constructed based on 
diverse neighborhood profiles  to get a full understanding of residents’ 
well-being in the neighborhoods examined. The results of Neighborhood 
Quality of Life assessments have traditionally been delivered to the public in 
the form of printed or online materials. Under this mode of delivery, it is 
difficult for the public to re-examine the results by using their own weights or 
neighborhood definitions. Most of the public accept the results because most 
people do not possess the analytical capabilities and computer software to 
re-evaluate those results. This paper proposes a new method of delivering 
evaluation results of Neighborhood Quality of Life, one which is based on 
WebGIS technology. Several system design alternatives are provided and 
examined in terms of ease of implementation and feasibility. Finally, a 
prototype system is constructed on the basis of the design alternative selected.      


 


1  Introduction 


Quality of Life (QOL) indicators have conventionally been based on the units of 
nations, cities and the like [1]. Many recent cases have dealt with QOL indicators on 







 


neighborhood level, and applied them to real planning issues. Local residents may 
use these indicators to understand conditions in their own neighborhood. These 
indicators may also play an effective role of advertising to outsiders as potential 
immigrants.  


For assessing and utilizing Neighborhood QOL indicators, GIS(Geographic 
Information Systems) have been widely adopted, mainly because most urban 
economic, social, cultural and natural characteristics possess spatial attributes [2]. In 
addition, the display of spatial patterns on GIS theme maps may help data analyses 
of neighborhood issues.    


Generally, analysis results of Neighborhood Indicators have been delivered in the 
form of printed text or online materials. For this reason, it precludes the local 
residents from performing any analyses based on their own or different standards. 
As an alternative to the current methods of delivering Neighborhood Indicators 
assessment results, the current study proposes the development of a user-centered, 
interactive, WebGIS-based Neighborhood QOL Evaluation System, which can 
facilitate the residents’ re-examination of assessment results based on their own 
perceptions, definitions and value systems.      


2  Neighborhood Indicator and GIS 


2.1  Neighborhood Indicators 


As statistical values or their time-series ones for people’s well-being, QOL 
indicators are the indices for assessing urban residents’ current living conditions and 
future directions in terms of general values and goals [3].  


Neighborhood QOL Indicators were introduced with the purpose of analyzing the 
well-being of neighborhood residents. The Neighborhood QOL indicators enabled 
residents of different backgrounds to understand their community conditions in 
order to construct appropriate strategies [3][4]. In addition, information on 
Neighborhood QOL can be provided to potential immigrants, which may help them 
choose their future residences [5].  


Of course, many indices are used to document the characteristics of a 
neighborhood. For example, Charlotte, North Carolina, adopted no fewer than 19 
indices, as shown in Table 1.  


Table 1. List of Neighborhood QOL Indicators in Charlotte, North Carolina 


Dimension Index 


Social  
Dimension 


Percent of Persons over Age 64 
Average Kindergarten Score,  Dropout Rate 
Percent of Children Passing Competency Exams 
Percent of Births to Adolescents 
Youth Opportunity Index 


 







 


Crime  
Dimension 


Violent Crime Rate,  Juvenile Arrest Rate 
Property Crime Rate,  Crime Hot Spots 


Physical  
Dimension 


Appearance Index,  Percent Substandard Housing 
Percent Homeowners   
Projected Infrastructure Improvement Costs 
Percent of Persons with Access to Public Transportation 
Percent of Persons with Access to Basic Retail 
Pedestrian Friendliness Index 


Economic  
Dimension 


Percent of Persons Receiving Food Stamps 
Percent Change in Income 


Resources: Charlotte Neighborhood Quality of Life Study 2002.  
 
The indices used as Neighborhood Indicators are usually gathered from Micro 


Data, Aggregate Data and Spatial Data [4]. Micro Data are gathered by survey 
instruments, and inquired generally about residential environments and conditions. 
Aggregate Data are reported at the spatial unit of census-based neighborhood 
proxies such as census tract, and block group. Lastly, Spatial Data consists of are the 
original information that has not yet been aggregated or disaggregated into specific 
census areas. Data on place-specific crime occurrences with individual locational 
information are the examples. Using these data sources, the process of assessing 
Neighborhood Indicators is divided into seven steps, as displayed in Table 2 below.     


Table 2. Assessment Process of Neighborhood Indicators  


Steps Details 


1 Select indices for displaying Neighborhood QOL through collaboration 
among local residents and experts 


2 Divide indices selected into different areas, and perform the assessment 
of those indices to store results into DB 


3 Using Z-score transform the data into identical analysis unit 


4 Change index values with negative meanings inversely so that every 
value may show that, the higher it is, the higher the Neighborhood QOL 


5 
Add up standardized index scores by individual area so that the total 
index value may prersent the specific area. In this process, it’s possible 
to weight indices.  


6 Using Z-score transform again the total index scores by area into 
identical analysis unit 


7 Calculate the final index values by adding up the area-specific index 
scores transformed. In this case, weighting indices is also possible.  


Resources: Charlotte Neighborhood Quality of Life Study 2002  


2.2  Options for Neighborhood Indicators Evaluation  


There are three steps in the assessment of Neighborhood Indicators. First, indices, 
weights, ranking method and neighborhood definitions are selected. Second, actual 


 







 


Neighborhood Indicator values are assessed. Third, assessment results are released 
to the public.  


Asessment results can vary according to how indices, weights, ranking method 
and neighborhood definitions are selected. It is therefore very important to select 
those options with care. However, selection is subjective and it is difficult to 
determine which theories are superior to others. Several critical issues pertaining to 
those options are presented below. The following section will discuss their effect on 
the assessment results of Neighborhood QOL.  


2.2.1  Selection of Indicators 
The only way to evaluate and compare neighborhood QOLs across the city is to 
assess identical types of indices among neighborhoods [5]. Through those indices, it 
should be possible to present where the communities are now, and headed in the 
future.   


2.2.2  Definition of Neighborhood 
The Modifiable Aerial Unit Problem (MAUP) has been long-standing problem in 
spatial analyses. According to the choice of spatial unit, the study results may vary. 
MAUP includes both a Scale Problem and a Zoning Problem. A Scale Problem 
means that different scales of analysis units produce different results. A Zoning 
Problem shows that, according to how analysis units are spatially zoned, analysis 
results may vary [6].  


 
 


 
Fig. 1. Example of MAUP for Neighborhood QOL 


Therefore, neighborhood evaluation results may change based on how 
neighborhoods were spatially defined. As Figure 1 shows, according to how 
neighborhood is defined between 1 and 2, the neighborhood may or may not have 
crime occurrence. For such extreme cases, Sawicki and Flynn [4] stressed the needs 
of careful selection of neighborhood definitions through full considerations of 
assessment purposes and the social fabrics of the neighborhoods studied.  


Of course, it is not easy to spatially define the neighborhood for QOL 
assessments, because neighborhoods are, in general, socially defined groups of 
residents living within relatively small areas [7], and there has been no universal and 
objective definition of a neighborhood as a spatial area.     


 







 


2.2.3  Method of Ranking Indicators 
It is possible to use index values to construct total scores or to rank indicators for 
Neighborhood QOL. For this process, the Multi-Criteria Evaluation Method is 
generally adopted and it can be applied with or without weighting the indices. By 
using Simple Additive Weights(SAW), it is possible do this without weights, but 
when using ELECTRE [8], weights are necessary. But the problem is that neither 
means is better than the other and the results may differ, depending on which one 
was used [9]. In this case, therefore, it is necessary to investigate the intrinsic 
differences among those two approaches when using Multi-Criteria Evaluation 
Method.  


2.2.4  Selection of Weights  
For applying ranking methods using weights, usually the average of index scores 
among a cross-section of residents is calculated and adopted. But as there can be a 
spectrum of preferences and values among neighborhood constituents, such 
Neighborhood QOL assessment results may not be an accurate presentation of actual 
residents’ well-being. There should be ways of incorporating them into the 
evaluation process.  


2.3  GIS Analysis of Neighborhood Indicators  


GIS can be an excellent tool for the evaluation of Neighborhood QOL indicators if 
optimized for major neighborhood indicators data sources such as Micro Data, 
Aggregate Data, and Spatial Data. As for Micro Data gathered by interviewing 
residents, using GIS can make survey instruments much more efficient in terms of 
sampling and data analyses based on residents’ demographics and locational 
information. Generally Aggregation Data are distributed in varied statistical analysis 
units (i.e., Census Tract, Block Group, Block) by the U.S. Bureau of Census. The 
configuration of the census areas in the census geography is recorded on Census'  
Topologically Integrated Geographic Encoding and Referencing(TIGER) file. Of 
course, the spatial information files of the census units are available from the Census 
Bureau's TIGER geographic database, designed for use in GIS. Also, attribute data 
can be then joined to form single tables of information within GIS software for 
spatial analyses. Moreover, by using the geocoding function of GIS software, an 
unlimited number of addition tables can be created for more detailed analyses. 


Using GIS can also help have the perceptions on spatial distributions of social 
indices such as QOL, sense of community [10], and sense of place. For instance, by 
using Global Spatial Autocorrelation Statistics and Local Spatial Autocorrelation 
Statistics based on GIS spatial analysis functions, Talen [11] studied the spatial 
distribution features of public facilities accessibilities, to see if there are any 
disparities in the distribution of public facilities through investigating 
neighborhoods’ access to urban parks.   


 







 


3  Problems of Neighborhood Evaluation Results Distribution  


3.1 Distribution Methods of Neighborhood Evaluation Results  


Generally, analysis results of Neighborhood QOL Indicators have been delivered in 
forms of printed reports, Internet pages, or electronic documents like PDF to the 
public (see Fig. 2). Through these media, the overall characteristics of 
neighborhoods have been widely disseminated.   


 


 


PDFs 


Printed Reports 
Internet Pages


Fig. 2. Diverse Results Distribution Methods 


3.2 Limitations of Current Distribution Methods 


Through those distribution methods of QOL evaluation Results, it is impossible for 
the neighborhood residents to performing additional analyses based on their own 
standards of spatial units or weights in mind. Alternatively, there should be ways of 
realizing it both for local residents and potential newcomer s to the neighborhood.  


In addition, it is quite possible that minors who were neglected in the evaluation 
process be excluded from post-evaluation discussions and actions. Not only do the 
indices, weights and spatial definitions adopted for evaluation process affect the 
evaluation results, but the discussions and actions themselves are subject to the 
evaluation results reported.    


Next, as potential newcomers usually consult Neighborhood QOL reports when 
comparing neighborhoods in which to settle, there is no other way for them to 
decide on their future residences.   


These limitations arise because additional analyses of Neighborhood QOL 
Indicators, based on resident’s own perceptions and opinions are literally 
impossible. Discussions and actions after reporting evaluation results should be 
highly political, because many interests or groups may vigorously advocate 
themselves. If Neighborhood QOL evaluation results are reported in ways that make 


 







 


additional re-examination possible, a wider range of opinions and participations can 
be expected during discussions or decision-making on current and future community 
issues. This could improve citizen participation, and instill a sense of belonging, and  
a sense of community. This will also help potential new residents choose their 
communities according to their own definitions and values.          


4  Design of WebGIS-based Neighborhood Evaluation System 


4.1  Discussion of System Functions 


These discussions reveal the necessity of an alternative means of distributing 
neighborhood QOL evaluation results to meet residents’ or potential immigrants’ 
re-evaluation needs. This alternative should be as accessible to the residents as the 
existing methods are, and it should allow active interactions between residents and 
the system to re-evaluate results. Finally, analysis results should be displayed on 
readily comprehensible maps. To meet these criteria, the current study proposes an 
interactive WebGIS-based evaluation system which has the capabilities of map 
display and an interactive interface.  


As Figure 3 below shows, the degree of interactions that the alternative delivery 
system may choose range from low to high. A low degree of interactions is limited 
to ordinary functions like information reading or query. The medium level includes 
limited but several types of candidate indices, spatial definitions and ranking 
methods, so that users can produce their own neighborhood evaluation results with 
some or all items of their own choosing. With a high level of interactions, the kinds 
of indices, weights or ranking methods are not readily defined or supplied, but the 
users may produce them.  


 
 


High Level of Interaction:  
Users may choose & produce the kinds of indices, weights, 
spatial definitions, ranking methods and so on to re-evaluate 
Neighborhood indicators


Medium Level of Interaction: 


   
 
 
 
 Users may choose limited but differet kinds of indices, 


weights, spatial definitions, ranking methods and so on to  
re-evaluate Neighborhood QOL indicators 


 


Fig. 3. Level of Interactions 


Low Level of Interaction: 
Users can only veiw already calculated index values and 
enjoy fundamental WebGIS-enabled query qunctions 


 


 







 


4.2  Discussion of System Configuration 


WebGIS-supported systems can be designed Server-centered, Client-centered or 
have Hybrid structure. In a Server-side configuration, spatial and non-spatial data 
management, data analysis and map display are executed entirely on the server side, 
while clint side is limited to display functions. In contrast, in a Client-side 
configuration, most data manipulations are performed on server side, and some are 
performed on the client side. Mostly applet-type GIS or index evaluation functions 
are downloaded on the client side so that limited data analysis functions including 
index evaluations and map displays are performed.    


In simple Server or Client-side configurations, during high telecommunication 
traffic, system performance can be sensitive to network status (Server-side 
configuration), or GIS analysis functions may be reduced by Client-side computer 
performance (Client-side configuration). To compensate for these limitations, hybrid 
configuration also can be considered as an alternative, in which heavy database 
manipulations or complicated analysis procedures are carried out entirely on 
Server-side, while tasks that required users’ direct manipulations on the Client-side 
through applets.     


Among three levels of interactions, the current study proposes a system with a 
medium level of interactions. The system with high level of interactions may supply 
users with more choices, but may present complications that are beyond the scope of 
this study.   


5  Test Building of WebGIS-based Neighborhood Evaluation 
System 


5.1  Pilot System Outline 


This study proposes a basic system allowing medium level of interactions as 
mentioned, based on WebGIS and Server-side configuration.   


Table 3. Task Flow of Pilot System 


Stage Tasks 
1 Users enter his or her own SSN, neighborhood boundary and weights. 


2 
System calculates SUBWAY and CRIME values. As measured by different 
analysis units, transform them into the same unit throu Z-score. 
[Z-score=(value-average)/SD].    


3 
System calculates total scores by SAW method using weights, finally entered 
by users, and SUBWAY & CRIME Zscores. Then, results are displayed on the 
map. 


*SUBWAY: Distance to the nearest subway station as traffic environment of the 
neighborhood(by meter) 


 







 


*CRIME: Number of crime occurances during a recent year as safety condition of 
the neighborhood.    
   
Using two neighborhood features of SUBWAY and CRIME, weights of personal 


preference and neighborhood spatial definition, the system enables users to construct 
neighborhood indicators and to understand distributions of indicator values(i.e., 
traffic and safety conditions) displayed on the map. 


In this system, a neighborhood is spatially defined by a certain radius from the 
centroid of the neighborhood. The CRIME value means only the number of crime 
occurrences committed within that radius. Table 3 displays the task flow the system 
through which the system’s Neighborhood Indicators are calculated.   


5.2  Pilot System Structure  


The system structure is shown in Figure 4. The system was built for a cyber 
municipality containing five apartment complexes, five subway stations, and 62 
crime spots. Apartment locations, crime spots, subway stations, boundary of cyber 
municipality, residents’ inputs, results of index assessments are stored into tables 
managed by Oracle. Figure 5 illustrates relationships among data tables. For 
WebMap display, ArcIMS of ESRI was adopted. All spatial and non-spatial 
analyses including measure of distances for constructing indicators, measure of 
crime occurence frequency, calculating total scores using weights were executed 
using Structured Query Language(SQL) commands.  


 


             
Fig. 4. System Structure 


 


 







 


 


Fig. 5. Entity-Relationships Diagram 


 
Figure 6 shows the actual SQL queries to measure crime frequency within the 


boundary of a neighborhood spatially defined by a resident (SSN: 123123).   
   


UPDATE upt_crime_frequency a SET frequency = (SELECT count(*) FROM 
upl_crime_ps C,upl_apartment_ps B WHERE a.mng_no = ‘123123’ and 
a.apartmentid = b.id AND SDO_WITHIN_DISTANCE(c.shape, b.shape, ‘distance = 
1000’) = ‘TRUE’) where a.mng_no = ‘123123’; 


 


 


 


Fig. 6. Measuring Crime Frequency within 1000m radius of neighborhood using SQL 


 
Figure 7 shows the actual map display. The left one displays the assessment result 


of Neighborhood QOL Indicators on the map by user (SSN:11111111111) with 
neighborhood radius of 1000m and weights of 0.6 (traffic environment), 0.4 (safety 
environment) using SAW method. The other map shows the result by user 
(SSN:2222222) with neighborhood radius of 800m and weights of 0.3 (traffic 
environment), 0.7 (safety environment) 


 


 







 


   


Fig. 7. Examples of Displaying Evaluation Results on Map 


6  Conclusions  


When it comes to communication, interactivity is a top priority of public 
participation in neighborhood planning. New technologies offer many new ways for 
people to gather information and provide input, comment, or support for community 
issues. Replacing traditional method of face-to-face talks, up-to-date technologies, 
largely based on Information and Tele-Communication(ITC) -- especially Internet 
and GIS -- are indeed accelerating and enhancing communication in public 
decision-makings. 


Also, these technologies offer real-time methods of communication. Often, they 
can become better means of explaining and illustrating complicated information, and 
can give local residents a stronger tools for information queries and even further 
analysis of given information, which leads to a more immediate sense of belonging 
and connection to public decision-making process. 


This study describes the limitations of existing methods of evaluating 
Neighborhood QOL indicators, as well as the way of delivering those results to the 
public. As an alternative to the methods that are now in use, the development of a 
user-centered, interactive, WebGIS-based Neighborhood QOL Evaluation System 
was proposed, and is expected to facilitate residents’ re-examination of assessment 
results based on their own opinions of neighborhood definitions and personal values. 


As the significance of the current study, it proves that there is an alternative to the 
current system of Neighborhood QOL evaluation results delivery. Various residents’ 


 







 


 


opinions can be integrated into Neighborhood QOL evaluations, which had been 
impossible by conventional text-based neighborhood evaluation and results delivery.  
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Abstract. An environmental information service is evolving from a simple 
system with a monitoring function to a more complex service using com-
plex ubiquitous-based handsets and various networks to support it. In this 
paper, we intend to suggest a proper evolution model of information service 
for providing environmental information in the ubiquitous age. For this pur-
pose, we want to define the stage of evolution for service determined by the 
level of technological development and the elements that constitute the 
ubiquitous age. The stage of evolution include: the phase of P-to-M com-
munication, the phase of environmental perception and the phase of self-
response. We would like to suggest the model of evolution that covers the 
rest of phases. Finally, we intend to apply our proposed model of evolution 
to actual cases by analyzing the cases of ubiquitous services.  


    Key words : USN, environmental services, ubiquitous model 


1  Introduction 


Existing internet-based computer technologies haven’t been able to deliver informa-
tion on a real time basis since the information has to be applied from the DB. And its 
major shortcoming was found in its incapability to promptly provide the information on 
the status of the physical surrounding.  However, with an ubiquitous structure, we may 
monitor objects on a real time basis, using a sensor or tag and allow the acquired infor-
mation to be delivered automatically using a micro machine or robot in order to form a 
network that combines humans and various objects. Eventually, we will be able to es-
tablish a network, which integrates humans, computers and objects and based on such 
an integrated network we will apply the next generational technology that can deliver 
information in 3-D, which is expected to be the essential technology in IT industry in 
the future.(Martin Strassner, 2002). 


In order to develop a ubiquitous service as mentioned above, we should first develop 
a service mode using ubiquitous technology and based on such a model, we should 
come up with a well-planned strategy to allow existing service with simple monitoring 
functions to evolve into an applied service that can use complex ubiquitous-based hand-
sets and various networks.  At present, the Korean government is pursuing to establish 







various strategic plans to acquire technologies that is competitive against that of more 
advanced countries by promoting the growth of u-Korea and u-City and to be the first 
comer to the global service market for such technologies in the mid and long run.   


Especially, in areas of environment, we must develop more intellectual environmental 
services that can act on their own with an aid from ubiquitous technologies, using exist-
ing environmental surveillance services with simple monitoring functions.  


However, up until now, no studies have been able to provide a specific plan, service 
model or organization of system for developing technologies to provide ubiquitous en-
vironmental service, both domestically and abroad. Therefore, in this paper, we intend 
to propose a ubiquitous-based environmental model for providing environmental ser-
vices in u-Korea and u-City.  For this purpose, we wish to define the three service 
phases- the phase of P-to-M communication, the phase of environmental perception and 
the phase of self-response, all of which are categorized depending on the level of intel-
ligence of ubiquitous technology and services. Based on this categorization, we would 
like to suggest an evolution model of ubiquitous environmental service for each phase 
and apply our suggested models to cases of ubiquitous services in the area of environ-
mental technology, which have occurred domestically and abroad.   


2 Cases of Ubiquitous Environmental Services 


According to literature published domestically and abroad, a ubiquitous service can be 
divided into five different categories, depending on the level of intelligence of objects 
or systems, as shown in Figure 1.  First, u-communication service refers to a case 
where a ubiquitous network combining various technologies such as WAN, mobile 
networks, high speed wireless LAN and IPv6, is simply used as a transmission path to 
provide a service. Next, u-information providing service refers to a service which seeks 
and tracks the necessary information on a real-time basis and provides it for users as 
they request it. U-awareness service is a service where a sensor or tag may understand 
the status by itself, as instructed by users, and then provides the requested information 
on its own. U-behavior suggesting service is a service that can conjecture user’s request 
in the earlier stage of service and suggest action information or necessary actions to us-
ers ahead of time.  
Finally, u-intellectual service is a smart, fully automated service that can understand the 
status of problem and takes necessary actions on its own.  This type of service can 
support sensors and robots deliberating necessary counteractions without an aid from 
humans. As mentioned above, ubiquitous services including as u-communication, u-
information providing, u-awareness, u-behavior suggesting and u-intellectual services, 
can be applied to many areas of our country, society and citizens in conjunction with 
various ubiquitous infrastructures, facilities and contents. Recently, many researchers 
have attempted to apply ubiquitous-related technologies to the area of environmental 
industry. The major areas of environmental industry can be divided into an environ-
mental surveillance service and a recycle management service.  
The environmental surveillance service is a service that measures and monitors re-
sources such as water, energy, social capital, forests, climate and wild animals from a 
remote site. A ubiquitous environmental surveillance service may include both natural 
and artificial objects as targets for its service.  


 







 


 
 


Figure 1. Categorization of Ubiquitous Service depending on the level of Intelli-
gence 


Source : Nomura Research Institute (2003a) 
 
Such exemplary systems include the ubiquitous social capital monitoring system, the 
ubiquitous road-environment sensing system and the ubiquitous land-environment 
monitoring system. Table 1 illustrates actual categories and cases of ubiquitous envi-
ronmental service  


 
Table 1. Actual Categories and Cases of Ubiquitous Environmental Service 


Category Case of Service 


Land management system 


Ubiquitous social capital monitoring system 


Ubiquitous food history/safety checking system   


Ubiquitous road-environment sensing system 


Ubiquitous land-environment monitoring system 


Environmental sur-


veillance service 


KAIST’s Mycross project 


Low 
 


Service that provides communication and 


documents, anywhere anytime 


가능한 서비스


 


Service that searches for and provides infor-


mation on a real-time basis 


 


Understands the status of space and provides 


necessary status information  


 


Service that suggests action information nec-


essary for the status of space 


사물/컴퓨터가 스스로 제안하는 서비스


 


Service that understands the status and takes 
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The ubiquitous social capital monitoring system helps us to repair, renew and manage 
the social capital by installing u-chips on roads, ports, airports, railroads, sewer and wa-
ter supply, and buildings and monitoring the status of social capital in a large scale. 
And, the ubiquitous road-environment sensing system is a system where a sensor-
vehicle equipped with various sensors to detect the internal and external environment of 
itself, transmits and receives various types of information including the basic location 
the time data of the vehicle, the vehicle speed, the road condition, the total number of 
vehicles in the opposite lane as well as in four directions surrounding it, via u-handset 
that supports ad-hoc communication. The ubiquitous land-environment monitoring ser-
vice is a system that installs u-chips in plants, soils and the ground to measure the land-
condition of this country on a real time basis and prevents natural disasters in a large 
scale, such as earthquake, or eruption of volcanoes to contribute to preservation of the 
land environment.  


 
 


 
Figure 2. Great Duck Island Project 


 
 


Figure 2 is an organization diagram for the Great Duck Island project in which a natural 
environment surveillance system monitors sea birds.  The recycle management service 
is a service that manages recycle of products, using a GPS and it examples include in-







 
dustrial waste management systems, can/PET recalling systems, auto garbage sorting 
system. The waste management system assigns a RFID tag to a component or waste in 
order to effectively manage the recycling process. It keeps track of delivery-path for 
wastes on a real time basis and helps you to understand adequacy of such processing.  
Figure 3 represents the concept of the waste recycle project.    


 
 


 
Figure 3. Waste Recycle Project 


 
 
In addition, the ubiquitous food history/safety checking system installs u-chips, in 
which the attributes of the products- ingredients, the place of origin, distributive paths 
and history, are recorded, on a packing of food so that customers can read in such in-
formation with a u-handset to check the history and safety of the product.   


 


3 Environmental Service Model 


3.1 Service Model 
  
In order to implement a system for preventing natural disasters and monitoring the 


environment, we must fortify the schemes for environmental surveillance and safety 
management. If any abnormal symptom in the environment is detected, it should be able 
to control or cope with it properly.  It also requires an environmental service model 
that can be interconnected with various safety control systems. In addition, surveillance 
systems should be installed in every part within the physical space of our land so that it 
can provide services within such limited space and utilize it more effectively.   


But, this system should be constructed in such a way that it can guarantee expandabil-
ity and compatibility as requested in each phase.  Since it may not be possible to install 
surveillance systems with different functions that can monitor the entire land of our 
country at a certain point of time, it should guarantee compatibility between various 
types of sensors and measuring instruments and the system should allow step-by-step 
expansion. In this way, we may be able to install a system that can monitor and manage 
the environment of the entire country in a comprehensive way, which will lead to a 







model of green country. In this section, based on such requirement of environmental 
service, we would like to suggest an ubiquitous environmental service model using such 
technologies including sensor networks, awareness models and intellectual robots, as 
shown in Figure 4. 
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Figure 4.  Organization of Ubiquitous Environmental Service Model 


 
As shown in Figure 4, this model collects information on the status, such as environ-


mental condition and location, which will be delivered to the local environmental 
server, using a network. Then such information is, in turn, used to perform control 
through the environmental expert systems. In this service model, the status information 
collected by the sensor is delivered to the environmental platform for management pur-
poses. The information on the GIS or the environmental facility is delivered through the 
contents server, and then saved in the DB. After that, the platform and the application 
server will provide such environmental information for general users.   


Figure 5 provides a ubiquitous environmental system model, which a ubiquitous 
environmental service is incorporated into. In this model, the local environmental server 
collects the information on ozone alarms, remote monitoring of chimneys, measurement 
on air pollution, water quality and the quality of sewer and water supply, all from the 
sensor and manages it. In interconnection with the environmental experts system, it can 
effectively cope with various situations arising from environmental problems such as 
wild fire and water pollution, through real-time control.  And, the experts system saves 
various information that depends on the regulation, the model and the status and sug-
gests proper knowledge and counteractions for different situation. The contents server’s 
DB contains environmental information, such as the basic environmental data, envi-
ronmental industry’s technical data, natural environmental literature, comprehensive 
plans for nationwide water supply, information for verifying legal disposal of wastes, 
distribution of chemical substance/information management, information on recycling 
of wastes, approvals for vehicle emissions and environmental pollution data manage-
ment as well as the GIS data, such as classifcation for land-covering, the GIS for the 







 
natural environment and the Web-GIS for air pollution and threats to the natural envi-
ronment. The local environmental server reports the periodic status information and the 
event information to the platform and then the platform saves such information in the 
DB, via the contents server. In addition, it provides application services for citizens 
while controlling and managing the entire system. The application server provides vari-
ous application services- environmental information services, cyber civil-application, 
cyber environmental policy education, information on national parks, information on 
environmental studies, support for evaluation of comprehensive effects, all of which are 
made available through the platform. When encountered with natural disasters such as 
water pollution, wild fire, it can cope with such problems in a collaborative manner by 
interconnecting with other ubiquitous systems.   
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Figure 5. Ubiquitous Environmental Service Model  


 
Basic environmental data DB, environmental industry’s technical data, natural envi-
ronmental literature, comprehensive plans for nationwide water supply, information for 
verifying legal disposal of wastes, distribution of chemical substance/information man-
agement, information on recycling of wastes, approvals for vehicle emissions and envi-
ronmental pollution data management  


 







3.2 Plans for System Development in each phase 
 
The first-phase for a ubiquitous environmental service is implemented as an informa-


tion collecting and managing system that uses fixed type of location-based sensors.   
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Figure 6.  Organization of Ubiquitous Environmental Service Model in the 


First Phase   
 
This system uses wired and wireless networks such as the ADSL and the 2nd genera-


tional mobile network and it collects and manages environmental information by using 
a fixed type of location-based sensor for the target of information collection.  And, it 
installs and operates a surveillance system for environmental elements closely related to 
daily living of our citizens In addition, it collects environmental data such as wild fire, 
pollution and water quality and provides a surveillance service for them.   


For instance, wild fire-monitoring system, pollution-monitoring system, water pollu-
tion-monitoring system are good examples for it.  The wild fire-monitoring system 
sends the status information obtained by the location-based sensor, to the local server so 
that the local manger can deal with the situation properly. The result is passed onto the 
central platform that manages the history. If it is difficult to deal with problem on a lo-
cal basis then it requests the central platform to take some proper actions. Information 
on the history of wild fire is provided for general users through environmental applica-
tion services. Figure 6 represents the ubiquitous environmental service model in the first 
phase.  The 2nd phase service consists of a monitoring and detection system, which is 
based on sensor networks and awareness for situations.  


This system transmits and processes information, using various communication 
schemes including WAN, short-distance wireless communication and sensor networks 
other than existing wired or wireless networks. It adds and utilizes new technologies by 
expanding an environment monitoring system using existing fixed type of equipments. 
It moves to another location by using various types of portable sensors and networks 







 
while monitoring the environment.  For roads and single facilities, if any sign of ab-
normality arises, it operates an emergency processing system that can handle the situa-
tion immediately. In addition, it processes and manages wastes and polluting materials, 
using a surveillance system and the GPS. It provides a scheme for processing mobile in-
formation using the GPS and the RFID and it monitors environmental information by 
interconnecting sensors while providing a service that interconnects different environ-
mental systems. Figure 7 represents the ubiquitous environmental service model in the 
second phase. The third phase of service uses technologies such as awareness-based 
control, intellectual sensors, and expert systems and it is implemented as an intellectual, 
comprehensive land environment management system. 
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Figure 7. Organization of Ubiquitous Environmental Service Model in the Sec-


ond Phase 
 
This system is benefited by the same service that is available everywhere. The net-


work uses all of wireless or wired communication technology and broadcasting and 
short-range wireless communication technology in order to expand the existing technol-
ogy for managing the status of movement by adding new technologies to it. It imple-
ments a system that can process information voluntarily through networking sensors.  
And in case of natural disasters such as water pollution or wild fire, it uses the detection 
sensor monitoring atmosphere, pollution, temperature and water quality to interconnect 
with the expert system so that it can come up with a proper countermeasure. It uses 
various equipments for countermeasures, such as extinguishers, air-purifiers and water 
purifiers to provide a mean to control as well as monitoring.    


In addition, it provides an intellectual service in which users can aggressively cope 
with the disasters, depending on the situation. And, it responds to an accident at the 







moment of its occurrence, without any control by a person, simply through interconnec-
tions between various sensors using the local experts systems. In case of service that 
can’t be processed by the local expert system, it requests the platform to get a service 
from other U-service platforms. For example, if a sudden change in the environment or 
a case of emergency occurs, it interconnects with the personal health systems to activate 
an alarm or provides functions to control entries or to give out information on toxic ma-
terials, which contributes to protection of individual health and prevention of disasters.  
Figure 8 represents the ubiquitous environmental service model in the third phase.   


FTTH, 3G/4G, 
Wireless LAN
initial BcN


Active sensor/ Awareness 
sensor network


…


…..


Environ-
mental 


application 1


Environmental 
contents n


Network U-
Environ-
mental 


Platform


Com
mon 
API


Environ-
mental 


application n


Environmental 
contents 1


Local
Environ-
mental
Server


Environmental 
Expert
System


FTTH, 3G/4G, 
Wireless LAN


Wild fire-monitoring information
Pollution-monitoring information 
Water-pollution monitoring information 


 
Figure 8. Organization of Ubiquitous Environmental Service Model in the Third 


Phase 
 


In Figure 9, we have provided an exemplary organization of ubiquitous environment 
surveillance system which is a good example of intellectual, comprehensive land-
environment management system.  This figure is also an example of environmental 
service that has evolved through three phases mentioned previously. In the natural envi-
ronment, various sensor devices shown in phases 1,2, and 3, are installed. These devices 
have mutual connectivity, depending on their functions.    In addition, the network is 
installed in the form of a comprehensive network, so that it can be compatible with enti-
ties such as BcN.  An intellectual service can perceive the status and handle the prob-
lematic situation on its own. The most important information could be reported to users 
or customer at all times.  Such an environmental system periodically monitors the 
status of accidents by using chemical or temperature sensors that can detect water qual-
ity, atmospheric pollution or wild fire and informs the local server of occurrences of 
such an incident. If such an incident really occurs, it requests the expert system and the 
server to cope with it in an intellectual manner. The expert system and the server then 
operate equipments to take proper actions, notify the manager and activate alarms for 
evacuation.   
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Figure 9. Organization of Ubiquitous Environmental Service Model     


 
 
4  Conclusions 


Recently, there are numerous ongoing studies on the subject of ubiquitous service model 
in the area of environment and the development plan for improving the quality of hu-
man life.   


In this paper, we have proposed a step-by-step evolution model for providing envi-
ronmental service suitable for the ubiquitous age./ 
For this purpose, we have defined three phases of evolution model- P-to-M communi-


cation, environmental perception and self-response, based on ubiquitous-related tech-
nologies and services.  In addition, based on such a model, we have suggested an evo-
lution model for ubiquitous environmental service in each phase.   
For evolution of service model, we must consider compatibility and expandability and 
the direction of such an evolution should progress, following the phases of evolution for 
intellectual services. We believe that we have successfully illustrated a sample of ubiq-
uitous service in the area of environmental industry by applying this proposed model to 
it.  
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Abstract 
 
Internet is one of the most democratic and objective information technologies, but precise spatial 
characteristics of a certain territory can be shown on the map.  
Data geolocalization and digital cartography is developed in the Internet environment, and it is the most 
suitable and universal communication tool, which can well substitute the textual information.  
The main aims of this research are:  


− evaluation of existing and potencial natural basement  territories in Latvia according to ecological, 
culture-historical, designing, recreation organization and tourism development significance   


− creation of universal ecotourism and environmental data in the GIS environment by connecting it to 
the digital maps of Latvia for interactive information exchange 


This system foresees integration of data from different users, compatibility of different scales, as well as 
integrated territorial and historic information, thus supporting the spatial data infrastructure, as well as 
allowing different analyses of spatial data.  
Those resources must be coordinated and updated in order to promote the activities of each unit and each 
category of users receive the data according to its needs, the most suitable conditions. 
During the project geo-referenced data basis were created in the field of ecotourism and environmental 
protection. Tourism has become one of the world’s biggest industries. Studies of different tourism 
organizations show that the biggest demand in the 21st Century will be for untouched nature, culture heritage 
and attractive landscape. 
These requirements were the main prerequisites during creation of databases. Research territory was defined 
the potential territory of NATURA 2000 nature park. 
The system will include several layers with the attached information attributes. They will include the 
environmental data and its monitoring, historical development of the territory, infrastructure, information on 
ecotourism possibilities, i.e. ecological routes, biking routes, nature and historical objects, etc. as well as will 
display the photographs and video. The created Digital Surface Models (DSM), Digital Elevation Models 
(DEM) and Digital Terrain Models (DTM) can be used for different kind of spatial analyses.  
Creation of information system on the basis of GIS will ensure monitoring of the park, as well as will help to 
carry out its monitoring, which, in its turn, will promote the research, system modelling for regulation of 
current tourism flow on the territory of the nature park and its closest vicinity. In the research project there 
are many specialists representing different fields and local farms involved in order to study and promote the 
preservation of culture values, their sustainable management and elaboration of nature protection plans.  
Data basis and digital maps in Internet will provide opportunity not only for publicity, but also for attraction 
of new visitors and finances.  
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Keywords: data geolocalization,  ecotourism and environmental data, information technologies , 
navigation device, GIS environment, GPS. 
 
