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Preface

The aim of the annual W2GIS workshop is to provide an up-to-date review of
advances on recent development of Web and wireless geographical information
systems, and new challenges and opportunities for researchers, developers and
users in the GIS community. The main topic of the W2GIS workshop is theoret-
ical and technical issues of Web and wireless geographical information systems.
This workshop followed the successful 2001, 2002 and 2003 editions, held in Ky-
oto, Singapore and Rome, respectively. The 2004 edition was held in Goyang,
Korea.

In its 4th year, W2GIS reached new heights of recognition as a quality work-
shop for the dissemination and discussion of new ways of accessing and analyzing
geospatial information. This year, 39 papers were submitted from 15 countries,
and 20 papers were accepted from 11 countries. Similarly, the Program Com-
mittee consisted of 39 members from 16 countries.

We had the privilege of having three distinguished invited talks: “Eliciting
User Preferences in Web Urban Spaces,” Yanwu Yang and Christophe Clara-
munt, Naval Academy Research Institute, France; “Discovering Regional Infor-
mation from Web: Localness and Landmark Computation,” Katsumi Tanaka,
Department of Social Informatics, Graduate School of Informatics, Kyoto Uni-
versity, Japan; and “Towards Knowing, Always and Everywhere, Where Ev-
erything Is, Precisely,” Christian S. Jensen, Department of Computer Science,
Aalborg University, Denmark.

The workshop was organized by the Internet Information Retrieval Research
Center (IRC) of Hankuk Aviation University, Korea. The IRC was established in
2001, sponsored by the Ministry of Science and Technology, Korea, KOSEF (the
Korea Science and Engineering Foundation), Gyonggi-do (local government) and
various venture companies (over 20). The research term of the IRC is 9 years,
and its research fund is 9 million dollars total.

We wish to thank the authors for the high quality of their papers and pre-
sentations, and the Program Committee members for their timely and rigorous
reviews of the papers. We thank the Steering Committee members for organizing
and supporting this event. Finally, special thanks go to Stefano Spaccapietra for
his advice and help.

November 2004 Yong-Jin Kwon
Alain Bouju

Christophe Claramunt

Workshop Chairs

W2GIS 2004



In Memory of Prof. Yahiko Kambayashi
(February 15, 1943 — February 6, 2004)

We are deeply saddened by the sudden and untimely passing away of Prof. Yahiko
Kambayashi, Dean of the School of Informatics, Kyoto University, Japan. His
unexpected departure is a tremendous shock to everyone who knew him. He was
60.

Prof. Kambayashi was one of the pioneers of database research as well as
a leader of the international database research community. He published nu-
merous articles in major database journals and conferences such as Information
Systems, SIGMOD, VLDB and ICDE. He was also the author and the editor
of many books and conference proceedings. Prof. Kambayashi was an IEEE fel-
low, a trustee of the VLDB Endowment, a member of the SIGMOD Advisory
Committee, a vice-chair of the ACM Tokyo/Japan Chapter, the chair of the
DASFAA Steering Committee, a co-chair of the WISE Society and the WISE
Steering Committee, a member of the W2GIS Steering Committee, a member of
the CODAS Steering Committee, a member of the ER Steering Committee, a
member of the RIDE Steering Committee, a co-editor-in-chief of the World Wide
Web Journal, an associate editor of ACM TODS, and a member of the editorial
board of several international journals. He was a winner of the ACM SIGMOD
Contribution Award in 1995 for his many professional services in Japan and
worldwide.

Prof. Kambayashi had been making great efforts to organize this W2GIS 2004
workshop, just before his sudden passing. Together with all the authors and the
participants, we are taking this opportunity to express our heartfelt condolence
and our deepest sympathy to his family.

November 26th, 2004 W2GIS 2004 Workshop Committee
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Web Services Framework
for Geo-spatial Services

Minsoo Kim, Mijeong Kim, Eunkyu Lee, and Inhak Joo

Telematics Research Division, ETRI
161, Kajeong-dong, Yuseong-gu, Daejon, South Korea
{minsoo,kmj63341,ekyulee,ihjoo}@etri.re.kr
http://www.etri.re.kr/e_etri/

Abstract. In this paper, we propose a Web Service framework for four
kinds of geo-spatial services of GIS, SIIS, ITS, and GNSS. First, we ex-
amine what requirements are needed when designing the framework for
various kinds of geo-spatial services. Then, we show how the framework
can contribute to efficient geo-spatial services on both wired and wire-
less environment. Main issues in a design of the framework are to define
interoperable interfaces, to define standardized metadata, and to design
efficient geo-spatial server for various kinds of geo-spatial services. The
framework fundamentally adopts international standards such as WMS,
WEFS, WCS, and WRS announced by OGC. The adoption satisfies the
interoperability, extensibility, and standardization of the framework. Es-
pecially, we focus on a design of main memory-based GIS server(MM
server). The MM server can efficiently serve huge volume of GML docu-
ments via Web Service. And experimental results show the effectiveness
of the framework and MM server.

1 Introduction

Recent advance in web-based technology is raising new users’ requirements that
intend to serve complex and huge volume of information via Web. Especially,
in geo-spatial information research field, such requirements that intend to serve
huge volume of vector-typed map and satellite imagery map via both wired and
wireless network are emerging. Over the past few years, a great deal of attention
[1-6] in the Web Service technology has been directed towards efficient service
integration among heterogeneous distributed servers. Therefore, it is meaningful
to apply the Web Service technology to services integration among heterogeneous
geo-spatial servers. However, it is not easy to provide geo-spatial services on
Web environment on account of diversity and complexity [7] of geo-spatial data
themselves. Actually, there were nearly case studies that can serve huge volume
of geo-spatial data owing to the efficiency problem of Web Service so far.

So, in this paper we propose Web Service framework for geo-spatial ser-
vices that has features of interoperability on Web environment, extensibility on
various kinds of geo-spatial services, and efficient performance on wired and
wireless network. The framework is composed of several kinds of geo-spatial

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 1-13, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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servers, geo-spatial broker, and web-based clients. In order to provide interop-
erability and extensibility on the geo-spatial services, we basically apply im-
plementation specifications of OpenGIS Consortium (OGC) for designing the
Web Service framework [3]. Speaking in detail, “The Simple Features Specifi-
cation for OLE/COM?”(SFS) [9], “Web Map Services Implementation Specifica-
tion”(WMS) [10], “Web Feature Services Implementation Specification” (WFS)
[11], “Web Coverage Services Implementation Specification” (WCS) [12], “Ge-
ography Markup Language Implementation Specification”(GML) [13], and “Web
Registry Services Implementation Specification” (WRS) [14] are used to build the
framework. The framework, actually, uses WMS, WFS, and WCS to build var-
ious kinds of geo-spatial servers that can provide image map such as JPG or
GIF, vector map such as GML, and coverage information such as GeoTIFF, re-
spectively. WRS is used to build geo-spatial broker that can provide a runtime
discovery and registration for geo-spatial services. This Web Service framework
can support four kinds of geo-spatial services that GIS server, SIIS (Spatial
Imagery Information System) server, ITS server and GNSS server expose. Geo-
spatial broker that accommodates WRS and references “Universal Description,
Discovery and Integration” (UDDI) is a kind of metadata repository for geo-
spatial services. So, geo-spatial servers can publish metadata for their services
to the geo-spatial broker, and web-based clients can find metadata for their re-
quests from the broker. Especially, the framework includes MM server that can
give fast responses to clients by removing loading time of geo-spatial data and
conversion time for vector data to GML. The main advantages of this Web Ser-
vice framework are (1) it can efficiently provide the integrated services of various
kinds of geo-spatial servers by using OGC and W3C specifications; (2) it can
give fast responses to clients by using the MM server.

First, we present an overview of Web Service environment for geo-spatial
services in the next section. Then, we present specific requirements of the Web
Service framework for geo-spatial services in section 3 and propose our solutions
that satisfy those requirements in section 4. Lastly, we show some examples for
the framework and conclude our suggestions in the remaining sections.

2 Overview of Web Service Environments
for Geo-spatial Services

A Web Service provides a set of protocols that allow applications to expose their
functions and data to other applications over the Internet. Also, a Web Service
provides a language and platform independent syntax for exchanging complex
objects using messages. This Web service architecture has three essential com-
ponents: service provider, service broker, and service requestor. Service provider
publishes an availability of its service resources to service broker using “Web
Service Description Language”(WSDL) [15] and delivers its services to service
requestor when the service requestor wants to bind to its services. Service broker
is acting as a registry or clearinghouse of services using UDDI. Service requestor
performs discovery operations of services from the service broker and receives
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result metadata. Using the metadata, service requestor binds to services of ser-
vice provider and performs services. Such mechanism of Web Service is termed
as “Publish-Find-Bind” and can be depicted as Fig. 1. Web environments for
geo-spatial data are mostly researched and standardized by OGC. The OGC
has announced many implementation specifications for Internet service of vari-
ous kinds of geo-spatial data. However, the old specifications that have already
announced by OGC considered only Internet services for geo-spatial data on web
browser. In the beginning, OGC announced WMS, WFS, WCS, and Catalog ser-
vices specification [16] to easily provide geo-spatial data on web browser. They
did not consider the Web Service architecture that can expose geo-spatial ser-
vices directly using XML. However, OGC began to cooperate with W3C recently,
and OGC is announcing new specifications such as WRS, GML, and “OpenGIS
Reference Model”(ORM) [17] for Web Service. Although the new specifications
are not perfectly conformed to Web Service architecture, OGC are making all
efforts to confirm the new specifications to Web Service specifications. Speak-
ing in detail, WMS only defines interfaces that can transmit simple image map
for web browser based on server-side mapping. On the contrary, WFS defines
more complex interfaces than WMS, which can transmit GML documents and
can perform spatial operators based on client-side mapping. WCS is similar to
WES except that it transmits satellite imagery data instead of vector-typed map.
GeoTIFF, HDF-EOS, DTED, and NITF are widely used as encoding formats for
the satellite imagery data. There are additional specifications of “Styled Layer
Descriptor”(SLD) [18] and “Coverage Portrayal Service” (CPS), which define in-
terfaces to change client-side mapping into server-side mapping in case of WFS
and WCS servers. In other words, SLD and CPS can convert GML and Geo-
TIFF typed data that are generated in server side mapping into image map that
can be used in client. Such conversions are needed in case of thin clients that
can only visualize image map. Fig. 2 shows relations between OGC specifica-
tions that serve various kinds of geo-spatial data. In this paper, the Web Service
framework adopts OGC specifications of WMS, WFS, WCS, and WRS as a ba-
sic architecture. Therefore, the framework can serve all kinds of geo-spatial data
that OGC defines. Additionally, we upgrades and modifies the basic framework
in order to efficiently serve huge volume of geo-spatial services on both wired
and wireless network environment, which will be discussed in section 4.
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3 Requirements and Problems
for Web Service Framework

In this section, we focus on the properties of various kinds of geo-spatial data and
services that should be considered when we design the Web Service framework.