 
Introduction 
 
Recently the new technologies are getting more and more well-known. It means that also the national 
economy of Latvia has to make use of advantages offered by these technologies adjusting them to the local 
needs and circumstances.  
Tourism is one of the most important industries in the world. When analysing the tourism resources of Latvia, 
one can come to the conclusion that they are quite similar to other less urbanized and assimilated countries, 
where the main subjects of attraction are unaffected nature, culture heritage, landscapes. Unfortunately due to 
the unbalanced development and not sufficient regional tourism marketing the investments are mainly 
attracted to the capital. In the rural territories the main problem is lack of information. Though there are quite 
many offers in the field of eco-tourism, still the businesses in this field face quite many hardships. When 
increasing the level of information provided to the tourists also the contributions into the economic and 
financial development of the local municipalities and also of the country as such. The European Union has 
always stressed the role of information technologies, as it is helping to promote the tourism products of each 
country and image of the country itself. 
The other problem is the preservation of variety of landscapes, evaluation and protection of the environment  
This is the reason for necessity and topicality of environmental data and eco-tourism information in the 
potential NATURA 2000 territories.  
People and nature are interacting constantly, this interactivity has been multiform and changing, and the 
historical development shows that the relation between the man and the nature has grown closer and more 
intensive. The 20th century has often been called the time of urbanization and development of engineering, as 
well as urban revolution (Jain, 2000; Lāčauniece, 2000), as most of the population in the world are living in 
the cities, and the speed of urbanization is very high. Rapid development of the cities and high density of 
population causes irreversible changes not only in the closest neighbourhood, but also in the landscapes at the 
global scale.  
The landscape presents the objective reality; it is the combination of the nature conditions and resources. 
Being the material evidence and reflection of nature and society, the landscape is serving people and the 
community (Melluma, 1992). Actually the landscape is presenting the total sum of the objects and processes 
in the limited space and limited time.  
This Project stresses not only the understanding and acquaintance, preservation and sustainable management 
of nature and historical values, but also their monitoring. Though the landscapes have their specific qualities, 
they are not stable and are the subject to the constant change. Landscape as a dynamic system, which is 
changing both, in time, space and its functionality, has been mentioned in the publications of several authors, 
e.g. Forman, 1995, Melluma, 1992.  
Our research is based on the Project supported by the Structural Funds of the European Union „Preservation 
of environment and creation of infrastructure for eco-tourism in the nature park „Embute hillocks”. This 
nature park is not only a protected area in Latvia, but also a part of the protected territories’ of Europe 
network NATURA 2000. In this park there are unique values of the European importance, and their 
preservation is vital. 
During the project the existing data basis on the environmental protection and eco-tourism will be developed 
and new data basis will be created. These are the topics having the high value added already at the moment 
and creating even bigger value in the future for the development of local society and economy, finances, 
culture of the local communities.  
This information system will allow increasing the value of the finished and ongoing regional sub-projects. 
Elaboration of the geolocalized data basis for one particular region of Latvia will give a possibility to use this 
methodology in the other regions of Latvia and Europe. The value added is also created by the local partners, 
as specialists of different fields are participating and cooperating within the project with the common aim of 
recognition and promotion of the nature and historical heritage and its sustainable management. These ideas 







need to be closely linked to the local and regional development plans, as the regional data geolocalization will 
help to improve the regional development policy and instruments. 
 
 
Information system structure 
 
Geomatics is the discipline which includes geo-sciences and information technologies in order to complete 
acquisition, storage, analysis, dissemination and management of data territories. Geolocalization is the 
universal navigation device on the Internet in the current environment of globalization.  
Map is the best tool for visualization of the spatial processes. Perception and reproduction of space is based 
on the visual, verbal, mathematical and digital methods, as well as on the individual approach of each person. 
Thus, to reach the perfection, all these elements have to be combined into one analytical system.  
Spatial analyses is an analytical method, which is based on the analyses of the spatial location and attributive 
values of geographical occurrence, which makes it possible to analyze human impact on the environment in 
the spatial context and to create the appearance models of social, economic, demographic, etc. process’ spatial 
classification (McGregor, 2000). 
Nowadays, when the digital maps are available, there is an opportunity to describe in very detail information 
on the sights and regions of interest not only for the tourists, but also giving free access to the necessary 
information for the nature protection organizations. 
This environmental and eco-tourism data system is supporting the spatial data infrastructure, which is giving 
possibility to make different analyses of the spatial data and is easy to use it in Internet, as the following tools 
of the spatial analyses are used: GIS, global position systems (GPS), distance research and spatial statistics. 
GIS technology can be used for adjustment of environmental data generalization and are convenient for 
objective evaluation. This instrument is of utmost importance for the professional environmental researchers 
(Chertov a.o., 1996). 
Similar to the Navara territory information system (SITNA) (www.sitna.ef.navara.es), the Latvian 
environmental and eco-tourism spatial information structure is based on the geomatic platform, which is 
created in Internet, and which is based on the geographic information of Latvia and Kurzeme region: raster 
images (ortophotos, cartography etc.), vectorial layers (street and road map, addresses, land-use, toponymy 
etc.), alphanumeric information and different digital models (DEM, DTM, DSM) (fig.2.) 


 
 
 
 
The basic data has compatibility of different scale 
cartographic layers starting with the scale of M1: 200 000 up 
to M 1: 10 000, M 1: 5 000 for each particular region. 
The thematic layers create three thematic blocks, i.e. natural 
environment, eco-tourism and history (fig.1.) 
Data on the natural environment and eco-tourism is 
displayed in the vector format with wide attribute 
information adjusted to it. 
 
 
 


     Fig.1.  Structure of data layers 
 
Environment data system is consisting of the following natural environment thematic layers: habitat areas of 
forests, protected plants and animals, water objects, topography, climate, mapping of landscapes. The 
following layers are used for monitoring: indicator species, different types of zoning, use of the nature park 
territory, etc. 
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Eco-tourism data system is consisting of the following thematic layers: sites of natural environment and 
history of culture, historical sites, tourism infrastructure objects, bicycle routes, eco-paths, etc. with the photo 
and video information attached (fig.3.). 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


   Fig.2. DTM of nature park                                            Fig.3. Ecotourism objects 
 
Historical material information system includes historical information and maps in the digital format, 
scanning of the photo materials, etc. The historical maps from different times starting from the 13th Century 
are available in the digital form. 
As Wang a.o., 2000 mention, the structure of landscapes is created by the spatial and temporal variations of 
the land use. Landscape is characterised by the groups of repeated spatial elements, i.e. terrain forms, types of 
soil, fauna, use of land, etc. Thus the basic data is regularly updated and new layers of the environmental data 
are created. 
In addition to the functions available in internet, as search procedures, that allow a direct access to the 
graphical element from its alphanumeric identification, viewer capabilities (window definition, zoom in, drag, 
move, measure distance and areas, digitalize track, identify area etc.), the following additional functions are 
available: 3D navigation, GPS function, photo and video, as well as the virtual tour. 
 


 
 
 
 
 
 
 
 
 
 
 
 


 
 
   Fig.4. Historical materials of nature park                                  Fig.5. Survey of  castle mound in 1922. 
                     (Brastins, 1923.) 







Virtual tour 
 
There is a possibility to make a virtual tour in the nature park. 
The tour is made by a virtual walker (shown on the map) who is either moved by the user or is moving on the 
map automatically. The basis of the route is the walkway; however, there is also a possibility to choose the 
path individually.  
When making a virtual tour, the previous route is being analyzed, and based on its results the relevant 
information is being displayed. Information for the analyses is gained from the chosen route. If the tour is 
made along the walkway, the photographs and descriptions of the closest nature objects and their history is 
displayed, as well as the video/ webcam information is made available with the possibility to listen to 
additional audio information.  


 
 
 
 
 
 
 
 
 
 
 
 


         Fig.6.  Virtual park screen                                                                Fig.7. Video option 
 
When analyzing the options chosen, stress is made on the information displayed previously (e.g. if the 
previous choice of information mainly concerned the history, this information is further on displayed as the 
basic information, the rest of information is secondary). If movement on the map is not following the pre-
defined route, based on the previous path the new route is being generated and suggested.   
The same information can be displayed also on the cellular phones, which makes them the virtual guides 
during the tours in the nature park. In addition use of the GPS connection enables the possibility to plan the 
route like it is done during the virtual tour.  
There is also a possibility for every visitor to add information by adding their observations and opinions to the 
existing descriptions, as well as by adding their photographs and videos. Thus the newest tendencies in the 
creation of the social portals are observed and the additional information is collected making the information 
displayed on the portal of the nature park more attractive and adjusted to the needs of representatives of 
different social groups stressing their particular interest.  


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
                 Fig.8. Cell phone environment                                         Fig.9. Virtual park network                                







Conclusions 
 
The advantages of these data basis are: 


− information exchange and distribution process is made faster and cheaper; 
− creation of the unified eco-tourism product and environmental data base system makes the use of the 


data base easier, both for the tourists and for the environmental specialists; 
− local historical and nature sights are promoted, the eco-tourism market is being developed in the 


region of  Kurzeme; 
− recognition and publicity of the sites not only in Latvia, but also outside it; 
− number of the potential tourists and their level of information is increasing; 
− easier access to the sights for the tourists; 
− impact on the environment is being assessed, thus helping to preserve the environment, lead the flow 


of tourists in the protected areas and also allowing to implement the educational measures as well as 
the monitoring of the nature park; 


− creation of opportunities to make similar researches, data collection and data base creation in the 
other protected territories with developed eco-tourism infrastructure. 
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Abstract 
 
The paper describes the use of PPGIS technologies and process to create a multi-
lateral system of communication and feedback between the residents, planners, and 
politicians in the Boston regional planning. In particular, it focuses on five readily 
available technologies in use – local knowledge, GIS simulation, inter-operable web-
based GIS, middleware, and instant polling. 
 
Metropolitan Area Planning Council (MAPC) conducts the 30-year long-term 
comprehensive regional planning for the Boston Metropolitan Area every decade. In 
the Boston Metropolitan Area, regional cooperation became more important today 
than ever before. Cities and towns across the Commonwealth are facing serious 
strategic issues in the arenas of economic development, infrastructure, environmental 
protection, and social equity. Simultaneously, there is growing recognition of the need 
for municipal cooperation and regional governance in achieving workable solutions to 
these complex challenges. 
 
From its previous planning experience, MAPC has leaned the following: (1) Planning 
needs to reflect local knowledge more than before. (2) Planning needs to be 
interactive and flexible, so that all participants, especially citizens, understand the 
trade-offs and social/collective welfare. (3) Planning needs to utilize available 
information as much as it could. (4) Planning needs to offer mutual understanding 
among stake holders towards consensus building, which can lead seamless decision 
making and implementation. (5) Planning needs to encompass bottom-up approach 
more than before for its success. (6) Planning needs to represent region’s un-biased 
collective needs. 
 
Correspondingly, MAPC is trying to utilize currently available technologies in 
planning and to develop an alternative approach to use information. 
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MAPC use an annotation tool which allows participants’ location knowledge over the 
web. With this tool, all participants can add her/his concern into discussion and share 
it with others. This tool also offers how well participants represent the community. 
 
Second, GIS simulation enables community-based spatial decision-making. 
Participants can apply different set of assumptions, such as water consumption rate 
per residents, and then they can immediately check the potential outcome in 2030. 
 
Third, GIS technology evolved into a new phase of inter-operability over the Web. 
Instead of compiling all data into their machine, people can use and share information 
on the fly. For example, MAPC’s Web GIS is linked to the Massachusetts GIS center 
(MassGIS), so that MAPC just use MassGIS data on its Web GIS. It increases the 
accuracy of data and reduces the maintenance hassle. 
 
Fourth, along the same effort, planning is trying to use unutilized administration data. 
Administration organizations, such as City of Boston, generate valuable information 
from the everyday transactions. Intelligent middleware provides technical processing 
and privacy security, so that those data can be use in planning. 
 
Five, instant polling is a wireless Audience Response Systems which combine cutting 
edge audience response software with interactive wireless keypads to provide real-
time feedback in meetings and classrooms. An audience response system makes it 
possible to pose questions during discussion. After participants respond to the 
question using their wireless keypad, the groups’ responses are displayed for analysis 
and discussion. 
 
These technologies effectively and efficiently help all participants develop a new 
strategic plan for the region. These technologies help all participants understand and 
share (1) what the implication would be under their scenarios; and (2) what other 
people think and value. These technologies enable bottom-up planning, so that they 
are great for mutual learning, which leads consensus building. 
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Introduction 
 
 
Metropolitan Area Planning Council (MAPC)1 conducts the 30-year long-term 
comprehensive regional planning for the Boston Metropolitan Area every decade. In 
the Boston Metropolitan Area, regional cooperation became more important today 
than ever before. Cities and towns across the Commonwealth are facing serious 
strategic issues in the arenas of economic development, infrastructure, environmental 
protection, and social equity. Simultaneously, there is growing recognition of the need 
for municipal cooperation and regional governance in achieving workable solutions to 
these complex challenges. Accordingly, MAPC launched the MetroFuture 2030 
project for a next generation comprehensive regional planning. 
 
There have been various efforts to increase public participation in planning. Although 
public participation is often touted as essential for democratic decision-making, 
conceptions of public participation have been unclear. If people are meant to 
participate in a decision making, they should understand various things, including 
how decisions get made, what the issues are, how to get information necessary for a 
decision. In addition, people need to understand what other people concern and how 
to exchange their concerns with other participants. 
 
Many people are interested in participating in the MetroFuture 2030 project and 
getting involved in the decision making processes. However, it is difficult to 
understand what is happening in the region and what will change in the future. 
Furthermore, it is hard to build a consensus out of contradictory visions. 
 
MAPC initiated an unprecedented ambitious approach for the MetroFure 2030. 
Participation in democratic society has for most people until recently been limited to 
choosing elected representatives through the voting process. Over the last decades, 
Information and communication technologies (ICTs) have massively increased the 
amount of information available and the speed at which it is transmitted. Yet, despite 
technological advances, there are still relatively few opportunities for the general 
public to actively participate in decision making.  
 
A useful analogy when considering levels of public participation is that of a ladder; 
the base of which represents zero opportunity to participate with successively higher 
rungs representing increased levels of participation and greater public empowerment 
in the decision making process. The top of the ladder represents full public control 
and responsibility for the final decision. (Figure 1) 


                                                 
1 The Metropolitan Area Planning Council (MAPC) is a regional planning agency 
representing 101 cities and towns in the metropolitan Boston area. Created by an act 
of the Legislature in 1963, it serves as an independent public body of the 
Commonwealth within which state and local officials can address issues of regional 
importance. As one of 14 members of the Metropolitan Planning Organization (MPO), 
MAPC has oversight responsibility for the region's federally funded transportation 
program. 
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Figure 1. The public participation ladder 


 
Source: After Arnstein, 1969; Wiedemann and 
Femers, 1993. (requoted from Carver, 2003) 


 
 
Up to date, most e-participation means online delivery of public services such as 
payments of rates and taxes, applications for licenses and access to government 
information. Local government web sites and those of various national government 
departments are good examples. Here the flow of information is essentially one-way. 
 
MAPC decided to take full advantage of the possibilities for two-way communication 
making participation more interactive through the sharing of information, ideas and 
feedback. 
 
Access to GIS alone does not, however, provide the public user with a satisfactory 
means of active participation in the decision process. GIS is far too complex a 
technology to allow effective use by the non-specialist with little or no previous 
training or experience in this field. Putting GIS on the Internet therefore does not in its 
own right, constitute an effective participatory decision support solution, if only 
because it is such a complex beast and the data difficult to interpret. 
 
Furthermore, better access to the Internet will help, but it is maintained here that there 
will always be a significant proportion of the population who do not have the 
appropriate training or intelligence with which to use it effectively. It is these people - 
the information underclass - who always have, and maybe always will be, excluded 
from the decision loop by the so called Digital Divide. 
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In consequence, MAPC took a role of moderating and facilitating multi-lateral 
communication and mutual learning among participants. MAPC also outreached to 
unrepresented group of population such as minors and new immigrants. 
 
MAPC finished the first visioning phase. The goal of MetroFuture's visioning phase 
was to find out, across the region, what people would like to see happen in the future. 
The visioning information collected was based on public meetings, surveys, a 
telephone poll done in partnership with UMass Boston, dialogues with political 
leaders, and discussions with traditionally underrepresented constituencies such as 
immigrants and small businesses. 
 
Next, the MetroFuture team developed a picture of what the region's growth and 
development might look like, through 2030, if current trends continued. Third, the 
MetroFuture team is conducting briefings and public forums for developing 
alternative scenarios. 
 
For this public discourses, the MetroFuture team is using the following five 
technologies: Local Knowledge, GIS Simulation, Inter-operable Web-based GIS, 
Intelligent Middleware, and Instant Polling 
 
 
Local Knowledge and Representation 
 
Common critics on MAPC’s previous comprehensive regional planning include lack 
of local knowledge and skepticism of representation. Therefore, MetroFuture team 
built a Web GIS annotation tool in order to collect local knowledge.  
 
MetroFuture team chose WorldKit GeoWiki. GeoWiki is an open source, which 
allows annotation on a map online. A user can place a marker on the map. Once 
she/he places a marker and named it, she/he can go on to add a description, opinion, 
and photographs. 
 
MetroFuture team also used GeoWiki to show who participate in the planning process. 
MetroFuture team posted participants’ basic information including name, organization, 
and address, and displayed those information on the GeoWiki map. Figure 2 is a 
snapshot of GeoWiki used in a public forum. It shows where the participants live. 
When a user hovers mouse over a red dot, it displays additional information about the 
participants. 
 
 


Figure 2. GeoWiki 
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GIS Simulation – CommunityViz 
 
CommunityViz provides GIS-based analysis that allows people to envision land use 
alternatives and understand their potential impacts, explore options and share 
possibilities, examine scenarios from all angles including environmental, economic, 
and social. CommunityViz is an add-on application to ArcGIS and works as an 
interactive tool and a decision-making framework. With CommunityViz we can 
experiment with hypothetical scenarios; assess economic, environmental, social, and 
visual considerations; make and change assumptions on the fly; view impacts of 
proposed changes; and make comprehensive, informed decisions. 
 
Figure 3 shows current land use pattern. Socio-economic model is embedded behind 
this CommunityViz model. 
 
Figure 3. GIS Simulation 1 
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Figure 4 and 5 shows the impact of different development scenarios. For example, 
Figure 4 shows the greenfield development if current trend extended. Figure 5 shows 
an alternative future which would save a lot of greenfield due to smart growth strategy. 
 
 
Figure 4. GIS Simulation 2 


 
 
Figure 5. GIS Simulation 3 


 
 
 
Forum participants experimented with this GIS Simulation on the fly. It enabled 
participants explore how their decision would affect the future of their region. This 
model is also distributed to whoever wants to explore more. Participants become to 
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understand the trade-offs in decision making. They get better understanding other 
participants’ concerns. This tool is good for mutual learning, and consensus building. 
 
 
Inter-operable Web GIS 
 
As early as 1996, organizations and companies started providing online mapping 
services. These Web mapping applications were independently implemented using 
proprietary data repositories and systems. As a result of the isolated development, 
online mapping services from different providers cannot, in most cases, interoperate 
or communicate with one another. Thus, it is seldom possible for a user to get a land 
use map from one Web site and a street map from another site and overlay them in the 
same composite map.  
 
Moreover, most Web mapping applications are inseparably tied to a specific server 
implementation. In other words, the Web client is hard-coded to interact with a 
particular proprietary map server implementation. The opportunity the Web provides 
for broad access cannot be realized if each server has a different proprietary 
implementation with no open published interface specification. Even if an 
implementation is publicly documented, it may not be standard to the extent that it is 
in common use by multiple commercial implementations.  
 
Figure 6 shows a scenario in which a user must run three different Web applications 
to access the data and functionality provided by three server implementations. In this 
situation, there is very little interoperability (or reuse) of the Web client and server 
implementations. Because data are often accessible only through one particular server, 
there is also very limited ability for a user to transparently access data from other map 
servers. 
 
Figure 6. Traditional Web GIS 


 
 
 
To address the interoperability problem among Web clients and servers, Open GIS 
Consortium (OGC) developed a nonproprietary Web mapping approach based on 
open interfaces, encodings, and schemas, such as the Web Mapping Service (WMS) 
interface. The OGC Specification Program and Interoperability Program provide an 


 8







industry consensus process to plan, develop, review, and officially adopt OGC 
specifications that enable interoperable geoprocessing services, data, and applications.  
 
Interoperability, in the context of the specification program, is software components 
operating reciprocally (working with each other) to overcome tedious batch 
conversion tasks, import/ export obstacles, and distributed resource access barriers 
imposed by heterogeneous processing environments and heterogeneous data. 
Interoperability, with respect to geoprocessing, refers to the ability of digital systems 
to freely exchange all kinds of spatial information and cooperatively, over networks, 
run software capable of manipulating such information.  
 
With OGC standards-based interoperable Web mapping, each map server implements 
a common interface for accepting requests and returning responses. Now, the same 
client has Web access to potentially all available map servers and multiple data 
sources, in which each map server is accessed by the same Web client through the 
common interface.  
 
Figure 7 portrays this concept of interoperable, distributed mapping systems. The 
result is one composite map instead of three, as portrayed in the Figure 7. This 
approach allows, among other things, the user to run a single Web client that accesses 
all the capabilities of each server. 
 
Figure 7. Inter-operable Web GIS: OGC WMS 


 
 
 
Using this technology, MAPC developed a Web GIS, called Metro Boston Data 
Common (MBDC), for MetroFuture and general purpose. Some layers of MBDC is 
prepared and provided by MAPC, and some other layers of MBDC come from 
MassGIS, the Massachusetts State GIS Center, on the fly. Orthophoto layer comes 
from Massachusetts Institute of Technology (MIT). A user can use all layers just like 
one service. This MBDC is also capable to serve WMS, so that other organizations 
can utilize MBDC layers for their GIS portal. 
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Figure 8. Metro Boston Data Common 


 
 
 
Intelligent Middleware 
 
Middleware tools create cost-effective approaches to perform regular data 
normalization and analysis, while providing a means to capture and share local 
knowledge. The MIT middleware makes it easier to combine heterogeneous datasets 
across municipal boundaries and to combine those datasets with other information, 
such as program administrative records, to develop a rich picture of a particular aspect 
of neighborhood markets. These new software tools are necessary for the next-
generation of community statistical systems. 
 
The basic idea is to isolate and codify local knowledge from both the official datasets 
and from the definition of maps and reports that build useful community indicators. 
The local knowledge is codified as business rules that produce virtual tables when 
applied to the read-only official data. The facade rules can be changed independently 
of running the maps and reports, or swapping in new versions of the basetables.  
Figure 9 and Figure 10 illustrate data models. 
 
 
Figure 9. Traditional Data Model 
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Figure 10. Intelligent Middleware 


 
 
 
For example, the data processing steps use the identification and mapping of parcels 
owned by the largest landowners in the neighborhood. For this example, common 
ownership is difficult to ascertain from the official data because of spelling errors or 
varying abbreviations in the owner names. Fixing spelling errors is a simple example 
of local knowledge but illustrates the key ideas. More complex examples of local 
knowledge include (re)categorization of ownership type, determining the 
redevelopment potential of vacant land, etc. (Figure 11 and Figure 12) 
 
 
Figure 11. Intelligent Middleware: Usage over Web 
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Figure 12. Intelligent Middleware: Usage in MS-Excel 


 
 
 
 
Interactive Instant Polling 
 
Interactive instant polling is a method of receiving real-time feedback from meeting 
participants. By creating a feedback loop among participants, they can easily foster an 
interactive meeting environment where trust and participation make it possible to gain 
new insights and explore new ideas. 
 
 
Conclusion 
 
The paper describes the use of PPGIS technologies and process to create a multi-
lateral system of communication and feedback between the residents, planners, and 
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politicians in the Boston regional planning. In particular, it focuses on five readily 
available technologies in use – local knowledge, GIS simulation, inter-operable web-
based GIS, middleware, and instant polling. 
 
The medium and long-term opportunities for participatory approaches and geographic 
information are significant. Nonetheless, PPGIS should not be viewed as a 
replacement for more traditional forms of participation in the democratic process 
rather its role is seen more as augmenting and supporting stakeholder dialogue and 
public involvement in decision making. PPGIS should be viewed as an opportunity 
for increasing involvement and accountability. 
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ABSTRACT  
 
This paper presents the current design status and some 
preliminary calibration/performance analyses of the 
prototype of a multi-sensor personal navigator currently 
under development at The Ohio State University. The 
main purpose of this research project is to develop a 
theoretical foundation and algorithms which integrate the 
Global Positioning System (GPS), Micro-electro-
mechanical inertial measurement unit (MEMS IMU), 
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barometer and compass to provide seamless position 
information to support navigation and tracking of ground 
military and rescue personnel. The system is designed 
with an open-ended architecture, which would be able to 
incorporate additional navigation and imaging sensor data, 
extending the system’s operations to the indoor 
environments. The current target accuracy of the system 
is at 3-5 m CEP (circular error probable).  
 
In the current prototype implementation, the following 
sensors are integrated in the tightly coupled Extended 
Kalman Filter (EKF): GPS carrier phase and pseudorange 
data, Crossbow MEMS IMU400C, PTB220A barometer, 
and KVH Azimuth 1000 digital compass. This paper 
focuses on the design architecture of the integrated system 
and the preliminary performance analysis, with a special 
emphasis on the navigation during the loss of GPS signal. 
A brief description of the individual sensors and their 
calibration is presented, together with the navigation 
performance of the system of sensors.   
 
In addition, the system’s architecture designed to 
incorporate a simplified dynamic model of human 
locomotion is introduced. The system is trained during the 
GPS signal reception and is subsequently used to support 
navigation under no GPS signal. The stride parameters 
(step frequency and length), extracted from GPS data and 
the timed impact switches during the system calibration 
period, and the heading information from the compass 
and the IMU support the dead reckoning navigation, 
during the gaps in GPS signals.  
 
Some information included here is also presented in 
(Grejner-Brzezinska et al., 2006). 
 
 
1 INTRODUCTION 
 
The need for effective and reliable navigation and 
tracking of ground personnel has been steadily growing.   
Providing seamless position information of moving 
personnel is very crucial in emergency and combat 
situations especially in urban area. Since the urban 
environment is rapidly changing, the deployment of 
ground troops or emergency crews without proper 
information on the positions may pose the high risk in 
operations.  
 
The recent technological developments in positioning and 
tracking sensors, including Global Positioning System 
(GPS), MEMS IMU (micro-electromechanical systems; 
inertial measurement unit), digital compass and digital 
barometer/altimeter offer a potential to develop small and 
portable systems for in situ orientation and decision 
support for ground personnel.  With GPS currently 
undergoing modernization and MEMS technology 
steadily improving and becoming more affordable, with 


the target of achieving 1°/h gyro stability in the next few 
years, it seems logical to consider these sensors as 
primary technology components for the future personal 
navigator. As a matter of fact, the development of such 
systems has been investigated in many years. One can 
find two different approaches under the topic of 
pedestrian navigation, namely by sensor integration 
(Anderson et al., 2001) and human locomotion modeling 
(Beauregard and Haas, 2006).  
 
While a variety of sensors and their integration algorithms 
have been available for a number of years, there is still 
room for investigation on affordable and accurate 
methods and their software implementation that may 
exploit the potential of combining highly portable 
versions of these sensors into seamless and dependable 
hand-held devices. Furthermore, it is necessary to 
integrate the information of the human locomotion for 
low cost seamless navigator, especially when the GPS is 
not functional. Therefore, using sensor fusion technology 
with human motion modeling, the research presented here 
is directed towards prototyping a portable navigation 
sensor suite with the necessary processing techniques to 
provide seamless navigation and tracking of the ground 
personnel under various situations where GPS signal 
reception is not always guaranteed, such as urban canyons, 
under canopy or inside buildings.  
 
In the context of the research presented here, the 
positioning errors related to the duration of GPS signal 
blockage, and the quality of the IMU sensors and the 
supporting instrumentation, such as digital compass and 
the barometer, are of great interest. As far as the 
navigation errors are concerned, the primary interest will 
be in determining the real capabilities of the MEMS IMU 
sensors by testing and simulations. 
 
The open-ended architecture of the proposed design will 
allow extending the sensor suite to include imaging 
component to further enhance the navigation capability by 
implementing the image-based navigation (close-feedback 
error loop between the navigation and the imaging 
modules). In order to achieve optimal design and 
performance characteristics, as well as seamless real-time 
navigation operations, our research focuses on (1) the 
selection of the most suitable sensor performance 
parameters ensuring redundancy and complementarity, (2) 
the investigation of the optimal filtering approach for real-
time navigation, and (3) extensive testing in real world 
scenarios.  
 
 
2 CURRENT PROTOTYPE 
2.1. System design and sensors used 
 
The design of the current system is conceptually depicted 
in Figure 1. The primary four sensors, GPS, IMU, 
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barometer, and compass are integrated in a tightly 
coupled Extended Kalman Filter (EKF), where carrier 
phase and/or pseudorange data are used to obtain a full 
navigation solution, as well as calibrated IMU errors. The 
barometer and compass are introduced to aid height and 
heading estimation, respectively, when GPS signals are 
blocked. These sensors are continuously calibrated during 
the GPS signal availability. Of course, depending on the 
quality of the IMU sensors, the compass may contribute 
to calibrating and aiding the IMU sensors.  
 
 


 
Figure 1. Conceptual design of the integrated filter, Zi (i = 


1, 2, 3, 4) indicate multi-senor measurements. 
 
In sensor fusion, it is very important to assess the proper 
stochastic error models for each sensor.  Table 1 shows 
the stochastic error models used in the current system 
implementation. The error models may be updated in the 
future based on additional performance tests and the 
actual characteristics of each sensor. 
 
 


Sensor Error sources Stochastic error 
model 


Bias Random walk Accelerometer Scale factor  Random constant 
Bias Random walk 


Gyroscope Scale factor  Random constant 
Bias Random ConstantBarometer Scale factor Random Walk 
Bias Random ConstantDigital Compass Scale factor Random Walk 


Table 1. Stochastic error models for the multi-sensor 
system. 


 
Currently, the sensors used in the prototype are: dual 
frequency GPS receiver (Novatel OEM-4), MEMS 
IMU400C, PTB220A barometer, and KVH Azimuth 1000 
digital compass. A NAVSYNC GPS Receiver CW25 
Development Kit 
(http://www.navsync.com/GPS_Receiver_Chipset1.html) 
is currently considered for implementation in the multi-
sensor navigator prototype. The manufacturer 
specifications for the hardware currently used are listed in 
Tables 2-5.  
 


The GPS measurement model currently used is based on 
double-differenced carrier phase and/or pseudorange data, 
as shown in equations 1a-b.  
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where the subscripts i and j indicate the baseline receivers 
and the superscripts k and l denote the satellites;  


and  are the DD pseudorange/carrier phase 
measurement for satellites i, j and receivers k, l on L1 or 
L2, respectively;  is the DD geometric distance 


between the satellites and the receivers; 
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ij fI  is the 


frequency-dependent differential ionospheric delay term 
on L1 or L2, respectively, where f denotes the signal 
carrier frequency on L1 or L2;  is the differential 


tropospheric error; e and ε denotes random observation 
noise on pseudorange and carrier phase, respectively and 
N denotes the integer ambiguity term, λ1(2) is the 
wavelength on L1 and L2.  


kl
ijT


 
For longer baselines (over 5-10 km) the ionosphere-free 
linear combination, with coefficients ≈1α 2.54 and 


≈2α -1.54, is used to eliminate the differential errors due 
to ionospheric delays, as shown in equation (2). Similar 
equation can be formed for carrier phase observations.  
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A barometric pressure transducer (Figure 2), or simply, a 
barometer, is an instrument for measuring barometric air 
pressure. Although the measurement is affected by the 
variations in environmental pressure and temperature due 
to changing weather pattern, it can provide a good long-
term accuracy; e.g. PTB220A used here should offer 
about 1.5 m height accuracy (see Table 5). The barometer 
plays a very important role in a multi-sensor integrated 
system by compensating the height error during the GPS 
outages.  
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Barometric pressure can be used to calculate height above 
mean see level, as shown in equations 2 and 3. In these 
equations, the height changes as a function of air density 
and temperature variations above the surface of the earth. 
The height above mean sea level is based on the average 
atmospheric conditions and the standard temperature and 
pressure (http://hyperphysics.phy-
astr.gsu.edu/hbase/kinetic/barfor.html). 
 


kTmgh
h ePP /


0
−=   (2) 


 
)/ln( 0PP


mg
kTh h−=


 
(3) 


 
where  
Ph Atmospheric pressure at height h 


P0 
Atmospheric pressure at mean sea level = 
1013.25hpa 


m 


Mass of one molecule  = 29 amu (atomic 
mass unit)  
= 29×1.66057×10-27 ㎏  (29 is average 
molecular mass) 


g Acceleration of gravity = 9.80665 m/s² 
k Boltzmann’s constant = 1.380622×10-23Jk-1 
T The absolute temperature [°C] 
 


Pressure range 500 ~ 1100 hPa 
Temperature range -40 ~ 60 C 


0


Total accuracy ± 0.10 hPa 
Update rate 0.5-10 Hz 


Output averaging time 0.1-3 s 
 


Table 2. PTB220A barometer specifications.  
 


A magnetic compass (Figure 2) provides the azimuth 
angle by measuring the direction of the earth’s local 
magnetic field. Since the azimuth measured by compass 
indicates the angle from the magnetic north, rather than 
geodetic north, a declination angle, which is the deviation 
between true north and magnetic north, should be 
considered in transforming the azimuth to heading. The 
declination angle varies with location and can be 
determined by the International Geomagnetic Reference 
Field Model 
(http://www.ngdc.noaa.gov/IAGA/vmod/igrf.html). It 
should also be noted that the local magnetic field (and 
thus, the compass reading) can be disturbed by events like 
sunspot activity, solar magnetic storms, and man-made 
interference, such as building/constructions or passing 
vehicles. Table 3 provides basic characteristics of the 
sensor used in this study. 
 
 
 


Gimbal range ± 25° 
Read-out rate 10 Hz 


Heading accuracy ± 1.0° 
 


Table 3. Azimuth 1000 digital compass specifications. 
 


      
 


Figure 2. PTB220A Barometer (left) and Azimuth 1000 
Compass (right). 


 
 


Acceleration 
Bias 8.5 mg 


1% Acceleration 
Scale Factor 1.0e-2 
Gyro Bias 1 °/s 


1 % 


IMU 
Error 


Gyro Scale 
Factor 1.0e-2 


Velocity 0.1 m/s/ hr  


Attitude 2.25 °/ h  
Acceleration 


Bias 0.05 m/s/ h  


Acceleration 
Scale Factor 0.0 


Random
walk 


Gyro Bias 0.85 °/ h  


Table 4. IMU400C error specifications. 
 
 


Crossbow IMU400CC-100 is a consumer-grade low-cost 
MEMS IMU (see Figure 3 and Table 4) used in the 
current prototype of the personal navigator. It is a low 
quality sensor, and as it will be shown in Sections 3 and 4, 
it may not be able to support reliable navigation during 
GPS gaps; thus an alternative sensor, a tactical-grade 
HG1700 (1.0 mg accelerometer bias and 2°/h gyro bias), 
is considered here to assure better navigation accuracy 
during the loss of GPS signals. 
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Figure 3. Crossbow IMU400CC-100 sensor. 
 
 


Sensor Measurement 1σ magnitude 


Barometric Height 1.5 m 
Digital Compass Heading 1.0 ° 


 
Table 5. Measurement accuracy according to 


manufacturer specifications.  
 
 


2.2. Linearized measurement and dynamic models 
 
Considering pseudorange measurement model, the final 
linearized system of observation equations is shown in 
equation (3).  
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where m is the total number of observations, H and 


headingθ  are obtained from the barometer and compass, 


respectively; H° and  are values predicted from the 
system model. The state vector x includes 3 position, 3 
velocity, and 3 attitude components (uNAV), accelerometer 
bias and scale factor (uf), gyro bias scale factor (uω), as well 
as barometer and compass errors as listed in Table 1. The 
state transition matrix Φ is shown in equation (4), to 
indicate the extension from the IMU-only error modeling to 
including also the barometer and compass error models (uB 
and uC). Note that the components of the state transition 
matrix can be found in (Grejner-Brzezinska et al., 1998). 


0
headingθ
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3 PRELIMINARY PERFORMANCE ANALYSES 
 
The preliminary performance analyses were carried out 
using the simulated data. Subsequently, several kinematic 
tests, in the controlled environment, were performed at 
The Ohio State University campus in July-November 
2005 and June 2006, where GPS, IMU, compass and 
barometer data were collected.  Some of these data and 
the simulated data are used in the performance analyses 
presented in this paper. Namely, the first part of the 
analyses presented here was based on simulations, where 
the synthetic data were created to determine if the specs 
for the preliminary hardware selection would indeed meet 
the project accuracy requirements. The actual data 
collected for this test were dual frequency GPS and 
LN100 (navigation grade IMU; 0.8 nmi/h CEP, gyro bias 
– 0.003°/h, accelerometer bias – 25μg), while the other 
sensor data (i.e., barometer, compass and consumer-grade 
MEMS IMU) were simulated using the manufacturer 
specifications of their error characteristics.  
 
3.1 Positioning accuracy of integrated sensor suite: 
GPS/IMU/compass/barometer: simulations 
 
One of the research questions that need to be addressed 
here is: can the pseudorange measurements be used 
instead of the carrier phase measurement to assure the 
target positional accuracy?  Since the pseudorange 
processing is very simple, and the pseudorange-only 
receivers are much less expensive, as compared to the 
carrier phase receivers, it would be more economical for 
the purpose of this project to use it if the desired accuracy 
is achieved. To assess the accuracy achievable with 
pseudorange data, the pseudorange/MEMS IMU 
(simulated) positioning results were compared with the 
reference solution, i.e., the carrier phase/LN100 (actual 
data) and subsequently, simulated compass and barometer 
data were added to the pseudorange/MEMS IMU to test 
their impact on the navigation solutions. Table 6 shows 
the summary statistics of these tests in terms of the mean 
and the standard deviation of differences between the two 
simulations and the reference solution; the solution based 
on pseudorange/MEMS IMU is denoted as solution 1, and 
the pseudorange/MEMS IMU/compass/barometer model 
represents solution 2. The total test duration was around 
800 seconds.  The LN100/carrier phase reference solution 
was obtained with the AIMS™ system (see, for example, 
Toth and Grejner-Brzezinska, 1998); its positional 
accuracy was at the level of a few centimeters.  
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Reference-solution 1 Reference-solution 2
 


Mean STD Mean STD 


N [m] 0.66 0.54 0.58 0. 50 


E [m] 0.80 0.69 0.72 0.58 


U [m] 0.93 0.71 0.80 0.53 


Roll [°] 1.38 0.95 1.36 1.00 


Pitch [°] 1.47 0.96 1.00 0.78 


Heading [°] 10.68 8.46 1.05 0.78 


Table 6. Navigation accuracy of the pseudorange/MEMS 
IMU (solution 1) and the pseudorange/MEMS 
IMU/compass/barometer model (solution 2) with 
respect to the reference solution (DD carrier 
phase/LN100). 


 
As can be observed in Table 6, the barometer has some 
impact on the height accuracy, but the most pronounced 


improvement is evident in heading, as a result of 
including the compass measurements.  
 
Table 7 illustrates the position and attitude error 
performance of solutions 1 and 2 during GPS gaps. As 
expected, the stand-alone IMU provides the largest drift 
in most of the position and attitude solutions, and the 
errors grow with the gap duration. The heading error is 
very significant, even after the shortest gap; thus, the low-
cost inertial sensor, like the MEMS IMU tested here, may 
not be adequate for our application. In case of the IMU 
integrated with the barometer and compass, heading and 
height values are improved, compared to the case with no 
compass/barometer. There is also some small 
improvement in other states (not directly observed by the 
compass or barometer), primarily due to the state 
correlations in the filter. In general, GPS/IMU with 
barometer and compass may be sufficient for a personal 
navigator, but the IMU sensor must be of better quality 
(for example, a tactical grade gyro ~1-5 °/hour bias 
stability should be sufficient).                                                              


 
30sec 60sec 90sec 120sec 


 
Mean Std Mean Std Mean Std Mean Std 


N [m] 66.9 79.0 566.0 859.4 1459.1 2035.4 2472.7 3288.9
E [m] 334.6 456.0 1501.0 2055.1 3561.8 4862.0 6542.0 8910.6IMU Only 
U [m] 72.1 93.0 274.9 371.3 683.1 946.2 1331.4 1857.5
N [m] 476.7 616.9 1179.9 1430.1 2028.4 2466.4 3038.4 3731.9
E [m] 93.8 142.3 457.4 597.6 685.9 822.0 673.3 787.5


  IMU 
+Barometer 
+Compass U [m] 11.3 11.9 7.2 8.7 5.3 7.2 4.8 6.3 


R [°] 4.1 4.6 6.5 7.8 5.0 6.5 6.6 8.2 
P [°] 9.3 10.6 8.7 10.5 15.0 18.1 16.5 19.0 IMU Only 
H [°] 125.6 143.3 124.7 161.8 151.5 187.0 184.3 215.0
R [°] 4.1 4.8 5.4 6.8 4.5 5.8 5.0 6.1 
P [°] 6.8 8.3 7.5 9.8 11.4 13.8 10.2 12.5 


  IMU 
+Barometer 
+Compass H [°] 0.5 0.7 0.5 0.6 0.5 0.6 0.5 0.5 


 
Table 7. Position and attitude error during GPS gaps.  


 
3.2 Positioning accuracy of integrated sensor suite: 
GPS/IMU/compass/barometer: real kinematic data 
 
Table 8 illustrates an example of the navigation 
performance improvement when tactical-grade HG1700 
sensor is used instead of the MEMS IMU tested in 
Section 3.1. In this case, multi-senor kinematic data 
collected on June 29, 2006 were used. Clearly, HG1700 
supported by pseudorange data and compass/barometer 
information provides the navigation performance well 
within the required accuracy specifications, when GPS 
data are available. It should be noted that compass and 
barometer do not have, as expected, any significant 
impact on the navigation solution when GPS signals are 


available. The ultimate test is, however, the system’s 
performance during GPS gaps. To address that, Table 8 
also provides the accuracy statistics of an example free-
inertial navigation where (1) only HG1700 was used and 
(2) barometer and compass were added. The system was 
calibrated for ~350 s before the GPS gap was introduced. 
The reference solution was LN100 combined with double 
differenced carrier phase data. It should be noted that the 
trajectory of this test had mild dynamics; therefore the 
compass provided good quality heading (within the 
compass performance specs) during the GPS drop-outs.  
For more discussion on the compass performance see 
Section 3.3. 







No GPS gap GPS gap of 550 s 


HG1700/CP HG1700/PR HG1700/CP HG1700/PR 


 
 


Solution type 


 
Mean 


std 


 
Diff.


 
Mean 


std 


 
Diff.


 
Mean 


std 


 
Diff. 


 
Mean 


std 


 
Diff. 


GPS/INS 0.45± 
1.01 


0.6 0.48± 
1.08 


0.6 -1.02± 
3.64 


3.3 1.85± 
3.49 


3.8 Heading 
[º] 
 GPS/INS/B/C 0.45± 


1.01 
0.6 0.42± 


1.06 
0.7 1.03± 


3.63 
3.3 1.79± 


3.50 
3.7 


GPS/INS -0.05± 
0.35 


0.1 -0.52± 
0.88 


0.4 -46.5± 
63.0 


210 -134± 
179 


620 Height 
[m] 


GPS/INS/B/C -0.02± 
0.35 


0.1 -0.27± 
0.77 


0.2 -1.13± 
2.16 


0.8 -1.85± 
2.25 


0.3 


 
Table 8. The impact of barometer (B) and compass (C) on the navigation solution accuracy; CP denotes double differenced 


carrier phase data; PR denotes pseudorange data; Diff denotes the difference between the reference solution (LN100/CP) and 
the tested solution at the end of the tested trajectory.  


 
 
 
3.3 Barometer and compass accuracy  
 
PTB22A, the barometer used in this study, consists of 
three pressure transducers. In order to obtain an 
averaged pressure reading, the averaging time should 
be selected. This barometer provides the averaging time 
from 1 to 600 seconds. Figure 4 illustrates the stability 
of the barometer height values according to different 
averaging times based on the measurements obtained in 
the static mode. The averaging times are 1, 2, 3, 5, 10, 
and 30 seconds, and the number of measurement is 60 
for each sample. All other conditions are the same. The 
standard deviation of the barometer observations as a 
function of averaging time indicates that 2- and 3-
second averaging times show the smallest STD of 10 
cm, while longer averaging times increase the STD to 
34 cm.  


 
Figure 4. Stability of the barometer height 


measurements as a function of the averaging time 


 
The barometric height error is mainly due to the position 
difference between the barometer and the GPS antenna 
phase center, separation between the reference surfaces 
for GPS height and barometric height (i.e., WGS84 
ellipsoid and mean sea level) and possible temperature 
variations along the trajectory. Figure 5 illustrates the raw 
barometric height compared with the reference height 
obtained with DD GPS carrier phase data; the mean 
difference is 15.67 ± 2.89 m. The initial barometer height 
bias is normally removed at the beginning of the 
trajectory using a reference height, for example, from 
GPS. The height difference between the barometric height 
and the reference solution after the initial bias removal 
has the mean reduced to 0.51 m with the standard 
deviation of 2.89 m, as shown in Figure 6. Note that the 
remaining error is estimated in the EKF during the GPS 
signal availability. An example of the fit of the final 
corrected barometric height to the reference height with 
the mean ± Std: 0.006 ± 0.44 m is plotted in Figure 7. 
 


 
 
Figure 5. Reference height and raw barometric height; 


mean ± Std: 15.67 ± 2.89 m. 
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Figure 6. Reference height and barometric height 


corrected by initial bias; mean ± Std: 0.51 ± 2.89 m. 
 


 
 
Figure 7. Reference height and barometric height 


corrected by bias/scale factor estimated by EKF; 
mean ± Std: 0.006 ± 0.44 m. 


 
 
Figure 8 presents the performance test results of the 
digital compass in the kinematic environment, based on 
actual data. During the straight course of the trajectory, 
as shown on the top of Figure 8, the mean difference 
between the reference solution and the compass reading 
is 1.11°. Since the compass was compensated for 
declination, this difference can be considered as sensor-
dependent bias introduced by the magnetic disturbance 
and sensor errors. The lower plot in Figure 8 displays 
some turning movements, showing some delay of the 
heading value generated by the magnetic compass with 
respect to the one estimated by the reference solution. 
Visibly, the compass has a significant reaction time to 
maneuvers.  The mean difference with respect to the 
reference solution is estimated at about 4.9 degrees 
during the turning movements. This indicates that an 
access to raw compass data may be desired, as a 
possibility of the internal over-smoothing exists. 
Tuning the compass raw readings against a reference 
heading would allow selection of the necessary level of 
internal smoothing that would not be detrimental to the 


navigation requirements of this study. This issue is 
currently under investigation. 


 


 
 
Figure 8. Compass and reference heading after 


declination compensation: straight trajectory (top) 
and varying dynamics trajectory (bottom). 


 
 


Straight course 
Mean [°] Std [°] 


0.15 0.01 
Turning movements 


Mean [°] Std [°] 
0.15 0.12 


 
Table 9. Mean and STD of differences between the 


reference and compass heading after compass error 
compensation. 


 
As indicated earlier, the compass bias is also estimated in 
the integrated filter when GPS is available (and thus, 
corrected heading from the calibrated IMU is also 
available). After the bias compensation, the compass 
heading shows a good agreement with the reference 
heading, as shown in Table 9. However, the compass bias 
itself is a function of the trajectory dynamics/surrounding 
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environment, thus more investigation is currently carried 
out on the applicability of the estimated bias to the 
portions of the trajectory during the GPS signal blockage 
(see also section 4). It should be noted that the test data 
analyzed in the next section did not display significant 
dynamics, so no considerable compass lag with respect to 
the actual motion was observed.  
 
The most recent kinematic test was performed on June 29, 
2006, where the compass dumping factor (responsible for 
data smoothing) was set to 0, as compared to 8 during the 
test discussed above (0 means lowest smoothing level in 
the scale of 0 to 9). Figures 9-10 below illustrate the 
difference between the raw compass (declination-
corrected) and the reference heading, and between the 
EKF-corrected compass and the same reference solution 
obtained with the tactical-grade Honeywell sensor 
HG1700 integrated with DD carrier phase data. 


 


 
 
Figure 9. Raw compass heading and reference heading; 


mean ± Std: -1.63º ± 8.33º. 
 


 
 
Figure 10. EKF-correcetd compass heading and reference 


heading; mean ± Std: 0.52º ± 1.42º. 
 
 
 
 


4 NAVIGATION SUPPORTED BY HUMAN 
DYNAMICS MODEL 
 
As mentioned earlier, the pedestrian navigation supported 
by human body dynamics (locomotion) model has been 
studied earlier. In most cases, GPS was used to determine 
the stride frequency and interval by analyzing the 
spectrum of the acceleration signal provided by an IMU 
(e.g., Hausdorff et al., 2001; Brand and Phillips, 2003; 
Cho et al., 2003). It can be a tedious process, requiring 
extensive testing for threshold selection on a case-by-case 
basis.  
 
In this research, an additional sensor, an impact (contact) 
switch, is added to directly measure the events of foot-to-
ground impact, synchronized to GPS time. The research 
on integrating the switch events is currently under way, 
and will be reported in details in the upcoming 
publication. A few preliminary results are shown here.  
 
In general, a known (estimated) human locomotion model 
can be used to support navigation during GPS gaps, 
meaning that (at the minimum) the step interval 
(frequency) and length must be pre-calibrated, and 
heading information from compass/IMU should be 
available. The system must be trained during the GPS 
signal presence, and the training must be customized for a 
particular user; different motion patterns and different 
environmental impacts must also be considered. 
Therefore, a learning mechanism, generally outside the 
positioning filter, must be designed and implemented, to 
assure a proper calibration/training procedure that would 
support reliable navigation without GPS.  
 


Barometer GPS antenna
Digital Compass 


MEMS INS 
Impact switches


 
Figure 11. Test sensor configuration. 


 
Fuzzy logic or neural network methods are currently 
considered for this investigation (e.g., Chau, 2001a and b). 
It should be mentioned that sensor configuration and 
location on the user’s body are also important factors, and 
cannot be overlooked in the calibration procedure. In the 
preliminary results presented here (based on the data set 
collected in September 2005), a backpack configuration 
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was used, but this is not the final sensor configuration for 
that system. This configuration was used primarily to test 
the impact switches (see Figure 11). 
 
The step length is defined here as the distance between 
the left and right heel sensors, and it was extracted for a 
specific user moving on a flat circular path, as shown in 
Figure 12 (three repetitions of the same circular motion 
pattern were used here). Double difference carrier phase 
data were used to calibrate the step length for the events 
measured by the impact switches. Thus, there was no 
need for the low-end IMU acceleration data to extract this 
information.  
 
In order to test the step calibration results, GPS signal was 
turned off for one loop, and the navigation was performed 
using the compass heading (calibrated during the previous 
loop), the step size presented in Table 10 (loop 2), 
rescaled to 1/second sampling, and the step frequency 
(events) sensed by the impact switches.  
 
The navigation results compared to the correct (GPS) 
trajectory are presented in Figure 12. The final closure in 
the end of the loop is 3.22 m, which is well within the 
required accuracy specifications. Note that in this case, 
scale and bias, instead of a single bias only, were 
estimated for the compass calibration, to improve the 
calibration performance, compared to the simulated case 
presented in section 3. More tests and analyses are 
currently being performed. The next step in this 
investigation is to test the calibration procedure along the 
trajectory with a varying height. 
 


Operator A Step 
Length Mean [m] Std [m]
Loop 1 0.61 0.05 
Loop 2 0.63 0.04 
Loop 3 0.72 0.10 


 
Table 10. Mean and STD of step length determined from 


three trials for the same operator; operator moved 
faster with longer stride interval in loop 3.  


 
 
5. SUMMARY AND CONCLUSIONS 
 
The design and current implementation of a multi-sensor 
personal navigator were presented. The simulation-based 
performance analysis for the IMU, digital compass and 
barometer was discussed first, and a multi-sensor 
navigation performance was tested in the actual kinematic 
scenario, with a special emphasis on the impact of the 
barometer and compass data during GPS signal outages. 
The accuracy of the navigation supported by the pre-
calibrated simple human dynamics model (i.e., single step 
length and frequency were used) was also discussed.  


 
 
Figure 12. Reference and predicted trajectories; prediction 


is based on calibrated compass and step 
size/frequency data. 


 
The preliminary results are encouraging; however, the 
currently used MEMS IMU 400CC may not be the 
desirable sensor, as its gyro drifts very fast, and may not 
be able to provide the required accuracy and stability to 
the orientation solution. More detailed study of this sensor 
is presented in Grejner-Brzezinska et al. (2005) and Yi et 
al., (2005). A tactical-grade HG1700 recently replaced the 
MEMS IMU in the current system prototype. Also, the 
digital compass used here may not be an optimal solution 
due to its significant internal smoothing and low gimbal 
range; this sensor is currently under extensive testing.  
 
The human dynamics-supported navigation, tested with 
real kinematic data, especially with the impact switches 
that we use to detect the step events, is very promising. 
With this solution, no spectral analyses of the acceleration 
are needed to detect the step frequency. More tests are 
currently carried out to test the accuracy of navigation for 
varying step length along the trajectory and for more 
complicated trajectories, with varying vertical component.  
 
The integration of the human dynamics into the Extended 
Kalman filter is the next big challenge in this study. It is 
expected that the integration would generate seamless and 
reliable positions indoor and outdoor with sufficient 
accuracy in near future. 
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Abstract: Wayfinding assistance, such as route planning or navigation assistance systems, can benefit 
from the integration of individual previous environmental knowledge. To enable applications to use this 
information, it has to be utilized first. Places and paths which are known and meaningful to a user can be 
partially identified within spatio-temporal patterns acquired from location sensor data. In this 
publication we will present a series of algorithms to identify, extract and maintain individual previous 
environmental knowledge from location data streams. We will focus on paths and segments as structural 
elements and rely on the methods of a previous publication on place extraction.   
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1. Introduction 


Current wayfinding research usually addresses the question of how people navigate, orientate and how 
they can be supported in unfamiliar environments. This scenario is important to understand the underlying 
concepts of wayfinding and to identify general principles applicable in wayfinding assistance. However, 
in everyday life we usually perform wayfinding tasks in partially (not every place and path is known) 
familiar environments (e.g., if we look for the address of a particular doctor, shop or agency). Recently, as 
the location awareness of mobile devices has constantly increased, people have been interested in 
analyzing location data to extract spatial user profiles for location-based services or diary applications 
(e.g., [Ashbrook&Starner 2003; Hightower et al. 2005; Liao et al. 2004]). However, only very few 
contributions attack the question of how familiarity with an environment and its mental representation can 
be captured, represented, and used for wayfinding assistance (e.g., [Patel et al. 2006]).  
Wayfinding assistance systems have a common default assumption of first-time novel users with no 
knowledge of the present environment. This assumption does not lead to wrong results, but it disregards 
cognitive and representational benefits for the user. If a system knows about the “spatial signature” (a 
unique set of places like a user's home, his work, his grocery, the kindergarten of his kids, etc.) of a user it 
can use this previous knowledge as a reference frame for personalized assistance. Integrated in a mobile 
device, like a mobile phone, such an assistance system can generate location sensitive route directions and 
maps based on individual reference points, a user's meaningful places, and paths between them. 
 


2. Benefits of Integration of Previous Knowledge 


The integration of previous environmental knowledge in wayfinding assistance offers several benefits:  
- Information Reduction and Implicit Reassurance: If a path from place A to place B is well known 


to the user, he will not need a detailed description and can rely on his previous knowledge. 
- Effective Map and Direction Generation for Mobile Devices: Directions and maps can be reduced 


to a fraction of “naive” results without losing relevant information. Mobile mapping will benefit 
from this property: maps can be adapted by translating the degree of familiarity to the displayed 
level of detail; those parts of a route, which the user has good knowledge on, can be displayed 
with less details (i.e. highly schematized), and parts with no or little knowledge can be displayed 







in detail. This transformation is related to Agrawala's activity based map transformation 
[Agrawala&Stolte 2001]. A straightforward approach for destinations near reference points is to 
simply display the reference point and the unknown part of the route (as in  fig. 3).  


- Display-free Navigation and Knowledge Acquisition: Relying on previous knowledge, users do 
not need to stick to displays or maps; hence, their knowledge acquisition of the environment is 
fostered [Krüger et al. 2004]. Users are supported through regionalized navigation which relies on 
their known regions and places ([Wiener et al. 2]). Furthermore, users can acquire new 
environmental knowledge faster through relating new locations to previously gained knowledge.  


- Rapid Access to Maps: If maps integrate individual meaningful places, map understanding will be 
more intuitive (e.g., “Place A is only a few streets from Peter's house.”). Couriers, taxi drivers, 
disaster managers, or emergency car drivers, i.e. people who need rapid access to spatial 
information, will benefit from such knowledge integration.  


 


3. Previous Environmental Knowledge 


Literature on familiar environments has a great consensus about the involved entities of representations 
[e.g. Lynch 1960, Lovelace et al. 1999] and a good understanding (but less of a consensus) how 
environments are familiarized. Previous environmental knowledge is built-up and fed by different sources 
and senses. Knowledge is not only assembled from direct perception during locomotion, also external 
sources like maps and their highlighted features, videos, photos or information gained from conversations 
with other people will build concepts of the environment before they are actually perceived [see a 
discussion in Richardson et al. 1999]. These mechanisms are interesting, as they implicitly mean that 
features in an environment will become meaningful if they are particularly highlighted. But they also 
define the demarcation of intention and possibility: We are interested in estimating previous 
environmental knowledge by analyzing the movement patterns of an individual from location sensor data 
(like GPS receivers). From this source it is impossible to estimate knowledge which is achieved from 
different sources like previous map consultations.  
The level of familiarity with a certain part of the environment describes how good an individual knows 
the relationships of the spatial entities contained in this region. The more relations are known the more 
complete is the knowledge, and vice versa, if no relations are known, no knowledge is present. Any 
system built on previous environmental knowledge will have to consider the individual level of the 
previous knowledge of its users. Due to the individual local experiences and additional knowledge 
acquisitions, it is problematic to judge the level of knowledge reliably. In this work we will focus on the 
estimation of the individual level of knowledge, i.e. the semantics of a place as a result of syntactic 
pattern analysis.  
If we consider learning an environment as an instance of a general learning task, we can pragmatically 
argue from basic learning theory [Anderson 2006], which leads us to the basic assumptions of this work: 


- The more often an individual visits a place, the more meaningful it is to her. 
- The more time a individual spends at a place the more meaningful it is to her. 
- The more meaningful a place is to an individual, the better it qualifies as a reference.  


We will further apply these assumptions to the paths between places. Consequently, the more often a path 
is traveled the better an individual will know it. This does not necessarily apply to all entities along a 
route. We will have a better concept of salient features and – more important for this work – places we 
connect with recurring activity. Examples are turning at junctions or usual stops at traffic lights in 
contrast to an arbitrary building along the route. This assumption is substantiated by the longer duration 
spent at such places compared to other places on the route as well as their intrinsic distinguishable 
meanings. There are indications that the modality of transportation affects the perceiving of the 
environment: Active locomotion (e.g. driving a car by oneself, riding the bike, walking) and its inherent 
direct examination of the environment assist the absorption of environmental features. Passive locomotion 
like riding a bus, underground, or train can affect environmental learning. At this stage of this work, we 
will not consider effects like this. 
 


4. The Spatial Signature: Places, Segments and Paths 


The common elements in literature about spatial pattern extraction and modeling are places and ways (or 
paths). They are used as the main building blocks for any application built on extracted location data. To 







clarify the terms, it is important to differentiate between the terms location or position and the concept of 
place: location and position refer to geographic coordinates (see Fig. 1), whereby places are spatially 
extended locations with a distinct semantic meaning within its spatial context. “Spatially extended” 
denotes the proposition that a place does not address single coordinates (which can be of arbitrary 
precision), but always a “blurry” area, thus a fuzzy set of coordinates. This area is neither restricted to the 
dimensions of the spatial entity nor exclusive.  
The semantics or the meaning of a place is expressed via labels. Labels are user-centric, personal and 
individual expressions of what meaning a place has to an individual. Beside common knowledge places 
(like a parliament, swimming pool, shopping mall) there are many places which are only meaningful to a 
comparatively small number of people. Tenements, for example are usually only meaningful to people 
who live there or who know people living there. Places can have diverse and dynamic semantics, like 
office buildings housing different companies or music clubs with regularly changing program. 
Furthermore, also the role of the individual can imply different labels, e.g. a horse stable that can be a 
workplace or a place for leisure-time activities.  
   
  


 
 
 


The meaning of and the familiarity with a place is usually determined by the activities and experiences a 
person establishes to the particular place. This is further driven by the frequency and durations of visits at 
a particular place. The more often a place (e.g. the workplace or the weekly fitness club) is visited and the 
longer the spent durations are, the better the conceptualization of this place will be [Anderson 2006]. The 
intensity of the local experiences is also a crucial parameter for the conceptualization of a place (e.g. the 
church where a person got married). We will further categorize places into major places and minor 
places. Major places are (assumed) conscious main references in an individual’s conceptualization of the 
environment. Either they are places where an individual spends measurably more time than at other 
locations or has made particular experiences at. Minor places in contrast, refer to structurally interesting 
places: a typical minor place is visited very frequently for only short durations (e.g. a usual stop at a 
traffic light along a frequently traveled route). A minor place is conceptually only meaningful, if it is 
“visited” regularly or if it is an important decision/connection point (e.g. the branching of an important 
path into other paths). Fig. 2 shows a place with the required elements for this work: the centroid (which 
is the location of the place), the type of the place (major and minor), the mean duration spent and how 
often it has been visited so far. The fields for the first visit and the last visit are important for the 
judgment of the up-to-dateness of the represented knowledge: the more recently the acquired knowledge 
was reinforced, the better it will serve as a reference. If the last visit was a long time ago, we consider 
“aging-effects” to the knowledge: the place or segment will suffer losses in terms of referenceability.    


Fig. 1: Definition of a location Fig. 2: Definition of a place  Fig. 3: Definition of a segment  


A basic assumption of this work is that people usually do not just wander around, but travel 
(intentionally) from a (major) place A to a (major) place B, whereas B can be equal to A. This implicitly 
means that trips typically do not address minor places as starting points or destinations but major places. 
Consequently, a path is a traveled path between two Major Places. A path can contain other ways from 
and to different major places. Furthermore, a path is built upon segments which contain exactly two 
places and the track points between them (see Fig. 3).  
We call the set of all major places, minor places, paths and segments of a person to be her spatial 
signature. The spatial signature expresses the basic elements of previous environmental knowledge.  
 







5. Extracting and Estimating Previous Environmental Knowledge 


Previous environmental knowledge is partially embodied in the movement patterns of people. If we 
analyze the paths people usually travel and the places people usually visit, we can extract spatio-temporal 
coherencies which can be interpreted as an expression of environmental knowledge. Since the location 
awareness and the computational properties of everyday devices like mobile phones constantly evolve, 
we are able to analyze traces on a constant daily basis. As it is not suitable to record and analyze a 
personal location dataset once - individual environmental knowledge is situational, dynamic and a matter 
of constant change – we approach a compact, optimizable and always up-to-date knowledge 
representation.  
The input for the automatic mining and interpretation of movement data is the output of location sensors 
like the data received from GPS sensors. Although the technology rapidly evolves and the accuracy of the 
measurements constantly enhances, sensor noise will always be a concomitant phenomenon of the 
measurement process. The sources for noisy GPS measurements are manifold and range from weak 
energy supply of the receiver to signal distortions caused by urban canyons or trees. There is a quality 
indication encoded in the GPS signal itself, but the expressiveness of this value is only of slight 
usefulness for our task. We know that the signal is not very good and what accuracy we can expect, but 
nevertheless we have no better measurement at hand.  
For this reason we have to develop and apply strategies to successively correct, optimize and validate the 
results of the analysis processes successively by a combination of old and new measurements. The 
optimization of recognized places, which are dense spatial clusters, can be obtained by computing the 
centroid of the corresponding cluster. The centroids of very close clusters (potential spatial discrepancies 
of the same place) can be merged according to their weight. This approach cannot simply be transferred 
to records representing paths as they have a relatively smaller amount of records for each point. They 
require representations and algorithms which are able to process and manipulate the incoming data 
on-the-fly, and relating them to an existing relatively sparse model of traveled paths. In the following 
section we concentrate on extracting, updating and representing paths from a location data stream.  
 


5.1 Extracting and Accessing Previous Environmental Knowledge 


The extraction of meaningful places is the backbone of a personalized navigation system. There are a 
series of publications dealing with the problem of mining spatial patterns from location logs. In 
[Schmid&Richter 2006] the authors introduce a different approach on extracting and handling location 
data. The introduced algorithm IDENTIFY-PLACES is based on data streams instead of collections of 
log files, is adaptive to the movement behavior of the user and provides mechanisms for implicit data 
cleaning. The only granularity parameter which has to be adjusted manually is the desired minimal 
duration time spent at clusters to be classified as a “place”. The spatial range is defined by the average 
movement-speed of an individual: every two subsequent records are assumed to define a movement if 
they are cluster-unbound. This method prohibits a constant minimization of the recognition threshold and 
avoids “cluster-pulling” (the effect of creating a series of subsequent and connected lower bound 
clusters), when the velocity is very low. But it still allows the recognition of places on a very fine level of 
granularity. The velocity of the last n samples is used for data-cleaning in case of weak or distorted 
signals: from the progression of the velocity within the last n samples it checks the plausibility of the 
received values and ignores and balances them accordingly. The extracted information about places is 
further consolidated by merging neighbored places. Due to the noisy nature of GPS signals and the 
possible detachment of the device from the user (e.g. a lost or forgotten mobile phone), every place has to 
be reinforced and thus confirmed by a number of visits. Major places have to be reinforced less often, 
whereby minor places have to be confirmed on a frequent basis (e.g., we assume that only if a person 
stops regularly at the same traffic light she will establish a proper conceptualization of this place).  
The integration of places in personalized wayfinding assistance is only meaningful if the user knows how 
to get from A to B and if the system knows how well the user knows this particular route. We have to 
focus on the extraction and representation of traveled paths with the same concentration as for places. We 
start by using the place recognition functionality as an input for the path recognition. The path recognition 
will benefit from the preprocessing of the place identification (data cleaning and reduction and partial 
classification) and will process only the remaining parts of the stream (as only they can be paths). The 
incoming data samples will be investigated on their possible membership of existing paths. As paths are 
represented as an ordered list of segments, we have to check if a known segment contains the current 







sample or a track point in a small distance to it. In order to perform this search efficiently, the underlying 
data (if existent) has to be prepared accordingly. An even distribution of track points (the control points) 
of a segment further facilitates local modifications (i.e. curve optimization), always based on real 
measurements and not on interpolated data.  
 


5.1.1 Even Control Point Distribution 


These basic properties are implemented in algorithm ADD-TRACKPOINT (see Algorithm 1). As 
arguments it requires the last subsequent track points Cn-1, Cn as well as the current segment it is working 
on (the control of the actual segment is provided by higher level algorithms). The last accepted track point 
Cn-2 is acquired from the current segment.   


Fig. 6: Path overlay with 
geometric constraints and 
underlying  known path 


Fig. 4: Typical distribution of 
location data samples defining 
segments and places 


If the distance between Cn and Cn-1 is larger than the allowed threshold value corridor width (which 
defines the maximal valid extension of a path), both points will be added to the segment. To ensure 
further control, we bridge the too large gap by interpolating new control points between Cn and Cn-1 such 
that for each two subsequent points Ci> Cn-1, Ci+1<Cn, dist(Ci, Ci+1)≤ corridor width. Otherwise we check 
if Cn-1 is required at all (steps 6-7): if not it will be ignored, otherwise it will be added. The necessity of 
Cn-1 depends on geometric or distributional essentiality. As a result we obtain a segment with evenly 
distributed track points (which can be denser at parts having important geometric properties). The 
geometric veridicality depends on the sampling rate of the data stream as well as the resolution defined by 
the corridor width: the higher the sampling rate, the denser is the incoming data (1 sample/sec means a 
higher input frequency than 1 sample/60 sec). The necessity of a single sample itself depends on the 
resolution (representation density), defined by the width of the corridor around a segment; the broader the 
corridor the more inaccurate the resulting representation will be. This property contains a trade-off: the 
narrower the corridor, the weaker the recognition rate in case of imprecise signals. This also results in 
numerous (eventually needless) local optimizations. On the other hand, if we define a too wide corridor, it 
might overlay neighbored segments or will not be optimal in terms of geographic veridicality, which 
makes integration in geographic data more difficult. 


Fig. 5: Resulting reduced and 
interpolated segment with minor 
(medium dots) and major (big 
dots) places 


 


Function: ADD-TRACKPOINT (Cn-1, Cn, currentSegment, corridorWidth) 
Input:  Subsequent Trackpoints Cn-1, Cn, where Cn-1 is subsequent to lastTrackpoint∈currentSegment, currentSegment is the 


segment the points are added to, the corridor distance corridorWidth of currentSegment  
Output:  Will return the  


 
1. Cn-2  lastTrackpoint∈currentSegment 
2. if (getDistance(Cn-1, Cn) ≥ corridorWidth) 
3.  currentSegment  addTrackPoint(Cn-1) 
4.  currentSegment  interpolate and add new Trackpoints between Cn-1 and Cn 
5.  currentSegment  addTrackPoint(Cn) 
6. else if getDistance(Cn-2, Cn) < corridorWidth ∧ Cn-1 = important for geometry 
7.  currentSegment  addTrackPoint(Cn-1) 
8. return currentSegments 


 
 
Algorithm 1: ADD-TRACKPOINT 







5.1.2 Creating and Updating Segments 


The creation of a new segment is crucial if a series of incoming samples can not be associated with an 
existent segment. CREATE-SEGMENT (see Algorithm 3) creates a new segment from a list of 
subsequent samples using the functionality of ADD-TRACKPOINT for representation optimization. As a 
segment has to consist of two places P1, P2 and the track points between them, the first recognized place 
will be set for both variables (step 2). This results in a segment which starts and ends in the same place, 
which excludes it from referencing it in a path (which consists of an ordered list of segments). This is 
consistent with the definition of a segment and the implicit referencability, which is based on places 
(minor or major) and not on segments. 
 
 


 


Function: UPDATE-SEGMENT (CLDS, currentSegment, CB, corrWidth, DB) 
Input:  The segment currentSegment, which is checked for updates, the correspondence buffer CB consists of trackpoint 


pairs CSi, CLDSi where CSi∈currentSegment and CLDSi∈LocationDataStream. CSi is the trackpoint of 
currentSegment with the minimal distance to CLDSi. corrWidth is the corridor width of the segment. 


Output:  The current Segment 
Side-Effects: Will alter the contents of CB and DB 
 


1. corrCS  select CS∈currentSegment such that the distance from CLDS to currentSegment is minimal. 
2. if getDistance(CLDS, corrCS) < corrWidth  
3.  for all CSi, CLDSi ∈ CB 
4.   select and remove next CSi, CLDSi ∈ CB 
5.   CS ∈ currentSegment ≡ CSi  compute weighted mean coordinates based on CSi, CLDSi 
6. else if CB can hold more elements 
7.  CB  CB ∪ (CLDS, corrCS) 
8. else CB capacity is exhausted 
9.  if (∀CLDSi ∈ CB ∃CSi ∈ Wj ∈ DB such that getDistance(CLDSi, CSi ∈ Wj) < corrWidth ) 
10.   currentSegment  Wj ∈ DB 
11.   CSi∈ CB  CSi ∈ Wj 
12.   for all CSi, CLDSi ∈ CB 
13.    select and remove next CSi, CLDSi ∈ CB 
14.    CS ∈ currentSegment ≡ CSi  compute weighted mean coordinates based on CSi, CLDSi 
15.  else     
16.   currentSegment  CREATE-SEGMENT(CLDS1∈ CB, ∀CSi ∈ CB) 
17.   DB  DB ∪ currentSegment 
18. return currentSegment 


 
 
Algorithm 2: UPDATE-SEGMENT 
 


The tracking of incoming samples and the bonded identification and updating of the corresponding 
segments is performed in UPDATE-SEGMENT (see Algorithm 2) This function requires the current 
sample CLDS, the current segment (provided by a higher level algorithm). Further, it requires a 
correspondence buffer CB, which is an ordered list of pairs consisting of subsequent samples and their 
corresponding track-points in the current segment. The correspondence itself is defined by the distance 
between the sample and its track-point counterpart: the point of the segment which has the minimal 
distance to the viewed sample is its corresponding point of the segment. It is not required that the 
relationship between a sample and and segment element is unique: multiple samples can have the same 
corresponding point within the segment. CB itself is managed by higher level algorithms, such that its 
content outlasts this function. CB stores the last i samples (and their counterparts) up to the size n of CB 
where dist(CLDSi, CSi∈currentSegment) > corridor width, thus the minimal distance of the sample to the 
segment is larger than the allowed threshold value. If the capacity n of CP is exhausted, UPDATE-
SEGMENT assumes that the contents of CP form a new segment or belong to another known segment. If 
no corresponding known segment can be identified, the connection-point bridging the old segment with 
the new one is classified as a minor place and the new segment is created accordingly (see steps 16-17). If 
a corresponding known segment can be identified, it will be updated with the contents of CP (after 
creating new correspondences, see steps 9-14). If the contents of CP drop below the threshold corridor 
width before the capacity n is exhausted, CP is assumed to be a part of the current segment. In this case, 
the segment will be updated and optimized by means of the correspondences in CP (see steps 2-5). At the 
end of the function the current segment (new or known) will be returned to the higher level algorithm.  







 


 


5.1.3 Adding Places to Segments 


As segments (and on a higher level paths) are only meaningful if they reference places, a functionality to 
add new places to existing segments is crucial. A segment addresses by definition two places P1 and P2. If 
a newly extracted place Pnew (minor or major) is assigned to an existing segment S which contains two 
places P1-old ≠P2-old it has to be replaced by the two segments S1-new, S2-new such that (P1-old, Pnew)∈S1-new, 
(Pnew, P2-old)∈S2-new (steps 8-18 in ADD-PLACE, see Algorithm 4). If P1-old ≡P2-old, we have to differentiate 
between two situations: If Pnew is subsequent to the last track point of the segment, P2-old will be replaced 
with Pnew. Otherwise we have to introduce two new segments S1-new, S2-new such that (P1-old, Pnew)∈S1-new, 
(Pnew, Pnew)∈S2-new (see steps 3-9). Finally, the current segment (new or known) is returned. 
 