3.1 Huge Volume of Geo-spatial Data

Huge volume problem is an inherent property of geo-spatial data. Generally, the
size of one geo-spatial object varies from tens of bytes to thousands of Kbytes in
the real world applications. Because of huge volume of objects and large number
of objects, it is almost impossible to efficiently transmit them to web clients
on Web Service environment. General geo-spatial servers, for example Microsoft
TerraServer [19], need three steps to provide huge volume of geo-spatial data
using Web Service: (1) load geo-spatial objects from the persistent storage such
as file system or database system; (2) make XML documents, GML document in
this case, for loaded objects; and (3) transmit huge volume of GML documents.
Most geo-spatial servers that mainly handle huge volume and large number of
objects consume too much time in the three steps. We think it is very difficult
to provide geo-spatial data using Web Service on wired and wireless network,
so we propose MM server as a solution to solve the time constraint. The MM
server is explained in detail in the next section.

3.2 GML-Typed Geo-spatial Data

For the purpose of satisfying Web Service architecture, it is also an important
requirement for GIS server to convert original geo-spatial objects into GML
documents on-line. Unfortunately the GML conversion consumes too much time,
which often becomes major cause of late response to clients. Moreover, as the
size of GML document increases, the response time to clients is getting worse
and worse. So, we propose preprocessing of GML conversion as a solution for
that problem. The preprocessing can give fast response to clients by saving the
time consumed by on-line GML conversion. We will discuss more details about
this in the next section.
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3.3 Web Service for Geo-spatial Services

Web Service framework for geo-spatial services should provide not only geo-
spatial data, but also geo-spatial functions. In other words, geo-spatial servers
should be able to publish metadata for geo-spatial data and functions, clients
should be able to find out metadata of the data and functions from broker, and
clients should be able to bind to the data and functions. So, clients can access
geo-spatial data directly or indirectly using geo-spatial functions. However, the
old specifications of OGC, especially WRS, basically did not consider the Web
Service architecture. Therefore, we propose a new geo-spatial broker as an ex-
tended model of WRS by adding UDDI specification. More detailed description
is shown in the next section.

4 Solution: Web Service Framework
for Geo-spatial Services

This section presents the Web Service framework to meet the requirements and
to solve the problems as stated above. The framework consists of four kinds of
geo-spatial servers, a geo-spatial broker, and web-based clients. Comparing Web
Service architecture, geo-spatial servers conform to service providers, geo-spatial
broker conforms to a service broker, and web-based clients conform to service
requestors. Fig. 3 shows overall configuration of the suggested framework running
on Web Service environment where right bottom side describes the detail of the
servers, right top side describes the detail of the broker, and left top side describes
clients.

Q Service Reauestor Find . Sorthe Bk
Request
M =5 Discoev%:yData
Response Discovery
Document

i publish Metadfata
T T

e——— ﬁ Publish
4 .

1
Bind: SR
! ‘cissever |1 SIS
I
-« Request Data » SIS
! +Request service(vethod ca) ssseer 50
* Response Data (XML/GML) ; i :
* Response Service Result ‘ LT Sarver | m

B —
lga Service Prm

Fig. 3. Overall Configuration of Web Service Framework for Geo-spatial Services.
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4.1 Geo-spatial Servers

The framework includes four kinds of servers for the purpose of providing various
kinds of geo-spatial services. As shown in Fig. 3, the framework defines GIS, SIIS,
ITS, and GNSS servers that are capable of providing vector-typed map, satellite
imagery information, real-time traffic information, and location information of
moving object, respectively. Also, the framework defines a broker that is able to
manage all metadata published by servers. It is remarkable for a broker to be
capable of managing geo-spatial functions as well as geo-spatial data. Therefore,
servers can publish metadata for all dataset that they can provide, and can pub-
lish metadata for all functions that they can serve. In the framework, GIS server
publishes GML-typed map and WFS interfaces as example geo-spatial functions.
SIIS server publishes GeoTIFF-typed map and WCS interfaces. ITS server and
GNSS server only publish functions that can provide real-time traffic informa-
tion and real-time location information, respectively. In short, our framework
defines that GIS server and SIIS server publish both data and functions, ITS
server and GNSS server only publish functions. Defining servers and a broker,
it is remarkable to accommodate OGC specifications in order to guarantee the
conformance to international standards.

As explained in section 3, major problems in designing the Web Service
framework are huge volume of geo-spatial data and time-consuming GML con-
version, especially in GIS server. Because the problems cause GIS server to
consume too much time, it is almost impossible to satisfy clients’ request in
given time. So, we proposes MM server that can satisfy the time limits of clients
to some degree. The MM server has two main features: main memory-based
geo-spatial data management and preprocessing-based GML conversion.

The MM server controls huge volume of physical main memory about more
than 4 GBytes. The MM server converts all geo-spatial dataset into GML doc-
uments as soon as it loads dataset from GIS data source. Then, the GML doc-
uments always reside in main memory and are directly provided to the clients
upon request. Moreover, the framework defines a geo-spatial engine for the MM
server to enhance the performance of the server. Exploitation of the MM server
can highly enhance the overall performance of the framework by removing prob-
lems of huge volume of data and time-consuming conversion. As a result, it
becomes possible to serve huge volume of geo-spatial data that has constraints
in time limits on Web Service environment. The MM server is composed of spa-
tial data provider (SDP), spatial data manager (SDM), spatial data configuration
tool (SCT), and spatial query manager (SQM), as shown in Fig. 4.

Spatial Data Provider (SDP). First, the MM server loads vector-typed
dataset to main memory using SDP component. The SDP that is a part of
SFS specification makes it possible to access any kinds of GIS databases with
the same interfaces and methods. It means that the MM server has a distinctive
feature of extensibility that can load any kinds of geo-spatial data if there exist
SDP components. In the suggested framework, we provide five SDP components
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Fig. 4. Architecture of Main Memory-based GIS Server (MM Server).

for different kinds of data sources: shape file, DXF file, SDE spatial engine, ZEUS
spatial DBMS, and GeoMania spatial server.

Spatial Data Configuration Tool (SCT). SCT is a simple administration
tool for the MM server. This tool invokes the SDM and makes the SDM running
state. Then, it chooses SDP component what server wants to load among various
kinds of data sources.

Spatial Data Manager (SDM). This is a main module of the MM server.
SDM plays an important role in enhancing the performance of the server, for
which SDM includes functions such as main memory-based geo-spatial data man-
agement and preprocessing based GML conversion. The SDM directly manages
main memory over 4 GBytes by taking an access control away from Operating
System. The production of GML documents and their residence in main mem-
ory are performed by converting WKB (Well-Known Binary) dataset to GML
documents when SCT chooses an SDP for geo-spatial dataset. WKB is a stan-
dard format for geo-spatial data supported by SDP component. And also, the
SDM should have spatial engine for efficient processing of geo-spatial queries.
Actually, the spatial engine has functionality of spatial indexing manager using
R*-tree [20] indexing method and spatial operator such as “within”, “intersect”,
and “contain”. The main advantage of the SDM is that it can give rapid re-
sponses to clients’ requests by saving access time of huge volume of geo-spatial
data and conversion time from source to GML documents. However, the SDM
implemented in this paper has the advantage only for GIS data. Furthermore, the
SDM has a disadvantage that it needs much time to make all GML documents
reside in main memory when the MM server starts.

Spatial Query Manager (SQM). SQM accepts clients’ requests, analyzes the
requests, divides the requests into small queries, and delivers the small queries
to SDM. The framework basically accommodates WFS to design the SQM. The
processes of analysis of requests, division of requests, delivering small queries



8 Minsoo Kim et al.

are actually designed by using WFS interfaces such as “GetCapabilities”, “De-
scribeFeatureType”, and “GetFeature”. The SQM should systematically work
with the SDM in order to optimize the overall performance of the MM server. The
SQM is physically implemented by using “Internet Server Application Program-
ming Interface” (ISAPI) extension component, which guarantees more efficient
services than CGI especially when many clients request services simultaneously.

4.2 Geo-spatial Broker

The second major part of the suggested framework is a geo-spatial broker, which
conforms to a service broker in Web Service environment between service re-
questor and service provider. It is the most important purpose of the broker
to register and provide metadata for various kinds of geo-spatial services with
standardized interfaces. For this purpose, the framework basically adopts WRS.
However, the initial WRS does not consider metadata registration and find-
ing using SOAP [21], UDDI, and WSDL that are required in Web Service for
geo-spatial functions. Therefore, we should extend the WRS using Web Service
architecture. Fig. 5 shows newly suggested architecture of the geo-spatial bro-
ker, which is composed of interface component, XML parser component, search
component, and core component. Interface component as a gate to the broker
should provide how clients and servers can access the broker. XML parser com-
ponent should be able to decode XML documents and encode broker’s results
into XML documents. Search component should be able to find out metadata
for geo-spatial services and send the results through XML parser component and
interface component. Main component of the broker is core component, which
directly processes requests of clients and servers. The core component should
be composed of WSDL manager, authentication manager, requestor manager,
service manager, and data manager for achieving Web Service for geo-spatial
data and functions. Authentication manager, requestor manager, and data man-
ager that process metadata for geo-spatial dataset are conceptually defined in

Service Requestor & Service Provider

Interface Component Spatial
Broker

XML Parser Component
(Encoder / Decoder)

Search Component Core Component

WSDL Manager
Authentication Manager

Requestor 8 Service Data
Manager Manager Manager

Fig. 5. Architecture of Geo-spatial Broker.

Metadata
_for Data
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or Service|
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WRS. However, because WSDL manager and services manager are not defined
in WRS, the broker defines them to process geo-spatial functions. Authentica-
tion manager only checks whether clients or servers are certified users. Requestor
manager maintains information for users currently connected to the broker. Data
and service manager performs the “Publish” processing for geo-spatial data and
functions, respectively. WSDL manager analyzes clients’ requests given as WSDL
type and sends the results to requestor manager, service manager, or data man-
ager depending on the requests. The main advantage of the geo-spatial broker is
that the broker can handle metadata for both geo-spatial data and geo-spatial
functions by extending the WRS.

4.3 Experimental Results of the Main Memory-Based GIS Server

We now present simple performance study to verify the feasibility of the MM
server suggested in 4.1. Before presenting the experimental result, we inform
you that performance comparison between MM server and ordinary GIS server
is omitted. We think it is meaningless to do such experiment, because main
memory is always 10 to 20 times faster than secondary memory. So, we only
focus on the experiment about the service availability for huge GML documents
on wired and wireless network environment. The experiment was performed using
PDA on wireless network environment and laptop computer on wired network
environment,.