Function:  CREATE-SEGMENT (P, TP) 
Input:  A Place P and a list of trackpoints TP 
Output:  Returns a new segment 
 


1. newSegment  null 
2. newSegment  newSegment ∪ (P, P) 
3. for all TPi∈TP do 
4.  newSegment  ADD-TRACKPOINT(TPi, TPi+1, newPath, defaultCorridorDistance) 
5. return newSegment 


 
 
Algorithm 3: CREATE-SEGMENT 


Function: ADD-PLACE (S, P, TPP-1, TPP+1, DB) 
Input: A place P and a segment S, the last cluster unbound trackpoint TPP-1 “before”(<) P, the first trackpoint 


TPP+1”after”(>) P. The set of all places, segments and ways DB. 
Output:  The modified segment S 
Side-Effects: Will update, add and alter Si∈DB, Paths Wi∈DB 
 


1. split  false 
2. newP2  P 
3. if (P1∈S ≡ P2∈S) 
4.  if (TPn ∈S < P) 
5.   split  true 
6.   P2TP+1  P 
7.  else P2∈S  newP2 
8. else split  true 
9.  newP2  P2∈S 
10. if (split = true)  
11.  STP-1  (select all track points TP0, TP1, …TPP-1 ∈S) ∪ (P1, P) 
12.  STP+1  (select all track points TP P+1, TPP+2, …TPn ∈S) ∪ (P, newP2) 
13.  WS  select all Paths Wi∈DB where S∈Wi 
14.  for all Wi∈WS do 
15.   remove S∈Wi and replace with STP-1, STP+1 
16.  DB  remove S from DB 
17.  DB  DB ∪ (STP-1, STP+1) 
18.  S  STP+1 
19. return S 


 
 
Algorithm 4: ADD-PLACE 
 


5.1.4 Bringing it all together 


To avoid losing the big picture of extracting, updating and extending segments, the algorithm 
MANAGE-SEGMENTS (see Algorithm 5) illustrates how all functionality can be plugged together and 
attached to IDENTIFY-PLACES in [Schmid&Richter 2006]. Steps 1-6 are responsible for the 







initialization of necessary variables. Their values have to outlast the actual current computation cycle. 
This means, they have to be managed from the outside. MANAGE-SEGMENTS works as follows: if the 
new arriving sample TP is a known place, the corresponding segment will be selected and tracked via 
UPDATE-SEGMENT (steps 10-12). If TP is a new place and no current segment is identified so far, it 
selects a segment S from the set of all places and segments DB where we can find a trackpoint TPs∈S 
with minimal distance to TP. If the distance of TP and the next subsequent samples is below the threshold 
value corridor width, we assume that the last samples belong to S. In this case UPDATE-SEGMENT and 
ADD-PLACE are called with proper parameterization (see steps 13-15). If TP is a new place and no 
corresponding segment can be identified, a new segment will be created and tracked (step 16).  If TP is 
not a place and no corresponding segment S can be identified, it initializes minDist with the minimal 
direct distance to the closest segment. MANAGE-SEGMENTS will try to create a new segment, which is 
only possible if a new place is identified. If the distance between the original distance measurement 
sample and the current sample is equal to minDist, we have to check if we connected the closest known 
segment. If not, minDist will be re-initialized and the process starts again.  If TP is assumed to belong to a 
known segment (as a place or a trackpoint), it will be directly processed in UPDATE-SEGMENT. 
 


Algorithm: MANAGE-SEGMENTS (TP,  DB) 
Input: A set of places P, segments S and paths W, DB. The current trackpoint or place TP. 
Output: void 
Side-Effects: Will update contents of DB (segments, paths) 
 


1. trackpointBuffer  trackpointBuffer ∪ TPn 


2. correspondenceBuffer CB  [n][2] 
3. isNewSegment  false 
4. minDist  0 
5. TPnew  null 
6. currentSegment  null 
7. if (isNewSegment = false) 
8.  if (currentSegment = null) 
9.   if TPn is a place  
10.    if TPn∈Si∈DB 
11.     currentSegment  select Si∈DB sucht that TPn ≡ (P1∈Si∨ P2∈S)  


                   ∧ getDistance(TPm-j∈Si, TPn-i∈trackpointBuffer) is minimal 
12.     currentSegment  UPDATE-SEGMENT(TPn, currentSegment, CB, corridor width, DB) 
13.    else if TPn or the elements of trackpointBuffer are elements of an existing segment Si∈DB 
14.     update Si with {TP0, TP1, ..TPn-1}∈ trackpointBuffer and wait for TPn+1  
15.     currentSegment  ADD-PLACE (Si, TPn, TPn-1, TPn+1, DB) 
16.    else currentSegment  CREATE-SEGMENT(TPn, trackpointBuffer) 
17.   else if TPn∈Si∈DB, such that getDistance(TPm∈Si, TPn∈trackpointBuffer) ≤ corridor width 
18.     currentSegment  UPDATE-SEGMENT(TPn, Si, CB, corridor width, DB) 
19.   if (currentSegment is a new segment) 
20.      isNewSegment  true 
21.    minDist compute distance to closest segment 
22.    TPnew  closest point of currentSegment to closest segment 
23. else 
24.   if getDistance(TPnew, TPn) < minDist 
25.    if(TPn is a place) 
26.     currentSegment  ADD-PLACE(currentSegment, TPn-1∈trackpointBuffer, TPn, TPn, DB) 
27.    else currentSegment  ADD-TRACKPOINT(TPn-1∈trackpointBuffer, TPn, currentSegment, corridor width) 
28.   else if (TPn is element of a segment Si∈DB)  
29.    currentSegment  ADD-PLACE(currentSegment, TPn-1∈trackpointBuffer, TPn, TPn, DB) 
30.    currentSegment  ADD-PLACE(Si∈DB, TPn-1∈trackpointBuffer, TPn, TPn, DB) 
31.    if (currentSegment is a known segment) 
32.     isNewSegment  false 
33.   else minDist compute distance to closest segment 
34.    TPnew  closest point of currentSegment to closest segment 


 
 
Algorithm 5: ADD-TRACKPOINT 







5.1.5 Classifying Places and Segments 


The functions and algorithms outlined above only work with fully classified data or assume that the data 
will be classified at a higher control level. They do not provide any usage functionality for the treated and 
generated segments and places. This means, every place and segment updated, integrated or created is 
assumed to be qualified as a reference in the particular spatial signature. As the reinforcement of 
estimated previous environmental knowledge is a fundamental postulation of this contribution, we have to 
employ further classifications, either on the algorithmic or on the representational side. We will have to 
cope with a dynamic, constantly evolving and partially degenerating knowledge structure. Fig. 7 
illustrates what functionality we have provided so far and indicates what a required knowledge structure 
looks like. The top level illustrates the samples of a data stream and its structural elements (segments, 
places). The second level depict the structural classification into segments and places as described in the 
algorithms in [Schmid&Richter 2006] and in this work. The third level depicts the knowledge model 
which has to be maintained by further, logically higher levels. The middle part of the knowledge structure 
shows the part of the extracted knowledge, the system assumes the user is aware of. The left part depicts 
places and segments which have not been confirmed properly, but are already classified as the 
accordingly elements. The right side illustrates “aged” knowledge, thus knowledge which has not been 
reinforced for a long time. It is still present, but might need more detailed description in an 
externalization.    
 
 


Fig. 8: Integration of a previous 
environmental knowledge (see 
Fig.8) as a graph in geographic 
data ([http://maps.google.com]) 


Fig. 8: Places and segments 
extracted from location data 
streams, only referencable 
extracted minor places (orange) 
and major places (red) are 
depicted. 


 


 


 


 


 


  


Fig. 7: Extraction and classification 
levels: the top level is the stream layer, 
the middle level is the classification 
layer and the bottom level is the 
representation level. 


  


5.1.6 Querying and Accessing the Extracted Knowledge 


If we want to access the model to identify a route incorporating the individual previous knowledge, we 
can use basic graph search and backtracking methods: in the first step we generate a knowledge graph 
from the geographic more veridical place and segment representation (see Fig. 8) as obtained from the 
introduced extraction and classification algorithms. Then we overlay the geographic data with the 
previous environmental knowledge graph (see Fig. 9). In the next step we have to identify the closest 
reference point(s) to an unreferenced destination. This point is preferably a well known major place. Then 
we select the shortest path using the best known segments from the model. According to the level of 
knowledge on the incorporated segments, we can generate externalizations like route instructions and 
maps: Subsequent parts of the route which the user has good knowledge on, can be chunked to 
meaningful units and representationally reduced. Those parts, which the user only has limited knowledge 
on, have to be represented in more detail.  







 
 


6. Conclusion and Further Work 


Unknown environments are a common setting in wayfinding research. But in every-day live we rarely 
find ourselves in completely unknown environments, but rather need to find unknown places in a partially 
known environment. Taking individual previous knowledge into account, wayfinding assistance systems 
can provide more efficient, compact, and adaptive support. In order to exploit this knowledge, a users' 
familiarity with an environment needs to be captured and turned into a meaningful representation. In this 
work we presented a series of algorithms to extract and classify data from location data streams according 
to their structural patterns. In detail, we focused on extracting, representing and optimizing segments of 
paths.  
Our future work will focus on the usage and maintenance of individual environmental knowledge, as well 
as the integration in target applications like route planners, navigation assistance and systems producing 
personalized maps. Additionally, we will empirically verify the quality of the output of our system.  
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Abstract 


RFID technology provides us with an economically feasible means to build reliable positioning 


infrastructure at scale, which can be used to implement safety-enhancing applications for 


citizens. Embedding computing and communication capabilities in our physical and social 


environments imposes unique challenges in all aspects ranging from hardware deployment and 


positioning algorithms to understanding people’s processes and practices in everyday and 


emergency settings. This paper describes our approaches to designing and building the 


software substrate for an envisioned national infrastructure in Japan, which aims at enabling 


ubiquitous safety-enhancing services by deploying RFID location markers across the nation, 


developing novel positioning mechanisms, and providing key application services.  
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1 Introduction 
Ubiquitous computing and mapping technologies have substantial potential to improve people’s quality of 


life. RFID technology, in particular, provides us with an economically feasible means for building a 


ubiquitous computing infrastructure at scale, which can be used to implement varieties of application 


services.  


 


We can classify RFID-based systems into three generic types based on where RFID tags are attached or 


embedded. The first type assumes that people carry RFID chips in the forms of RFID train passes, 


payment cards/tokens, electronic passports, wristbands, implants, and so on. The second type embeds 


RFID tags in physical objects around us, creating so-called “Internet of Things.” The third type embeds 


RFID tags in physical spaces where people live, work and play. There are numerous real-world 


deployments of the first and the second types such as Wal-Mart’s global RFID supply chain network 







(Roberti, 2003), JR East’s SUICA train passes, Transport for London’s Oyster cards, and Mitsukoshi’s 


consumer-facing RFID implementation (Konomi and Roussos, 2006). Our focus is on the third type, 


which has only been tested in small scale experiments, partly because of the high cost to embed RFID 


tags in physical spaces, limited hardware and software capabilities, and the lack of standardization and 


established practices. However, its substantial potential has been demonstrated in pilot projects for 


enabling robust information sharing for disaster relief using writable RFID tags (Takizawa et al., 2004), 


supporting firefighters in deep underground areas using RFID emergency exit signs, supporting location 


survey workers using RFID location markers (Matsuzaka et al., 2005), and assisting visually handicapped 


people using RFID tags buried under sidewalks (Ubiquitous ID Center, 2006; Fukasawa et al., 2005).  


 


Car navigation systems, GPS-enabled mobile phones and location-based services (LBS) are becoming 


increasingly popular among car drivers and pedestrians. However, existing location technologies can only 


provide limited support for critical applications that serve Japanese society’s demand for increased safety 


and sense of security. We believe “seamless” high-precision positioning systems will enable a range of 


new applications that have substantial positive impacts on people’s quality of life. The meanings of 


“seamlessness” in this context are threefold: (1) continuous availability of high-precision location 


information anywhere at any time including indoor and outdoor spaces, (2) integration of various data 


including low-level data captured through distributed RFID readers, GPS receivers and sensors as well as 


digital maps and high-level application data that embody relevant domain knowledge, and (3) 


communication and collaboration among people and organizations involved in research, development, 


deployment and use.  
 
We set out to achieve this seamlessness using RFID tags embedded in physical spaces. Embedding 


computing and communication capabilities in our physical and social spaces (Hutchins, 1995) imposes 


unique challenges of hardware and software deployment, positioning algorithms, communication 


protocols, distributed data management, ubiquitous service availability, fault tolerance, system integration, 


security and privacy, context-awareness, usability, and co-evolution of technologies, processes and 


practices.  


 


Moreover, this project is eliciting collaborative efforts among major academic and governmental 


stakeholders including Center for Spatial Information Science of the University of Tokyo, Geographical 


Survey Institute, National Institute of Information and Communications Technology (NICT), National 


Research Institute of Fire and Disaster, and National Research Institute of Police Science. These 


organizations had been independently carrying out related research and development before the project 


brought them together to explore a common framework for RFID-based positioning and location-based 


services, and pave the way to creating a social capital that would exploit a massive amount of RFID tags 


embedded in the land of Japan.  







 


 


2 Related works 
Researchers developed prototype positioning systems utilizing RFID and other technologies so as to 


overcome limitations of GPS technology. However, none of them is efficient and reliable enough to serve 


our purpose. Companies and the government proposed various ways to use wireless identification and 


location technologies to facilitate rescue tasks after a disaster, an accident, or a crime. Such technologies 


are sometimes used to implement preventive measures as well. However, the design space for these 


safety-enhancing applications is relatively unexplored; state of the art technologies are too limited to 


support even simple safety-enhancement scenarios; and the technologies’ adverse effects such as privacy 


violations could make any of the technologies’ benefits irrelevant. Still, we can learn from existing works 


carried out by academics, companies and the government in the following areas.  


 


2.1 Positioning systems 


Currently, GPS is widely used in systems that provide location-based services to consumers. However, 


GPS’s inability to operate in indoor and some outdoor spaces (e.g., urban canyons) inhibits us to 


implement applications that must be able to support people anywhere at any time. Researchers proposed 


complex systems that combine GPS receivers and complementary sensors (Ono et al., 2004) in a limited 


scale so as to continuously provide location information indoors and outdoors. Ministry of Land 


Infrastructure and Transport’s Mobility Support Project embedded inexpensive RFID tags in textured 


paving blocks and experimented with a high-tech white cane that senses the tags and provides auditory 


information for assisting visually handicapped pedestrians (Ubiquitous ID Center, 2006; Fukasawa et al., 


2005). This project has demonstrated a unique possibility of a simple and inexpensive positioning system 


that could be deployed at scale. The ministry is also embedding RFID tags in location markers to assist 


surveyors (Matsuzaka et al., 2005).  


 


2.2 Localization and communication techniques 


Researchers in the sensor networks and robotics areas proposed various localization techniques in the past 


several years (Hu et al., 2004). However, many of the techniques heavily rely on conventional 


technological settings such as wireless LAN or GSM mobile phones and cannot effectively exploit 


embedded RFID location markers, integrate GPS and geographical data, or allow mobile devices 


exchange positions and mutually improve positioning accuracy.  


 


Location information is highly useful for disseminating emergency information as well as collecting 


environmental data. Existing ideas to use sensor and ad-hoc networks for data collection and 


dissemination do not consider availability of RFID location makers and the like. Therefore, it is 


insufficient, and in fact problematic in terms of efficiency and reliability, to simply appropriate these 







existing techniques and ideas to serve our purpose. 


 


2.3 Safety-enhancing systems using pervasive technologies 


Wireless identification and sensor technologies can be used to enhance safety or alleviate the 


consequences of disasters, accidents, crimes, and so on, thereby increase people’s sense of security. 


Certain schools experimented with GPS and RFID technologies so as to enhance school children’s safety 


by tracking their whereabouts. Researchers and companies proposed to use RFID tags to classify disaster 


victims and track rescue supplies. Moreover, RFID tags embedded in the environment could facilitate 


communication and information sharing in critical rescue missions (Takizawa et al., 2004). Even though 


these ideas appear feasible from a technological perspective, they haven’t been fully implemented in the 


real world.  


 


We can exploit visual, auditory and other types of information when searching victims, who could be 


under rubble, snow or soil. Wireless identification technologies such as avalanche beacons (Höller and 


Gibler, 2002) can facilitate such tasks despite their limitations in sensitivity, usability and battery life. Most 


existing wireless localization techniques don’t fully consider the influence of various things that can exist 


around human bodies in abnormal situations.  


 


2.4 Real-world deployments 


Positioning systems are increasingly incorporated into social systems to facilitate existing processes and 


practices (MIC, 2006). However, current incremental approaches are limited and inhibiting fundamental 


changes that can revolutionize the ways we do things. For example, some schools are making hand-drawn 


maps that show where kids hang out and pass by (NRIPS, 2006). Even though such a map can be a useful 


resource for designing preventive measures and acting in the right way during emergency situations, 


simply incorporating state-of-the-art GPS technology in this framework could lead to yet another 


low-accuracy map that has small impact on kids’ safety.  


 


Another example is the GPS-based location notification for cell phone emergency calls such as the 


Enhanced 911 (E911) in the United States and a similar system in Japan, which will be introduced in 


April 2007.  Although such systems may allow police and rescue workers to locate victims more quickly 


than before, we believe the positioning accuracy in these systems is too low for time-critical rescue tasks 


that are characterized by Cara’s Golden Hour Principle. E911’s positioning accuracy can be 50 to 300 


meters (FCC, 2006) and the Japanese counterpart could provide the accuracy of 15 meters (MIC, 2006) 


under best conditions. However, accurately pinpointing a room in an apartment house, for example, 


requires much higher positioning accuracy. Our goal is to realize a seamless positioning infrastructure 


with the accuracy of 5 meters.  


 







Interestingly, some local governments introduced low-tech location markers, namely human-readable 


printed numbers that is associated with corresponding location information. These numbers are displayed 


on vending machines and electric poles so that people, including tourists and foreign visitors, can simply 


communicate these numbers while making emergency calls. Introducing unobtrusive technologies such as 


RFID-based positioning systems in this space raises many open questions, most prominent being the ones 


related to the security and privacy issues in ubiquitous computing (Bellotti et al., 1993; Dourish and 


Anderson, 2006). Approaches to protecting consumers’ RFID privacy, such as the “kill” command, 


faraday cages, active jamming, and Blocker Tags (Juels et al., 2004) mainly concern with the “Internet of 


Things” setting where RFID tags are embedded in physical objects and we believe RFID tags embedded 


in physical spaces will define a set of unique security and privacy requirements that cannot be easily 


matched by existing solutions and proposals (EPCglobal 2005).  
 
 


3 Approach 
In order to create RFID-based positioning systems for usable and useful safety-enhancing applications, 


we and our collaborators identified three key areas that require major breakthrough in research. Here we 


first outline general approaches in these areas and then the next section describes the software substrate, 


which is being developed in our group at the University of Tokyo.  


 


(1) Systems for seamless positioning and efficient location survey 


Our collaborators will develop economically feasible methods for embedding numerous RFID tags in 


physical spaces and linking them to location information (Matsuzaka et al., 2005). Additionally, they will 


develop novel location measurement equipment that captures location information from the embedded 


tags and establish standard land survey procedures using this equipment.  


 


(2) P2P-based positioning and communication  


We will develop mechanisms for the software substrate that exploits the embedded RFID location 


markers. We will develop privacy-preserving network protocols (Huang et al., 2005b) for exchanging 


location and environmental data, based on a P2P model. Using the protocols, mobile devices in proximity 


can mutually share their location and other contextual information to accurately estimate their positions 


even when they are away from RFID location markers. This mechanism can be extended so as to estimate 


and update RFID tags’ location information if it is unknown or imprecise. We will also develop a 


mechanism for location-based dissemination of emergency and disaster information that operates on the 


P2P-based software substrate.  


 


(3) Enhancing safety and sense of security using positioning systems 


Our collaborators will develop various methods for utilizing RFID-based positioning systems to enhance 







safety and sense of security in everyday and emergency settings. First, people could exchange emergency 


and disaster information using embedded RFID tags as a reliable information storage device (Takizawa et 


al., 2004). Second, emergency phone calls made from indoor and underground spaces could utilize RFID 


location makers to reliably communicate relevant location information. Third, rescue workers could 


utilize RFID to know where they are and where the ones being rescued are (they could be buried under 


rubble, snow or soil.) Forth, adults could respond quickly and act proactively to enhance kids’ safety 


(NRIPS, 2006) if RFID-based positioning systems can provide the right kind of location-relevant 


information that serves the purpose.  


 


The provision of location information would be extremely beneficial in emergency and disaster context; 


however it also raises privacy issues. Our P2P-based technological architecture put RFID tags in physical 


places rather than people and therefore may provide users with more opportunities to control their 


privacy-sensitive information than existing systems. However, it’s by no means a silver bullet and we 


must think seriously about the privacy implications of RFID-based positioning systems.  


 


Finally, research activities in the above three areas will be done in a collaborative fashion, and indeed 


they are closely related. We plan to integrate all research outcomes and demonstrate the advantages of our 


approach in a few years.  


 


 


4 P2P-based positioning and communication 
In order to capture and exchange location information anywhere at any time, our system should be based 


on a network infrastructure that operates anywhere at any time. We believe that a P2P-based 


communication infrastructure would most closely approximate this goal. This type of infrastructure can 


operate even in areas where cell phones don’t work and supports various hardware platforms besides 


mobile phones.  


 


Our approach builds on these strengths of a P2P-based network infrastructure and explores the following 


technical solutions for the relevant challenges in RFID-based positioning systems.  


 


4.1 Privacy-preserving location disclosure 


Our P2P-based protocol for exchanging location information across mobile terminals is based on the 


addressing system called Spatio-Temporal Address (STA) (Yamazaki and Sezaki, 2004). When collocated 


mobile terminals exchange location information over an ad-hoc network, it is data-centric communication 


by nature and does not require the use of conventional machine addresses. In STA, terminals and devices 


are identified on the basis of their positions and time, which prevents detailed tracking of users’ activities 


across different locations and time. STA is suitable for building privacy-preserving mobile applications 







since it doesn’t permanently assign unique IDs (e.g., MAC addresses or IP addresses) on mobile terminals 


and devices.  Moreover, we could develop gateways (or exploit IPv6’s multi-prefix function) to enable 


communications between STA-based devices and conventional IP-based devices.  


 


4.2 User position estimation 


In our approach, users’ mobile devices communicate with each other so as to mutually refine their 


location information (c.f. Iterative Multilateration.) In general, mobile devices know their positions quite 


accurately right after they capture location information from nearby RFID location markers. However, the 


discrepancy between the captured location information and the devices’ actual positions increases when 


the devices move away from the location markers. We are developing techniques for carefully estimating 


the positions of mobile devices by considering their movement as well as the time stamps and the 


accuracy of captured location information. Our techniques are based on a P2P communication model that 


allows a group of nearby devices to exchange location-relevant information and collaboratively refine 


their knowledge about where they are.  


 


We can further improve the quality of location information by additionally using high-end mobile devices 


that are equipped with GPS receivers and sensors for detecting acceleration, magnetic fields, etc. 


Moreover, we can utilize geographical databases as well as contextual information such as users’ 


calendars to increase the accuracy of location information.  


 


4.3 Position estimation for RFID location markers 


It is also a critical task to measure, record, and maintain each RFID marker’s accurate location 


information. We will develop theories and models for estimating the positions of RFID location markers 


using the data captured by users’ mobile devices. Each mobile device can record an ID, time, estimated 


position, and its accuracy when it scans a nearby RFID location marker. The recorded information can be 


accumulated and analyzed to derive highly accurate position estimate.  


 


4.4 Collecting and disseminating environmental information 


Our approach collects and disseminates information along with relevant location information, which 


allows us to route and index information based on locations. For example, data captured from distributed 


temperature sensors can be easily accumulated and indexed on a server to create meaningful visual map 


representations. Using STA, we could also develop a geocast mechanism (i.e., a multicast mechanism for 


the terminals in a certain geographic area) that selectively disseminates emergency or disaster information 


to people who are located in relevant geographical areas.  


 


 


 







5 Conclusions and future works 
We described the context, challenges, and approaches of our research effort to design and build the 


software substrate for an envisioned national infrastructure that enables safety-enhancing services by 


embedding RFID location markers, developing novel positioning mechanisms, and providing key 


application services. The research described in this paper is still in an early stage and expected to soon 


produce outcomes that will greatly impact the decision making processes about a national RFID-based 


positioning infrastructure.  


 


Context awareness (Dourish and Moran, 2001) is an essential conceptual framework in ubiquitous 


networks that allows for delivery of the right information and services at the right place at the right time 


in the right way to the right people. Some context-aware systems automatically recognize users’ context 


and provide relevant services. In such systems, users’ location is one of the most important classes of 


contextual information. We think the market size of location-based services could grow exponentially if a 


truly ubiquitous and highly accurate positioning infrastructure is available. It could be best implemented 


as a national infrastructure based on collaborative efforts among relevant governmental sectors, especially 


when it can be a dual-use infrastructure that is also used to enhance safety and sense of security in certain 


situations.   


 


If the right RFID-based positioning infrastructure is implemented, it could be used to protect people from 


bodily injuries, loss of valuable assets, and so on in the cases of fire, flood, avalanches, landslides and 


other disasters and accidents. Moreover, parents are sometimes required to stand and watch school 


children along a school route in order to enhance safety of school children. This can be sometimes too 


burdensome for the parents. The right technological support may reduce some of the parents’ labors, still 


maintaining the state of safety along school routes. In addition, the same socio-technical infrastructure 


can be used to enhance safety of anyone including the elderly and the handicapped.  


 


Finally, as this research is part of a three-year project, our long-term interest includes the phase when our 


research outcomes potentially contribute to real-world systems and services after the completion of the 


project. We and our collaborators intend to initiate implementation-oriented projects for embedding and 


using RFID location markers as well as open forums to exchange relevant knowledge and an effort to 


standardize the key components of RFID-based positioning systems.   
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Abstract. There are 21,000 National Surveying Control Points (NSCP) made of stone for precise surveying 
nationwide. NSCPs that provide location information are usually buried at the top of a mountain for view points 


that cannot be used by the public. Recently, according to the growing ubiquitous computing generation, 


location-based information has become very important and a service that can be easily accessed by the public is 


needed. In this research, a new type of reference point for a location information service is proposed. It is an 


Intelligent Reference Point (IRP) equipped with RFID tags and a two-dimensional bar-code system. The IRP 


system is composed of an electronic tag component, a tag identification component, and an IRP service 


component. We designed the IRP receiver identifying RFID tag and two-dimensional barcode was designed 


using a PDA, digital camera, and an RFID receiver. Also designed was IRP input data and input information. 


Furthermore, the operation software was developed in a PDA for identifying IRP and using IRP the service, and 


the IRP positioning method was developed using a GIS spatial analysis. Using IPR, it is possible to obtain a 


precise determination of location within an accuracy of 1 ~ 2m. The potential impact of IRP on the positioning 


service community is expected to be significant. It brings not only great flexibility to field operations but is also 


a useful service for the public. IRP will be useful as a location-related service.    
 


Keywords: Location Based Service(LBS); Ubiquitous computing; Intelligent Reference Point 
 


 


 


1. Introduction 


 


 
Location-based information is used for the Intelligent Transport System (ITS), Telemetics. In ubiquitous 


computing, 70 percent of the information is location-based information. For ubiquitous generation, therefore, 


location-based information is very important and such a service is needed for the public. At the present time, GPS 


positioning is used in car navigation systems (CNS) and location-based services (LBS), providing positioning 


information with an accuracy to approximately 10m. However, GPS positioning does not provide precise location 


information in areas with buildings due to the GPS signal’s multi-path. In addition, GPS positioning is 


unworkable in indoor areas, as a GPS receiver cannot receive the positioning signal in such places. TDOA 


positioning with its use of a mobile phone station is used, and its accuracy of positioning is lower compared to 


GPS, by approximately 50 ~ 10m. In this research, a new type of reference point for a location service is 


proposed, termed an Intelligent Reference Point (IRP). It is equipped with an RFID tag and two-dimensional bar-


code system that together are a location information service. We designed the IRP receiver identifying RFID tag 


and the two-dimensional barcode were designed using a PDA, digital camera, and an RFID receiver. In addition, 


matching IRP input data and input information were designed. The IRP input data with a length of 30 words 


length includes the point number, post number, facility and location information for identification. Moreover, 


operation software was designed in a PDA. It identifies the IRP and using an IRP service. The IRP positioning 


method was developed through the use of GIS spatial analysis. This paper outlines the results of a test for 


identifying the IRP and using the IRP services. Using the IPR, it is possible to obtain precise location information 


within 1 ~ 2m and use location based service. The potential impact of the IRP on the positioning service 


community is expected to be significant. This development brings not only great flexibility to field operations but 


also provides a useful service for the public. The IRP will be useful for location-related services.  


 







 


2. An overview of Dynamic Segmentation 
 


 


There are various methodologies through which the location measures. Thus far, instruments such as transit and 


Electronic Distance Measurement (EDM) have been used for surveying. Since the emergence of the satellite 


navigation system, satellite positioning technology has been used for location systems. Currently, GPS 


positioning, a type of the satellite positioning, is typically used in Car Navigation Systems (CNS) and Location-


Based Services (LBS). GPS positioning provides location information to within 10m of accuracy. GPS 


positioning cannot, however, provide precise location information in an area with many buildings on account of 


the GPS signal multi-path. In addition, GPS positioning is unworkable in indoor areas, as in these areas it cannot 


receive the positioning signal. Technology using a mobile phone, through TDOA (Time Difference of Arrival) 


positioning is also used for positioning. TDOA positioning that uses mobile phone station timing can provide 


information regarding a location, although its accuracy of positioning, 10 ~ 50m, is lower compared to GPS. 


Location-based information is becoming more and more important, and such a service for the public is needed for 


the ubiquitous generation. In this paper, an Intelligent Reference Point (IRP) equipped with an RFID tag and two-


dimensional barcode system is proposed as a location information service. An IRP receiver was also designed for 


location identification. 


 


2.1 National Surveying Control Point 


 


Including triangulations points, benchmarks, GPS reference points, earth magnetic points and gravity points, 


there are 21,000 national surveying control points for precise surveying nationwide. NSCP is used only for 


surveying and is limited in terms of utilization through regulation. NCSP is a very important positioning source 


and part of the national infrastructure as it provides location information. However, NSCP is usually buried on 


the peaks of mountains for viewpoints that cannot be used by the public. Moreover, as the Korean National 


Geographic Information Institute (NGII) provides their result sheets of the NSCP using paper documents, it is not 


possible to access NSCP data in the field.  


 


 
Figure 1. Challenge of reference point 


 


2.2 What is the Intelligent Reference Point? 


 


In this research, the Intelligent Reference Point (IRP) is a location-based reference point that provides location 


position and various location-based services using an RFID tag and a two-dimensional barcode. Using an IPR, it 


is possible to obtain precise location information to within 1 ~ 2m and also possible to use location-based 


services. The potential impact of IRP technology on the positioning service community is expected to be 


significant. It brings not only great flexibility to field operations but is also a useful service for the public. IRPs 


will be useful for location-related services.  


 


In order to provide precise location information, the effective determination of the IRP input data is a very 


important phase. In addition, IRP input data is utilized for the management of the IRP. In this research, two types 


of electronic tags (RFID and a two-dimensional barcode) at the same point are used. The more IRP input data 


provided, the more diverse services can be utilized. It is necessary to consider that an electronic tag has a limited 


input capacity and required relatively more time for service processing. Therefore, it is necessary to determine 


the IRP input data through necessity and importance, and to select very frequently used data. 


 







 


 
Figure 2. Intelligent Reference Point & IRP receiver 


 


2.3 Composition of IRP System 


For a public user, the IRP should provide position and additive information free of charge. For a survey expert, 


the IRP should provide special services using a specific IRP receiver and should be able to endure risk factors 


such as those related to damage and pollution. As shown in Fig. 2, the IRP is composed of two sensors, an RFID 


and a two-dimensional barcode. The RFID sensor requires an extra RFID receiver for IRP identification. The 


RFID tag can record much more data, however, and restricts the user through an encryption algorithm while it 


computerizes the IRP data. As the two-dimensional barcode can be identified by a mobile phone camera, it 


provides free IRP service without additional costs. 


 


 
Figure 3. IRP system 


 


This IRP system is well constructed in terms of the electric tag component and the tag identification component 


of the IRP service element. Fig. 3 shows the process of the total IRP system, through the installation, 


identification and service. When the IRP receiver identifies IRP data or a primary key such as a Unified Feature 


Identifier (UFID), it will connect to an IRP web service via a wireless LAN or a wireless web service. Moreover, 


the IRP web service provides IRP data including various data-related locations. 


 


3. IRP Data 
 


 


In this study, two types of sensors, an RFID sensor and a two-dimensional barcode, are used for the IRP; 


additionally, it is necessary to consider the limitations of the service and data. Various data can provide many 


services, but the sensor is limited in terms of the recording volume. Accordingly, we select the necessary data is 


selected considering the frequency of use. 


 







 


3.1 Classification of IRP 


 


An IRP is national infrastructure that offers location information. Therefore, we did classifications were made in 


order to create information access limits according to the user and to protect the IRP input data. In addition, the 


input that the IRP offers to a target user differs according to the grade. As the information amount that can be 


input by each electron tag device is different, the classification is considered accordingly. This study considered 


the device, user, and encryption level classification. However, it was possible to to vary the design of the 


classification depending on the service device grade anger and service expense levy such as various mobile 


phone, smart phone, and PDA. 


 


Table 1. IRP class by user 


1st  class 2nd class 3rd class 


Ministry of Construction & Transportation (MOCT) manager 
Central government 


National Geographic Information Institute (NGI) manager 


City official manager 


Province official Manger Local geverment 


District manager 


IRP installation worker 


IRP manger 


Administrator 


Zone administrator 


IRP maintenance worker 


Precise survey permitted user - 
Surveyor 


General survey permitted user - 


Emergency service user 


Postal service user 


Traffic information service user 
Public user 


Other public user 


Delivery service provider 


Public user 


Other logistic service user  
Logistics service provider 


ITS and LBS user 


Personal Navigation System (PNS) user Charged user 


Other service user 
General user 


Uncharged user Free service user 


 


3.2 IRP Input Data 


 


A National Surveying Reference Point, a Unique Feature IDentifier (UFID), an Electronic Library IDentifier 


(ELID) for urban facilities, GIS metadata, and a GIS feature catalog have various types of data-related locations 


and services. In this paper, the existing GIS data was considered for the determination of the IRP input data. IRP 


input data and input information was designed and its composed of “General information” for a basic user, 


“Management information” for a governmental officer, “Location and Surveying information” for a surveyor, and 


“Service information” for a service user. “General information” includes a grade of the IRP, identification of the 


IRP such as a UFID (Unique Feature Identifier), address and history information. “Management information” 


includes the IRP type, management institute-related information, installation and facility-related information, 


maintenance and history of the input data. “Location and Surveying information” includes the geodetic 


coordinates, longitude and latitude, two-dimensional coordinates, UTM coordinates, height and direction, as well 


as surveying-related information. “Service information” includes the building information, near-spatial 


information, near IRP, service connection information, digital map connection, and the GIS (Geographic 


Information System) index information. 


 


(1) General information 


 


「General information」is fundamental IRP data, which is classified by IRP class, identification, address and 


history information. As the IRP generally varies in terms of type, shape, and species, identifiers are needed 







 


between IRPs. In order to identify the IRP, general information includes the IRP class, number, name and 


Unified Feature Identifier (UFID) in needed. Additionally, address and history data of the IRP are included.  


 


Table 2. IRP data - general information 


IRP class info. - IRP Class, number, name 


IRP Identification info. - Unified Feature IDentifier(UFID) 


Address info. - IRP location postal code, administrative district, phone & fax number 


History info. - IRP input data history, date, etc 


 


(2) Management information 


 


「Management information」is data for management which includes information regarding the installation, 


maintenance and repair of an IRP. IRP management information is classified by IRP information, IRP 


administration information, installation information, facility information, maintenance information and data 


history information. IPR information includes the IRP type and shape. IRP administration information includes 


the institute, department, administrator and related data. Facility information includes the type, height, location, 


shape, and color of the facility, whether it is anchored or unanchored, as well as the institute and administrator. 


Maintenance information includes the IRP life, whether it is disabled, the repair and change information, while 


the data history information is only metadata. 


 


Table 3. IRP data - management information 


IRP info. - IRP kind, shape 


IRP administration info. - Administration institute, department, administrator, position, phone number 


Installation info. - Installation date, worker and related data 


Facility info. 
- Facility kind, height, location, shape, color, anchored yes/no 


- Facility administration institute, administrator 


Maintenance info. 
- IRP’s life, disabled yes/no, frequency, reporter  


- Repairing yes/no, frequency, repairman, changed yes/no, frequency, changer 


Data history info 


(meta data) 


- IRP input data version, revision items 


- IRP input data update, change related data 


 


Table 4. IRP data - position & survey information 


Coordinate related info. 


- Coordinate reference system, prime meridian 


- Ellipse, geoid, projective method & parameter 


- Origin of coordinate 


Latitude, longitude - Latitude(˚ ΄ ˝ ), N / S, longitude(˚ ΄ ˝ ), E / W 


2 dimensional x, y - X (m), Y (m) coordinate 


UTM coordinate - North(m), East(m) coordinate 


Height info. - Geodetic height, ortho-metric height 


Direction info. - Magnetic north pole(˚ ΄ ˝ ), true north pole(˚ ΄ ˝ ) 


Survey related info. - Survey station name, distance, survey related data 


 


(3) Position and Surveying information 


 


「Position & Survey information」is the most important data-based precise coordination and reference system 


for the IRP service. This information includes coordinate-related information, the latitude and longitude, two-


dimensional x and y information, the UTM coordinates, and the height and direction formation. The precision of 


the coordination provides different information according to the field of the application and the user. 


 


(4) Service information 


 







 


「Service information」is the service connection data between the user component, the IRP service component 


and other service information. 「Service information」includes the building information, the near-spatial 


information, the nearest IRP information, connection data with service and a digital map, and the GIS data index 


information. 


 


Table 5. IRP data – ETC.(service) information 


Building info. 
- Building owner, height, floor space 


- Each floor info., each area/zone info. 


Around spatial info. - Around building data, around public facilities  


Around IRP info. - The nearest IRP number, class 


Connection info. with Service - Primary key with service connection, additive service & name 


Connection info with digital map - 1/5,000 digital map index, name 


GIS data index info. - GIS data index which related GIS data, figure, image, etc. 