We performed sample queries that request variable size of GML documents on
PDA and laptop computer. For more exact analysis, we measured loading time,
parsing time, and drawing time of GML. The loading time means download time
of GML documents from server to client, the parsing time means analysis time
of GML documents, and the drawing time means mapping time in client. The
experiment was performed on a PDA whose specifications are Intel PXA 250
applications processor (400MHz) chip, 64MB SDRAM, 802.11b Wi-Fi wireless
network card of 11Mbps on Microsoft Pocket PC 2002 operating system, and on
laptop computer whose specifications are Intel Centrino Mobile 1.6GHz CPU,
1GB DDR SDRAM, 802.11b Wi-Fi wireless network card of 11Mbps. We used
real dataset of Seoul district in Korea for the experiment, and we will show its
example view of the dataset in section 5. Fig. 6 shows the comparisons about
(a) loading time, (b) parsing time, and (¢) drawing time. According to the ex-
periment, especially, the loading time and the parsing time on PDA increase
exponentially as the size of GML document increases. For the largest GML doc-
uments in this experiment (1,629 Kbytes), it took even about 21 seconds to load
GML document on PDA, while it took about 3 seconds on laptop computer. It
means that the MM server took less than 3 seconds to build GML documents
of 1,629 Kbytes that hold about 3,000 objects of line string type. Also, in the
parsing time, it took about 33 seconds to parse the GML document of 1,629
Kbytes on PDA and about 1 second to parse the same document on laptop (the
difference of parsing time is due to computing power of client, not the perfor-
mance of MM server). The drawing time shows relatively small difference in the
performance (3 seconds on PDA and 0.8 second on laptop). According to the
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Fig. 6. Performance Comparison on PDA and Laptop.

experiment, it is meaningful to use the MM server when we provide huge volume
of GML documents on wired network. However, in case of PDA, it took over 53
seconds in loading and parsing GML document of 1,629 Kbytes (Fig. 6), so we
can assert that it is very difficult to provide huge volume of GML documents on
wireless network, even though we use the MM server.

As a conclusion, we remark that: (1) the MM server is very feasible to provide
huge volume of GML on wired network environment, and (2) the PDA may
have problems to receive huge volume of GML on account of wireless network
bandwidth and weak computing power, even though the MM server enhance the
performance.

5 Implementation

We implemented a prototype for the suggested Web Service framework. To eval-
uate the framework on Web Service architecture, first of all, we implemented
the MM server and then made simple SIIS server, ITS server, and GNSS server
as a prototype. The MM server provides vector map of Seoul district in Ko-
rea, the SIIS server provides IKONOS information of the same area, the ITS
server provides real-time velocity with the type of (Link ID, Velocity) of the
same area, and the GNSS server provides location of moving objects with type
of (Object ID, Location) of the same area. WES and WCS are also imple-
mented as a part of the MM server and the SIIS server, respectively. And we
implemented the geo-spatial broker and sample client. The geo-spatial broker
was implemented by accommodating WRS and by referencing UDDI, and the
sample client was implemented to be able to visualize all results format such
as JPG, GIF, GML, and GeoTIFF that the servers give at the same time on
Web browser. Further, we implemented an administration tool for the geo-spatial
broker with the sample client system using Web browser. All parts of the frame-
work are implemented using various programming tools such as Visual C, C#,
COM, and so on. Fig. 7 and 8 show our implementation examples for testing the
suggested framework.
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“http://www.4s.re.kr/WRS /webapplication/main/main_search_data.html”.

6 Conclusion

It is difficult to serve complex and huge volume of geo-spatial information on
Web Service, because general geo-spatial servers that provide various kinds of
geo-spatial data such as GML and GeoTIFF consume too much time in loading
and converting huge volume of data to Web Service format. So, we proposed
the Web Service framework that has the following features: (1) it can efficiently
provide the integrated services for four kinds of geo-spatial servers in standard-
ized manner; (2) it can provide geo-spatial functions as well as geo-spatial data;
and (3) it can provide huge volume of GML documents within the allowed time
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given by client. And the framework is composed of geo-spatial servers, geo-
spatial broker, and web-based client. Speaking in detail, we (1) designed the
basic framework that accommodates the OGC specifications in order to provide
the integrated geo-spatial data in the standardized manner; (2) extended the
basic framework by referencing the W3C specifications in order to serve geo-
spatial functions as well as geo-spatial data; and (3) proposed the MM server
that can rapidly serve huge volume of GML documents in order to solve the per-
formance problem. And we presented performance comparison between PDA on
wireless network and laptop on wired network in the experiment for evaluating
the performance of the MM server. The experimental results showed that the
MM server is very feasible to provide huge volume of GML on wired network
environment, but not on wireless network environment.

Summarizing our work, we designed and implemented the Web Service frame-
work for various geo-spatial services, and we implemented the MM server that
can handle huge volume of GML document. We think this framework can be
practically applied to Web Service application field for geo-spatial services as a
standard model. For example, distributed geolibraries [22] that should provide
various kinds of geo-spatial services is able to apply this framework.

Although we did not design and implement the SIIS server, ITS server, and
GNSS server that can serve huge volume of data, we can enhance their perfor-
mance by applying the MM server proposed for GIS server. As the future work,
we are planning to update the MM server so that it can work on wireless network
environment, for which we consider loading WKB in main memory instead of
GML.
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Abstract. Regional web search engines provide users with spatially restricted
web contents. We propose a time-specific regional web search engine, where
users can retrieve both spatially and temporally restricted information from the
Web, i.e. a description of a shop available at certain time in a certain region.
Because there are many web pages containing descriptions of more than one ge-
ographic entity, a matching mechanism of spatial and temporal attributes is re-
quired. We used HTML tag structures to make matches between addresses and
temporal interval expressions. Based on the extracted result, map-based visual
interface was implemented.

1 Introduction

The Web is now widely used for retrieving regional information, in spite of the fact that
it is a global information system. Various regional web search systems have been pro-
posed that enable users to retrieve information related to a specific geographic region.
We propose a time-specific regional web search system, where the user can specify
both the temporal and spatial attributes in addition to spatial attributes of the geographic
entities.

The system can be used when the user wants to know if a shop is open at a specific
time in a specific region. Some of the motivating examples are listed below:

8:00 Find a hamburger stand open early in the morning, near the highway.
12:00 Find a restaurant, open during lunch break, near the office.
19:00 Find a gift shop, open in the evening, by the station.
22:00 Find a nightclub, downtown.

1:00 Find a bar, open after midnight.

Many regional search systems, (not necessarily web-based), do not accept temporal
restrictions in a query. One reason is because the map data provided by GIS suppliers
does not contain business hour information. Finding business hours for each shop is a
labor-intensive task, and it is unlikely that GIS suppliers will provide such data in the
near future.

Currently, there is a growing amount of business hour information available on the
web sites. However, with since information are scattered over the Web, the user must
check a considerable number of web pages to obtain the desired information.

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 14-25, 2005.
(© Springer-Verlag Berlin Heidelberg 2005
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For example, the user must take the following steps to reach to a description of a
shop, open at a specific time in a specifc region.

1. Think of a region name designating the target area.

2. Send a query 'region name + shop category name’ to a search engine.

3. Retrieve the results and check each page

4. See if temporal interval expressions are included, and, if so, check to see if they
fulfill the requirements.

If the spatial and temporal attributes were collected prior to the search, and pre-
sented on a map-based visual interface, the user’s load would be greatly reduced.

The main objective of our research is to construct a system for the automatic ex-
traction of the spatial and temporal attributes from the web contents and to be able to
visualize the map-based interface.

The basic architecture of the system is shown in Figure 1.

Search
Interface
—
“SEST
i ot "Q‘u;}/

=—

Time
Web Resources Specification

Space
= Specification

Fig. 1. The Extraction and Visualization of Temporal and Spatial Attributes.

In Section 2, we will discuss some related research. In Section 3, we define some
of the terms used in this research. Then, in Section 4, we will describe algorithms used
for the extraction and the matching of the attributes. In Section 5, we will evaluate the
algorithms. In Section 6 we will describe an implementation an enhanced dynamic map
interface for the spatial and temporal specifications of web contents, and, in Section 7,
we will conclude our presentation.

2 Related Work

Sagara et al. have developed GeoParse [4], that extracts addresses from web content and
converts them to coordinates. Yokoji et al. implemented “Kokono Search” [3], where
users can search web content related to specified coordinates, addresses, or station
names. These systems retrieve spatially specific web contents, whereas in our system,
users can search for both spatially and temporally specific information on the Web.
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Sumiya and Tanaka have discussed the management of web contents as a web
archive system [9]. This research focused on the temporal attributes of the web pages
themselves, and not on the geographic entities described within those pages.

Spatially and temporally specific retrieval of web content are also discussed, in
terms of the standardization of temporal and spatial attributes in XML format [6]. Point
Of Interest eXchange Language Specification (POIX) [7] is a proposed specification for
the location and temporal attributes in web documents. Based on this standardization,
some works describe the extraction of spatial and temporal attributes [8]. However, at
this moment, most web pages are not based on these specifications. Addresses and busi-
ness hours are usually expressed in plain text. Therefore, the text-mining approach is
still useful for retrieving information from most web contents. Also, because so many
different standards have been proposed, it may take a long time to agree on a universal
standard.

There are also web sites that provide time-specific searches for shops in this type of
database must be manually constructed. In our system, time attributes are automatically
collected from the Web.

Kiyomitsu et al. discussed the personalization of web content, based on the date and
the location of the user’s access [10]. Although they used temporal and spatial attributes
in their analysis, their goal was solely to personalize the web contents. In their system,
the users cannot arbitrarily pecify the time and region.

Morishita et al. developed SpaceTag [ 1], where the user’s mobile device can re-
ceive different information, depending on his/her location. The information had to be
manually registered, either by the user or an administrator. Automatic extraction from
the Web was not considered. In our research, no manual registration is necessary, and
even shops that were not included in the original map data can be added to the database,
once their spatial and temporal attributes are given on a web site.

Hirata and Murakami discussed the Memory-Organizer [|2], which is a system
for helping users’ personal memories by linking memorandum to certain locations and
times. They briefly discussed the extraction of event schedules and shop business hours
from the Web. However, Memory-Organizer is not a search system and it does not have
a visualized interface that allows users to specify the region and time. Additionally, they
did not implement the actual web mining system for Memory-Organizer.

Our method of extracting matches between the spatial and temporal attributes, us-
ing HTML tags, resembles that of Hattori et al. [14]. However, their system was for
matching image files along with their descriptions.

3 Definitions

The terms used in this research are defined as follows.

Geographic entities are physically continuous entities with static positions in ge-
ographic space, in/on which people can take action. Shops are geographic entities, as
are stations, buildings, sight-seeing spots, and landmarks. Because our research deals
with the available hours associated with geographic entities, locations related to social
activities will be our primary focus.
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An address is an administrative district, in which geographic entities are located.
The required level of specification for addresses differs by application, and, in this re-
search we used minor-sub-districts, which are sub-division of wards. The spatial at-
tributes extracted from the Web are limited to addresses in this research. The number of
addresses contained on a web page p is expressed by a(p).

A temporal interval, is a stretch of time, related to a geographic entity. In most
cases, this is a stretch of time during which the geographic entity is available. For shops,
it is their business hours. For public facilities, it is hours they are available. For events,
it is time interval the event is held. The temporal attributes extracted from the Web
are limited to temporal intervals, in this research. They have the advantage of reducing
noise, since collecting time expression results in a lot of noise, due to the ambiguity
in its expressions. The number of temporal intervals contained in a web page p will be
expressed as t(p).

A 1-1 match is a state where one address and one temporal interval are found in a
specific location on a web page. The methods used for obtaining 1-1 matches will be
discussed in detail later.

4 Extraction Algorithm

The extraction algorithm consists of three parts: temporal interval extraction, address
extraction, and a matching of the two.

4.1 Temporal Interval Extraction

Temporal intervals of geographic entities are expressed in various forms, including
these shown in the list below.

From 9:00 a.m. to 5:00 p.m.
10:00-18:00

From 5:00 to midnight
PM. 18:00 - A.M. 2:00
21:00-2:00

Yet there are certain patterns in these forms that we can automatically convert to a
pair of opening and closing time. Below is an example of these conversion patterns.
(PMIPM)h:m — h=h+12
h:m (PM|PM) — h =h+ 12
h>24—h=h-—24
Noon — h=12,m =0
hi : my (to|-) ha : o — OpenAt=h; : my, CloseAt=hg : mo

We have constructed a regular expression that represents the above patterns.

There are cases where a shop’s business hours depend on the day of the week. Also,
some shops specify lunch hours in addition to business hours. Other pages write the
morning and afternoon hours separately. If we consider all these factors, the possible
permutation will be enormous. In our research, we will use a pair that forms a 1-1 match
only, and avoid these complications.
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If time expressions were extracted instead of temporal interval expressions, there
would be a large amount of noise, due to the ambiguities in the format for the time
expressions. For example, if we were to extract “3 to 4 digits separated by a colon”, or
as a regular expression (/[0 — 2]?[0 — 9] : [0 — 5][0 — 9]/), we would have difficulty
selecting time expressions from the unexpected matches. Because we have limited our
retrieval to temporal intervals, the noise problem is greatly reduced.

4.2 Address Extraction

All that is required to extract addresses from web contents is to match the required
address with the addresses stored in the database. Unlike the extraction of temporal
intervals, no special regular expressions are necessary. However, a few cases require
special care.

e Ambiguities in address expressions. There are cases where a city/ward name and a
district name are separated by a street name or a route direction.

e The city/ward name and the district name are written separately in the same doc-
ument. Although this is not the formal way of expressing an address, there is a
chance that they will correspond, and the location can be specified.

e A building or an organization name followed by a ward name enclosed in paren-
theses. This expression is often found in local newspaper articles. If this is used
together with building name database, the location can be specified.

Using address and coordinate data from GIS, the address is converted into coordi-
nates and stored in the database.

4.3 Matching Algorithm

Let P indicate a set of web pages, and p an arbitrary web page in P. p can contain
descriptions of an arbitrary number of geographic entities.

If p contains only one address and one temporal interval, then it is likely that those
two attributes are associated with an identical geographic entity. We call this a page-
wise 1-1 match between the address and the temporal interval.

On the other hand, there are cases where a web page contains more than one address
or temporal interval, i.e. a list of shops’ information. To extract information from such
web pages, a different method to retrieve a 1-1 match must be considered.

We use HTML tag structures to retrieve 1-1 matches from this type of web pages.
HTML structures, unlike XMLs with stricter machine-readable formats, allow start tags
without end tags. Thus the tree structure is harder to extract from HTML documents
compared to XML documents. Therefore, we extract in the following way, instead of
extracting tree structure.

If any string wedged between <T> and <T>, or <T> and </T>, contains one
address and one temporal interval, we call this a tag-wise 1-1 match. A pseudo-code
for our extraction mechanism is as follows.
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PARSE the target web page.

PUSH each start tag, address, and temporal interval to the stack PED.
STORE the most recent address into RA.

STORE the most recent temporal interval into RT".

IF the parser reaches a start/end tag of type 7',

SCAN through each entry AN of PED from top to bottom, ignoring the very
top entry.
IF AN is an address, CA + +.
IF AN is a temporal interval, CT + +.
IF AN is a type T start tag,
IFCA=1ANCT =1,
OUTPUT the pair (RA, RT) as a tag-wise 1-1 match.
ERASE all addresses and temporal intervals in PED.

Figure 2 shows the flow-chart for retrieving tag-wise 1-1 matches.

Fig. 2. Extraction of Tag-wise 1-1 Matches.

This algorithm ensures that the system will capture 1-1 matches for addresses and
temporal intervals, wedged between <T> and </T>, and between also <T> and <T>.
The latter case is where the end tag for the start tag <T> is missing, yet the start tag of
the same type follows, such as <TR> followed by another <TR>, or <P> followed
by another <P>. These formats are often used in the list of geographic entities. Once
the system captures a tag-wise 1-1 match, all addresses and temporal intervals in the
PED stack are erased, avoiding matches between expressions that are far apart.

Lists of shop data are often organized using <TABLE> tags, with each entry di-
vided by <TR> tags. There are also cases where each entry is separated by <P> tags.
In both cases, if each entry contains one address and one temporal interval, a tag-wise
1-1 match can be extracted.

In the following section, the results of the page-wise and tag-wise 1-1 match extrac-
tions are compared.
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5 Evaluation

5.1 Original Data

The data used for the evaluation consists of a set of place names and web pages. The
set of place names was taken from a digitalized residential map of Kyoto, Japan, pro-
vided by Zenrin Ltd. [15]. Web pages were collected using a web crawler. Because our
intention was to build a regional web search system, we used a focused web crawler.
A focused web crawler, unlike regular web crawlers, does not store all the web pages
it can access. Instead, it stores only those pages that fulfill certain conditions specified
by the user, and then it traces links from those pages. Focused web crawlers are more
efficient for collecting web pages related to a specific topic. This method is based on the
assumption that a page related to a specific topic is more likely to be linked to another
page related to the same topic. By using a focused web crawler, the system no longer
needs to search the entire Web and store vast nubmer of web pages, just to gather in-
formation on a specific topic. A lot of research indicates that focused crawlers are more
efficient for collecting web pages related to specific topics [3][16][17]. In our experi-
ment, the condition used for filtering the web pages was that the page must contain an
arbitrary place name in the target area (Kyoto). We have collected 157,297 web pages
and used them for the evaluation of our temporal information extraction.

5.2 Recall and Precision

Figure 3 shows compositions of addresses and temporal intervals from the collected
web pages. We checked 100,000 pages, by increments of 1,000. Each line indicates
following types of compositions: 1. contains more than one address and temporal in-
terval. (a(p) > O A t(p) > 0), 2. contains one address and more than one temporal
interval. (a(p) = 1 A t(p) > 0), 3. contains one temporal interval and more than one
addresses. (a(p) > 0 A t(p) = 1), 4. contains one address and one temporal interval.
(a(p) = 1 At(p) = 1). Because we used a focused web crawler to collect web pages,
they were more likely to contain addresses, compared to randomly collected web pages.
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Fig. 3. The Numbers of Addresses and Temporal Intervals in a Web Page.
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Figure 3 shows that a considerable number of web pages contain more than one
address or temporal interval; therefore, a page-wise 1-1 match can retrieve only a small
number of possible matches.

The bar graph in Figure 4 shows the recall of matching pairs from 157,297 web
pages, using page-wise and tag-wise 1-1 matches. The bar for the tag-wise 1-1 match
also shows the type of tag used for matching.
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Fig. 4. Recall for Page-wise and Tag-wise 1-1 Matches.

We obtained 1,044 pairs by page-wise 1-1 matching. In tag-wise 1-1 matching,
we obtained 3,814 pairs. Tag-wise 1-1 matching gives about 3.7 times more 1-1 pairs,
compared to page-wise 1-1 matching.

We also measured the precision. This is the ratio of correct 1-1 matches from the
retrieved 1-1 matches, where the correct 1-1 match is when the address and the temporal
interval designate an identical geographic entity. This check was performed manually.
The result is shown in Figure 5.
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Fig. 5. Precision for Page-wise and Tag-wise 1-1 Matches.

The precision for the page-wise 1-1 match was 96%, while the precision for the
tag-wise 1-1 match was 94%. It indicates that large proportion of address and tempo-
ral interval pairs designate identical geographic entities. Pairs that designated different
entities resulted from the following reasons:
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Event: The event time + the organizer’s address
Notice: Relevant time + the contact address
Public Transportation: Available time + the office address

However, proportion of such incorrect 1-1 matches are small.

Figure 6 shows the difference in processing times between the extraction of page-
wise and tag-wise 1-1 matches. The experiment was performed on 100,000 web pages,
by increment of 10,000 pages. The result shows that the difference in processing time
is not significant.
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Fig. 6. Comparison of Processing Times.

6 Implementation

Based on the algorithm described in the previous sections, we implemented a time-
specific regional search system ChronoSearch (Figure 7). ChronoSearch has a client-
server architecture, using Java Applet, Tomcat Servlet, and Postgres Database Manage-
ment System.

The user can specify an arbitrary region, using the map interface, and specify time
by the clock interface, which is based on a real-world metaphor. Titles of the retrieved
web contents are shown on the map interface. These are also hyperlinks to the content
itself.

If the user specifies a word in the keyword form, the result is filtered to those con-
taining the keyword within their title. The following list shows how geographic entities
are filtered by their attributes, using the ChronoSearch components.

Spatial — Address «—— Map Interface
Web Content { Temporal — Temporal Interval «— Clock Interface
Categorical — Title «—— Keyword Form

The system not only provides the user with a means of searching for information,
but also a visualization of how the city activities shifts as the time passes.



Temporal and Spatial Attribute Extraction from Web Documents 23

| ® ChronoSearch
I % PM. 218
T 2E S E = 100 &
L "gj_ -
A S]] T s

AT £
==mmiiiy - ==
= = S e ;.:...
! L Smmmel el ow) o) 7“-':- A o0

TLIL
=

el —r—
s

Fig.7. ChronoSearch: a Time-Specific Regional Search System.

Unlike our map-based visualization, traditional paper-based guidebooks will have
a lot of difficulty presenting spatially and temporally restricted geographic entities.
Preparing different maps for each major point in time is impractical. Our system uses
the capability of digitalized map rendering to realize this function.

7 Conclusion

In this research, we developed a method for extracting the spatial and temporal attributes
of geographic entities from the Web. The evaluation compared tag-wise 1-1 matches
with page-wise 1-1 matches.

Our future research willds include following topics.

Because the extraction of addresses and temporal intervals involves ambiguities, we
may consider using factors to express quality of the matching. This can be visualized
on the map interface by colors. This will reduce confusion caused by incorrect 1-1
matches.

In the present system, we are using addresses only to extract the spatial attributes.
In the future, we may use building and shop names as well, based on residential map
data provided by GIS suppliers. This may result in the retrieval of more related web
content. In this research, we have used temporal intervals on a scale within one day; in
the future, we want to include longer temporal intervals, i.e. a day of the week, a month,
a season, or a year. Seasons might be of special interest to tourists. Content filtered by
days of the week can be used to show shifts in thriving districts.

Also in the present system, the user can specify a point in time only. The tempo-
ral logic, described by Allen [!8], may help extend our system by allowing temporal
interval specifications.

Although we have implemented our system using a set of web pages collected by
a web crawler, we could also use a meta search engine. In that case the addresses and
landmark names, shown on the map interface, will be sent to the search engine, and the
results will be parsed, filtered by the temporal interval and the keywords specified by
the user.
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Abstract. The results of location-dependent queries(LDQ) generally
depend on the current locations of query issuers. Many mechanisms,
such as broadcast scheme, prefetching scheme, or caching scheme have
been developed to improve system performance and provide better ser-
vice for location dependent information services(LDISs). However, the
client’s mobility may lead to inconsistency problems. In this paper, we
introduce the broadcast-based LDIS scheme(BBS) in the mobile com-
puting environment. In the BBS, broadcasting data items are sorted
sequentially based on their location and the server broadcasts the loca-
tion dependent data(LDD) without additional indices. Then we present
a data prefetching scheme and OBC(Object Boundary Circle) in order
to reduce the client’s tuning time. The performance for the proposed
scheme is investigated by various environmental variables such as distri-
butions of the data items, average speeds of the clients and the size of
the service area.