 


3.3 IRP Data with 30 word length 


 


There are various types of RFID tags according to frequency. Approximately a 900 MHz frequency RFID tag 


was used. This is known to have good frequency efficiency and is capable of long-distance identification. A 900 


mega-hertz RFID can record approximately 30 bytes of external data. Therefore, IRP data of a length of 30 


words was created in order to test the IRP temporary service. 


 


IRP input data of 30 bytes was created due to the RFID capacity. Therefore, the IRP input data with its 30 word 


length is composed of general information including the point number, postal code, facilities, and the position 


and survey. Information for identification includes the latitude, longitude and height. For example, in 


‘153731ABE351852149415233012724’, input data of 30 digits, the first six digite provides the postal code, the 


next two digits provide the IRP number, 1 digit provides the IRP facility, and the remaining digits provide the 


coordinates included the longitude, latitude and height. 30 bytes of input data is also used as a primary key when 


searching for related information. 


 


 
Figure 4. Use of IRP data with 30 word length 


 


3.4 Extension of High Volume Data 


 


The IRP will be used not only the bay knows is a possibility also the role of the search key. In addition, it will be 


able to search the space information of the neighboring area where the Reference Point is established using the 


Reference Point for a location reference. Consequently, with Picture 4 together in the location information to be 


more addition information which is various it is convenient and possible to provide, additional information is 


basically provided location information of Reference Point with a base. To 30 place input information postal 


code, indexed number and the location information back comparison it includes only information which is simple. 


30 place veterinarian indexed information it leads from the research which it sees and it connects it will be able to 







 


approach substitution quantity information about each Reference Point in order, it plans in IRP and Server, 30 


place input information are used at the search height for the index of the IRP. 


 


 
Figure 5. Extension to the big volume data 


 


The Unique Features Identifier (UFID) is the number which divides all terrain features of the basic geography 


information, including the National Datum point, which is included in the Basic Geography Information. This is a 


system that gives the identification number which is solely in the same terrain features. When it inputs the UFID 


with 30 place input information substitutions, it is possible to use this with an identifier of the Reference Point 


that will reach. The IRP role National Reference Point from this point will use UFID with the identifier and the 


search for other detailed information must be developed according to the direction. 


 


4. IRP Installation 


 
4.1 Estimation of the Best Location using GIS 


 


The objective area of the IRP selects not only a general business park as well as a house and service sector but 


also the area where it equips the general government and public offices.  As this becomes the sample against the 


whole selecting area due to the following description: After purchasing a digital map of the selecting area, data 


pretreatment from the research that it sees and the figure which leads layers is and with it wants against the data 


where the attribute layers, it is after creating the field, it makes and the position figure and attribute layers it is 


and it has and space analysis after one, the result the actual objective area after applying the buffer in that area, it 


forms.  It investigates the facility and it will be able to establish the IRP inside that buffer area. In the actual site 


facility establishment test, it leads to question the compatibility it tries. 


 


(1) Principles of  the best location IRP 


 


� General rule  


① Large floating population zone 


② Great use of the IRP zone 


③ Easy to predict the IRP zone 


④ Higher than knee-level, but under eye-level 


 


� Aspect of GIS spatial analysis rule 


① Regular space between IRPs 


② Priority IRP install: a necessary site the rest site 


 


� Aspect of facility rule 


① Location of a permanent/semi-permanent or fixed facility 


② Location of an easily identifiable facility 







 


The principles of selecting a suitable site must be considered. The principle with which is generally considered 


first from the side of the consumer. The second GIS space analysis side admits principle from the engineering 


side, the third establishment facility. 


 


(2) Division of IRP zone 


 


We divided to two areas according to demand for IRP's setup. Zone A is area that floating population is many 


areas and zone B is few floating population with Table 6. But, we need more detailed classification for correct 


spatial analysis. Because IRP's character and number of IRP become different according to user's necessity. 


Meaning of detailed classification is as following. First, classification must reflect correctly the real world. 


Second, used algorithm must make near result in true value to create GIS data. 


 


Table 6. Division of IRP zone 


Zone Definition Type IRP installation 


A 
� Big floating population zone 


� Big use zone 


Downtown, business & 


commercial section 


If  IRP duplicate, ‘overlap’  with 


near IRP 


B 
� Small floating population zone 


� Small use zone 
Residence & housing section 


If  IRP duplicate, ‘move’  to near 


IRP 


 


(3) Division of IRP 


 


In this research, We need classification that follow to the characters of the IRPs as well as the classification of 


IRP zone. Because the characters of IRP has much relation with the IPR's purpose. We could go little more near 


to "What we want" through the classification of IRP. With the Table 7, we divided IRP by "Block based IRP" 


and "Thematic IRP". "Block based IRP" is IRP to satisfy smallest necessity number, and is installed mainly on 


block of road. "Thematic IRP" is IRP that satisfy user's request maximum, and is divided 6 thematic IRP. In this 


research, we use the overlay method of GIS spatial analysis which is decided position of the block based IRP and 


the thematic IRP. 


 


Table 7. Division of IRP 


IRP Definition Type IRP installation 


Block based IRP 


IRP, where  


� minimum unit block  


� each corner 


Zone A � small block 


Zone B � big block 


� Block’s corner 


� Priority install : North & east 


corner 


Thematic IRP 
6 thematic IRP, which 


expects demand 


① Traffic ② Household 


③ Public institution 


④ Service  


⑤ Surveying point ⑥ etc 


� Selectively choose IRP by area’s 


character  


� Priority install : Building’s 


entrance 


 


4.2 Choice of the Best Facility for IRP 


 


The installation of IRPs is also important like a looking the best position of the IRP. IRP is public service 


infrastructure for position information offer. Therefore, finding a suitable IRP installation facilities is important 


for successful IRP service. Because IRP is installed in the facilities situated mainly outside, there is possibility of 


damage and loss. Also, the case that user couldn't use properly may happen because of the mistake of the IRP 


installation. 


 


� Install for IRP management 


① Permanent/semi-permanent or fixed facility  


② Facility or point which can easily install 


③ Strong facility or point in damage or loss 


 


 







 


� Install for the IRP operation  


① To exclude the facility which make radio jamming 


② To exclude the conductor facility which make electric current 


 


� Install for the IRP user’s convenience 


① The facility where installed above knee’ s height & under eye’ s height 


② The facility where install in good field of view 


③ The facility where install in easily accessible site 


 


� The facility’s regulations in force for the IRP installation 


① The public facility law 


② The regulations in force for public facility 


 


Administrator must consider three aspects with upside for the installation of IRP. First aspect is maintenance of 


the IRP, second aspect is IRP user's convenience and the last aspect is the applying of current law and regulation 


about general facilities. IRP can be installed individually. But, IRP should be installed in the building, lasting 


facilities such as stone landmark or fixing facilities such as road sign for efficient administration. Also, RFID 


electron tag can pick up awareness error and jamming when current is flowing conductor around because IRP's 


RFID tag use radio frequency. Therefore, metallic facilities or conductor facilities which current passes must 


exclude available. IRP should be installed above knee-level height and eye-level for the public user's convenience. 


Also, IRP should be installed in the facilities which have accessibility and good viewing. When administrator 


installs the IRP, administrator must refer and apply equally law or regulation about setup and administration of 


current NSCP or other national public infrastructures. 


 


 
Figure 6. Possible facility in the best location 


 


4.3 IRP system test 


 


Developed IRP and IRP reader equipment attached in the several facilitieses in Korea Institute of Construction 


Technology (KICT), and we tested damage, accessibility, aspects about preservation administration by setting an 


example. First, after the recording information inside IRP tag, we installed IRP the facilities using plastic tape 


and silicone gun. We installed with the various the material facilities for the test in various environment. First, we 


achieved IRP's test with stone facilities and facilities which is made from metal. Also, we achieved test 


continuously whether something wrong does not exist even the various weather of eye or rain etc. and cold 


temperature of below zero. This test is continued for about 4 months since January 13, 2006. We achieve a 


various experiment such as normal operation availability of leader flag equipment and IRP tag's scan every day 


and supplemented system. 


 







 


 
Figure 7. IRP system test 


 


5. Conclusion and Recommendation 
 


We developed IRP through this research. But designed IRP is just prototype present. Actually, if IRP is installed 


in various positions being developed, we can expect following effects. First, IRP may improve efficiency and 


practical use degree in administration side of National Surveying Control Point (NSCP). Second, IRP may do to 


upgrade the industry related RFID electron tag technology because it generate much demands in side of reference 


poinf for public service. Third, IRP may act important role constructing position information infrastructure 


system that prepare the ubiquitous world. Fourth, through the IRP development of various location information-


based service may improve. Therefore, IRP may provide good position information service as location 


information infrastructure's role that prepare ubiquitous generation. 
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“Disasters are a problem that we can and must reduce”. 
Kofi A. Annan, UN Secretary-General 


 
 
Abstract 
 
The paper considers different examples of cartographic visualization of natural risks and disasters. The 
ubiquitous mapping of the risk processes is discussed in the direction of process of standardization. It is 
done on the base of existing standards and proposals for standards in the considered area. 
 
Different kinds of disasters caused by earthquakes, hurricanes, tsunamis, floods, oil spills, wildfires and 
other natural phenomena can be visualized after their modeling in one and the same way. When we have 
the appropriate classified geographic data, a disaster or natural risk can be modeled using a standard 
color system (RGB or CMYK) and a standard cartographic symbol system on computer generated maps. 
 
Standard color and symbol systems should be designed on cartographic principles to be simple, associated 
with objects or phenomena and readable for users. 
 
Key words: Standards, Cartographic Visualization, Natural Risk and Disaster  
 
 
Introduction 
 
Mapping of natural risks and disasters and analyses of caused damages are very important for preparing 
programs for their averting and/or management of serious consequences. The method of visualization of the 
concrete phenomena, risks and disasters is important because users could receive clear perception of their 
characters, volume and size, and conditions. 
 
Cartography is offering new types of maps based on spatial databases; it is using the Internet and creates 
new kinds of maps for it. Today we are talking about ubiquitous mapping, mapping for everywhere, 
everytime and everything. In some countries, there is significant development in the fields of Mobile and 
Adaptive Cartography. 
 
The International Cartographic Association (ICA) is active in the process of teaching people how to make 
and use maps created for early warning, natural risks and disasters, for emergency needs. ICA follows 
resolutions and agreements from World Summit on Sustainable Development (Johannesburg, 2002) and 
mainly United Nation Hyogo Framework (Kobe, Hyogo, 2005). The main ICA activity is the establishment 
of a working group in this field. The results are coming in the form of organization of various meetings and 
seminars as well as propagation of cartography and GI possibilities in risk processes and crises 
management. One of the latest activities is a poster presentation for the United Nations EW III titled 
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„Cartography and Geoinformatics in Early Warning and Crises Management“(see [Konecny M., Bandrova 
T. et al, 2006]). 
 
Working with different international organizations, natural risk and disaster phenomena should be defined 
and mapping standards for data capture, storage and visualization could be proposed and adopted for 
national or international use. There are some first steps in this direction done by the United Nations (UN) 
ISDR Secretariat after very successful work in the field of informing people how to deal with such 
situations and publishing of a lot of brochures and materials. 
 
 
Definitions of natural risks and disasters and standardizations in their visualization 
 
Definitions 
 
Natural hazards are defined by the UN as natural processes or phenomena occurring in the biosphere that 
may constitute a damaging event. Natural hazards can be classified by origin namely: geological, 
hydrometeorological or biological. Hazardous events can vary in magnitude or intensity, frequency, 
duration, area of extent, speed of onset, spatial dispersion and temporal spacing. 
 
The same organization gives a definition of risk as the probability of harmful consequences, or expected 
losses (deaths, injuries, property, livelihoods, economic activity disrupted or environment damaged) 
resulting from interactions between natural or human-induced hazards and vulnerable conditions.  


Conventionally risk is expressed by the notation  
Risk = Hazards x Vulnerability 


A disaster has the following definition, given by the American Red Cross. “A disaster is an occurrence 
such as hurricane, tornado, storm, flood, high water, wind-driven water, tidal wave, earthquake, drought, 
blizzard, pestilence, famine, fire, explosion, volcanic eruption, building collapse, transportation wreck, or 
other situation that causes human suffering or creates human needs that the victims cannot alleviate without 
assistance.” 
 
UN definition says the following: “A serious disruption of the functioning of a community or a society 
causing widespread human, material, economic or environmental losses which exceed the ability of the 
affected community or society to cope using its own resources. A disaster is a function of the risk process. 
It results from the combination of hazards, conditions of vulnerability and insufficient capacity or measures 
to reduce the potential negative consequences of risk”. 
 
Why do cartographers need these definitions? They give us multi-aspects of mapping objects, phenomena, 
processes and their results. In the definitions natural hazards are classified, variations of hazardous events 
are pointed, all kinds of disasters are shown as well as their influence on human society, and we can find 
also reasons and characteristics of mapping features. Cartographers’ tasks are their classification, modeling 
and visualization if appropriate data is available. These tasks would be much less difficult if there were 
some standards; it would also help all specialists and users in the communication process. 
 
The General Clinical Research Center (GCRC) defines risk as minimal, low, moderate, or high. Their 
definitions can be seen in [Bandrova T., Konecny M., 2006]. All these variations of risks are visualized in 
one and the same way by using different systems of presentation. 
 
How cartographers present one and the same phenomena, kind of risk or disaster? They are using 
cartographic methods and technologies - create their author’s cartographic symbol system and compile 
maps or visualize computer-modeled base maps. 
 
 
 







Visualization 


Context and cartography. In a certain sense, adaptability to context is an extension of cartographic 
generalization, because extent, scale, character of displayed area and purpose of map is contextual 
information. In adaptable cartography we have to take into account variability of extent of displayed area 
related to differences in displays of used equipment (e.g. PDA vs. 19“ LCD monitor). Related to extent is 
scale, transformed to the term level of detail. It also becomes a variable characteristic reflecting the 
necessary amount of information required for taking a decision. 


Purpose of map is highly specialized, same as characteristics of the user. Purpose specialization is related 
directly to the involved situation – e.g. tourist map changes its appearance when we plan a bicycle trip, 
hiking tour or search for attractive views. The user (who was previously only partly considered in the map 
purpose) is now much more specific – we can consider his level of education, age, cartographic experience 
and also his individual tastes and preferences. 


The aim is to adjust map to the user’s cognitive abilities and shorten time necessary to extract required 
information from the map. 


 


Besides specialization of existing contexts, new contexts related to environments of use are created. This 
includes hardware characteristics of visualization environment (e.g. size of pixel) influencing size of 
symbols, number of distinguishable colors or transmission characteristics indicating amount of available 
data in certain time, etc. They also take into account external environment – time, season of the year, 
location of user, visibility and many other environmental characteristics. Examples of changes in 
visualization according to change of context are given in Figure 1. 
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Fig.1.: Examples of changes in visualization according to change of context 


 
User profiles and situation diagrams. All combinations of the above mentioned contexts create a large 
number of potential types of cartographic visualizations of geodata. In real life situations, processing such 







information is limited by time. In order to be able to generate variable content of map in real-time, we have 
to limit number of alternatives while preserving all substantial advantages of adaptable cartography. The 
method leading to required selection of alternatives is the definition of generic user profiles, together with 
determination of individually adjustable parameters. Similarly, it is possible to determine several typical 
situations related to map content; such content can be reduced in individual situations.  


In order to create profiles and situation diagrams, it is necessary to analyze decision-making processes for 
which the maps are used – what are the situations like, what are the roles of users, what types of users will 
probably take part in dealing with the situation. Dependence between user profile and situation diagram is 
apparent when a certain type of user can only face a specific, determined situation. 
 


Role of cartography in crisis management 


Many questions asked during management of a crisis situation begin with the word WHERE – WHERE did 
something happen, WHERE are the rescue units, WHERE are the sources of danger, WHERE should the 
threatened people be relocated, etc. It is clear, that a natural answer to these questions is a map. The role of 
cartography in crisis management is therefore clear – simplify and well-arrange required spatial data. That 
makes the decision-making process quicker and better and leads to minimization of damage. 


Members of crisis management and integrated rescue system include the Fire Service, the Rescue Service 
(Ambulance), the Police, Ministry of Environment, Ministry of Industry and Trade, Ministry of 
Transportation, Ministry of Defense, Administration of the State Material Reserves, State Office for 
Nuclear Safety, local authorities, etc. For many (often historic) reasons, these institutions are equipped with 
a varied set of referential databases (ZABAGED, DMU25, Geobase, ArcCR500, DMR2, UIR-ADR, and 
also analogue plans). Moreover, they build their own thematic databases according to their individual 
internal needs (database of settlements, maps of flood areas, database of sources of hazards, maps of land-
use, ortho-photos of selected areas). Variety of used software corresponds to used databases. Most frequent 
are ESRI platforms supplemented with different application software developed individually for the users.  
 
All these subjects, mentioned above give us evidence that the society needs a standard in cartographic 
visualization of nature risk and disasters. This standard should be national or international and used by all 
institutions and organizations involved in the process of reducing and minimizing damage and saving 
human lives. 
 
Natural risks and disasters represented in the maps 
 
Natural risks and disasters are presented on maps using different kinds of visualization. They are 
represented also on maps in different scales and territories from maps of the world to the largest-scaled 
maps of cities and municipal districts. 
 
Classification 
 
To be mapped, the all phenomena, processes and objects of interest should be classified. But “definitions 
and categorization of disasters vary according to geosectors, the geographical and social settings in which 
they are located” [Parasuraman S., Unnikrishnan P., 2006]. For example, these authors classified natural 
disasters in two categories: major (earthquake, flood, drought, cyclone) and minor (heat wave, cold wave, 
landslide, avalanche, tornadoes hailstorm). Other authors give classification of disasters as: 1. Natural, 2. 
Fire, 3. Water 4. Animate creatures [http://www.telmedpak.com/]. In Table 1 the classification is done by 
the authors and made on the base of the UN report and cartographic principles of object and phenomena 
classification. It is useful also for capture and storage hierarchy database for disasters. 
 
 
 
 
 
 
 







Table 1. Classification of Natural hazards and disasters 
 
Natural hazards 
and risks 


Disasters Characteristics 


1000. Geological 1010. earthquake, 
 
1020. volcanic eruption, 
1030. landslide, 
1040. erosion 


1011 magnitude, 
1012 structure location, 
1013 date, 
1014 built area 
1015 construction 


2000. 
Hydrometeorological 


2010. landslide, 
2020. erosion, 
2030. hurricane, 
2040. tornado, 
2050. storm, 
2060. flood, 
2070. high water, 
2080. wind-driven water, 
2090. tidal wave, 
2100. drought, 
2110. hailstorm 
2120. blizzard, 
2130. avalanche, 
2140. wild-land fire 


intensity, frequency, duration, area of 
extent, speed of onset, spatial 
dispersion and temporal spacing 
 


3000. Biological and 
social 


3010. famine, 
3020. pestilence, 
3030. fire, 
3040. oil spills, 
3050. explosion, 
3060. building collapse, 
3070. transportation wreck, 
3080. erosion, 
……………………. 
3200. other situation 


intensity, frequency, duration, area of 
extent, speed of onset, spatial 
dispersion and temporal spacing 
 


 
Mapping 
 
We can find many maps in the theme “natural hazards, risks and disasters”. From cartographic point of 
view, there are no standards and no order in object and phenomena visualization. 


 
The maps on Figure 2 show areas affected by disasters. The cartographers used point (pictorial), line and 
area symbols. The color systems are also different. The users could direct attention to map legend and 
understand the map contents. But if we use the same presentation for visualization of these phenomena on 
mobile or computer screen in a critical situation, it will be very difficult to direct user’s attention to legend. 


   
 


Figure 2. Different kinds of cartographic visualization of natural hazards, risks and disasters 







Because of this we need standardization of visualization: colors, symbol system and cartographic way of 
presentations. 
 
Symbol system 
 
The utilization and standardization of a symbol system for mapping natural hazards, risks and disasters 
requires a detailed research on the international level. It could be started by classification of represented 
objects and phenomena and clarification of the color system presentation. Many authors and organization 
propose standards for symbols systems representing natural hazards and risk processes, as well as disasters. 
All of them are represented as national standards or they are active in different branches of science and 
practice (see Figure 3). 
 
The first symbol system has very wide explanations in the legend and the other two are specialized for 
emergency situations. 


The cartographic symbols should have clear and short definition to be used in a map legend. The next very 
important characteristic of them is to be situated on a map and the last one is that they should give quality 
and quantity information about represented object, phenomena or process to users. 
 
The steps in symbols creating for these maps are distinguished as follows: 
a) gathering information about an object (quality and quantity characteristics, images, textures); 
b) analyzing information and collecting data about each object; 
c) designing symbols and then applying computer graphics techniques; 
d) visualizing symbols in the virtual or paper environment; 
e) obtaining synthesized information for an object. 
 
The created symbols should be created to comply with the following conditions: 


- easy for reading and understandable; 
- simple graphic construction; 
- association with presented phenomenon, process, object; 
- color system presentation in CMYK or RGM 
- independence on software system. 


 
Recommendations given by J. van den Worm could be added. “All proposed symbols had to be platform 
and software independent. This is one of the reasons that animation and the use of transparency (despite 
its advantages for the display of area related risks) have not been applied” [J. van den Worm, 2006]. Other 
authors, such as John Kostelnick et al, give special requirements to symbol system created for risk maps. 
Symbols should: 


- cross cultural barriers as much as possible; 


    
 


Figure 3. Proposals for symbol system standards in hazards mapping 
([http://science.valleyheights.org/safety.jpg], last two by [Dymon, Ute J., 2002]) 
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- relate to each other in a hierarchical or tiered structure; 
- be based on common cartographic standards and perceptual research; 
- display effectively in both low- and high-resolution computer displays. 


 
Such designed symbol system, conforming 
to all above-mentioned rules and 
requirements, should also correspond to 
mapped area, scale, map dimensions and 
way of visualization, as well as user’s 
requirements. 
 
 
Colors 
 
Color standardization could be defined using 
computer definitions of colors for paper 
presentations in CMYK color system and for 
screen presentation in RGB color system. 
 
One example of this is shown here. The 
United Nations ISDR Secretariat publishes 
many books and information brochures to 


attract teachers’ and students’ attention to “what to do in case of an emergency”. Figure 4 shows an 
emergency table. The four colors correspond to the four risk variations, minimal, low, moderate, or high, 
defined by the General Clinical Research Center (GCRC). They are widely used and should be also defined 
as a map standard in visualization of risks and disaster processes. 


Figure 4 An example of risk variations visualization, 
UN ISDR Secretariat 


 
Working with paper and screen visualized cartographic products we could propose the standard colors. 
They are defined in Table 2. 
 
Using the same logic in color presentation we could define color presentation of different main disasters for 
map of the world or some region.  
 
 
 


Table 2. Computer generated colors for risks variations presentation: a proposal for a standards 
 
Colors/ Color systems RGB – screen CMYK - paper 
Green R = 0         G = 153     B = 61  C = .90. M = 0     Y = 100   K = 0
Yellow R = 255     G = 245     B = 30 C = .0.   M = 0     Y = 100   K = 0
Orange R = 231     G = 120     B = 23 C = .0.   M = 60   Y = 100   K = 0
Red R = 218     G = 37       B = 29 C = .0.   M = 100 Y = 90     K = 0
 







On Figure 5 the main disasters (draughts, earthquakes, floods, volcanoes, windstorms, avalanches and 
others) are mapped on 
a map of the world. 
They are summarized 
for Sub-Regions, 
defined by the UN. 
The same diagrams 
can show situations in 
the world or regions 
by country or in a 
country by districts.  
 
Color definitions 
could help not only 
cartographers and 
map-makers but also 
users when they get 
used to the use of such 


cartographic 
information by mobile 
phone, screen 
equipments, paper 
versions of 
visualization of 
computer generated 
ubiquitous maps.  


 
Figure 5 Main disasters presented by color diagrams on map of the world 


 
The proposed colors could be seen in Table 3. They are high saturated because the diagrams should be well 
visible on the map background. The second colors are defined to be used as area symbols, or on their base 
could be crated map or screen backgrounds. 
 


Table 3. Computer generated colors for disasters presentation in cartographic products 
 
Disasters/ Color systems RGB - screen CMYK - paper 
draught R = 255 G = 250 B = 60 C = 0 M = 0 Y = 80 K = 0 
earthquake R = 0 G = 155 B = 80 C = 90 M = 0 Y = 90 K = 0 
flood R = 90 G = 90 B = 160 C = 70 M = 70 Y = 0 K = 0 
volcano R = 220 G = 35 B = 45 C = 0 M = 100 Y = 90 K = 0 
windstorm R = 35 G = 41 B = 122 C = 100 M = 90 Y = 0 K = 0 
avalanche R = 0 G = 125 B = 195 C = 100 M = 20 Y = 0 K = 0 
 
draught - area R = 255 G = 250 B = 150 C = 0 M = 0 Y = 40 K = 0 
earthquake – area R = 100 G =185 B = 95 C = 50 M = 0 Y = 80 K = 0 
flood – area R = 140 G = 130 B = 180 C = 40 M = 40 Y = 0 K = 0 
volcano- area R = 230 G = 110 B = 105 C = 0 M = 65 Y = 50 K = 0 
windstorm – area R = 160 G = 170 B =200 C = 30 M = 20 Y = 0 K = 0 
avalanche – area R = 90 G = 190 B = 240 C = 50 M = 0 Y = 0 K = 0 
 
Standardization in coloring for symbol systems and maps is a long process and it could continue in many 
directions. The work here is only a first step and shows the way of the process. Every color system could be 
improved to be more clear and readable for users. The human vision also could be researched in the 
direction of how people react of different colors in emergency situations.  
 
 
 







Conclusion remarks and directions for future work 
 
The tasks of all organizations caring for natural risks and disasters are to reduce them and – when they 
occur – ensure safety of human lives. The ICA and many cartographers work in this field of mapping 
phenomena connected with natural risks and disasters. Showing the way how to draw and read the maps, 
they are included in the processes of standardization. The way for data capture, collection, classification 
and visualization is proposed and many different ways for management with cartographic presented data 
are known. 
 
All efforts could be direct to the international standardization process: it could be started from data 
standards in some aspects: 


- data classification; 
- data content; 
- data symbology or presentation; 
- data transfer; 
- data usability [Batuk, F. et al, 2004]. 


 
According to the same authors process standards could be considers in the following directions: 


- general (specific) data transfer procedures; 
- existing data access procedures; 
- classification methodology; 
- data collection; 
- storage procedures; 
- presentation standards; 
- data analyzing procedures; 
- data integration; 
- quality control and quality assurance. 


 
In the report we proposed a methodology of a standard in two of the above-mentioned directions: symbol 
system and color representation and the second one - data classification in natural risks and disasters 
mapping. The research could be continued in the International Commission of Standardization of different 
International organizations. Specialists in different branches of geo-science are needed to achieve final 
results of presented problems. 
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Abstract 
 
This paper is addressing a prototype to design and implement GIS Web services. Over the years, geographic 
information has increasingly been recognized as a vital section of the Information Technology and the 
interoperability of geospatial data has become a current activity of the geospatial information users’ 
community. Recently, the growth of internet and the Web services has improved the interoperability of 
geospatial information and geo-related services. The Web services is loosely specified and coupled services 
distributed over the internet with the intention of being accessed and used ubiquitously by customers, 
providers, and so on. So, the integration of GIS and web services, called GIS Web services, means that GIS 
can be more extensively implemented. Mapping, geospatial data, and spatial processing services are 
available from various GIS servers and can be integrated into a ubiquitous environment. Traditional 
approaches to geospatial information for accessing, representing, and manipulating update data are 
inadequate, while the GIS Web services is designed to solve mentioned problems and improve the 
interoperability between many various platforms and languages. 
This research is intended to investigate how the Web services operate in a GIS. As a proof of concept, a 
prototype, whose architecture consists of a windows application in the client side as well as some GIS Web 
services and one GIS local application in server side, were designed and implemented. On both the client and 
the server side MS visual studio .NET technology were used. Local application in server side has also built 
with ESRI’s MapObjects. The prototype has been successfully implemented in this work. Therefore, the users’ 
part is able to invoke remote Web services to estimate facilities location and display the resulted map in the 
client side. Although this prototype just encounters with the surface of the GIS Web services, it reveals how 
Web services can easily be combined with GIS applications efficiently. Moreover, this research has also shown 
that Web services is not restricted to just being used on the web and they can be utilized by any application 
that has connections to the internet. It is anticipated that the GIS Web services will be utilized in the software 
industry ubiquitously in the near future.  
 
Keywords: GIS, Geospatial data, GIS Web services, .Net, MapObjects  
 
 
 


Introduction 
 
Over the years, an amount of time has been spent to share geospatial data and geo-related services in the GIS 
environment. This technique, called GIS Web services, leads to the manipulation of GIS data and service with 
independent language and platform. Geospatial information is a significant resource in making decision and 
supporting policies at different levels of organizations and programs. Geospatial information can be classified 
as any information, data or document possessing a positional component which can refer it to a location on 
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the Earth (Groot 2000). Geographic Information Systems (GIS) allows storage, editing, maintenance, 
dissemination, display and access of geospatial information. A GIS is normally utilized for acquisition, 
storage, and analysis of information where geographic location is important for the analysis or to make a 
model (Aronoff 1995). The combination of geospatial information and GIS has improved the capability of 
geospatial information for multiple applications, and is helpful to make decisions at various levels of 
organizations and activities (GSDIA 2001). The Internet can be observed as an infrastructure of shared 
computing resources and information (Begg 1998). Using the Internet, a network of computers can currently 
be exploited as efficiently as a particular computer (Hartman 1997).    
The history of combination of GIS and web started with static map publishing. Static map publishing 
distributed maps on the web page as static map images in graphic format. In this environment, users do not 
have any ability to manipulate on the maps. In static map publishing the interaction between the users and the 
maps on the Web browser is limited. After static map publishing, Interactive Web mapping technique came 
with more intelligence on the client side by using scripts like dynamic HTML and plug-ins, ActiveX controls, 
and Java applets. After that, a distributed GIS technique established a direct communication between the GIS 
server and the client (Peng 2003).  It refers to a distributed platform of accessing and processing geospatial 
data using distributed GIS service components through the internet. Distributed GIS services permit GIS 
components on one side to communicate with the component on another side. This communication does not 
require the components to move through an HTTP server and CGI-related middleware.  In contrast, the Web 
services supply a standard method for enabling communication between applications’ middle tiers over a 
network.  Unlike DCOM and CORBA, the Web services works using open, or non-proprietary, standards 
(Deitel et al., 2003).   
Traditional methodologies are static and file based, so application and data are tightly coupled. Traditional 
approach makes many limitations for general users who do not have GIS knowledge for their geo-related 
requirements such as accessing geospatial data, managing dynamic data, representing data, updating data, 
integrating many datasets, interpreting various services and so on. Due to these challenges, there is an 
essential consideration on providing more appropriate architecture and services for mobile users’ before and 
during the trip. 
A Web services is basically an application that represents a Web-accessible Application Program Interface. It 
keeps related source data and functionality in the server side and proposes the Web access to it. Moreover, a 
Web services is a set of standards that makes applications to achieve interoperability over the Web. it has 
independent programming language and platform. A Web services is a software system designed to support 
interoperable machine-to-machine interaction over a network. It has an interface described in a machine-
processable format like WSDL. Other systems interact with the Web services in a manner prescribed by its 
description using SOAP messages, typically conveyed using HTTP with an XML serialization in conjunction 
with other Web-related standards (W3C 2004). The Web Services architecture enables the Internet be a 
platform for distributing services, not just data. The integration of GIS and Web services, makes GIS be more 
significantly implemented architecture. Mapping, data, and geo-processing services are accessible from 
numerous servers and can be integrated into a common environment. Moreover, the ability to interoperate and 
combine geospatial data makes GIS-based Web services exclusive. Interoperability can be described as the 
capacity of a system or components of a system to offer information sharing and inter-application co-
operative process control, through a shared request and response mechanisms (Groot 2000). 
The objective of this research is intended to consider how the GIS Web services components works and how 
one suitable prototype is implemented to help mobile users in the GIS Web services architecture. In addition, 
a simple client side application is built for testing implemented GIS Web services. It has been found that the 
Web services have a very capable structure for practical implementation of distributed GIS. Microsoft .NET 
and ERSI’s MapObjects are appropriate structure components for such GIS Web services Architecture. 
 
 
Previous solution 
 
Previously, many researchers paid much more attention to the application and analysis of geographic 
information than accessing or publishing them. Preceding efforts delineated the concepts and profits of geo 
infrastructure in the context of data standards and networking, but they have a limitation in applying 
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geospatial Services for mobile users. Moreover, actual implementations of the Web service recently has been 
emerged in such applications as Google Web APIs service (Google 2002) and OGC Web services Initiative 
(OGC 2002). The World Wide Web Consortium (W3C) has successfully steered the SOAP’s evolution from 
an HTTP-based RPC mechanism in XML to a leading interoperable technology with replaceable bindings. 
The Web services technology is a practical engineering result in the software area. Designs of the Web 
services systems have received attention from both industrial (Arsanjani 2003, Fremantle 2002, Kleijnen 
2003 ) and academic field (Gibbins 2003, Yin 2001, Zeng 2003 ). Meantime, the Open GIS Consortium 
(OGC) has followed web map services with interoperability of map servers and clients. The first specification 
on simple web map services was released in 2000. Currently, the web mapping services standards include the 
Web Map Service (WMS) and the Web Feature Service Implementation Specifications (WFS) (OGC 2000).  
 
 
Materials and Methodology 
 
This research aims to solve the above mentioned problem by implementing a GIS Web services based upon 
the following procedure. First of all, this study was addressed to consider how the Web services works in 
geospatial information systems and what kind of platforms and technologies of the GIS Web services is 
needed to solve the mentioned challenges. Secondly, an appropriate conceptual model was developed to 
visualize the entities of the GIS Web services and their relationships. Finally, a prototype of the GIS Web 
services and a Web service client were designed and implemented to access geospatial data and geo-related 
services. 
 
Web services components 
The Web services model generally relies on technologies derived from XML (Bray 2000), a structured 
language that expands and formalizes HTML. In this regards, the W3C Consortium has built up SOAP 
(Simple Object Access Protocol) (W3C 2000), a communication protocol based on XML. These days, SOAP 
is widely taken account of in most of the communication infrastructure offered for integrating applications 
and the Web services. Besides, languages for describing the Web services have been exploited. The most 
infamous example is WSDL (Web Service Description Language) (Christensen), an XML-based language 
which allows developers to create service descriptions as a set of operations over SOAP messages. From a 
WSDL specification, a program can discover the specific services a Web site provides, and how to use and 
invoke these services. As a complement to WSDL, UDDI (Universal Description, Discovery and Integration) 
(W3C 2001) has been proposed. UDDI provides mechanisms for searching and publishing services written 
preferably in WSDL. The architecture includes three classes of components: service providers, service 
requesters and service registries. A service provider produces a WSDL document describing its Web Services 
and publishes this document to a service registry such as UDDI. A service requester can utilize a registry to 
discover a Web Services that matches its requirements and retrieve the equivalent WSDL document. Using the 
information proposed by a WSDL document, a service requester invokes the operations of the Web Service 
provider (Kreger 2001). Actually, a Web services can defined as a program that carries out a specified action 
and that can be found, invoked, and executed over the Web. After that, it is relatively uncomplicated for us to 
define a geospatial Web service. A geospatial Web services is a Web services which performs an action on 
geospatial data or information.  
 
Web services platform 
To create or access the Web Services, the application developers have many different approaches. Application 
developers do not have to use a Web services toolkit to create or use a Web Service. Because SOAP is simply 
an XML based protocol, it is simple to exploit the SOAP protocol with an HTTP POST, but it would be more 
complex than using a toolkit. Microsoft’s .NET as kind of toolkit will offer the user interface, the network 
communications, and the component structure to connect the whole system together.  Most Web services 
toolkits are comparatively new, and some are not entirely functional (ArcWeb 2003). Currently, there are a 
lot of Web services toolkits, such as IBM WebSphere (IBM 2003), Microsoft Visual Studio .NET (Visual 
Studio .NET 2003) and GLUE (GLUE 2003). Although they all provide solutions founded on open 
standards, such as XML, SOAP, WSDL, UDDI, there are many differences among them, for example, 
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Conceptual model of the GIS Web services  
A conceptual model provides a working strategy, a scheme containing general, major concepts and their 
interrelations. It causes research to be more specific sets of research questions. A conceptual model cannot be 
evaluated directly empirically, because it outlines the basis of formulating empirically testable research 
questions and hypotheses. It can only be assessed in terms of its instrumental and heuristic value. Usually, this 
occurs by assessing the research strategies and results which it creates. ( Wagner et al. 1992, Vakkari 1998). 
Figure 1 depicts the conceptual model of the GIS Web services for mentioned prototype system in this 
research. This is kind of abstract architecture which shows essential components of the system and their 
relationship.  
 


 


 
 


 


 


 


 
 
 
 
 


 
 


 Figure 1: The conceptual model of GIS Web services.
 