1 Introduction

In today’s increasingly mobile computing world, people wish to be able to access
various kinds of services at any time and in any place. However, the mobile com-
puting environment is characterized by narrow network bandwidth and limited
battery power. Furthermore, the changes in locations of the mobile clients can
be difficult to handle in an LDIS, particularly in the areas of query processing
and cache management[1]. Techniques such as caching, prefetching and broad-
casting provide effective means of reducing the wireless bandwidth requirement
and can also save the client’s battery power consumption. The broadcasting of
spatial data together with an index structure is an effective way of disseminating
data in a wireless mobile environment [2]. Using an index can help the client to
reduce the amount of time spent listening to the broadcast channel. However,
the average time elapsed between the request for the data and its receipt may
be increased as a result of these additional messages. Therefore, the best access
time is obtained when no index is broadcasted along with the file [2]. Thus, re-
ducing the size of the index is an important issue in wireless data broadcasting
environments. The value of location dependent data depends on the location.

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 26-37, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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The answer to a query depends on the geographical location from which the
query originates. Let’s consider an example in which a salesman drives a car and
has to visit all of his customers. The salesman sends a query, such as, ”what are
the names and addresses of the customers near to my current location?”, using
his mobile device. Once the salesman gets the answer from the server, he visits
the customers in order of increasing distance from his current location. At any
one time, the list of clients to visit consists of those customers who have not yet
been visited. To handle such a query, the positions of the objects and the clients
must be found. A common way to perform a location dependent query processing
has two types, namely client initiate approach and server initiate approach. In
the client initiate approach, the client sends a location dependent query to the
server, and the server sends the result back to the client according to the client
location. In contrast to client initiate approach, in the server initiate approach,
the server broadcasts location dependent reports to the clients [7]. Since the cost
of broadcasting does not depend on the number of users, this method will scale
up with no penalty when the number of users grows. Moreover, techniques such
as caching and prefetching can save the clients’ battery power consumption and
reduce the response time. However, contained broadcast messages may not be
valid to all the clients. Therefore, how to organize the broadcast report is one
of the important issues in server initiate approach. In this paper, we propose
broadcast-based LDIS under a geometric location model. We first introduce the
broadcast based location dependent data delivery scheme(BBS). In this scheme,
the server broadcasts reports, which contains IDs of data items(e.g., building
names)and values of location coordinates periodically to the clients. Broadcast-
ing data objects are sorted sequentially based on their location. Then we in-
troduce the prefetching scheme in LDIS for mobile computing environment. To
manage the mobile clients’ cache, the server does not maintains the information
about clients’ cached data item. Instead, the server broadcasts data items that
are sorted based on the locations of objects, and the client prefetches and caches
the data item in anticipation of future accesses. The rest of the paper is organized
as follows: Section 2 gives the background of broadcast model and cache main-
tenance scheme. Section 3 describes the proposed BBS scheme and prefetching
method. The performance evaluation is presented in section 4. Finally, section 5
concludes this paper.

2 Background

With the advent of high speed wireless networks and portable devices, data
requests based on the location of mobile clients have increased in number. How-
ever, there are several challenges to be met in the development of LDISs[3], such
as the constraints associated with the mobile environment and the difficulty of
taking the user’s movement into account. Hence, various techniques have been
proposed to overcome these difficulties.



28 KwangJin Park, MoonBae Song, and Chong-Sun Hwang

2.1 Broadcast Model

Disseminating data through a broadcast channel allows simultaneous access by
an arbitrary number of mobile users and thus allows efficient usage of scarce
bandwidth. In[4], they introduce a technique for delivering data objects to the
clients in asymmetric environments. In this scheme, groups of pages, such as
hot and cold groups, with different broadcast frequencies are multiplexed on the
same channel. Then, those items stored on the faster disks are broadcast more
often than those items on the slower disks. However, the wireless broadcast en-
vironment is affected by the battery power restrictions of the mobile clients. Air
indexing is one of techniques that attempts to address this issue, by interleav-
ing indexing information among the broadcast data objects. There are several
indexing techniques, such as the distributed indexing approach[2], the signature
approach[5] and the hybrid approach][6].

2.2 LDIS Schemes

In the mobile computing environment, caching data on the client’s side is a useful
technique for improving the performance. However, the frequent disconnection
and mobility of the clients may cause cache inconsistency problems. In [7], they
propose location dependent cache invalidation schemes for mobile environments.
In this scheme, they use bits to indicate whether the data item in the specific
area has been changed. Moreover, they organize each service area as a group
in order to reduce the overhead for scope information. In [8], they proposed
a PE(Polygonal Endpoint) and an AC(Approximate Circle) scheme. The PE
scheme records all the endpoints of the polygon representing the valid scope,
while the AC scheme uses an inscribed circle from the polygon to represent the
valid scope of the data.

3 Proposed Algorithms

In this section, we describe two schemes for LDIS. We first introduce the broad-
cast-based LDIS scheme(BBS). In this scheme, the server broadcasts reports
which contain the IDs of the data objects(e.g., building names)and the values
of the location coordinates. The data objects broadcast by the server are sorted
based on the locations of the data objects. Then, we present a data prefetching
scheme and OBC, in order to reduce the client’s tuning time.

3.1 BBS(Broadcast Based LDIS) Scheme

The best access time is obtained when no index is broadcasted along with the
file[2]. Let N is the number of objects to be broadcasted. Then, N/2 is an av-
erage time to get the required data object. Thus, best algorithm for access time
is to N/2. In BBS method, the sever periodically broadcasts the IDs and the
coordinates of the data objects to the clients. The server does not insert an
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index in the broadcast cycle. Instead, the broadcast data objects are sorted se-
quentially according to the locations of the data objects. The proposed scheme
gives the fastest access time in LDIS. If there is no index, it requires the client
to listen to the broadcast channel N time to handle the NN(nearest neighbor)
query. However, the server broadcasting sorted data objects gives only N/2 tun-
ing time. Moreover, based on the distance between the data objects, we assign
different weight values to each data object by using the OBC(Object Boundary
Circle). Then, the data objects can be sent using different broadcast frequencies,
by classifying them into hot and cold groups[4]. We discuss this issue in the sec-
tion concerning the performance evaluation. The following shows comparison of
access time and tuning time between BBS and index method[2]. Let m denotes
the number of times broadcast indices:

— Access time:
3% ((m+ 1) x index + (£ + 1) * N)(index method)

I 4 N(BBS method)

— Tuning time:
— 2+ [logy(N)](index method)
— £ % N(BBS method)

As states above, the BBS scheme may have longer tuning time than the
index method. Our solution to this problem is partitions of the service area,
broadcasting hot data objects and prefetching strategy. In the BBS, the structure
of the broadcast affects the distribution of the data objects.

Sequence of broadcast (Horizontal Broadcast)

Fig. 1. Example of Horizontal Broadcast.

For example, as shown in Fig 1, if the data objects are horizontally dis-
tributed, the server broadcasts data objects sequentially from the leftmost data
object to the rightmost data object. A simple sequential broadcast can be gen-
erated by linearizing the two dimension coordinates in two different ways: i.e.
horizontal broadcast(HB) or vertical broadcast(VB). In HB, the server broad-
casts the LDD in horizontal order, that is, from the leftmost coordinate to the
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rightmost coordinate. On the other hand, in VB, the server broadcasts the LDD
in vertical order, that is, from the bottom coordinate to the top coordinate. In
order to decide whether HB or VB, the server uses the following algorithm:

— Notations:

— leftmost_P: a point that is located at the leftmost extremity in the map(e.g.,
object ’a’ in Fig 1)

— leftmost_P’: the x-axis coordinate of a point that is located at the leftmost
extremity in the map with the exception of leftmost_P, where the value of
the coordinates of le ftmost_P’ > le ftmost_P(e.g., object b’ in Fig 1)

— top_P: a point that is located at the top of the map(e.g., object 'd’ in Fig 1)

— top_P’: a point that is located at the top of the map except top_P, where
the value of top_P < top_P (e.g., object '¢’ in Fig 1)

— MAX: maximum number of compares (number_of_objects -1)

— NOC': number_of_compares(initial value is 0)

— z-dist_counter: sum of distances based on the x_coordinates

— y-dist_counter: sum of distances based on the y_coordinates

Algorithm 1. The server decision algorithm for VB or HB data
broadcasting

Input: data objects’ IDs and locations;
Output: selection result for HB or VB;

1. find leftmost_P

2:  while(NOC <= MAX) {

3: do : {

4: find leftmost_P’ (if more than two points have same x-axis
value, select upper point first)

5: compare z-dist and y-dist

6: if a-dist>y-dist

T then z-dist_counter++

8: else y-dist_counter++

9: leftmost_P= leftmost_P’

10: NOC + +
11: }
12: }

13: if z-dist_counter > y-dist_counter
14: then select HB for the broadcast data object
15: else select VB for the broadcast data object

In order to identify the nearest object using the BBS the scheme, the client
has to compare the most recently delivered object with the previous one during
the tuning time. The client uses the following algorithm to identify the nearest
object:
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— Notations:

— S: server data set

— O: broadcast data object, where O € S

— O¢: current broadcast data object, where O, € S
— O, previous broadcast data object, where O, € S
— Oy nearest data object

— Cj: client’s location

Algorithm 2. The client algorithm used to identify the nearest object

1:  for each object O € S

2 |

3 do {

4: compare dist(O., C;) and dist(O,, Ci)

5: if (dist|O. — Cy| > dist|Op, — Cil)

6: O, =0,

7 return O,,

8 else if((dist|O. — C)| < dist|Op — Ci]) and O, is
last data object of the broadcast period)

9: On = Oc

10: return O,

11: else

12: O:. =0,

13: } while(find out O,,)

14: }

Since it does not have the location information of all of the data objects,
the client cannot estimate which data will be broadcast next. Hence, even if
the server delivers data objects sequentially based on their coordinate values, it
is difficult to determine which data object is the nearest to the client. In our
scheme, the client maintains a queue, and determines the size of the window
w(hereafter we called w,) which indicates the number of data objects that will
be left in the queue. The client maintains objects in the queue based on the size
of wg and that can be represented as follows:

— Notations:

— Oj: an object in the map

— T, the timestamp of an object

— T,: the timestamp of the current broadcasted object
— St set of objects in the map

— S4: set of objects in the queue

— wy: size of the windows in the queue

Then S, ={< 0;,T, > (0 € S)N(Te —wq <T, <T¢)}
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3.2 Prefetching Method

In this section, we present a prefetching method for use in LDIS. In this method,
the client prefetches the data object for future uses. Let w, be the size of
prefetched data objects. The client adjusts the size of w,, according to the speed
and the size of the cache. Let client’s current location be point q and the object’s
location be point p. We denote the Euclidian distance between the two points p
and g by dist(p,q). In the map, we have dist(p, q) := \/(pz — ¢2)? + (py — qy)?

Let P := {p_n...,p—2,p—1,P0,P1,P2 - --,Pn} be a set of n distinct points
that represent the data objects, and ¢ represents a query point.

— Notations:
w,n >0 and (w—mn)>0
— target= an object po, where pg # py, and {p_n,, po, pn} € P then dist(pg,q) <
dist(Vp—_n, q) or dist(po,q) < dist(Vpn,q)
— P—maz = an object p_,,, where dist(p_(w4n),q) < dist(p_w,q)
< diSt(p—(w—n)7 Q)
— Dmaz = an object py,, where dist(py—n,q) < dist(pw,q) < dist(pwin, Q)

A query can be categorized as the nearest or the k-nearest based on the
number of returned objects. The number of returned objects depends on the
value of w,. If we regard the value of w), as n, the number of returned objects is
2n+1. Hence, if the value of n is 3, the number of returned objects is 7(7-nearest
neighbor). In order to adjust the value of k of the k-nearest objects, the proposed
scheme simply adjusts the size of w,. The formal description of the algorithm
used for prefetching at the client is as follows:

Algorithm 3. The client algorithm for data prefetching
1:  while (a client is looking for the nearest object) {

2 active mode (listen to the broadcast channel)

3 if (desired data comes from the server) { // use algorithm 2
4 current broadcast data object= po(target object)
5: prefetch a data object from p_imaz t0 Pmaz

6: }

7 else

8 wait until the desired data comes from the server
9: }

10: doze mode

4 Performance Evaluation

To the best of our knowledge, the scheme which broadcasts LDD without in-
dexing has never been studied so far. Therefore, compare the performance with
the other index scheme is unsuitable. Instead, in this paper, we evaluate the
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performance with various kinds of parameters setting such as client’s speed, size
of the service area, and the distributions of the data objects.

We assume that the broadcast data objects are static such as restaurants,
hospitals, and hotels. We use a system model similar to that described in [8][9].
The distance can be computed using the Euclidian distance between the two
points p and q by dist(p,q). The whole geometric service area is divided into
groups of MSS. In this paper, two datasets are used in the experiments(see Fig
2(a)). The first data set D1 contains data objects randomly distributed in a
square Fuclidian space. The second data set D2 contains the data objects of
hospitals in the Southern California area, which is extracted from the data set
at [10]. The table 1 shows the default parameter settings used in the simulation.

Table 1. Simulation Parameters.

| Parameters | Description | Setting |
ServiceArea Service area 1000(km)*1000(km)
GroupServiceArea % of service area 30-100
NoObj No. data objects 10-1000
SizeObj Size of data object 1024 bytes
BroadBand Broadcast bandwidth 144kbps
No_Client No. of clients 0-90
MinSpeed Minimum moving speed of the client 10
MaxSpeed Maximum moving speed of the client 90
size Wy Size of W, 0-5
size Wy size of W, 0-5
NoPeriod No. of broadcast period 50-100
Size_maxr_OBC Size of max_OBC longer than 900m

4.1 Latency

In this section, we evaluate the access latencies for various parameter settings
such as the client’s speed, the size of the service area, and the number of clients.
In this paper, we present the Object Boundary Circle(OBC) which represents the
distance between the objects as shown in Fig 2(b). The radius of circle represents
the distance between objects, and a circle which has the longest radius is selected
as a hot data object such as ¢ and d in Fig 2(b). The server broadcasts data
objects with different frequency such as hot and cold data objects[4].

Effect of the size of the service area. In this section, we study the effect of
the size of the service area according to the client’s speed. We vary the service
coverage area from 5% to 100% of the whole geographic area. The query arrival
time is decreased as the size of the service area decreases since the size of the
entire broadcast is reduced. However, the query arrival time is significantly in-
creased when the client’s speed increases and exceeds the service coverage area
as shown Fig 3(a). In this case, the client’s cached data objects become invalid
and the client has to tune its broadcast channel again.
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OBC (Object Boundary Circle)

(a) Two scope distributions for per- (b) OBC: (1) min_-OBC: minimum boundary

formance evaluation circle is picked as a hot data object, such as
object A (2) max_OBC: maximum boundary
circle is picked as a hot data object, such as
object D (3) uniform: all data objects are
broadcasted in same frequency

Fig. 2. Scope distributions and OBC.

Effect of the client’s speed. In this section, we study the effect of the client’s
speed. First, we vary the client’s speed from 5 to 50 in D1. When the client’s
speed is the lowest, a broadcast size of 10% is the best. However, as the client’s
speed increases, its performance is degraded in comparison with that of the other
clients, whose speed exceeds the service coverage area, as shown in Fig 3(b).
Second, we study the performance for different parameters such as the min_obc,
max_obc and uniform(see Fig 2(b)) in D2. In this experiment, we assume that
the clients are uniformly distributed in the map. Fig 3(c) shows the result as the
client’s speed increases from 5 to 50. Fig 3(d) shows the result as the number of
clients is increased from 15 to 90.

Effect of the distributions of data objects and the clients’ location.
In this section, we study the effect of the distributions of the data objects and
the clients’ location. First, we assume that the clients are crowded in a specific
region such as downtown. Those data objects which are located in such a region
are selected as hot data objects. In this experiment, we evaluate the performance
in relation to four different parameters as follows:

— uni form_100%: The server broadcasts data objects with the same frequency
such as flat broadcast in[4]and the service coverage area is the whole geo-
graphic area.

— hot_100%: The server broadcasts data objects with different frequencies, such
as those corresponding to hot and cold data objects and the service coverage
area is the whole geographic area.
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Fig. 3. Access latency.

— uni form_50%: The server broadcasts data objects with the same frequency,
and the service coverage area is set to 50% of the whole geographic area.

— hot_50%: The server broadcasts data objects with different frequencies, such
as those corresponding to hot and cold data objects and the service coverage
area is set to 50% of the whole geographic area.

Fig 3(e) shows the result as the number of clients is increased from 15 to 90
in D1. As shown in this figure, hot_50% outperforms compare to others as the
number of clients is increased. Second, we assume that the clients are uniformly
distributed in D2. Fig 3(f) shows the result as the number of clients is increased
from 15 to 90. As shown in figure, in this case, the broadcast hot data object does
not affect the query response time since the clients are uniformly distributed in
the map. However, the size of the service area affect the query response time.

4.2 Cache Hit Ratio

This section evaluates the cache hit ratio for various parameters settings such
as the size of the w,p, the client’s speed and the size of service area. First, we
vary the client’s speed from 10 to 50 in D2. As shown in Fig 4(a), the number
of cache hits decreases as the client’s speed is increased. The broadcast hot data
object does not affect the client’s cache hit ratio. In this case, uniform_100%
outperforms the uniform_50% since clients discard the cached data object if
they move to the other service area. Second, we vary the client’s speed from 10
to 50 in D1. As shown in Fig 4(b), the number of cache hits decreases as the
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Fig. 4. Cache hit ratio.

client’s speed is increased. Third, we vary the value of w, from 1 to 5 in DI.
As shown in Fig 4(c), the number of cache hits increases as the client’s speed is
decreased and the size of w,, increases.

5 Conclusion

In this paper, we have studied the broadcasting and prefetching schemes for
LDIS. For the purpose of broadcasting in LDIS, we present the BBS and prefetch-
ing methods. The BBS method attempts to reduce the access and tuning times
for the client. Furthermore, the proposed prefetching method and OBC can also
reduce the query response time and tuning time respectively. With the pro-
posed schemes, the client can perform the k-NN query processing without hav-
ing to tune the broadcast channel, if the desired data objects have already been
prefetched into the cache. The proposed schemes were investigated in relation
to various environmental variables such as the distributions of the data objects,
the average speed of the client and the size of the service area. In this paper, we
did not consider the moving data objects in LDIS. Hence, we are planning to
extend this study to the case of a moving object database. Finally, we are also
planning to investigate the cache replacement scheme for future work.
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Abstract. A large amount of data including HTML documents and Internet
mails has been distributed over the Internet. Most of the data on the Internet in-
clude geo-referenced descriptions. We have studied a method of converting
such descriptions like addresses into their corresponding coordinates, that is,
tuples of longitude and latitude. The process of converting descriptions into co-
ordinates is called geocoding. In this paper, we focus on natural route descrip-
tions as a new type of target to geocode. We first explain a core schema of
sidewalk network databases on the basis of a characteristic of natural route de-
scriptions, and then propose Formal Route Statement (FRS) to represent and
process natural route descriptions by means of a computer. Also, we present our
prototype system to geocode natural route descriptions using sidewalk network
databases based on our proposed framework.

1 Introduction

We have been able to use the information space connected by networks since the birth
of the Internet. However, the Internet has a problem that it is difficult for us to deal
with information corresponding to locations in the real world, although we are free
from barriers of time and space. On the other hand, we can acquire stable and inex-
pensive location data by a GPS sensor as if we can know time by a watch. Location
based services in which we can obtain information based on locations are expected to
be developed in the years ahead. We define spatial content as multimedia content
with location information. We especially focus on text content with location informa-
tion as part of challenges for advanced use of multimedia content.

Presently, a large amount of texts including word processing documents, HTML
documents and email messages has been distributed over the Internet. Most data in
our computers and on the Internet includes geo-referenced descriptions (Fig.1). When
geo-referenced descriptions are converted into machine readable data, a lot of our
documents will be accessed by the key of positions in the real world [1].

A method of converting such descriptions like addresses in Japanese into their
corresponding coordinates, that is, tuples of longitude and latitude has been studied.
The process of converting geo-referenced descriptions into coordinates is called geo-
coding. Geocoding for addresses was difficult in Japan because of old and complex
structures of cities, but the emergence of large scale house feature databases has
changed the situation of geocoding in Japan [2].

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 38-50, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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In this paper, we introduce a more advanced method of geocoding for natural
route descriptions in documents using daily local expressions. Natural route descrip-
tions are usually described in casual expressions, but not in regular ones like address.
Thus, it has been considered practically impossible to geocode natural route descrip-
tions. However, sidewalk network databases, which are one of large scale house fea-
ture databases, have been available since last year, 2003. The databases can be ex-
pected to enable more advanced geocoding for larger scale natural language expres-
sions.

In Section 2, we explain a structure of natural route descriptions in Japanese and
core schema of sidewalk network databases on the basis of a characteristic of natural
route descriptions. In Section 3, we propose Formal Route Statement (FRS) to repre-
sent and process route descriptions in natural language by means of a computer. A
prototype system which has been developed based on our proposed framework is
introduced in Section 4 and we state conclusion and future work in Section 5.

Document

:1 Geo-referenced |-
Descriptions [

Address

Phone Number

Postal Code

Location Name
4[ Route Description ]

Fig. 1. Geo-referenced descriptions in documents.

2 Natural Route Descriptions and Sidewalk Network Databases

In this section, we explain a structure and characteristics of route descriptions in Japa-
nese and then introduce the data which is required for geocoding.