 
GIS Web services prototype Implementation 
A prototype for geospatial Web services was designed and implemented based upon mentioned conceptual 
model to demonstrate the advantages of such a system over the traditional static systems for accessing the 
online geospatial data and geo-related services for mobile users. In the GIS Web services architecture, a 
specific type of relationship has been established between service providers and service requester to support 
the dynamic integration of data and services. It is the key to create facility for mobile users. To design the 
prototype system, there are the following major considerations: Firstly, the Web service requester part was 
deployed to invoke geospatial data and service from the GIS Web services. Secondly, the Web service 
provider was deployed for sharing and managing spatial and services in the Web service client (Figure 2). 
The interaction between a web service provider and a web service requester was designed independently from 
platform and language. Service requesters and providers concern about the interfaces necessary to interact 
with each other. As a result, a service requester has no idea how a service provider and a service requester 
implements and uses its service. This information is encapsulated inside the requesters and providers. That 
encapsulation is critical for decreasing complexity. Using the Web services standards, software components 
can be accessed by applications developed by customers who it is independence of hardware, operating 
system, and programming language (Zhang 2005). 
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 Figure 2: The architecture of GIS Web services prototype  
 
Web service requester (Client Web service): 
Technically, a Web service requester can search and retrieve a service description and the access point to the 
WSDL file from a service registry such as UDDI. The WSDL file is used to generate a client-side Web service 
proxy. Then, the service consumer uses the service description to bind with the Web service. The Web service 
requester can send a SOAP (Simple Object Access Protocol) message to the service provider to invoke a 
specific method of a Web services and receive a SOAP response. A SOAP message is an XML-based 
construct that includes an optional SOAP header and a mandatory SOAP body (Zhang 2005).  
Figure 3 illustrates the Web service client which was designed in VB.Net in this research. The mobile users 
send their request to the Web services for discovering the favorite facility (e.g. supermarkets) around their 
selves. Then User’s position and his selected facility are sent to the GIS Web services to show where his 
favorite facilities are around himself (Figure 2). Actually, in the client side there are not any spatial data and 
GIS service to solve the user’s requirements. In fact, this is main advantage of the Web services technique. In 
this architecture the client side is so thin that it is more possible for Mobile devices.   
 
The Architecture of Web service provider (GIS Web services): 
The web service provider here is a software component that offers the GIS Web services on the Web (Trastour 
2001). The client side can easily invoke the Web services to use data and services. The architecture of Web 
service provider in the GIS Web services encompasses three difference sections: Facility Web service, Local 
application, and Image Web service (Figure 2). 
The GIS Web services architecture was deployed using two tools: Microsoft’s .NET (Vb.Net, C#) and ESRI’s 
MapObjects. The former provides the user interface, the network communications, and the component 
framework to hold the whole system together. The latter provides three basic components of GIS: data storage, 
map rendering and spatial analysis. Those two tools are coupled together; allow the multi-user system to 
develop as separate and single server-based units (Zheng 2005). A facility Web service is taken as a main part 
in our GIS Web services (Figure 3). After the Web service client uses and invokes the GIS Web services, the 
facility web service stores the user’s position and the desired facility in database. Then it leaves the computing 
operation to a local application. 
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Figure 3: The facility Web service of GIS Web services prototype.  
 
The local application was built by ESRI’s MapObjects, which is a collection of GIS components. It has been 
widely used to create specialized GIS desktop applications. MapObjects is an ActiveX component that lets 
developer adds specific functions within an application. Then, the local application can be invoked by the 
facility Web service. After being invoked, the local application can obtain the users’ position and the facility 
type which are normally saved in image file format. Due to the facility Web service cannot convey image file 
to the Web service client side directly, the image file has to send to the client part through another Web service, 
image web service. Image Web service keeps image file in a memory stream, and encodes stream to a string, a 
kind of text format (Figure 4). 
 
 


 


 
 


 


 


 


 


 


 


 


 


 


 
Figure 4: The encoding image file to text format.  


 
The Web service client converts the encoded SOAP message into image. So, the users can easily get their geo-
related requirement in client side without having any geospatial data or GIS software and only need select the 
facility type that can receive GIS map. Actually all geospatial data processing are computed in server side and 
only SOAP message that is kinds of text format has been sent it back to the client. Figure 5 shows the results 
of geo-related user request in client side. As matter of fact, the user can find the facility (e.g. supermarket) 
around himself without having any GIS data or function in his device. This is one of the best architecture for 
mobile device which have enough memory space to install GIS software and store geospatial dataset. 
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Figure 5: The final map result of mobile user in client side.


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussions 
 
The prototype has been successfully implemented in this research. In this prototype the mobile users are able 
to invoke GIS Web services to estimate the facilities location and display the resulted map to the client side. 
Currently, most users do not have enough knowledge to exploit data for their analysis and information 
extractions. So lots of valuable data and times are wasted. It is necessity to build a GIS Web services system 
that can provide valuable information instead of raw data. Normally, the capability of evolving a system 
largely depends on the system architecture. In this research, after designing the conceptual model, the GIS 
Web services architecture was implemented by component-based prototype, which is modular and self-
contained architecture and can be easily change.  
Although, there are many kind of XML-based Web services protocols such as XML-RPC, Jabber, and ebXML 
but SOAP is the most popular one. It is not only a protocol that describes how messages are sent to and from 
the Web services but also a simple XML based protocol to let applications exchange information over HTTP 
(SOAP 2003). In this research the .NET which executes the method using the appropriate protocols, was used. 
However, instead of .Net environment, the invoking application can utilize other technique like JavaScript in 
a window browser or SOAP toolkits and so on. The SOAP toolkit provided by a variety of vendors sends and 
use HTTP GET/POST requests directly in the server and ASP.NET on the server side interprets them and 
automatically connects the request to the service (Zheng 2005).  
Furthermore, there is a new approach based on the Web services technology, capable of representing data to 
provide context for a particular report, analysis or visualization. The GIS Web services supply a mechanism 
for users to discover access, visualize and evaluate geospatial data in a dynamic and update environment, 
while the traditional approach typically offered whole datasets and GIS functions, allowing users to download 
data and manipulate GIS operations in the user’s machine. There are many problems regarding geospatial data 
accessing like acquiring GIS knowledge to handle and update GIS data. Actually in the GIS, Web services 
approach does not need this kind of GIS knowledge due to the distribution of all GIS data and functions on 
server side instead of user side. Besides, this approach makes sure that users always receive the most update 
information from their service provider dynamically while it is static and outdated in traditional methodology. 
Moreover, there is one interesting concept regarding the next-generation of the Web services to make it more 
intelligent and machine-based called semantic Web services. In fact, both web and semantic web have static 
characteristics and dynamic features too. In addition, web and Web services is human-oriented, whereas 
semantic Web services has machine-processable characteristics. Therefore, semantic Web services has both 
dynamic and machine-processable characteristic. The semantic Web services will transform the web from 
static content which is human oriented to a distributed computational machine-based system which work as 
intelligent Web services (Fensel 2002) 
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Conclusion and Future work 
 
The main goal of this research is to investigate how GIS works in the Web services. This research has focused 
on solving some problems in the GIS Web services like accessing geospatial data and geo-related service on 
the client side without having any GIS data and software. Accordingly, a prototype, whose architecture 
consists of a windows application in the client side with GIS Web services and one GIS local application in 
server side for mobile users, were designed and implemented. It has been found that a Web services has a very 
capable structure for distributed GIS implementation practically. Microsoft .NET and ERSI’s Map Objects are 
appropriate structural components for such GIS Web services architecture. 
Additionally, this research has several versatile advantages mentioned here. One of main aspect of this study 
is to expose GIS functionality and data to other computers that do not have any GIS software installed. 
The .NET allows us to wrap the GIS functionality and easily expose it to any client that can hook up to the 
server via the Web services technique. The other advantage of this research is the capability of the GIS Web 
services approach to represent, access, updates, share data and service interoperability while traditional 
approach typically offered whole datasets and GIS functions in the user’s machine statistically. Overall, 
although this prototype just encounters with the surface of the GIS Web services, it reveals how the Web 
services can easily be combined with GIS applications efficiently. Moreover, this research has also shown that 
Web services is not restricted to just being used on the web but they can be utilized by any application that has 
been connected to the internet. 
It is anticipated to use semantics techniques in above mentioned architecture as a semantic Geospatial Web 
services. Semantic GIS Web services add intelligent and dynamic characteristic to system. It would be more 
machine-based system to manipulate geospatial data with GIS geo-processing function dynamically. However, 
many Web services developers will still have to cope with the drawback of semantic interoperability, i.e., the 
difficulty in integrating datasets and services that need to be utilized different vocabularies and platforms.  
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Abstract 
Human beings can obtain spatial knowledge both from direct and indirect sources of information, such as 
maps and linguistic descriptions. While previous studies of spatial cognition have paid little attention to 
the cultural diversity of spatial descriptions, the indirect sources of information can be influenced by 
socio-cultural factors. The aim of this study is to prove the existence of cultural diversity in human spatial 
cognition between Japanese and the United States by conducting a cross-cultural wayfinding experiment. 
With 3 to 7 day-interval, 20 Japanese and 19 US university students were instructed to walk through a 
route on campus twice with use of the navigational material, either a map or a printed linguistic direction. 
Half of both groups did the task in map-first / language-second order whereas the other half did it in 
reverse order. They were asked to evaluate the effectiveness of the materials used on a 7 grade scale after 
each trial. They also were asked to compare the usability of two materials when they completed the trials. 
Their performances were measured by numbers of errors and shortened time for the second trial.  
Quantitative analysis of the results revealed the existence of cultural difference in the relative evaluation 
task. The actual performances did not produce a significant effect of the participants’ cultural 
backgrounds, but familiarization with the route effected their second trials.  
Furthermore, absolute evaluation of the first trials obtained from the language-first group indicated that 
Americans give considerably higher ratings than Japanese, whereas the second trials of the map-first 
group disclosed that Japanese rate the same material considerable lower than Americans.  
The results demonstrate that participants felt discomfort even in the case that the wayfinding task is easy 
enough to follow. Such uneasiness stems from the cultural schema of spatial descriptions to which they 
have been familiar. Under the condition that the description style of provided material is not archetypal 
from the viewpoint of their shared cultural schema of geographic description, they tend to feel larger 
discomfort because of the mismatch. 
 
Keywords: wayfinding, cross-cultural comparison, spatial cognition, geographic information 
transmission, evaluation and performance tasks 
 
 
 
1 Introduction 
 
Regarding the debate held by nativists (e.g. Blaut et al. 1970) and constructivists (e.g. Downs and Liben 
1992), concerned with cultural universality in human mapping abilities, it appears that mapping abilities 
consist of different levels. Lower levels of mapping abilities, such as an ability to orient oneself in a given 
environment, can be obtained by use of corporal sense.  Hence, an ordinary adult naturally possesses this 
kind of ability regardless of their socio-cultural background.  However, once the person intends to 
communicate his (her) spatial knowledge to other persons or to obtain geographic information from 
cartographic materials, it is essential to share the understanding toward the semiotic system of the 
information transmission device. This level of mapping abilities, such as an ability to manipulate symbols, 
cannot be isolated from the users’ socio-cultural background (Downs and Liben 1993, Golledge and 
Stimson 1997). 
In many occasions, wayfinding should be performed through an information exchange process such as 
learning how to use various geographic information sources and asking someone to provide verbal 
directions of the route.  Therefore, even though humans naturally possesses mapping abilities in the 
nativists’ sense, we have to authorize the possibilities that the description schema in spatial cognition 
should be also constructed to reflect cultural and social differences.   
Until recently, the studies on the cultural or social variations in mapping styles have been extremely 
limited. Exceptions include anthropological case studies that mainly focused on the cultural variety of 







human spatial information transmission process (e.g., Gladwin 1970) or developmental psychological 
studies examining the development of spatial cognition by comparing children’s developmental changes 
in map-reading or map-drawing abilities with their age when comparing different countries (e.g., Blades 
et al. 1998). However, their findings are difficult to generalize since their findings were obtained from 
specific environments or age groups. 
From around the past five years, however, some researchers came to focus on human wayfinding and 
geographic information transmission from cross-cultural viewpoint (e.g., Daimon et al. 2000, Mainwaring 
et al. 2003, Davis and Pederson 2001). These studies intend to shed light on the cross-cultural aspect of 
human spatial cognition in general. However, most of these are not focused on complementary use of 
linguistic and imagery information because they dealt with them as a means to externalize their mental 
representation (There are few studies focused on adequate description of imagery and linguistic 
information, though they did not deal with cultural issues. See Tversky and Lee 1999).  Furthermore, 
they failed to address the adequate scientific criteria of selecting the target countries and regions. Hence, 
regional and cultural factors are sometimes confounded in many of their studies. 
For a successful cross-cultural comparison on human wayfinding, we should distinguish cultural and 
environmental factors. Therefore, we have done a series of content analysis of Japanese and American 
tourist guidebooks describing Japanese and the U.S. cities (Suzuki 2003, Suzuki and Wakabayashi 2005).  
By selecting two cities of different regional characteristics as a pair from both Japan and the United States, 
possible factors affecting the spatial description have been distinguished. 
The results demonstrated that Japanese guidebooks are primarily based on visual means (namely maps) 
whereas American ones depend heavily on verbal description (linguistic direction). This can be due to 
address systems between two countries.  The Japanese address system is typically based on blocks 
whereas the American one is based on streets.  It is not efficient for the Japanese address system to 
provide a linear route description from one specific origin to a specific destination because features on the 
maps are subject to be generalized as icons and further description of each site is omitted.  On the 
contrary, American street address systems are not efficient enough to grasp a configurational image of a 
city since the address system is a collection of origin and destination sets. Instead, American discourse in 
spatial description cannot be used once the city does not have street names.  Therefore, the most striking 
cultural difference between two countries can be summarized as the proportional use of maps and verbal 
directions.  
The findings clearly demonstrate that even the educated people in the developed countries should possess 
their own culturally shared schema to communicate spatial information. However, the existence of such 
diversity does not automatically prove that the cultural schema of spatial description influences the 
people’s spatial cognition and wayfinding. The purpose of this study is to investigate the influence of 
cultural schema on human wayfinding with use of maps and language. 
 
 
2 Experimental design 
 
The experiments have been operated on a route in the University of California at Santa Barbara (UCSB) 
main campus between late March and early July in 2005. The participants are 20 Japanese and 19 
American students collected from divers departments (in addition, some volunteers from both groups had 
been called for the pilot studies).  Eleven out of 19 US participants subscribed in exchange for 1% credit 
of a geography class. Others were recruited for 10 dollars each on the delivery of their cooperation.  All 
Japanese participants were recruited for 10 dollars each on the delivery of their cooperation. 
The main experiment consists of a questionnaire, and two wayfinding tests as a pair.  On their first trial, 
all participants from both cultural groups were subdivided to either (a) map-first, or (b) language-first 
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Figure 1. Experimental design 







subgroups (Figure 1). The participants in map-first subgroup would be asked to follow a route on campus 
by use of a map with the direction of the route whereas the other one was asked to do it by referring to the 
navigational sentences printed on a sheet of paper. Both of these materials were printed on a paper in 8 
inches by 11.5 inches. 
The map used in this experiment was made by use of digitized full color image of an aerial photograph 
and the component parts of the campus were classified into bikepath, buildings, roads, parking lots, 
grassy areas, sands, sidewalks, vegetation, water areas (Figure 2). As for the direction sentence of the 
verbal navigation script was made by the following procedure. From a preliminary draft of linguistic 
direction written by the experimenter while walking the experimental route, two American graduate 
students corrected the grammatical mistakes. Then, one pilot participant who was visually impaired 
walked through the route by following the script and tested its reliance, and the script was once more 
edited by his suggestions. A Japanese version of the script involved the direct translation of the English 
one. Excess or deficiency of used-words were eliminated as possible in the translation process. Analysis 
of variance results did not reveal that there was a significant difference between Japanese and US 
participants in terms of the difficulty in use of verbal script as well as map usability. 
The experimental route is approximately 0.81 miles (1.30 km) long and contains 11 turns. To make the 
pointing task difficult enough for the participants who are familiar with the campus, the origin is set to be 
diagonally backward-left from the direction heading at the destination building. After three to seven days 
from their first trials, they were asked to follow the same route by use of the other directional device.  In 
consequence, all participants were asked to follow the same route twice, referring to either map or 
language for each trial. Because the material on the first trial (either map or language) and the second 
(language or map) is different on each trial, all should experience the guidance of maps and language of 
the exact same route when they completed the wayfinding tasks. The only difference is the order of the 
materials shown. 


Figure 2. Map material used in the experiment. 







After answering the questionnaire and the sense of direction sheet (SDQ-S: see Takeuchi 1998), all 
participants were asked to evaluate the usability of the material used to complete the wayfinding task on 7 
grade scale for each trial (absolute evaluation). In addition, they were asked to report their familiarity 
with the experimental route after their first trials, and were required to compare the relative effectiveness 
of the two materials they have used, after their second trials (relative evaluation).  
In addition, their performances were videotaped and their errors were all counted.  The amount of time 
required for completing the trials was recorded every 10 seconds. The time reduction from their first to 
second trials were counted. All results were calculated by sexes, nationalities, or trial-subgroups as well 
as cultural diversity and then statistically tested. They were also requested to point out the direction to 
where they had started, while facing the destination building (pointing accuracy). 
 
 
3 Hypothesis 
 
With referring to the Vygotzkian viewpoint, Downs and Liben (1993) stated that studies on spatial 
cognition consists of individual and socio-cultural level. Hence spatial cognition should be investigated 
not only at the individual level, such as spatial abilities and strategies, but also at the social level, such as 
socio-cultural background. In the present study, the former attributes are measured by the scores obtained 
from three type of performance tasks, like many previous wayfinding studies has done (e.g., Golledge et 
al. 2000). It is likely that their achievements on these tasks correspond to the amount of prior knowledge 
and experience of the environment regardless of their socio-cultural background. Hence, differences at 
individual level can be observed as task achievement scores. 
Since each participant has experienced different campus life, they have developed different cognitive 
maps of the campus. For a participant who was accustomed to the experiment route, the performance task 
would be easier than participants who do not know the route well. This becomes a confounding variable 
when we intend to investigate the effect of socio-cultural background on human wayfinding. Then, the 
socio-cultural differences cannot be observed in the scores of performance tasks.  On the contrary, their 
evaluation of the information devices used in the experiment cannot be influenced by their route 
familiarity. Therefore, the difference in socio-cultural schema between the two countries will appear on 
their preference of the maps and verbal directions. 


 
 


4 Results 
 
4-1 At social level 
All of the average scores from absolute and relative evaluation as well as error frequencies on the first 
and second trials are assayed by T-test. 
As already stated, relative evaluation indicates the result of each participant’s mental relative 
effectiveness of the materials (maps versus verbal directions) used on the two trials.  The evaluation is 
done by asking to draw a vertical line on the bar marked with a grade of two scale for either side (See 
Figure 3). Any participant who has used maps on the first trial and thinks that verbal direction was better 
than map for navigating him or her, for instance, should mark anywhere in the right half of the bar. The 
degree of distance from the center vertical line indicates the participant’s heavier mental dependence on 
either one device in comparison to the other for wayfinding performance.  


JP US
absolute evaluation (1st trial) 6.00 6.60 5.06 *
absolute evaluation (2nd trial) 6.00 6.40 1.16 n.s.
relative evaluation 2.80 1.20 8.47 **
absolute evaluation (1st trial) 5.90 5.89 0.00 n.s.
absolute evaluation (2nd trial) 4.50 6.56 12.73 **
relative evaluation 1.20 -1.11 6.28 *


significant at **:0.01 level *0.05 level


T-value P


Map first


Language
first


Average
Table 1. T-Test results on evaluation task of two trial groups 
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Figure 3. Questionnaire for relatively evaluating the two materials 


T-test were applied with respect to the values of relative evaluation scores between Japan and the United 
States (Table 1). The average values of relative evaluation obtained from Japanese participants are 
significantly higher than that of the American values, in both of the subgroups. The results revealed a 
significant effect of cultural difference for relative evaluation values of two subgroups at 0.01 
(language-first) and 0.05 (map-first) level respectively. 
The correlation between the average of two absolute evaluation scores among four subgroups and their 
trial order (map first or language first) as well as their cultural background (Japanese or American) were 
evaluated by T-test. The result revealed that there are significant correlations between the two sets (Table 
1). Comparing with the scores of absolute evaluations from the 7 grade scale, the score on the second trial 
of the Japanese map-first group, 4.50, was significantly lower than that of US map-first group, 6.56. On 
the other hand, absolute evaluation scores of linguistic-first groups indicate an opposing result, 6.00 for 
Japanese versus 6.60 for American.  T-test results revealed an opposing result that the average absolute 
evaluation scores on the second trials between Japanese and map first group is significantly different at 
0.01 level. In the same way, the scores on the first trials between Japanese and American language first 
group indicates a significant difference at 0.05 level. 
Based on these observations, we can say that Japanese participants felt more uncomfortable than 
Americans do when they were assigned to use linguistic information on their second trial, even though the 
second task should have been easier since they had obtained prior knowledge of the route. Because their 
absolute evaluation value makes clear contrast of those from other three groups (4.50 versus 6.60, 6.40, 
6.56). On the contrary, American participants tended to feel more at ease than Japanese ones when they 
were given linguistic direction on their first trial than did the Japanese. It clearly indicates that Americans 
are better at using linguistic information because the linguistic first group of Americans have given a 
significantly higher average score than Japanese and other two first trial subgroups (6.60 versus 6.00, 5.90, 
5.89). 


JP US
error frequency (1st rial) 1.40 0.60 2.77 n.s.
error frequency (2nd rial) 0.10 0.00 1.00 n.s.
time reduction 71.00 66.00 0.03 n.s.
error frequency (1st rial) 0.50 1.11 1.95 n.s.
error frequency (2nd rial) 0.10 0.11 0.01 n.s.
time reduction 1.00 43.33 2.22 n.s.


significant at **:0.01 level *0.05 level


Map first


Language
first


Average T-value P


Table 2. T-Test results on performance tasks of two trial groups 


On the contrary, T-test results on the performance achievements between two subgroups of two countries 
revealed that none of the actual performance values such as error frequencies and retrenchment in time 
required disclose any significant difference (Table 2), whereas the significant effects were observed at 
individual level such as subject’s prior knowledge of the route and their self-estimation of sense of 
direction (Table 3). 
In consequence, Japanese and American participants prefer the navigation material differently in relation 
to their own cultural background whereas their actual performance does not contain any significant 
difference. This result evidently suggests that we have to consider human wayfinding from at least two 
levels, actual performance and mental feeling of usability. Even though the task is easy enough for most 
of the participants to negate the effects that stem from their cultural and social background on their actual 
performance, the diversity based on their societal background should significantly effect their oppressive 
feeling on completing the wayfinding task. Its strength would be greater when the participants face 
material prepared without regarding their acquired spatial description scheme, than would occur with a 







source described in accordance with the scheme of which the participants’ are familiar. 
 
4-2 At individual level 
To remove the disturbance-effect derived from the difference in difficulty of the experiment routes, all 
participants in the present experiment were asked to walk through the same route twice before evaluating 
the two materials used respectively for each trial.  Since all participants can use their prior knowledge 
about the experiment route on their second trials, the second wayfinding task can be considered that it is 
much easier than their first trials. This suggests that we should take care of participants’ familiarization to 
the experiment route as well. Therefore, both Japanese and American participants were subdivide into two 
groups, map-first and language-first, to investigate whether participants’ familiarization or cultural 
background effect the results. 
As noted in the last section, each participant has different prior knowledge of the campus as well as the 
experimental route, and this factor cannot be controlled. Hence it is necessary to examine whether the 
individual factor alters the performance regardless of cultural background at the first start. The results 
demonstrate that there exists a constant familiarization effect among the four groups regardless of two 
cultural backgrounds of the participants (Table 3), namely in terms of reduction of approximate time 
required and frequencies of errors occurring.  


Route familiarity -14.529 0.103 2.060 *
SDQ-S: direction & rotation -22.171 0.051 1.417 n.s.
SDQ-S: memory & identification -17.552 0.028 1.038 n.s.
Route familiarity -0.285 0.159 2.649 *
SDQ-S: direction & rotation -0.547 0.127 2.316 *
SDQ-S: memory & identification -0.726 0.195 2.998 **
Route familiarity 0.186 0.045 1.317 n.s.
SDQ-S: direction & rotation 0.002 0.000 0.007 n.s.
SDQ-S: memory & identification 0.141 0.005 0.425 n.s.


significant at ** .01 / * .05 level


Time reduction


Error frequency


Pointing Accuracy


Independent variable Dependent variable
Determination


coefficient
T-value P


Partial
regression
coefficient


Table 3. Linear regression test results 


In this experiment, the significance of an individual difference factor is tested by use of linear regression 
analysis. Their task-performances are measured by three indexes: time reduction, error frequency (on the 
first trial) and pointing accuracy.  
Table 3 indicates the results of linear regression analysis. The achievement scores for three kinds of tasks 
obtained from the experiments are set as dependant variables and are explained by their self estimation of 
familiarity of the experimental route and two kinds of sense of direction. 
Of three independent variables, error frequency shows a significant correlation with all three dependent 
variables. As many previous wayfinding studies have demonstrated, the amount of prior knowledge as 
well as the amount of self-estimation significantly affect their actual performance on wayfinding task. 
Partial regression coefficient of all the three demonstrates that the correlations are negative. Fewer errors 
occurred when the participants has better knowledge on the route as well as more confidence on their 
sense of direction.  
Although two indexes of SDQ-S scores indicate no notable impact, the time reduction variable 
demonstrates the same kind of significant negative correlation with the prior knowledge of the 
experimental route. These results demonstrate that, as the participants get accustomed to the route, their 
wayfinding behavior becomes more fluent.  
On the contrary, no significant correlation was obtained from pointing accuracy scores. The possible 
reason why no significance was observed on the pointing accuracy, we should be aware that the task 
requires survey type knowledge of the participants whereas the other two require route type knowledge. 
In pointing task, all participants were asked to specify the direction to the starting point by drawing a line 
from the center of a circle. The circle contains an arrow directing upward from the center, indicating the 
direction is where the participant faces as well as the center is where they stand. Participants should 
mentally rotate themselves at the goal while facing the entrance of the destination building. It requires 







their survey type knowledge of the environment. Since the participants had commuted the campus daily, it 
is creditable that their cognitive maps on campus had already developed well. In this case, their task 
achievement was not influenced by their prior knowledge, but by their mental rotation ability. 
    
 
5 Discussion 
 
Some researchers on spatial cognition and behavior have asserted that cultural and social factors were 
exaggerated. For instance, Montello raised four reasons why spatial cognition is highly cultural universal: 
organizational similarities of nervous systems, common body structures and process, learning and 
socialization similarities, and similar residential environments (Montello 1993, p.490). However, we have 
to be careful that he did not investigate any cross-cultural comparison survey to validate his assertion. As 
Downs and Liben (1993) have quoted, human spatial cognition should be considered not only from an 
individual level such as individual and sexual difference in spatial abilities, but also from societal one 
such as cultural effects. Psychologists tended to focus mainly on individual ones until very recently. Even 
though some researchers started to take their attention to the societal level, the contributions are still very 
limited. By doing a series of content analysis of tourist guidebooks and the present on-campus study with 
Japanese and American people, I tried to demonstrate the significance of a cultural schema for 
representing the environment.  
Based on the findings, there are two things to be considered. 
First, we have seen the tendency among Japanese participants that they tend to mentally rely more on 
maps whereas American participants rely on linguistic information. This result clearly corresponds to our 
previous findings on tourist guidebook studies (Suzuki and Wakabayashi 2005). The fact demonstrates 
that culturally or socially taken-for-granted way of describing environment also effects the people’s 
spatial cognition at information transmission level. We can manipulate our native language much easier 
than foreign ones; thus we have a sort of Spatial Japanese and Spatial English. By providing a positive 
counterevidence, this study has demonstrated the importance of considering spatial cognition both from 
an individual level such as ability or strategy and a societal level. 
Second, it is important to quote that we obtained a significant effect of cultural background on their 
evaluation of the materials whereas no significant effect at the individual level was observed for the same 
groups of participants, except their familiarization of experiment route. It means that individual difference 
of the performance is random enough throughout the groups except their cultural background that effects 
their uneasiness of using the materials. If we cling only to see the participants as a cluster of individuals 
and to investigate their performance as an index of their mental process, we would miss not only their 
actual mental situation while completing the task but also the effect of cultural background behind the 
outward scores. This further means that we confounded the effects of their familiarity and cultural 
schema. 
Although no significant effect of cultural background on their actual performance could be found in this 
experiment, it is still possible that cultural difference plays some role on their performances. Because 
Japanese language-first group took 71 seconds on average on their second trials whereas Japanese 
map-first group reduced the amount of required time just 1 second on average. Likewise, the error 
frequency rate of map-first group was one third of that of the language-first group (Table 2).  
If we include this possibility into our concern, our understanding of people’s spatial ability and strategy 
should be reviewed not only from individual level but socio-cultural level. If we cling only to see the 
participants as a cluster of individuals, the persons demonstrate bad scores on the performances would be 
considered that they either have bad (no) sense of direction or their strategies are not efficient. However, it 
can be due to the lag between the knowledge / strategies they have learnt and the shared cultural schema 
to which they belong. 
 
 
6 Concluding remarks 
 
Although the present study proves the significance of cultural background, and demonstrates the 
importance to investigate the uneasiness as well as the performance, the findings need to be tested by 
future studies, because of the numerous limitations. Here we are going to make a few remarks for future 
studies. 
First, this survey took place at on-campus situation. The environment neither contains street nor block 







names. Furthermore, the experiment route setting on campus walkways are just for walkers. Needless to 
say that is not a typical urban environment for both groups. This uniqueness of the experiment 
environment could be a possible contributing factor to disrupt the performances, and may effect the 
description of an experiment route, making it seem different from their typical spatial description in any 
sense. Of course, it is also true that the experiment environment is equally not typical ones for both 
groups of participants. 
Second, we did not obtain a significant effect of their cultural background on the actual performances. It 
is highly possible that the participants’ length of being familiar with the campus and experiment route 
may be an influential factor. Except two participants who answered they commute three to six months, all 
participants had commuted to the campus for more than half an year. Herman et al.(1979), who 
investigated the developmental sequence of the cognitive maps of college freshmen, reported that the 
students built them within two months. Since this experiment environment is familiar for the participants, 
it sounds natural that the familiarization effect plays a most significant role for enhancing their 
performance regardless of their cultural background as we have seen. Hence wayfinding with use of 
materials generally takes place in relatively unfamiliar environments, the effect of participants’ familiarity 
with the environment should be considered as well. Supplementary experiments are required to confirm 
whether the cultural factor still plays a significant role for the wayfinding performance in relatively 
unfamiliar environment. 
Third, linguistic direction can also be provided by use of auditory devices. In this experiment, linguistic 
direction was provided in written form. However, auditory navigation devices such as car navigation 
systems and cellular phones is also widely used in nowadays. Therefore, it is worth to investigate their 
characteristic role in human wayfinding performance. 
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ABSTRACT 
 
Linear feature extraction (LFE) has been one of popular research topics in many domains for decades.  
Extraction performance of many LFE systems has been improved due to advancement of image 
processing techniques and increased availability of data resources.  The quality (e.g., positional 
accuracy, completeness, alignment, etc) of extracted linear feature can be varied depending upon 
characteristics of input datasets and computing procedures.  Unfortunately, few studies have been done 
to quantify the positional accuracy of extracted linear features, and other qualitative factors in LFE 
procedure have not been included during performance evaluation yet.  This study presents two statistical 
methods (i.e., length comparison and error offset) to assess the extraction performance of an automated 
LFE system.  For length comparison, multiple buffers with different buffer widths were created around 
true line features, and lengths of the portions of newly extracted line features inside each buffer polygon 
were computed.  Positional accuracy considering line curvatures and line completeness can be analyzed 
through length comparison analyses.  For error offset, many number of reference points were located 
with the same distance along true line features, and those points were snapped to corresponding points 
along newly extracted line features.  Distances between a set of two corresponding points were 
computed to represent positional offsets.  A series of tests show that these two measures (i.e., length 
comparison and error offset) are useful to evaluate the quality of extracted line features.  For this study, 
roadway centerlines were extracted from a set of orthophotos in high spatial resolution, and an existing 
roadway spatial database in Columbia County, WI was used as a true reference. 
 
Keyword: linear feature extraction; positional accuracy; completeness; line offset; 
 
 
 
INTRODUCTION 
 
Digital imagery can provide accurate positional and topographical information of terrain features through 
image processing. Research on linear feature extraction (LFE) has been active across several disciplines 
for decades. Extraction performance of LFE systems has been improved because of advancement of 
image processing techniques and increased availability of data resources. Therefore, the quality of newly-
extracted lines is good enough to update existing digital maps even in urban area (Haverkamp 2000). On 
the other hand, newly-extracted linear features have certain amount of positional error or spatial bias. 
 
Positional errors are often determined as distances between measured and true locations of terrain features 
(Chrisman 1991). Accuracy assessment procedures become more complicated with linear-type features 
than with point-type features. This is because linear features have distinctive characteristics of geometry 
(i.e., length and curvatures), and corresponding locations between measured and true features cannot be 
defined easily in a simple format. Two key issues are how to define positional errors of linear features and 
how to measure them quantitatively.   
 
Since the epsilon band (Perkal 1966) had been introduced for comparing line similarity, it had been a used 
for estimating line accuracy (Blakemore 1984; Skidmore and Turner 1992) or for quantifying linear 
displacements between testing and reference lines (Veregin 2000). It was also used to measure the ranges 
of vertical errors in topographical datasets (Hunter and Goodchild 1995). Line similarity and line 
completeness were determined by comparing areas and lengths, respectively, which were defined by 
epsilon regions (Tveite and Langaas 1999). Several mathematical models were developed to delineate 
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positional error ranges of linear features (Kiiveri 1997; Leung and Yan 1998; Shi 1998; Shi and Liu 2000). 
Assuming that the positional error of linear features has the Gaussian distribution, Goodchild and Hunter 
(1997) quantified the positional accuracy of digitized linear features by measuring the percentage of the 
length of test lines within buffers created around reference lines. An error vector was another measure for 
quantifying line displacements in terms of least squares of errors between points positioned along lines 
(Kagawa et al. 1999; Van Niel and McVicar 2002). Curvature and completeness of newly-extracted lines 
(e.g., roadway centerlines) are important factors for evaluating the performance of automated LFE 
procedure, not to mention of positional accuracy (Park 2005).  
 
Thus, this study presents two statistical methods (i.e., length comparison and error offset) to assess the 
extraction performance of an automated LFE system. For length comparison, multiple buffers with 
different buffer widths were created around true line features, and lengths of the portions of newly 
extracted line features inside each buffer polygon were computed. Distances between a set of two 
corresponding points were computed to represent positional offsets. A series of tests show that these two 
measures are useful to evaluate the quality of extracted line features. For testing, roadway centerlines 
were extracted from a set of orthophotos in high spatial resolution, and an existing roadway spatial 
database in Columbia County, WI was used as a true reference. The algorithm of a new automated LFE 
procedure, which can extract roadway centerlines in a complete format, is briefly introduced as well.  
 
 
AN AUTOMATED LINEAR FEATURE EXTRACTION PROCEDURE 
 
Roadway centerlines that are extracted from imagery are often incomplete, and thus, disconnected due to 
several reasons. Roadway occlusions caused by buildings, shadows, and trees are one of primary reasons 
for those roadway disconnections. On the other hand, surface variability of roadway regions, which is 
often smaller than that of other terrain features, within digital terrain models (DTM) can be 
supplementary resource to determine roadway connectivity. An automated roadway extraction procedure 
is designed and implemented to extract roadway centerlines from high-resolution panchromatic 
orthophotos (See Figure 1).    
 


 
 


FIGURE 1: An Automated Linear Feature Extraction Procedure 
 
 







First, a panchromatic orthophoto in high spatial resolution is pre-processed to enhance the ingensity of the 
image for better feature detection. Watershed transform is a mathematical morphological technique to 
partition imagery into many small-sized homogeneous regions based upon calculated gradient magnitudes, 
and it is applied to the enhanced image to produce a binary image showing candidate roadways in 
elongated shapes (Wang 1997; Lee et al. 1999). Non-roadway objects whose geometric characteristics are 
different from that of roadways (i.e., eccentricity and width) are removed across multiple image layers 
with different image resolutions. Then, roadway centerlines in 1-pixel wide are obtained by using 
divergence-based shock graph, which is capable to detect skeleton lines of objects whose two-
dimensional silhouettes are decomposed into a set of qualitative parts (Siddiqi et al. 1999; Dimitrov et al. 
2000). Detected roadway centerlines in a raster format are converted into a vector format, and a line 
generalization algorithm is applied to them to smooth line curvatures. Several searching trajectories are 
constructed, based upon the curvatures of the newly-extracted roadway centerlines, among disconnected 
roadway segments. Roadway connectivity is determined based upon the surface smoothness of roadways 
in DEMs within the searching trajectories (Park 2005; Park et al. 2005). Matlab was used to implement 
the watershed transform and the shock graph, and ArcObject Programming techniques using Visual Basic 
were used to implement the roadway vectorization and automated roadway tracking operators.   
 
The automated linear feature extraction algorithm was applied to 32 sub-orthophotos, in which include 
occluded roadway regions, in Columbia County, WI, U.S.A. DEMs within corresponding regions were 
generated from surface models with 1-meter level spatial accuracy, and they were used as primary 
datasets during a roadway tracking procedure (Columbia County Land Information Department 2005). In 
addition, a reference roadway map with high accuracy was available, and the corresponding sub-roadway 
map was used for measuring positional accuracy and alignment of newly-extracted roadway centerlines.   
 