2.1 Structure of Route Descriptions in Japanese

Figure 2 shows the structure of natural route descriptions which means “you exit from
JR Shibuya Station east exit and go up Miyamasu Slope Street for 5 minutes, and it is
on your left” in Japanese. “JR Shibuya Station east exit” is an exit of the station “JR
Shibuya” and “Miyamasu Slope Street” indicates the slope street which is located on
the east side of the station. The names of spatial entities correspond to nodes and the
other words than the names are links between the nodes in Fig. 2. This figure shows
us that a natural route description in Japanese can be divided into two components.
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The first component is the names of spatial entities, and the other component is the
expressions of spatial relationships between spatial entities. Constructing a natural
route description can be compared to sticking of pins and stretching of a thread be-
tween pins on a map (Fig.2).

IREAREOLY. BHIREDIF->THSS . £F)
means “you exit from JR Shibuya Station east exit and
go up Miyamasu Slope Street for 5 minutes, and then it is
on your left”.

EDN [&DIF>THS5 ) .= 3

from go up for 5 minutes on your left

l(omitted) ]

JRIEBERED
(JR Shibuya Station

east exit)]
Start node

=E 3
(Miyamasu Slope
Street) )

I (omitted) J
End node

Fig. 2. Image of relations between a natural route description and spatial objects stored in
spatial databases.

We define spatial objects as data units which correspond to entities in the world.
In this paper, a focus of this study is placed on natural route descriptions used by
walkers in urban cities. We especially call the spatial objects in natural route descrip-
tions spatial anchors. Figure 3 shows pictures of spatial anchors in the real world. In
Table 1, we collect typical spatial anchors in Shibuya, which is one of the big cities in
Tokyo, Japan. These spatial anchors can be used as start points, passage points and
end points of routes in natural route descriptions. According to their role in the city or

Fig. 3. Pictures of spatial anchors in Shibuya. The left picture is a scramble junction, the middle
one is a slope street and the right one is a building.
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characteristics of geographic features, spatial anchors can be categorized into classes
such as “exit from station” or “slope street”. Each class has its own characteristics and
restrictions [3]. For example, we can write “go up a slope street” or “go down a slope
street”, but cannot write “go into a slope street”. In this case, the valid expressions
following the names of spatial entities can be deduced from the classes as spatial
relationship descriptions in natural language. Table 2 gives instances of spatial rela-
tionship descriptions.

Table 1. Examples of spatial anchor descriptions in Shibuya.

Spatial Anchor
Building
#U—La— K (Tower Records)), TAFTAL7A (HMV),

QFRONT(QFRONT), 1H %¥¢ 52 % (Dogenzakaue police box),
B BRAT 22 % (Shibuya Station police box), =+

Exit from Station

JRESABRE 0 (JR Shibuya Station East exit), 7 - D FERR A ER
(Keio Inokashira Line Shibuya Station), -

Street

BHIGE D (Meiji Street), /AR Y (Park Street), O FHE Y (Ino-
kashira Street), --*

Slope Street

"2 489 (Miyamasu Slope Street), A1 >4 (Spain Slope Street),
18 ¥ 3K (Dogenzaka Slope Street), =

Junction

BB A2 T 7 VA 725 (Shibuya Scramble Junction), =+

Table 2. Examples of spatial relationship descriptions.

Spatial relationship Examples
Direction go forward, go ahead, advance
turn to the right, on the right, on one's right
turn to the left, on the left, on one's left
Distance in 200 meterfin 5 minutes

2.2 Schema of Sidewalk Network Databases

Sidewalk network databases store underground walks, footbridges and cross walks for
pedestrians. Sidewalk network databases are simply structured as nodes and links. A
node has geometric coordinates. A link is defined as a vector between two nodes.
Sidewalk network databases are provided as commercial products by Shobunsha
Publications Inc. [4]. The commercial sidewalk network databases presently cover
major cities in Japan.

Before the emergence of sidewalk network databases, there have been popular
geographic network databases such as road networks for car navigations, railroads,
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facilities networks and so on. However, the previous geographic network databases
were all designed for small scale uses, not for large scale uses such as human naviga-
tions. On the other hand, sidewalk network databases for walkers are getting popular
for human navigation systems since 2003 in Japan. Some services and products using
sidewalk network database have already been on the market. “EZnaviwalk” provided
by KDDI au is one of the most popular human navigation services using cell phone,
GPS, and electric compass [5]. With sidewalk network databases, train timetables and
airline timetables, EZnaviwalk finds the most direct, time-saving or money-saving
route. This service has begun since October 2003. At present, October 2004, there are
more than 100,000 users of EZnaviwalk. In addition, Shobunsha Publications Inc. is
going to market digital barrier-free maps for all pedestrians including the elderly and
the disabled in November 2004.

The sidewalk network database used in our research is simply structured as nodes
and links. A node has not only geometric attributes like coordinates but non-
geometrical attributes like name of spatial entity, its class and related url. A link has a
distance and an angle from its start node to its end node. Users can extend the inte-
grated database by entering additional nodes and links or inputting text data. In par-
ticular, “junction”, “street” or “slope street” is shaped with the multiple nodes and
links. For example, at least four nodes are needed to shape a junction (Fig.4.). Figure
5 shows the core schema of sidewalk network databases. A node has attributes, that is,
id (the identifier of a node), name (a spatial entity’s name which corresponds to the
node), coordinates (tuples of longitude and latitude), in (a name of a street or an area
both of which are constructed of multiple nodes and links), class (a class of spatial
object), incoming link (id of an incoming link), outgoing link (id of an outgoing link)
and poi (additional information concerning the point of interest except for name, class
and url)”. A link has its id (the identifier of the link), start_node (id of the node from
which the link starts), end_node (id of the node at which the link arrives), direction
(of the link in degree) and distance (of the link in meter).

Fig. 4. Examples of nodes and links stored in sidewalk network databases. The left figure
shows a junction and the right one shows a slope street.
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Sidewalk network DB :
Nodes -

Links :

node :

link :

node.id :

node.name
node.coordinate :
node.in :

node.class :
node.incoming_link :
node.outgoing_link :
node.poi :

link.id -
link.start_node
link.end_node :
link.direction :
link.distance :

(Nodes, Links)

a set of node

a set of link

(id, name, coordinates, in, class, incom-
ing_link, outgoing_link, poi)

(id, start_node, end_node, direction, distance)
id of the node

name of the node

coordinates (longitude, latitude)

name of group

class of spatial object

id of the incoming link

id of the outgoing link

information for the point of interest

id of the link

id of the start node

id of the end node

its direction in degree

its distance in meter

Fig. 5. Schema of the sidewalk network databases used in our research.

3 Formal Route Statements (FRS)

43

We assume that most of natural route descriptions consist of nodes which indicate
start, passage or end points and links between them. Moreover, the end point, in other
words the destination point, is often omitted in natural route descriptions, especially
in Japanese, because of being included somewhere in documents.

Formal statements are necessary for computers to indirectly deal with natural
route descriptions. On the assumption that all of natural route descriptions can be
expressed with nodes and links, we propose Formal Route Statement (FRS) to repre-
sent and process natural route descriptions. FRS also works as a query language for
the sidewalk network databases. Figure 6 shows the grammar of FRS. Generalization

FRS ::

Node_desc(i) ::=
node_attribute_list ::=
node_attibute_value ::
node_attribute ::=
value ::=

status_values ::=
connect_values::
link_desc(i) ::=
link_attribute_list ::
link_attibute_value ::=
link_attribute ::=

node_desc(0)(:link_desc(i):node_desc(i+1))*
[i={0,...,n}];

node(i).node_attribute_list

none | node_attribute_value (&node_attribute_value)*
node_attribute = value

id | name | coordinate | in | class | status
numerical_value | stirng_value | url | status_values |
connect_values

start | end | via

straight | right | left

link(i).link_attribute_list

none | link_attribute_value (&link_attribute_value)*
link_attribute = value

id | start_node(id) | end_node(id) | direction | connect |
distance

Fig. 6. Grammar of Formal Route Statement (FRS).
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tables are indispensable to converting various casual descriptions into regular ones,
one of which is FRS (Table 3). A use case of the generalization tables is to make an
instance of the spatial relationship as a value of the attribute “link.connect” in Fig. 6.
The attribute “link.connect” plays an important role to find a node when a name of the
next node is omitted.

Table 3. Example of a generalization table for descriptions of spatial relationship and values of
the attribute “link.connect”.

Specialized descriptions for spatial relationships Generalized descriptions for spatial
relationship (values of link.connect)
go forward, go ahead, advance Straight
turn to the right, on the right, on one's right Right
turn to the left, on the left, on one's left Left

Figure 7 shows an example that “JREEAHIR A LV, HgHR A OIE - THIGT,
/5’ ( means “you exit from JR Shibuya Station east exit and go up Miyamasu

Slope Street for 5 minutes, and it is on your left”.) is converted into the following
FRS.

node_desc(0) = “JR #4530 (JR Shibuya Station east exit)”

link_desc(0) “Xv, (from)”

node_desc(1) = “E &YX (Miyamasu Slope Street)”

link_desc(1) “% DI > THI557, (go up for 5 minutes)”

node_desc(2) = 7

link_desc(2) “/£7F (on your left)”

node_desc(3) = 7

FRS = node_desc(0):link_desc(0):node_desc(1):link_desc(1):node_desc(2)
:link_desc(2) :node_desc(3)

Fig. 7. An example of FRS.

4 Prototype System

Our proposed framework in Section 2 and 3 has been verified through developing a
prototype system. Figure 8 shows the user interface of the prototype system.

4.1 Overview of Prototype System

We have developed a prototype system which processes a route description in Japa-
nese and then visualize it as a polyline on the map using sidewalk network databases.
We explain each component in the user interface (Fig.8) as follows;

(A) Menu button.
Users can change the operation mode by the menu buttons. Main functions are (1)
loading and saving network data and (2) adding, erasing and moving both nodes
and links. Furthermore, we select functions of referring to node information (for
example, a name of a spatial entity) and of changing the mode of filling in entry
forms.
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Fig. 8. Graphical user interface of the prototype system.

(B) Display of node information.
This area allows users to see the name, class and picture image of a spatial anchor
on the map area.

(C) Entry form of natural route descriptions.
These forms allow users to enter natural route descriptions, and then convert the
descriptions into FRS as queries for sidewalk network databases.

(8 About This ; =[] B

hode I

Mame: | IR &ERNF 2200

In:|

Class: [fd5&hi8 =

JRL: I

Gancel |

Fig. 9. Dialog box of entry form for node information.

(D) Map area.
Sidewalk network databases and a map image in the selected area are overlapped
and visualized. Moreover, a route is also visualized on the sidewalk network as a
result of geocoding a natural route description. Figure 9 shows a dialog box for an
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entry form of node information, which allows users to add their collecting POI
data (including a name and a class for a spatial entity). This window appears when
users push the entry button in menu buttons and click a node on map area.

4.2 Experimental Demonstration

We simply explain an algorism of geocoding for natural route description using side-
walk network databases as follows:

A) Spatial anchor point match: The names of spatial anchors in a natural route
description are matched with sidewalk network databases through queries. The
results of the queries are a set of nodes corresponding to the spatial anchors.

B) Path match: This step decides the sequence order of locations in the route using
the rule which minimizes each of the moving costs between neighbor locations.