  
 


(a) An Input Image with Roadway Occlusions 
 


(b) Detected Potential Roadway Centerlines 
 


  
 


(c) Detailed View with a Slope Map 
 


(d) After Roadway Tracking 
 


FIGURE 2: Intermediate Results of Automated Linear Feature Extraction (Park 2005) 
 
 







Figure 2 (a) shows an example of roadway occlusion in rural area in Columbia County, WI, U.S.A. The 
true roadway centerline in red color is located in the middle of the image and there are two occluded 
regions over the roadway. Bare fields are the dominant terrain features within this image. Figure 2 (b) 
shows detected roadway centerlines over potential roadway regions after removing non-roadway objects. 
Most salt-and-pepper noise was removed but some bare field regions were remained. It is clearly seen that 
occluded roadway regions were disconnected. Figure 2 (c) is a detailed view with a slope map after the 
roadway tracking procedure. All disconnected roadway centerlines are successfully connected because of 
slow slope variability between them. Figure 2 (d) shows an overview of the roadway centerline map 
without any disconnections. 
 
 
MEASURES FOR LINE ACCURACY ASSESSMENT 
 
Two measures (i.e., length comparison and error offset) are defined for performance evaluation of 
automated LFE systems. Length comparison demonstrates the effectiveness of automated LFE systems. 
Error offset illustrates the magnitude of horizontal errors and reveals how close the newly-extracted 
roadway centerlines are to the true roadways. 
 
Length comparison measure compares the lengths of true line features and their corresponding newly-
extracted line features within specified buffer distances. Five different buffer (i.e., 1, 2, 4, 8, and 16-feet) 
were created along true line features (See Figure 3). Each buffer polygon was used to find line segments 
that are located inside of it, and the lengths of line features within each buffer polygon were computed. 
 
This measure can be used to evaluate the performance of the overall feature extraction. Ideally, the length 
of the true line features should be nearly equal to the length of the newly-extracted line features. Shorter 
lengths of true line features indicate that the new roadways contain artifacts which are falsely detected 
from non-roadway objects. Longer lengths of the true roadways indicate that some actual roadways were 
not detected during the linear feature extraction procedure. 
 
The length comparison method can also be used to measure the positional accuracy of new roadway 
centerlines after roadway tracking. The lengths of the new roadway centerlines may or may not be 
increased after roadway tracking. If the length is increased, then the disconnected roadway centerlines 
were connected by using the roadway tracking operator, if not, the roadway tracking operation failed for 
some reason. 
 


 
 


4-feet Buffer 


Reference Roadways 


Extracted Roadways 


2-foot Buffer 


FIGURE 3: Length Comparison Measure 
 
 
The error offset measure is computed as the mean of horizontal offset distances between vertices in the 
true roadway centerlines and the corresponding vertices in the new roadway centerlines (See Figure 4). 
Along true roadway centerlines, reference vertices were placed every 100 feet resulting sample sizes of 
10 ~ 20. Corresponding roadway vertices on the new roadway centerlines were determined by 
perpendicular offsets using a snapping technique. The lengths of the line segments explain the magnitude 
of spatial errors of each vertex (Tveite and Langaas 1999). If a reference vertex on the true roadway 







centerlines is located between disconnected new roadway segments, the reference vertex may no snapped 
to a false location, which is not the true snapped location from the reference vertex. Therefore, the 
horizontal alignment analysis is performed for the new roadway centerlines after the roadway tracking. 
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FIGURE 4: Error Offset Measure 
 
 
PERFORMANCE EVALUATION OF LINEAR FEATURE EXTRACTION 
 
The positional accuracy and completeness of newly-extracted roadway centerlines is analyzed using the 
length comparison measure. Table 1 summarizes the detection percentage of newly-extracted roadway 
centerlines by comparing with the lengths of the true roadway centerlines. Before roadway tracking, the 
overall detection percentage of newly-extracted lines (39,060-feet) is 91.7% by comparing with the length 
of true lines (42,597-feet), but the detection percentage of extracted-and-tracked (42,825-feet) is increased 
to 100.5% after roadway tracking. In detail, before the roadway tracking, 15 cases have a detection 
percentage of less than 90%, 11 cases have a detection percentage of 90~100%, and 6 cases have a 
detection percentage greater than 100%. After the roadway tracking, only 5 cases have a detection 
percentage of less than 90%, 5 cases have a detection percentage of 90~100%, and 22 cases have a 
detection percentage greater than 100%. These results imply that the more completed roadway centerlines 
are obtained after the roadway tracking.  
 
TABLE 1: Summary of Detection Percentages of Extracted Roadway Centerlines 
 


Roadway 
Tracking 


Total 
Length 
(feet) 


Total 
Count ~ 70.0 70.1 ~ 


80.0 
80.1 ~ 
90.0 


90.1 ~ 
100.0 100.1 ~ 


True lines 42,597 - - - - - - 


Before 39,060 
(91.7%) 32 0 5 10 11 6 


After 42,825 
(100.5%) 32 0 1 4 5 22 


 
 
Figure 5 (a) illustrates the positional accuracy of extracted lines with respect to buffer sizes before the 
roadway tracking. Among five different buffers, the buffer sizes of 8 and 16-feet were used for the 
performance evaluation, since other buffer sizes (i.e., 1, 2, and 4-feet) generated relatively low roadway 
detection percentages. The overall detection percentage of the extracted lines is 83.9% in the 8-feet buffer 
and 90.0% in the 16-feet buffer. With the 8-feet buffer, 11 out of 32 cases have a detection percentage of 
70~80%, 6 cases have a detection percentage of 80~90%, and 10 cases have a detection percentage of 
90~100%. With the 16-feet buffer, 4 out of 32 cases have a detection percentage of 70~80%, 9 cases have 
a detection percentage of 80~90%, 10 cases have a detection percentage of 90~100%, and 7 cases have a 
detection percentage greater than 100%. 
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FIGURE 5: Positional Accuracy of Newly-Extracted Roadway Centerlines 


 
 
Figure 5 (b) shows the results of detection percentage of extracted lines after the roadway tracking. The 
overall detection percentage of extracted lines after the roadway tracking is 90.2% in the 8-feet buffer and 
97.1% in the 16-feet buffer. With the 8-feet buffer, 5 out of 32 cases have a detection percentage of 
80~90%, 15 cases have a detection percentage of 90~100%, and 9 cases have a detection percentage 
greater than 100%. With the 16-feet buffer, 8 out of 32 cases have a detection percentage of 90~100%, 
and 22 out of 32 have a detection percentage greater than 100%. Again, it is confirmed that more 
complete roadway centerlines are obtained by applying the automated roadway tracking routine. 
 
In this study, the length comparison method is quite effective to quantitatively measure positional 
accuracy and completeness of the newly-extracted-and-tracked roadway centerlines. The positional 
accuracy of lines includes line curvature information, since the shapes of buffers are originated from the 
shapes of true roadway centerlines. However, further studies should be thoroughly conducted to define 
the relationship between allowable accuracy level and image resolution. For example, in this study, an 8-
feet buffer is useful to evaluate roadway centerlines extracted from imagery at 1-foot resolution. 
 
Then, spatial error offset is determined as horizontal offset distances between vertices in true lines and 
their corresponding vertices in newly-extracted lines. A mean spatial error offset is a useful measure to 
show the overall horizontal offset tendency of lines with respect to true locations. Potential outliers are 
occurred when reference vertices are snapped to wrong locations on newly-extracted lines, and they are 
not included for computing the mean spatial error offset. 
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FIGURE 6: Error Offset Measures for Newly-Extracted-and-Tracked Lines 
 
Figure 6 shows the result of a horizontal alignment analysis with spatial error offset for newly-extracted-







and-tracked roadway centerlines. The overall mean spatial error offset for the lines with 1,305 vertices is 
3.2-feet. Eighty-eight of 1,305 vertices have the error offset of less than 1-foot; 78 vertices have the error 
offset range of 1~2-feet; 74 vertices have the error offset range of 2~3-feet; and 55 vertices have the error 
offset range of 3~4-feet and greater than 6-feet, respectively. 
 
The mean error offset is a useful measure to provide the overall horizontal offset of newly-extracted lines 
with respect to true line locations. However, line curvature and line completeness can be vaguely 
represented with this measure, and the magnitude of spatial error seems to be changed depending upon 
line curvatures. Further research should be conducted for developing a new framework to evaluate 
positional accuracy of newly-extracted lines by integrating the length comparison method and the error 
offset measure. 
 
 
SUMMARY AND CONCLUSIONS 
 
Two statistical methods (i.e., length comparison and error offset) are discussed and developed to assess 
the extraction performance of an automated LFE system. A series of tests are conducted by using new 
roadway centerlines, which were extracted from high-resolution orthophotos, to evaluate the performance 
of the proposed methods. First, the length comparison method is a useful measure to evaluate line 
accuracy by considering line curvatures. The level of line completeness is also determined using the 
length comparison method. The overall detection percentage of newly-extracted lines is 91.7% before the 
automated roadway tracking and 100.5% after the roadway tracking. This result implies that this measure 
can also be used for showing the effectiveness of the roadway tracking. The mean error offset is a useful 
measure to provide the overall horizontal offset of newly-extracted lines with respect to true line locations. 
The overall mean spatial error offset for the newly-extracted lines is 3.2-feet. However, line curvature and 
line completeness can be vaguely represented with this measure, and the magnitude of spatial error seems 
to be changed depending upon line curvatures. Further research should be conducted for developing a 
new framework to evaluate positional accuracy of newly-extracted lines by integrating the length 
comparison method and the error offset measure.  
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Abstract. The goal of our research is to support the sharing of stories with digital photographs. 
Some map sites are now collecting stories associated with peoples' relationships to places. Users 
are mapping collections of places including intangible emotional associations of places along with 
photographs, videos. Though this framework of mapping stories is important for accelerating 
individual creation and transmission of map content, it is not expressive enough to communicate 
stories narratively. For example, especially when the number of the mapped collections of places is 
large, it is not easy for viewers to read the map, and it is not easy for creators to express stories as 
series of events in the real world. That is because one narrative story in a form of a sequence of text 
narrations, a sequence of photographs, a movie, and an audio like podcasting, etc. is mapped to just 
one point. As a result, it's up to the viewers which point on the map to read, and in what order. The 
common framework is rather suitable for mapping and expressing fragments or snapshots of a 
whole story, and not suitable for expressing a whole story narratively by using a whole area of a 
map as the setting of the story. We therefore propose a new framework for mapping personal photo 
collections and constructing them as stories such as route guidances, sightseeing guidances, 
historical topics, fieldwork records, personal diaries, and so on. We named this framework as 
spatial slideshow. A spatial slideshow is a fusion of personal photo mapping and photo storytelling. 
Each story of a spatial slideshow is made of a sequence of mapped photographs, and presented as 
synchronized animations of a map and an enhanced photo slideshow. The main technical 
suggestion of this paper is a method for creating a three-dimensional animation of photo image 
which has a visual effect of moving from photo to photo. We have developed a personal photo 
album software and released it on the Web, which works as an editor and a browser of spatial 
slideshows. We assume the proposed framework has a significance of helping with grassroots 
development of spatial content driven by visual communications about places or events in the real 
world. 
 
Keywords. Photo Storytelling, Photo Mapping, Photo Sharing, Animation, Visual Communication 


 
 
 


1. Introduction 
The goal of our research is to support the sharing of stories with digital photographs. We assume that leads to grassroots 
development of spatial contents driven by visual communications about places or events in the real world. Digital 
cameras including camera phones continue to spread as ever-present, pervasive imaging devices as declared in [Mirjana 
06]. People now hold a certain amount of digital photographs and share them in various ways including via email, blog, 
Web page, and so on. Meanwhile digital maps on the Web have become popular, which let people build their own 
collections of places and publish them on the Web easily as declared in [Brady 06]. There are some services and 
applications for organizing personal photo collections by using digital maps. We have also proposed a new framework 







of personal photo mapping [Fujita 05], [Fujita 06] including a method of spatial search, spatial visualization, and label 
sharing in aiming to support photo sharing. As described in [Frohlich 02], one of user requirements for a range of future 
photo sharing technologies is to support storytelling with digital photographs. In fact, one of the most common purposes 
of photo sharing is story sharing, that is, sharing of personal stories about experiences, travels, friends and family. 
Actually we usually attach comments or narrations when sending photographs via email or showing them on the Web. 
Some map sites such as [Placial] are now collecting stories associated with peoples' relationships to places. Users are 
mapping collections of places including intangible emotional associations of places along with photographs, videos. 
This framework of mapping stories is important for accelerating individual creation and transmission of map content. 
Actually, there are increasing numbers of user-created maps on the Web. However the common framework of mapping 
stories is not expressive enough to communicate stories narratively. This is the main problem we address in this paper. 
For example, especially when the number of the mapped collections of places is large, it is not easy for viewers to read 
the map, and it is not easy for creators to express stories as series of events in the real world. That is because one 
narrative story in a form of a sequence of text narrations, a sequence of photographs, a movie, and an audio like 
podcasting, etc. is mapped to just one point. As a result, it's up to the viewers which point on the map to read, and in 
what order. The common framework is rather suitable for mapping and expressing fragments or snapshots of a whole 
story, and not suitable for expressing a whole story narratively by using a whole area of a map as the setting of the story. 
From the aspect of photo storytelling, [Balabanovic 00] declares that their user tests of a photo album software reveal 
that people alternate between "photo-driven" and "story-driven" strategies when telling stories with their photographs. In 
photo-driven storytelling, the subjects explains each photo in turn, and narrations often comprises "This is my child," 
"This is my parents at home," etc. In story-driven storytelling, the subject has a particular story in mind (e.g. "my 
camping trip"), then gathers the appropriate photographs and recounts the story. According to this categorization of 
storytelling, story-driven storytelling is difficult in the common framework of mapping stories. In contrast, slideshow is 
a common way of story-driven photo storytelling. There are many popular software such as [photocinema], [Photo 
Story] for creating and editing slideshows, and many online photo album services also have simple functions for 
creating slideshows. With these backgrounds, we propose a new framework for mapping personal photo collections 
and constructing them as stories such as route guidances, sightseeing guidances, historical topics, fieldwork records, 
personal diaries, and so on. We named this framework as spatial slideshow. A spatial slideshow is a fusion of personal 
photo mapping and photo storytelling. Each story of a spatial slideshow is made of a sequence of mapped photographs, 
and presented as synchronized animations of a map and an enhanced photo slideshow. The main technical suggestion 
of this paper is as follows: 


・ A method for creating a three-dimensional animation of photo image which has a visual effect of moving from 
photo to photo. 


We have developed a personal photo album software, and implemented our proposing method on it. It works as an 
editor and a browser of spatial slideshows. We have released the software on the Web, and acquired spatial slideshows 
created by users. The remaining part of this paper is constructed as follows: A spatially organized photo data, which is a 
basic unit of this study, is defined in Section 2. A structure and characteristics of a spatial sideshow are described in 
Section 3. A sample slideshow created by a user of our prototype software is also shown in the section. A method for 
making animations of spatial slideshows is explained in Section 4, which is the main idea of this paper. An 
implemented prototype system is introduced in Section 5, and some concluding remarks and future works are described 
in Section 6. 
 
2. Data Structure 
This section defines data structures and geometric models of photo vector (Section 2.1) and photo billboard, and 
describes how to generate those data (Section 2.2). A basic unit composing a spatial slideshow is a photograph placed in 
geographic space. We use two different representations for it, a photo vector and a photo billboard. In short, a photo 
vector is a map symbol and a photo billboard is a component of spatial slideshow animation. It's important that both a 
photo vector and a photo billboard are generated by hand easily. 
 







2.1 Data Structure 
§ Photo Vector 
A photo vector is a geographic feature representing a photograph. We use a photo vector for mapping a photograph. 


SX
Y


Z


O X
Y


Z


O


E


object


camera


photo vector S(XS,YS,ZS) viewpoint
E(XE,YE,ZE) gazing point


(X,Y,Z) geographic coordinate system
(x,y) image coordinate system


S(XS,YS,ZS) viewpoint
E(XE,YE,ZE) gazing point


(X,Y,Z) geographic coordinate system
(x,y) image coordinate system


S(XS,YS,ZS) viewpoint
E(XE,YE,ZE) gazing point
θ,ϕ view angle
(X,Y,Z) geographic coordinate system
(x,y) image coordinate system


S(XS,YS,ZS) viewpoint
E(XE,YE,ZE) gazing point
θ,ϕ view angle
(X,Y,Z) geographic coordinate system
(x,y) image coordinate system


x


y


o
ϕ


S


θ


cameraX
Y


Z


O X
Y


Z


O


Ephoto billboard


)
)
)


)


It is visualized as an arrow from where to where the photograph was taken. A photo vector is defined as follows: 
   : Photo Vector ( ESrPhotoVecto ,=


( SSS ZYXS ,,=
( EEE ZYXE ,,=


 is the viewpoint. It is the position of the camera at a time when the photograph was taken. 
 is the gazing point. It is the focused position of it. Figure 1 shows a geometric model of a photo 


vector. 
 
 
 
 
 
 


Figure 1. Photo Vector 
 
From the aspect of a map symbol, photo vector is a simple but expressive one, for an arrow is a symbol which has 
directionality. For example, a moving animation of a photo vector represents not only translational movement but also 
various movements as rotational one. From the aspect of a spatial data, when a photograph is represented as a photo 
vector, the position and the direction of the photograph are represented. In other words, those photographs are 
location-and-direction stamped. 
 
§ Photo Billboard 
A photo billboard is a three-dimensional object placed in geographic space. We use a photo billboard for a component 
of a three-dimensional animation of a spatial slideshow as described in Section 4. It is a rectangular plane textured with 
a photograph. A photo billboard is defined as follows:  
  ( ϕθ ,,, ESoardPhotoBillb =  : Photo Billboard 
Both θ  and ϕ  are the view angles. A change of a view angle corresponds to a change of zoom ratios. Figure 2 
shows a geometric model of a photo vector. 
 
 
 
 
 
 
 
 


Figure 2. Photo Billboard 
 
It is different from an image plane, which is generally used in Computer Graphics. An image plane is a rectangular 
plane of a CCD itself. Therefore it is placed at position of the CCD, and the size is that of the CCD. In contrast, as 
shown in Figure 2, a photo billboard is placed at the position of the object of the photograph, and the object is projected 
in full size onto it. 
 
2.2 Data Generation 
At the present time, we assume they are generated by hand. As mentioned below, both a photo vector and a photo 
billboard are generated by drawing an arrow on a background map. In our framework, a user draws an arrow on a 
background map for mapping a photograph. The arrow is the photo vector of the photograph. That means the value of 







the viewpoint and the gazing point are generated. For deciding the photo billboards, values of view angles are needed in 
addition to them as shown in table 1. 


Table 1. Data Generation 
 element how to generate 
Photo Vector Viewpoint From an arrow drawn by a user on a map 
 Gazing Point From an arrow drawn by a user on a map 
Photo Billboard Viewpoint From the corresponding photo vector 
 Gazing Point From the corresponding photo vector 
 View Angle Calculated with Exif information 


 
Exif [Exif 98] is a widely used standard for storage of information about cameras, images and shooting conditions 
within JPEG and TIFF image files. Almost all digital cameras generate Exif information now. Though view angles 
themselves are not recorded in Exif information, they are calculated by using CCD size and focal length, which are 
recorded in Exif information as follows: 


c
w
2


arctan2=θ         (1)   


θ  is view angle,  is width of the CCD, and  is focal length. Figure 3 shows the spatial relationships of these 
values. Even though generated data by hand drawing doesn't seem precise, it is enough for the purpose of our research, 
i.e. creating spatial slideshows for telling stories with places. We assume that in the near future photo vectors and photo 
billboards may be generated automatically by digital cameras with spatial sensors such as GPS, electric compasses or 
gyro compasses. Such digital cameras have already been sold. 
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3. Spatial Slideshow 
A spatial slideshow is a slideshow of photographs placed on a background map. Photographs of a spatial slideshow are 
arranged as follows: 


・ mapped to photo vectors on the background map 
・ lined up in the order of the storyline of the slideshow 
・ attached with text narrations 


In other words, in order to create a spatial slideshow all by hand, Users map photographs to photo vectors by drawing 
arrows on a background map, and lined them up in the order of the storyline of the slideshow. From the aspect of photo 
storytelling, a spatial slideshow visualizes stories on a map as spatial shapes such as routes. From the aspect of photo 
mapping, a spatial slideshow gives mapped photographs an order for viewing as the order of the storyline. 
 
§ Sample 
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Figure 3. Photo Sequence of Spatial Slideshow 







We have released software for editing and playing spatial slideshows as described in Section 5, and acquired about 60 
spatial slideshows created by users until now. Types of stories created by users are route guidances, sightseeing 
guidances, historical topics, fieldwork records, personal diaries, and so on. Here we show an example of a spatial 
slideshow created by a user. The title is "Climbing Mt. Tsukuba." Figure 3 shows an abstracted photo sequence 
composing the spatial slideshow. The sequence is composed of 36 photographs in total. The spatial slideshow is a 
record of a short trip, climbing the mountain to see autumn red leaves. The story line is as follows: One day the creator 
wanted to see autumn red leaves and went to Mt.Tsukuba, not so far from Tokyo, Japan (Frame 1-4. Though he 
climbed up to the middle of the mountain (Frame 5-8), there are no autumn red leaves (Frame 9-14). Moreover the 
wind got so strong (Frame 15). So he gave up and went down the mountain (Frame 16-18). But finally he found out 
autumn red leaves at the bottom of the mountain (Fame 19-22). 
 
§ New Feature 
A spatial sideshow has the following new features. 


(a) New visual expression 
(a-1) Spatial slideshow animation 


(b) Complement between photo storytelling and photo mapping 
(b-1) Semi-automatic creation of story parts (photo sequences) 
(b-2) Semi-automatic photo mapping 


 
(a) New visual expression 
The spatial slideshow animation, explained in detail in Section 4, is the main idea of this paper. It is a synchronized 
animation of map and photo image. Visual continuity is important for visual media in order to prevent the viewers from 
confusing or getting lost. A spatial slideshow realizes visual continuity based on spatial continuity. To be more precise, a 
story as a whole is visualized as a spatial shape on a map, and while it is played, about where and what direction the 
story is telling is visualized on the map by an arrow of a photo vector. In addition, the progression of the story is also 
visualized as movements in a space which is the setting of the story by a visual effect in transitions between photographs 
composing a slideshow. There are many slideshow softwares for photo story telling, and offer various transitional 
effects as one of important functions for customizing and personalizing slideshows. A spatial slideshow animation 
offers a new type of transitional effects, which is a three-dimensional animation of photo images as if moving toward 
the next photograph in three-dimensional space. A spatial slideshow enables a map as a push media in the meaning that 
the viewer passively receives the information. A clickable map, i.e. a digital map with POIs (Point of Interests) is a pull 
media in the meaning that the viewer selects a POI on the map mainly by searching and browsing. In contrast, a spatial 
slideshow gives mapped photographs an order for viewing as the order of the storyline. Therefore we can view mapped 
photographs in a suitable order decided by the map creator without selecting or searching.  
 
(b) Complement between photo storytelling and photo mapping 
Photographs composing a spatial slideshow are placed both on a map and on a storyline. That enables semi-automatic 
creation of story parts and semi-automatic photo mapping. These methods help with editing spatial slideshows. We will 
describe them in detail in another paper, and present the outline below. A user creates a slideshow by choosing and 
sequencing photographs in the order of a storyline based on a scenario. Some parts of a photo sequence are constructed 
based on some kind of continuity such as temporal continuity, spatial continuity, thematic continuity, and so on. An 
important temporal continuity is time series, and a major thematic continuity is cause-and-effect relationships. Examples 
of spatial continuity are a walkthrough sequence, a panoramic sequence, a sequence looking around an object or a place, 
and so on. Therefore we can create photo sequences composing a spatial slideshow by selecting and sorting 
photographs according to machine-processable values such as shooting time, position or direction and so on, and that 
means a semi-automatic creation of story parts. A spatial slideshow does not only play back one's visual experience in 
the way they see in the real world. It is different from a video movie which isn't edited. It is not enough to line up all 
photographs only in time series because creators sort photographs according to their scenarios. In fact, not all the part of 
photo sequences are lined up in the order of shooting times. In the case of the last example spatial slideshow, though 







photographs of Frame 19-21 in Figure 3 are panoramic sequence turning around clockwise, the user actually took those 
photographs in different order. He took photographs hear and there, and lined up them in the order of panoramic 
sequence in creating the spatial slideshow. Creators also use photographs taken by others or found on the Web. 
 
4. Spatial Slideshow Animation 
This section explains a method for making animations of a spatial slideshow. A spatial slideshow performs the 
following two kinds of animations:  


(a) Two-dimensional animation of a photo vector on a background map (Section 4.1) 
(b) Three-dimensional animation of photo images on a slideshow canvas (Section 4.2) 


These animations are played in transitions between two photographs in playing a slideshow, and are synchronized as 
shown in Figure 4. 
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Figure 4. Photo Image Animation and Photo Vector Animation 
 
4.1. Photo Vector Animation on Map 
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In an animation of a photo vector on a background map, we gradually move and change the shape of the photo vector 
from the starting one to the ending one as shown in Figure 4. In other words, the animation is a simple morphing 
between two photo vectors. The animation is realized by computing and drawing a virtual photo vector per frame by 
using the starting one and the ending one. 
 
 
 
 
 
 


Figure 5. Computing Virtual Photo Vector 
 
We define the stating photo vector  and the ending one  as follows: startrPhotoVecto endrPhotoVecto
   : Photo Vector at the beginning of animation ( startstartstart ESrPhotoVecto ,= )


)   : Photo Vector at the end of animation  ( endendend ESrPhotoVecto ,=


startS  and  are viewpoints.  and  are gazing points. All these are known values. Then we define a 
virtual photo vector  interpolating between  and  as follows: 


endS startE


tr
endE


PhotoVecto startrPhotoVecto endrPhotoVecto
    : Photo Vector at elapsed time ( )ttt ESrPhotoVecto ,= t  


)0( Ttt ≤≤  is elapsed time from the beginning of the animation, and  is total time of the animation.  is 
viewpoint, and  is gazing point.  and  are unknown value.  and  are 
decided as follows: 
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Figure 5 shows the spatial relationships of ,  and  at elapsed time . In 
order to make the motion smooth, we begin the motion slowly and accelerate it toward the middle of animation, then 
decelerate the motion toward the end of the animation. Therefore we compute  and  as follows: 
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4.2 Photo Image Animation 
In an animation of photo images on a slideshow canvas, we draw a movie moving in a three-dimensional space from 
the starting photograph to the ending photograph as shown in Figure 4. It is realized as the animation of photo billboards. 
In addition, the starting photograph gradually becomes transparent, and the ending photograph becomes opaque in the 
animation. It is realized by controlling transparencies of photo billboards. The following part of this section describes the 
method of animating photo billboards and the method of controlling transparencies respectively.  
 
§ Photo Billboard Animation 
We realize the animation of photo images by placing the old photograph and the new photograph as photo billboards in 
a three-dimensional space, and drawing the sequential view from a moving virtual camera on the slideshow canvas. At 
the beginning of the animation, the virtual camera is placed so that the starting photo billboard is seen in full size of the 
slideshow canvas. It gradually changes the position, direction and the view angle toward those of the ending photo 
billboard, and finally the ending photo billboard is seen in full size of the slideshow canvas at the end of the animation. 
We define the stating photo billboard  vector and the ending one  as follows: startoardPhotoBillb endoardPhotoBillb
  ( startstartstartstartstart ESoardPhotoBillb )ϕθ ,,,=  : Photo Billboard at the beginning of animation 
  ( endendendendend ESoardPhotoBillb )ϕθ ,,,=  : Photo Billboard at the end of animation 


startS  and  are viewpoints.  and  are gazing points as defined in Section 4.1. , , , 
and 


endS startE endE startθ startϕ endθ


endϕ  are view angles. All these are known values. Then we define a virtual photo billboard at elapsed time t  as 
follows: 
    : Photo Billboard at elapsed time  ( )ttttt ESoardPhotoBillb ϕθ ,,,= t


tS  is the viewpoint and  is the gazing point as described in Section 4.1, and tE tθ  and tϕ  are the view angles.  
and  are computed by the formula (4) and (5). The animation of photo images and that of a photo vector on a 
background map are synchronized since we share the value of ,  and  among those animations. In other 
words, a virtual photo vector at elapsed time 


tS


tE


tS tE t
t  for a photo vector animation on a background map is a photo vector of 


a virtual camera at elapsed time  for making photo billboard animation. We compute t tθ  and tϕ  as follows: 
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Then we make a view at elapsed time  by projecting each pixel of photo images on photo billboards to the image 
from a virtual camera at elapsed time . We define each pixel of a photo image on a photo billboard as follows: 


t
t


  (  : original pixel coordinate on a photo image startstart yx ,
  ( :  geographic coordinate as a point on a photo billboard startstartstart ZYX ,,
  ( )   : pixel coordinate on an image at elapsed time  tt


A relationship between image coordinates and geographic coordinates is expressed by so-called colinearity equations 
[Murai 06] as follows: 
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Formula (8) is transformed as follows: 
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c  is a focal length. R  is a rotation matrix which rotates the view direction to the Z-axis of the absolute coordinate 
system.  is a viewpoint. By substituting a distance between a viewpoint and a gazing point for , 
each pixel of a photo image is placed on the photo billboard defined by the viewpoint and the gazing point. 


( SS YXS ,= )SZ, c


startstart ESc =       (12)   
The width of the photo billboard is computed as follows: 
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By using the formula (8), (12), and (13), geographic coordinates ( )startstartstart ZYX ,,  of each pixel  as a 
point on the photo billboard are computed as follows: 
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startR  is a rotation matrix which rotates  to the Z-axis of the absolute coordinate system. By using formula 
(9), (10), and (14), pixel coordinate  on an image at elapsed time  are computed as follows: 
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tc  in the formula (15) and (16) is computed as follows: 
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w  is the pixel width of the image of the virtual camera. It is the width of the slideshow canvas. , , ... in the 
formula (15) and (16) are elements of a rotation matrix , which rotates  to the Z-axis of the absolute 
coordinate system.  
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§ Transparency Control 
At the beginning of the animation, the starting photo billboard is completely opaque and the ending one is completely 
transparent. Then the starting one gradually becomes transparent, and the ending one becomes opaque in parallel. These 
half-transparent photo billboards are overlaid. At the end of the animation, the first photo billboard disappeared and the 
ending one absolutely appeared. This is a common visual effect of photo images in slideshow applications in transitions 
between photographs. We apply the effect to photo-textured objects in three-dimensional space, i.e. photo billboards. 
We use )1000( ≤≤αα  for a transparency of a photo billboard, completely opaque at 100=α  and completely 
transparent at 0=α . We decide transparency of the staring photo billboard  and that of the ending one  at 
elapsed time 


startα endα
t  from the beginning of the animation as follows: 
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5. Prototype System 
We have been developing and releasing personal photo album software named Spatial Photo Album Software, 
"PhotoField." It enables users to organize and share photo collections by using a map [Fujita 05], [Fujita 06].We have 
extended the software as an editor and a viewer of spatial slideshows by implementing technical suggestions of this 
paper. It is a tool for editing and viewing personal photo collections as a story, i.e. spatial slideshow. 
 







 
 
 
 
 
 
 
 
  
 
 
 


Figure 6. Spatial Slideshow Editor  Figure 7. Spatial Slideshow Viewer 
 
§ Spatial Slideshow Editor 
Figure 6 is a graphical user interface of the editor. It has visual interfaces for a map, thumbnails of photographs, and a 
selected photograph. It realizes the following function:  
(a) Mapping photographs 


A user can map photographs as photo vectors by drawing arrows on the background map. 
(b) Editing spatial slideshows 


A user can creates spatial slideshows by selecting photographs in order, and adding comments or text narrations to 
each photograph. Parts of spatial slideshow such as walkthrough, panorama, time series, and so on, are created 
semi-automatically by selecting and sorting function, which we will describe in another paper. Created slideshows 
are visualized as routes in the background map. 


(c) Reading and writing spatial metadata of photographs 
Spatial metadata of a photograph such as viewpoints, gazing points and so on is embedded in the image file as Exif 
information. 
 


§ Spatial Slideshow Viewer 
Figure 7 is a graphical user interface of the viewer. It has visual interfaces for a map and a selected photograph. It 
realizes the following function:  
(a) Controlling spatial slideshows 


A user can play, pause, step forward, and rewind spatial slideshows by corresponding control buttons like common 
media players or by directly choosing a photo vector on the map. In the later case, the focus of the map moves to the 
selected photo vector, and the slideshow also moves to the photograph corresponding to the photo vector. 


(b) Playing photo and map animations 
While playing spatial slideshows, three-dimensional photo animations moving from photo to photo described in 
section 4 are created in real time and played. Photo vectors on the map also move in animation and visualize the route 
of the spatial slideshow. 


 
6. Conclusion and Future Work 
We proposed a spatial slideshow, which is a new framework for telling stories with places by maps and personal photo 
collections. We especially explained a method for creating a spatial slideshow animation, which visualized the 
progression of the story as movements from photo to photo in a three-dimensional space. A spatial slideshow is a fusion 
of personal photo mapping and photo storytelling, and it realizes mapping stories through photo collections. We assume 
mapping leads to sharing, and the proposed framework has a significance of helping with grassroots development of 
spatial contents driven by visual communications about places or events in the real world. Future works are as follows:  
(a) Customizing the motion of spatial slideshow animations 







We plan to develop a method for customizing the motion of spatial slideshow animation. We now linearly change 
values including locations of photo vectors in creating transitional animations between photographs. In other words, 
photographs are linked by straight lines on a map. We plan that users can customize not only routes visualizing 
stories by linking photographs on a map, but also the three-dimensional motions of photo image animations. By 
smoothing segments linking multiple photo vectors, or by drawing freeform lines. This framework enhances the 
characteristics of creating animations by drawing maps. 


(b) Designing user interface to give three-dimensional coordinates easily 
We will design a user interface to give three-dimensional coordinates easily in drawing photo vectors. We described 
the method of spatial slideshow animation in three-dimensional coordinates, and the animation represents vertical 
movement like going up and down, or turning up and down when photo vectors have three dimensional values 
including altitudes. However drawing three-dimensional arrows on maps is not easy for users. Therefore we will 
design a user interface to input altitude values easily in drawing photo vectors. 


(c) Complement between photo storytelling and photo mapping 
We plan to develop the complement method between photo storytelling and photo mapping described in section 3. 
The semi-automated creation of photo sequences will lowers the barrier to create spatial slideshows. 


(d) Analysis of spatial slideshows created by users 
We plan to analyze spatial slideshows created by users in focusing on spatial, temporal, and semantic continuity and 
their dynamics in photo sequences. It will suggest implications for further research and development, especially on 
the complement method between photo storytelling and photo mapping. 
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1. Introduction  


 


Local authorities are responsible for undertaking works handed down 


from the central government and overlooking the local administrative works 


as a whole; approximately 70~80% of their tasks include the use of 


graphic information.  The graphic information refers to maps, blueprints, 


or any other spatial materials and registers of kind.  This has led the local 


authorities to proactively make use of GIS as the most effective means of 


using spatial materials and property materials in linkage.  The nation-wide 


effort to establish the GIS since 1995 has led most local authorities to find 


and utilize their administrative information system based on the GIS.  


The GIS has grown in its quantity as local authorities established the 


information system based on GIS in many fields of land, structure, road, 


and environment.  Nevertheless, the fact that information system is 


founded by the unit of individual task has resulted in a relative lack of 


system linkage for inter-sector cooperation as well as qualitative 


shortcomings in whole.  Strong voices on the need for the “GIS 


integration by local authorities” have been raised as a way to address this 


problem.  Database and operating systems segmented by individual tasks 


should be effectively linked to induce synergetic effect, and thus far take 


the GIS of local authorities to another level in line with the rapidly changing 


information environment.  
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Over 50% of the world’s population lives in cities, and the number 


becomes 90% in Korea; one can easily assume that the strength of cities 


has a direct co-relationship with that of a nation.  Local authorities have 


expressed much interest on the introduction of ubiquitous technology to 


resolve problems like the ageing population, urban environment worsening, 


traffic congestions, and slum formation.  This has become the drive 


behind the construction of ubiquitous city (u-City) for the next generation.  


Construction of a u-City requires the multitude of information and 


telecommunication networks and digital contents; the existing information 


resources need to be put to use in entirety for that end.  


In that regard, the integration of GIS established and currently operated 


by local authorities needs to be strategically promoted.  A large part of 


urban information system evolved around the GIS, and integration of the 


GIS would heighten the synergy effect in utilization.   


This study is intended to propose a strategy for the GIS integration by 


local authorities in creating u-City as the direction for development of the 


urban information system in the coming of the Ubiquitous Age.  
 


2. Ubiquitous Cities & GIS for Local Authorities  


 


The paradigm in information technology has recently evolved around the 


ubiquitous information environment, and such a development has been 


reflected in the nation’s administrative vision of “Realization of Ubiquitous 


Society.”  Such a change in information technology paradigm has become 


the new momentum for the information works by the local authorities.  In 


other words, more and more local authorities are making and promoting 


the u-City development plan to better the efficiency in city administration 


or new city development.  


u-City is a city for the next generation where information service is run 


hand in hand with the cutting-edge information and telecommunication 


infrastructure and ubiquitous computing technology.  It is a means 


through which the key functions of a city such as the life expansion and 


quality of life enhancement, systematic city administration, safety 


guarantee, citizen welfare improvement, and new industry development 







can be innovatively implemented by amalgamating the advanced 


information and telecommunication infrastructure and ubiquitous 


information service system into the city space.  This objective first-


handedly requires a more advanced form of information environment.  


Advancement of physical infrastructure including information and 


telecommunication network and sensor network as well as that of location-


based spatial information and other digital contents is much needed.  


The creation of u-City evolves around the convergence of physical and 


electronic city space.   It is the outcome from the marriage of cutting-


edge information and telecommunication infrastructure, ubiquitous 


computing technologies, and rich urban information.  Accordingly, 


integration of GIS-based application systems established and currently 


operated by local authorities is a task of great significance.  Local 


authorities in Korea have pushed forward with the advancement of the local 


administration and urban information system (UIS) around the city 


infrastructure such as water works, sewage systems, and roads.   Each of 


this effort has been initiated and run by different subject body to make task 


coordination somewhat inefficient and furthermore difficult.  Nevertheless, 


the ubiquitous information environment will certainly require the integrated 


information system of great efficiency, and this object alone will be offer 


citizens with safety and convenience along side efficient city administration 


and economic urban development.   


 


2.1. Development Direction for GIS of Local Authorities  


 


GIS of local authorities need to make a timely adjustment to technology 


changes all the while accommodating demands from the private sector.  


In this regard, a strategic development plan that can allow quick response 


to the paradigm of information development is required.  The change in 


GIS paradigm, which has recently become the subject of much public 


interest, can be defined as the shift in focus from “system” to “service,” 


from experts to general users, and from stationary and fixed system to 


web-based network and mobile system.  This change in paradigm has the 


foremost significant effect on the e-government project.  Local authorities 







consider the e-government project and GIS advancement as a unified 


object, and as a result, it has become a common perception that the GIS 


advancement can be realized only through the former.  


Similarly, the ubiquitous trend is expected to develop in close relations 


with the GIS.   Various services offered within the ubiquitous environment 


can be made possible only through rich digital contents.  For instance, 


location-based services can be provided only when there is detailed 


geographical information about the area.  Consequently, advancement of 


geographical information is necessary to facilitate the multitude of spatial 


activities within the area.  
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The GIS has put much emphasis on compiling geographical information 


in the beginning, yet the focus has recently been shifted to the application 


of information to make the spatial services available for social or public 


use.  Accordingly, demand for new ideas, technologies, applications, and 


services have hauled in the development of GIS of local authorities.  







The GIS of local authorities has developed with an emphasis on 


integration and inter-operability in accordance with social demand for 


shared utilization of different data.  Advancement of web technologies in 


recent days, in particular, has put the e-government project to the full gear, 


and further heightened the need for the integration of the GIS by local 


authorities.  


The GIS of local authorities is expected to develop around the 


intelligence-enhancement to match the evolvement of ubiquitous 


information environment.  Ubiquitous is a paradigm developed around the 


concept “Anytime, Anywhere, AnyService, AnyDevice, AnyNetwork” to 


make services that go beyond the boundaries of devices or media.  


Taking the fact that the development of GIS has been realized hand-in—


hand with the development of information technology into consideration, 


the realization of ubiquitous environment will prove to be a catalyst for GIS 


advancement of the local government. More specifically, the paradigm is 


based on intelligence and context awareness works, and these works are 


frequently run based on location information.  Consequently, location 


information-based services are likely to promote the intelligence 


enhancement of the GIS of local authorities, and by far haul in the system 


advancement.  


 


2.2. Concept of GIS Integration by Local Authorities  


 


GIS integration by local authorities can be approached both as a micro-


concept and a macro-concept.  On one hand, as a micro-concept, the 


GIS integration by local authorities refers to the physical integration or 


systematic linkage of the GIS established and currently operated by local 


authorities into one unified system.  On the other hand, as a macro-


concept, the GIS integration by local authorities refers to the linkage of 


GIS-based information system and management information system (MIS) 


within the local authorities, and thereby comprehensively integrating the 


information system of related agencies and central government with that of 


the private sector.  
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3. GIS Model for Local Authorities in Preparation for the Ubiquitous Age  


 


3.1. u-City Model  


 


u-City a new concept of city based on information and 


telecommunication systems integration; it is an unprecedented work 


anywhere in the world to be tried for the very first time in Korea.  Many 


local authorities have expressed ever-increasing interest in promoting the 


u-City project; and some local authorities have gone so far to push 


forward with their new city development projects around the u-City 


concept.  Nevertheless, it is a concept still in the budding stage around 


the information and telecommunication infrastructure. Although there is few 


examples of u-City development that can be used as a reference, there 


are constant related-R&D works in process to present the public with a 


standardized u-City model in the near future.  







u-City can be conceptually divided into the intelligence enhancement of 


real-life space, integration of e-space, and advancement of life services.  


The intelligence enhance of real-life space requires and promotes the 


functional advancement of cutting-edge information and 


telecommunication infrastructure and city infrastructure needed for the 


convergence of physical and electronic city space.  The integration of e-


space means the integration of existing efforts for information systems 


advancement, particularly for better city administration and civilian services.  


The advancement of life services is designed to provide intelligence-


enhanced information services to the public, business, and life-based use.  


(Refer to <Figure 3> As one can see in the figure, the GIS of local 


authorities is in the stage of the integration of e-space, and should soon 


be extended to the intelligence enhance of real-life space and 


advancement of life services.    
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The development of u-City should evolve around the “C-3Is”: C for 


Convergence, and 3Is for Integration, Interoperability, and Intelligence.  


For that end, the GIS integration by local authorities will be at the center of 


3Is, and it in itself should be promoted by the “C-3Is.”   







 


3.2. GIS Integration by Local Authorities in Accordance with the u-City 


Model  


 


A. GIS Integration by Local Authorities for the Integration of Digital Space  


 


GIS functions as a bridge between the real space and cyber space for 


the integration of the two down the line.  In other words, GIS not only 


provides location information in the real space, but it also transfers the real 


space onto the cyber space in entirety.  Integration of geographical 


information in the e-space should be implemented through the utilization 


of enterprise GIS technology.  Establishment of the spatial information 


data warehouse would allow the utilization of spatial and non-spatial 


information in linkage as well as shared information application; it will 


further set the basis for creating the environment for open services using 


the web and mobile technologies to facilitate the services linkage.  


Moreover, the one-stop city administration portal should be established for 


the public access and work efficiency improvement through the web-


based information sharing system.  


 


B. GIS Integration by Local Authorities for Intelligence Application for the 


Real Space  


 


Intelligence application for the real space refers to the collection of 


information about surrounding environment and self-induced response to 


changes through the cutting-edge information and telecommunication 


infrastructure including the RFID and sensor network.  u-City assumes the 


model of integrated real space and cyber space, and this puts the 


geographical information service at the center of the task.  For instance, 


the context awareness works uses the sensor to read the user objective 


and intention and provide the suitable services.  Once again, the location 


information stands at the heart of context awareness services, and this 


location information can be provided through the geographical information 


service.  Also, the putting together the sensor or electronic tag technology 







to the above/ underground facilities would lead to the intelligence 


application of city infrastructure to heighten efficiency in structure 


management.  


 


4. Strategy of GIS Integration by Local Authorities in Preparation for the 


Ubiquitous Age  


 


4.1. Integration of Data: Enhanced Interoperability and Intelligence  


 


Provision of data in accordance with the user demand is very important 


for enhancing the practicality of GIS data of local authorities, and this 


requires that the user demand is thoroughly reflected to the entire working 


process starting with the design and planning.  As it is the case with the 


Geospatial Bluebook in the US, basic concept in data designing and 


related specifications for data integration encompassing national and local 


entities are needed.  Standards and guidelines must also be provided to 


ensure joint application and inter-operability of geographical information.  


The use of Unique Feature Identifier (UFID) is recommended to offer the 


timeliness to the data collection.  The UFID currently in the design and 


planning process should be applied to the multitude of spatial information 


in order to secure timeliness of more efficient and intelligent data.   


 


4.2. One-Stop GIS for Shared Utility of Information  


 


The transformation of the GIS paradigm from being a system concept 


into a service concept has led to its development into a service system 


easily accessible to the general public for geographical information.  


Nevertheless, the both the level and degree of information provision for the 


general public are less than optimal.  Although the GIS of local authorities 


are participating in the nation-wide effort as one node of the national 


geographical information distribution agency, there is a limit to both the 


quantity and quality of the GIS service with which one can be provided.  


The national geographical information distribution agency needs to 


introduce the concept of geographical information portal service that 







resembles the Geo-spatial One-stop Services (GOS) of the US to improve 


the accessibility and application of geographical information.  


Custom-made geographical information service to better service the 


people while supporting the administrative body’s decision-making 


process can be realized through a more advanced geographical 


information system. Such a work would be implemented by the way of city 


administration portal, which is a one-stop administration portal, to 


enhance business efficiency and service quality through the evolvement of 


UIS established and currently operated around individual tasks.  


One should note that there are very few standards established and 


applied to the meta-data system necessary for the information distribution 


within the GIS of local authorities.  Application of meta-data standards 


should be made mandatory all the while implementation of web-based 


standard is promoted to secure the inter-operability.  


 


4.3. Establishment of an Enterprise GIS Integration System  


 


An enterprise GIS should be introduced to minimize the effort wasted in 


securing the duplicate data within the GIS of local authorities and to 


maximize the information application.  Materials most frequently used by 


each department of local authorities should undergo a structural 


transformation into the enterprise GIS to facilitate the easier information 


distribution and sharing.  Establishment of a data warehouse, too, is 


necessary to eliminate the duplicate materials works and automated data 


recycling and compilation.   


The establishment of an enterprise GIS by local authorities would also 


generate the synergy effect by way of integrating the spatial information 


and property information within the framework of the existing GIS.  The 


enterprise GIS of local authorities would be the combined form of various 


information systems encompassing MIS as well as GIS, and it will be 


formulated based on the spatial information data warehouse and the open 


service environment evolving around the web/ mobile technologies.  In 


short, the enterprise GIS would facilitate the efficient provision of 


information integration and decision-making support services.  







 


4.4. Integration of Horizontal and Vertical Partnerships  


 


The GIS work is currently led individually both by the central government 


and local authorities to work against the horizontal and vertical integration.  


The GIS integration should be made beyond the simple compilation of data 


and system; rather, it should be realized through horizontal and vertical 


partnership of different parties involved in the level of national information 


advancement project, leading subject, and legislation and statue.  (Ho-


Sang Sakong, 2005) In other words, limits of the central government’s 


management model that does not take local authorities into consideration 


and task-based GIS of local authorities in underground facilities 


management systems and more should be overcome through a 


cooperative system.  For that end, coordination of the GIS of local 


authorities with the national GIS projects promoted by the central 


government is very important; systematic role division among the central 


government, local authorities, and private entities is much needed.  


 


5. Conclusion  


 


It has been some 10 years since local authorities started to introduce the 


GIS in Korea, yet there is much difference in the level of information 


application and advancement between different authorities.  There also 


remain a number of organizational tasks related to the data and system 


integration, technology, and institution.  The change in paradigm of 


information systems have been accompanied by the development plan for 


the UIS from the concept into the u-City.  To reflect such a change, much 


effort is made in different fields of technology development and application, 


network establishment, service development, and standardization.  The 


existing data maintenance and management system should be developed 


to secure the accuracy and timeliness of the data to develop the GIS of 


local authorities all the while make proactive response to the rapid 


development of technologies.  







The geographical information service system should be further 


developed to allow people to enjoy ever-safer and more convenient life in 


u-City.  There has never been a time when communication, cooperation, 


and collaboration were higher in the agenda for consideration.  In short, 


integration, inter-operability, and intelligence should be put at the center 


of the GIS development of local authorities more efficiently and effectively.  
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Abstract 


An important class of mobile-computing applications involves sensing conditions in a mobile user’s physical context 
and responding to those conditions, especially in real time. This class is well known as “sense and respond”. It is 
found in various domains, including telematics, mobile commerce, fleet logistics, and asset & personnel tracking. 
The increasing ubiquity of networked data sources including sensors, mobile phones, online services, databases and 
data feeds presents novel opportunities for the timely use of the tremendous amount of data, which is heterogeneous. 
When these data sources are embedded in the physical world, their location, possibly changing over time, becomes 
an important part of the context. Business applications will want to respond to the raw data from these sources in 
diverse ways, in a flexible and scalable manner.  We introduce a spatio-temporal event detection service aimed at 
cost efficiency to application providers. The infrastructure is shared by many applications and subscribers and en-
ables a business application to be separated into an event sensing part and business-based responding part.  The 
system offers a high-level spatio-temporal programming framework that enables application developers to more 
easily develop applications based on the sense-and-respond model and support an efficient cost model to applica-
tion providers by spreading the infrastructure costs across many applications and subscribers. The system provides 
a rule-based programming model in which the application is partitioned into two parts: (1) a set of rules that oper-
ate on low-level input events and which, when triggered, produce high-level, application-defined events; and (2) 
logic that acts on the high-level events, which is deployed outside the event detection service, and typically within 
the environment of the enterprise deploying the rule.  The system supports four phases in the lifecycle of sense-and-
respond applications: development, deployment, evaluation, and event-to-response association. Application devel-
opment, deployment, and event-to-response association are supported by a set of tools we define. The rule APIs in-
clude a set of spatio-temporal primitives that provide high-level support for defining the set of rules for spatio-
temporal event detection. The spatial primitives operate on both location input received from the data acquisition 
systems as well as spatial data resources provided and managed by the application programmers. The rule pro-
grammer defines spatial rule resources using a map based editing tool. 
rule subscriptions, and rule resources, and evaluates the rules as input is received. Output even
tin tion specified in the rule subscription. The output  event , is passed to the appropriate applica


n
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1 Introduction 


 


 


Lo ation-based promotions. A marketing company handling promotions for certain establishments would like to 
 those establishments with special promotions in effect at that time. It 


they need be able to distinguish between vehicles moving toward the conditions and those moving away. 


ser 


tructure would serve, we 


portion, so that the respond actions can execute within the environment of the ap-


mers should be able to express the event-detection conditions in a high-level manner. A com-
di-


An important class of mobile-computing applications involves sensing conditions in a mobile user’s physical con-
text and responding to those conditions, perhaps in real time. This class is often known as “sense and respond”  and 
is found in various domains, including mobile commerce, fleet logistics, and asset & personnel tracking. We provide
some illustrative scenarios: 


 
Fleet tracking and logistics. An operator of a fleet of delivery vehicles wishes to track its vehicles’ progress with 
respect to their schedules, and be alerted when a vehicle is more than a certain amount behind schedule. It may also 
wish to be alerted when a truck is returning empty to the warehouse so that it may begin preparing the truck’s next 
load. 
Compliance with employee safety regulations. A petroleum company needs continuous awareness of employee 
locations relative to hazardous areas. They also want to be alerted when an employee has stopped moving, and, 
when a trainee has entered a high-danger area, they want to ensure the trainee is accompanied by a supervisor. 
Emergency vehicle operator. A public-safety organization is interested in monitoring the deployment of its emer-
gency vehicles to ensure that a vehicle can be dispatched to any location within a certain time. It would like to be 
alerted when the relative values between local densities change by a certain amount. 
Road-use charges. A municipality would like to assess road-use taxes based on zones and the time of day and the 
day of the week, and to notify drivers in real time of the current rate in effect. 
Pay-as-you-drive insurance. An insurance company would like to offer policies whose rates are based on actual 
use and computed through rules. 


c
be able to notify consumers as they approach
wants to send the promotions only to those who have accepted the service and who have been receptive to such 
promotions in the past, and it needs to avoid sending the promotion repeatedly. 
Location-based warnings. A highways department in a fog-prone area wishes to warn motorists of dangerous fog 
conditions ahead so that the motorists will slow down. They need to be able to create such warnings quickly, and 


Proximity to other mobile entity(ies). A rule is defined that when a certain number of the friends are within a 
given distance, causes a message to be sent to the u


 


1.1 The Role of a Shared Infrastructure 
We believe that there is substantial value in a general-purpose, shared, infrastructure that could support any and all 


 the above services, simultaneously, over a large set of vehicles. Such anof  infrastructure would enable service pro-
viders to reach a broad customer base, without requiring an investment in their own infrastructure. With many ser-
vices using the infrastructure, no one service must bear the entire load.  


 
To meet the needs of the range of sense-and-respond applications that such a shared infras
believe the following requirements must be met. 


 
• The infrastructure should facilitate the separation of the “sense” (event-detection) portion of sense-and-respond 


applications from the “respond” 
plication provider [and thereby have access to the provider’s resources]. 


• Application program
prehensive set of primitives should be supplied, which programmers can use to compose event-detection con
tions. 


• Application programmers should be able to supply their own event-detection primitives. 
• Application programmers should be able to specify the inputs required by their event-detection conditions in a 


high-level manner, independently of the data-acquisition mechanisms. 
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ons must be able to operate on not only received inputs but also on facts about the enti-
ties the received input is about. 


nfrastructure should be able to host the rules of multiple applications, and the applications of multiple pro-
ders, so that the rules and resources of the applications are separated from those of other providers’ applications. 


ns employ its capabilities. 
 


odel in which the 


gure 1, programmers represent events of interest in the for of rules which “trigger” (return true) when 


• The event-detection conditi


• The event-detection conditions must be able to operate on data that is dynamically changed outside of the event-
detection program. 


• The infrastructure must be able to accommodate data sources that have different data acquisition mechanisms. 
• The infrastructure must be able to accommodate new sources of sensor data without modification. 
• The i


vi
• The infrastructure should provide mechanisms by which individuals who are the sources of the input data can con-


trol which applications can operate on their data. 
 


We have developed the Spatio-Temporal Event Detection Environment (STEDE) to fulfill these requirements. In the 
following sections we describe the system and discuss how various applicatio


2 STEDE Concepts 


eflecting the structure of sense/respond applications, STEDE offers a rule-based programming mR
application is partitioned in two parts: (1) a set of rules that operate on low-level input events and which, when trig-
gered, produce high-level, application-defined events; and (2) logic that acts on the high-level events, which is de-


ployed outside STEDE, and typically within the environment of the enterprise deploying the rule. Figure 1 illus-
trates. 


 


“Sensing”
rules


“Sensing”
rules


Sensor and Data 
Acquisition 
Technology 


“Sensing” 
rules Response 


application 
Events of interest


Telematics Event Detection Service


Resources
Application Environment


Application 
development and 


management 


Rule deployment, 
application subscription, 


resource management 


Application deployment 
and configuration 


Figure 1. STEDE logical programming model. 


As shown in Fi
the events are detected. Rules operate on both input received from the data acquisition systems as well as data re-
sources provided and managed by the application programmers. An example of an application resource is the geo-
graphical polygon describing a warehouse site’s area, which would be used in a  rule detecting a truck’s entrance to 
the site. Rules and rule resources are described in Sections 2.1 and 2.5. 


 







 
Applications subscribe to a rule


 4 


 to receive notifications of its triggering. The notification received includes any re-
lts that may have been computed in the evaluation of the rule. For example, a rule that determines if a mobile en-


ludes event forwarding information so that when a rule evaluates to true (or times out), the 


TEDE rules are essentially condition/action specifications, and may be as simple as a single Boolean expression, or 
le condition is a logical expression (i.e., evaluates to true or 


false) composed of spatial and temporal logical functions joined through AND, OR, and NOT operators, and scalar 
ns joined with the usual relational o EDE offers a number of built-in functions,. STEDE functions 


d below. 
re modeled as continuously iquely identified entities. In the telematics con-


ure, etc. are its continuously 
. Entities may also incl tion detectors, and “virtual” entities, such as 


ance may make available to rules 
ultiple entity “spaces”— arehouse sensors, and a traffic information 


tes (hereafter referred to as ped. A rule’s input list is a list of typed input variables, 
ts of entities, which are to 
 Section 2.4. 


patial rule functions offered by e implicitly on a subscriber position report, and have 
eters are 


 which is 


f STEDE. 


Ta . Built-in Logical Spatial Functions 


su
tity’s position lies within any zones that have a promotion associated with them will, if the position is within any 
such zones, include the set of zones (via identifiers) in the notification to subscribed applications.  
 
The SNR file also inc
event can be sent to a business application for processing. As a result of this architecture, the response logic of 
sense-and-respond applications can be separated from the rules portion of the application. So, business application 
can be updated non-programmatically by replacing a rule. 


2.1 Rules 
S
a more complicated program with internal state. A ru


functio perators. ST
are describe
Rule inputs a changing attributes of un
text, a vehicle is considered the entity, and its position, velocity, coolant temperat
changing attributes ude static sensors, such as mo
an Internet address that supplies temperature at a particular location. A STEDE inst
the attributes of m a set of vehicles, a set of w
service’s set of virtual sensors. 
 


uEntity attrib “inputs”) are ty
much like a method’s parameter list. Rule input lists do not specify the entities, or the se
be the sources of the inputs. This specification is part of the rule subscription, described in


2.2 Rule Functions 
The s


paramete
 STEDE operat
 also be input tors associated with them that will  the function. The polygonID and pointID param


identifiers for polygons and points. Polygons and points are specific kinds of rule resources, support for
discussed in Section 2.5.    
Table 1 below defines built-in logical functions o
 


ble 1
 


Name Parameters 
Description 
containedIn polygonID | polygonSetID 
True iff the entity position is contained in one or more of the given polygon or set of polygons. 


within DistanceOf (pointID | pointSetID) distance 
True iff the entity position is within the given distance from the given point or set of points. 


within DistanceOf (entityID | entitySetID) distance 
True iff the entity position
set of entities. 


 is within the given distance from the position of the given entity or one or more of the given 


hasIdentity entity | entitySet 
True iff the entity has the given identity or is a member of the one or more of the given entity sets. 


<, <=, ==, !=, >=, > scalar_expr1 scalar_expr2 
True iff the given relation between the two scalar expressions is true. 


Elapsed timer_identifier 







 
True iff the timer identified has expired since the last time the expression was evaluated. Timers are dec
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lared, set, and 
dition expressions, in a language-specific manner. reset explicitly, outside of con


before/after  Time 
True iff the timestamp of the SPR is before/after the given time. 


 
In addition there are several scaler functions (distanceFrom, distanceTravelled) and a subscriber position report 
object that has functions returning the subsc
bearing, and the timestamp of when the estim


riber’s speed, bearing, accuracy estimates of the position, speed, and 


e composed of basic rule functions. For 


he subscriber’s bearing. 


 structures of rule objects, much like an expression tree. We considered this to be 


nds of rule programming, through the variety of inference engines it provides. These include backward 
haining, forward chaining, Rete networks, and simple sequential evaluation, among others.  


pproximate) between rule evaluations. This reflects the application developer’s understand-


ent is sent to the 


eter values that are embedded in the rule itself. However, more complex rules 
should be able to refer to data that is persistent, and is managed outside the rule itself. The data may be referred to 
by multiple rules, and may be updated by processes outside the rule or rule engine. “Rule resources” are general-
purpose storage locations for data. Some additional support is provided for those resources which are used in spatial 
functions, such as geometric points and polygons. For these resources, we support the notion of resource sets, to en-
able such functions as “containedInPolygonSet”. Rule resources give much more flexibility to rules and enable rule 


ates were made. 
 
Higher-level rule functions may be created from trigger expressions that ar
example, a rule function “enroute”, that returns true if the subscriber’s position indicates he/she is traveling along a 
given route, may be defined using the containedIn function with the corridor of the route as the polygon parameter, 
and a scalar function on t


2.3 Rule Language 
In the course of developing STEDE, we used multiple rule languages. Our first “language” was the construction of 
rules through building Java object
not sufficiently easy to use. We then developed our own rule language and compiler. In the end, however, we real-
ized that our primary value lay not in the rule language itself, but rather with the functions we provide outside the 
rule engine, such as rule optimization, application resource management, trigger reporting, and subscriber manage-
ment (all discussed in later sections). Thus we adopted the approach of embedding existing rule engines within 
STEDE. This not only enables us to leverage the strengths of the particular rule engine in use, but gives us more 
flexibility in deployment as well. 
 
The rule language we currently use is ABLE [3], an environment for building intelligent agents. ABLE supports dif-
ferent ki
c


2.4 Rule Subscriptions 
Subscriptions to rules exist independently of the rules themselves. Subscriptions include the following: 
• The rule being subscribed to 
• Sources of the rule inputs, by individual entity or named entity group 
• The desired interval (a


ing of the dynamics of the rule inputs. 
• Bindings for rule parameters (see below) 
• Dates/times when the rule subscription should start and stop 
• The destination to which rule-triggering events are to be sent, as a URL. 
• The activation schedule for the rule, if any. 
• How long before the rule will “timeout” (remain untriggered). When a rule times out, a special ev


application. 
 
Since applications may require multiple rules, each activated/deactivated and evaluated independently, rule sub-
scriptions are deployed in sets. 


2.5 Rule Resources 
Simple rules may require only param
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programmers to write ru  managing the lifetime of the re-
source. 
 
STEDE also supports rule is enables applications to main-
tain rule-accessible state for ord the time of each vehicle’s 
entrance to a particular ge me the vehicle spent in the area. Our 
rule subscription framework eir rules require, enabling our sys-
tem to ensure that such res


2.6 Rule Parameters 
STEDE rules can be param  applications or subscriptions. For 
example, a rule that no  remained in the zone for a certain 
time period can be reused terized, and if the amount of time to 
stay in the zone can be e rule can be used for a safety-
oriented application; give er e-coupons. 


ure 
ows the response action as some communication back to the vehicle but that is a specific case; in general, the re-


les with respect to the resource, but not be concerned with


resources that are associated with individual entities. Th
individual entities. For example, a rule may wish to rec


ographical area so that it can determine the total ti
 enables programmers to declare the resources that th


ources are present before the rule is deployed. 


eterized, which allows rules to be reused for different
tifies if an entity’s location has entered a certain zone and


 for multiple applications if the zone can be parame
parameterized. Given a zone around a dangerous area, 
n another around a shopping district, it can be used to del


th
iv


3 STEDE Application Development 


STEDE supports four phases in the lifecycle of sense-and-respond applications: development, deployment, evalua-
tion, and event-to-response association. Figure 2 illustrates, in the context of automotive telematics. (The fig
sh
sponse action may be anything.)  


 
Figure 2. The S&R Framework. 


Application development, deployment, and event-to-response association are supported by a set of tools we call the 
STEDE SDK and a set of libraries we call the S&R Runtime, which together we call the S&R Framework. The 
STEDE SDK supports rule and rule-subscription development, rule resource creation, response action development, 
and specification of event-to-response association. Application development support is described further below. 
 
The STEDE Runtime handles the deployment of rules, rule subscriptions, and rule resources, and evaluates the rules 
as input is received. The deployment process is described in Section 4, and rule evaluation is described in Section 
4.3.  Events are sent to the destination specified in the rule subscription. The S&R Runtime, using the event-to-
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action map supplied by th opriate application-defined action. 
This component is not furt
 
The STEDE SDK provi f rules, rule subscriptions, and rule 
resources.  


3.1 The SNR and SAR 
The STEDE Runtim s that we call SAR files. These con-
tain the rule files, a descri urce data files. SNR is an XML 
format that contains the r , as well as declarations of rule re-
sources referenced by the 
 
A set of tools (Eclipse plugins) called the STE eation of these files. It includes the S&R Edi-


he S&R Editor (shown in Figure 3) enables developers to easily edit SNR files. 
 


e application programmer, directs the event to the appr
her described. 


des a set of Eclipse-based tools to assist in the creation o


files 
e accepts rule subscriptions in the form of Java archive file


ptor file that we call the SNR file, and possibly rule reso
ule subscription information described in Section 2.4
rules. 


DE SDK assists in the cr
tor and a Rule Resource Editor. T
When the SNR file and the related rule files and rule resource files are complete, the S&R Editor is used to package
them as a SAR file. Using the STEDE Provider/Developer portal described below, the SAR file is then deployed to 
the STEDE Runtime. 


 


Figure 3. S&R Editor. 


3.2 Provider/Developer Portal 
The STEDE Runtime provides a Web application called the Provider/Developer Portal that enables application pro-
viders and developers to upload SAR files, create user groups and define their membership, create and edit rule re-
sources, and submit rule subscriptions. 


 
The portal is provided partly to offer means to do things not possible with the SAR and SNR files, which are static, 
such as modifying rule resources, creating new ones, and managing user groups. It also provides a means of “rapid 
prototyping,” by allowing developers to make rule subscriptions directly, without forcing developers to use an inte-
grated development environment. 


3.3 Web Services 
Some applications may need to programmatically do the things developers do through the STEDE SDK or the Pro-
vider/Developer portal: create rule subscriptions, manage user groups, and manage rule resources. The STEDE Run-
time provides WSDL-based Web service interfaces for these purposes. 
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4 STEDE Runtime 


The STEDE Runtime im stalls the rule into the rule engine; it 
manages the activation sch e subscriptions; it evaluates the rule 
when its inputs are receive supplied in the rule subscription. 


 
The architecture of the STEDE Run  Set Manager (SSM) and the Rule 
Subscription Manager (RSM) hand  Acquisition Manager (DAM) and 


 acquisition, the Rule Evaluation Manager (REM), Rule Engine, and Rule Evalua-


plements the various features of rule subscriptions. It in
edule of the rule; it acquires the inputs specified in th
d; and it forwards the event information to the address 


time is shown in Figure 4. The Subscription
le rule subscription deployment; the Data


DAM Input Receiver handle data
tor handle rule management and evaluation, and the Event Forwarding Manager (EFM) and Event Forwarder handle 
the process of forwarding events to applications (and, as we shall later discuss, other event consumers). 


 


on it requests the DAM to acquire inputs for the rule, it requests the REM to install the 


able this, STEDE maintains a registry of data input sources, recording the input types they provide and entity spaces 


s rule subscriptions are received, they are added to the index based on their input specifiers. Our index is integrated 


tores the input into a multi-level 
hash table called the Input Buffer. The Input Buffer has a first level of entries indexed by entity ID and entity-group 
ID. Each entity ID and each group ID referenced in a rule has an entry. Each of these entries is itself a hash table, 


Figure 4. STEDE Runtime Architecture. 


4.1 Subscription Deployment 
The process of subscription deployment begins with the SSM unpacking the SAR file and interpreting the SNR file. 
Any user-group and rule-resource definitions are processed, and rule subscriptions are sent to the RSM for handling. 
The RSM maintains the set of rule subscriptions for the STEDE Runtime and manages rule activation and deactiva-
tion. For each rule subscripti
rule, and it passes the event-forwarding specification to the EFM for handling. 


4.2 Data Acquisition 
A primary benefit offered by STEDE is that it enables developers to simply declare the input their rules require, as 
an input-type, entity pair, or an input-type, entity-group pair. All considerations of data acquisition mechanisms, in-
cluding networks, data format, push vs. pull, and all other low-level input source characteristics, are hidden. To en-


that they supply input from. The input source registry also records the characteristics of the input sources, such as 
whether the source pushes data into the rule system, or must be polled for it. If polled, the source describes how fre-
quently the data changes, so that excessive polling can be avoided. 
 
An input source will supply a component that pushes inputs into the STEDE Runtime through a queue interface pro-
vided by the DAM Input Receiver. The primary function of the DAM Input Receiver is to identify which rules 
should be evaluated for the received input. We use an indexing scheme based on input type, entity, and entity-group. 
A
with another data structure in the system called the Input Buffer, described below. 


4.3 Rule Evaluation 
When the Rule Evaluator receives input from the DAM Input Receiver, it first s
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indexed by input type name. Input Buffer entries are created when a rule subscription is received. At this time empty 
o created, in order to avoid excessive object creation during rule evaluation. 


 of input data may be referred 


tiating an applica-
an interface for supporting extensions. 


We are currently extending the STEDE work in two directions: towards the ability to support large numbers of cli-
ility to support rules with more complex temporal patterns. 


gies, but we briefly note those that are most closely related. Chandy et al [4] describe an abstract programming 


input-data objects are als
 


The Input Buffer also addresses two other issues. The first is that to avoid costly searches for data at evaluation time, 
a structure of shared pointers is used so that input data is only copied into the Input Buffer once, and rules access it 


 th out further searching or copying. The second is that any itemfrom ere directly, with
to in a rule in multiple ways, because the entity that is the source of the data may be referred to by its ID or by a 
group to which that entity may belong. Therefore our Input Buffer provides a buffer location for not only an indi-
vidual entity’s data values, but also for each group known to the system. When data arrives, it is copied both to the 
entry for the individual entity it is from, but also to all groups to which the entity belongs. 
 
The Input Buffer is also important in decoupling the arrival of input from rule evaluation. This decoupling enables 
us to trigger rule evaluation immediately, or to pace rule evaluation when input data arrives too frequently. It also al-
lows us to manage the case where rules require inputs that arrive at different rates. 


4.4 Event Forwarding 
Rule subscriptions include an event-forwarding specifier that includes a destination “address” and a protocol indica-


r. Supported protocols include the common URL schemes such as http and file, class (for instanto
tion-defined class to handle the event), and 
 


5 Ongoing Work 


ents and towards the ab


5.1 Scalability 
We believe the flexibility of our service will make it attractive for service providers with large subscriber bases, 
such as large telematics service providers or wireless carriers. It would enable them to offer a wide range of services 
to their subscribers. For that to be feasible, however, our service must be scalable to a subscriber base numbering in 
the millions, and the number of services numbering in the hundreds or thousands. The resulting load on the service 
could be millions of rule evaluations per second. We must therefore have an architecture that can scale to this load, 
not only in the computational load of rule evaluation, but in the data transmission load involved in getting inputs to 
the rule engines. We have designed our programming model with these scalability requirements in mind. By encap-
sulating the “sense” logic in the form of rules, and by requiring programmers to explicitly supply the system with 
the resources required by the rules, our service can not only distribute rule evaluation for load balancing, but can 
also locate rule evaluation close to the sensors or data acquisition systems supplying the inputs 
 


5.2 Support for Temporal Correlation 
The scenarios outlined in the introduction cannot be supported with spatial primitives alone. One need that we have 
identified is to support temporal concepts in the application rules.  We plan to implement this support by adding an-
other rule evaluation component downstream from the existing spatial rule evaluator.  


 


6 Related Work 


As a framework for supporting sense-and-respond applications, STEDE is related to a broad array of work in real-
time monitoring, event-driven systems, and context-aware computing. However, STEDE is focused on the spatial 
domain, initially in the context of automotive telematics. Furthermore, it does not address applications where ex-
tended and complex patterns of events are of interest. Space does not permit a full discussion of related technolo-







 
model for dynamic applications that corresponds closely with the programming model of STEDE. The iSpheres 
Halo [9] platform offers a complete system for sense-and-respond programming. It does not, however, offer specific 
support for spatial events. Some work addresses the specific application of location-based notification. Hightower et 
al [7] propose a layered software architecture for supporting location in pervasive computing.  The Location Stack 
comprises seven layers, which have robust separation of concerns, and which provide the abstractions needed for lo-
cation processing. The stack supports multiple sensing technologies at the bottom  and multiple applications at the 
top. STEDE corresponds roughly to layers 3 (fusion), 4( arrangements) and 5 (contextual fusion). In [6] the authors 
describe their experiences in implementing the Location Stack for use in a real-world situation involving three loca-
tion sensor technologies: GPS, 802.11 and UC Berkley sensor motes. The implementation focused mainly on the 
bottom three stack layers. The top of the tree layers exposes an ap
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plication programming interface that allows loca-
on information to be delivered in three different ways:  automatically (whenever new data arrives from the sensor), 


manually (on demand by application query) or periodically (at application-specified time intervals. During the im-
l deviations from the pure Location Stack model were required, most notably, the propagation 


o ology type all the way up to the fusion layer, and the need to initiate programmatic control actions down the 


 support for 
ent patterns is offered by  ACT (Active Correlation Technology) [1]. ACT is a cross domain rule-based event cor-


 developed by IBM.  ACT rules use correlation, analysis and summarization patterns to transform 
ts into higher level complex events. The complex events can be used for notifications, alerts and 


 


d-
e 


ort development-time, deploy-time, and run-time activities. The clear 


ti


plementation, severa
f techn


stack.   The Openwave company’s Location Manager [11] is a mobile location infrastructure targeted for use with 
cellular phones in commercial or emergency location services. The Location Manager offers a low-risk investment 
model for application providers by enabling a shared infrastructure in a hosted environment and by following a stan-
dards based approach. The infrastructure includes software to integrate wireless network elements in an SS7 net-
work, location determination components, and privacy management. A developer toolkit and web services interfaces 
are provided for ease of development.  
 
Chen et al [5] describe a publish/subscribe system for spatial triggering, focusing on efficient matching algorithms. 
A set of spatial predicates and means of composing them are described by Bauer and Rothermel [2] and Nelson [10] 


resents a similar a set of spatial predicates, and extends this with some temporal operators. Strongerp
ev
relation component
low level input even
to automatically trigger actions.  Both stateless and stateful rules are supported.  A rule specification can include
event filtering criteria that is used by the ACT runtime to select incoming events to be processed by the rule. The 
ACT technology includes a graphical user interface (GUI) for creating rules and rulesets.  Houdini [8] is a rule lan-
guage and framework used for user-preferences policy management for telecommunication services. As such, it a
dresses a different set of applications than STEDE, and does not address spatial events.   Houdini and ACT runtim
environments could both serve as a base rule engine for STEDE.  
 


7 Conclusions 


We have described the Spatio-Temporal Event Detection Environment, a multi-application infrastructure that we be-
lieve can enable a wide range of event-driven mobile-computing services. STEDE’s rule-based programming model 
provides a natural basis for support of the sense-and-respond programming paradigm, and its function set enables a 
range of spatio-temporal conditions to be expressed in a high-level manner. Its data-acquisition and rule-evaluation 
subsystems are designed for flexibility with respect to input sources as well as low latency in rule evaluation. 
STEDE’s application developer tools supp
separation of infrastructure from application in STEDE  is a key feature that we plan to exploit further to address 
scalability. We believe it will enable the units of computation to be both replicated widely to make efficient use of 
resources, and pushed out close to the sensors to reduce communication needs in the wide-area network. 
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