C) Dealing with insufficient descriptions: If a name of spatial entity is omitted or
not specified explicitly, the name is deduced from descriptions of spatial rela-
tionships between spatial entities.

Figure 11 shows behavior of processing Japanese route descriptions meaning that

“you exit from JR Shibuya Station Hachiko exit and go up Dogen Slope Street, and

then turn right at the junction in front of the police box on the top of Dogen Slope
Street”(Figure 10). The Italic parts in the above route description are names of spatial

anchors.

TREZEERAN T B K0, 8 L& B0, 38X AR
ARFERZA A~ D)
means “you exit from JR Shibuya Station Hachiko exit and
go up Dogen Slope Street, and then turn right at the junction
in front of the police box on the top of Dogen Slope Street”.
(2 4) (6)
1 L) 3) B 1Y) ) i~ %)

exit from turn right

(N

R Tl Rz [T iy

TREARER N T M g b223
R Shibuya Station (Dogen (the junction in front of r(omitted) ]
g 08¢ the police box on the top of

Hachiko exit) |
Start node

Slope Street) ] link\. End node

Dogen Slope Street) |
Passage node

Fig. 10. Example of a natural route description and its corresponding FRS.

A natural route description is converted into FRS. The route can be visualized on
a map because each node has the data of longitude and latitude. In the above example,
the number of the result route satisfying a FRS can be only one. However, in general,
there are multiple result routes and they should be ranked with the levels of quality for
practical applications. For example, a time distance “5 minutes” can be translated into
a distance “400m”, or multiple distances “300 or 400 or 500m”, or a range of distance
“300m-500m” because a speed of walking depends on the environment.
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adilin |

Fig. 11(a). Our prototype system searches the shortest path (the dashed line) from the node
matched “JR Shibuya Station Hachiko exit” to the nearest one of the nodes making up “Dogen
Slope Street”. This figure shows the result of processing (1)+(2)+(3) which are parts of the
natural route description in Fig.10.

2 ) \ 3 ~
“| the junction in front of the police box
on the top of Dogen Slope Street

Fig. 11(b). It searches the shortest path to the nearest one of nodes of “the junction in front of
the police box on the top of Dogen Slope Street”. This figure shows the result of processing
(1)+(2)+(3)+(4)+(5) which are parts of the natural route description in Fig.10.
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Fig. 11(c). The end node is deduced from the description of “turn right” and the direction of its
incoming link. This figure shows the result of processing (1)+(2)+(3)+(4)+(5)+(6)+(7) which are
parts of natural route description in Fig.10.

5 Conclusion and Future Work

In this paper, we proposed a basic framework to geocode natural route descriptions by
means of sidewalk network databases. The prototype system has been developed to
verify our proposed framework. The primary function of the prototype system is a
naive database management system for sidewalk network databases. Also, its secon-
dary functions include both FRS validator and visualizer. Valid FRS means that the
topology composed of its spatial anchors and its spatial relationship expressions can
be matched in sidewalk databases.

The framework presented in this paper is only a part of our framework (Fig.12)
and we are going to develop FRS generator which can extract natural route descrip-
tions from various documents and then convert the natural route descriptions into
FRS’s. We have to construct a series of algorithms as following;

(1) Extracting natural route description from document data

(2) Separating spatial anchor’s names and spatial relationship expressions in a
natural route description

(3) Generalizing spatial anchor’s names and spatial relationship expressions

(4) Generating FRS (which is grammatically correct)

In the above (1) and (2), there are already significant achievements in the fields of
natural language processing [6]. In the above (3), we plan to realize the functions to
complement the incomplete name of a spatial anchor and correct inappropriate natural
route descriptions using sophisticated geographic thesaurus and generalization rules
for names.
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Fig. 12. Configuration of the prototype system.

A part of DataBase Management System (DBMS) in this prototype system is a
minimum formation. We will extend functions and database. For example, descrip-
tions after names of spatial anchors can be anticipated by using the knowledge of not
only the class of spatial anchors but also geographic features stored in the sidewalk
network databases. In walking starting from a lowest place, it is clear that we cannot
go down there. In addition, multiple solutions, which are possible routes to a destina-
tion, should be ranked by some criteria of quality of the geocoding results.

This study proposed one of the methods of geocoding to convert geo-reference
text data in digital documents into tuples of longitude and latitude. As a result of es-
tablishment of these methods, we will be able to manage many documents as points
and polylines on a map with advanced spatial relationships.
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Abstract. Location-Based Service(LBS) is a wireless application ser-
vice that uses geographic information to serve a mobile user. Recent
research on the LBS focuses on context sensitive computing and visu-
alization. Location is the core context in context sensitive LBS and the
use of the map is the most efficient way to visualize the geographic in-
formation. Many existing researches, however, has limited capability to
provide dynamic map services and realistic information acquired from
the Web. The goals of our research are to fully access geographical in-
formation and incorporate it with the LBS services. For the purpose, it
is important to extract semantically relevant geographical information
from the Web and efficiently present it to mobile users. In this paper,
we present an effective LBS approach based on advance Mobile GIS and
Web technologies. We design and implement the prototype of the Tour
Guide System as a motivating application of LBS.

1 Introduction

In recent years there has been a growing interest in using Geographical Infor-
mation Systems(GIS) and wireless devices for geospatial services. Among a few
exciting geospatial applications that governments and industry have developed,
Location-Based Service(LBS) is one of the most emerging GIS applications. The
LBS concentrates on providing a wireless application service to mobile users
derived from geographic information and the location information provided by
mobile devices. LBS, therefore, is the capability to find the geographical location
of the mobile device and provide services based on this location information. As
an example, when asking for information about the closest hotels, the user would
be provided with the relevant information about hotels closest to the user’s cur-
rent location(determined by the LBS system). Several other LBS applications
have been developed within a certain context like emergencies, route finding,
etc.

Tour Guide systems have been recognized as a useful LBS application.
Tourists may be unaware of visited areas and seek the location sensitive services

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 51-63, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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for the most frequently visited areas. Such services of interest may include cities’
attraction point information, weather services, emergency services, roadmap ser-
vices, currency changes, etc. Recent work in the area of the Tour Guide system
provides not only the location of such services but also additional information
about the place, such as pictures of the establishment, a detailed description
of the service, etc. The increasing requirements to handle more information on
mobile devices are putting more demands on context sensitive computing and
visualization than ever. In the context sensitive tour services, location is the
core context in the tour domain. Thus, it would require to access dynamic and
evolving information depending upon user’s location-relevant contexts such as
his/her current location, surrounding entities and services, mobility constraints,
and traffic. Visualization is another important component for the Tour Guide
system and it needs to build an efficient way to display user’s location and rele-
vant information of the user selected geographic location.

In this paper, we focus on two issues: visualization and location based ser-
vice. A static map used in the most of existing systems hardly provides context
sensitive information to mobile users. On the other hand, a digital map repre-
sented as vector data is flexible to provide dynamic services such as presenting
various views through scaling and spatial level of details. There are some serious
challenges for providing the capability to use digital maps in a mobile device.

Extracting information on location-based services is also difficult since it is
not easy to get such updated information. Even if the Web provides such infor-
mation, extracting LBS information from the Web is also difficult. It is mainly
the data over the Web is not structured. In addition, the great challenges are
associated with the dynamic features of the Web such as periodically update
services, continuously generated new services and heterogeneous service repre-
sentation.

Our intent to resolve these issues is to improve our previous work on efficient
Mobile GIS model[1] and extracting information over the Web[7]. We developed a
Tour Guide system to demonstrate the location based tour services/information
crawled from the Web. The system provides the following functionality: (1) dis-
cover the location specific information of user-preferred attractions near his/her
current location from the Web, (2) display the locations of these attractions on a
digital map, (3) provide location based Web services for Tour Guide applications
on mobile devices.

This paper is organized in the following manner: In Section 2, we present
related work, followed by overview of the location based application, the Tour
Guide system in Section 3. In Section 4 and Section 5, we describe the architec-
ture and implementation of the prototype system. In Section 6, we end with a
concluding statement and future work.

2 Related Work

In order to provide geographic information in mobile environments, various
studies are being done on Mobile GIS and Location Based Services(LBS). At
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present the key subjects under the GIS technology umbrella are - Internet GIS'
and 3D GIS%. Organizations that are involved in fixing the standards are -
OpenGIS?(OpenGIS GML, OpenGIS, OLE), Open Location based Services?
(OpenLS), Initiative,ISO/TC211°, LIFS(Location Interoperability Forum),
MAGIC Services Forum, ete. Stockus, et al.[9] worked on LBS and the inte-
gration of GPS data into an embedded Internet GIS. In [10], the framework
and efficient data exchange protocol were proposed to use a large amount of
geospatial data in restricted mobile environments.

Kushmerick et al.[5] introduced the concept of creating specialized wrappers
covering specific sources of information over Internet. This method uses Induc-
tive Learning approach to automate the creation of Wrappers. RAPIER [2] takes
pairs of sample documents and filled templates and induces pattern-match rules
that directly extract fillers for the slots in the template. RAPIER employs a
bottom-up learning algorithm which incorporates techniques from several induc-
tive logic programming systems and acquires unbounded patterns that include
constraints on the words, part-of-speech tags, and semantic classes present in
the filler and the surrounding text. There have been a number of researches to
provide context sensitive Tour Guide information through Web-based system.
The recent researches focus at context sensitive computing and visualization.

Abowd et al.[l] have developed Cyberguide, which is handheld electronic
tourist guide system that supplies the user with information based on user’s lo-
cation. Initially Cyberguide was developed for indoor tours at the GVU Center
with Active Badge system. The system was extended to operate outdoors with
GPS. This system provides the following components: a map component for
cartographer service, information component for librarian service, positioning
component for navigator service and communication component for Messenger
service. Their experimentation with bitmap and vector-based map encountered
problems of using vector-based maps. As they used workstation-based GIS mech-
anism, the system required high bandwidth downstream wireless connectivity to
a wireless mobile client.

Davis et al.[3] has an ongoing project GUIDE to investigate electronic tourist
guides in a practical real-world environment. They have been building and test-
ing different versions of electronic tourist guides for the city of Lancaster over
the past few years. Their current approach uses wireless communication on a
pen based tablet computer. They intend to consider not only the location but
also the visitor’s interests, the city’s attractions, mobility constraints, available
time, weather and cost as context for their context sensitive Tour Guide system.

Simcock et al.[8] focus on software support for location based applications.
They are not just interested in the location but also other elements, attractions

! http://www.itc.nl /education/programme_levels/module_descriptions/ELEC00709.asp
2 http:/ /www.davidrumsey.com/GIS /3d.htm

3 http://www.gis.com /software/ogc.html

4 http://www.opengeospatial.org/initiatives/?iid=73

5 http://www.isotc211.org/

5 http://www.cellular.co.za/lif htm
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and equipment near by. Their main aim is to develop a context sensitive travel
expo application. The application consists of a map mode, a guide mode, and
an attraction mode. It provides map service based on bitmap-based map and
tourism information service through HTML-based sound, images, and text.

Although these systems provide context sensitive Tour Guide information
based on location and visualization through HTML-based content, there still
remain several challenges to overcome the limitations of their approaches, im-
age map and static information and provide efficient map service and dynamic
location-based service.

3 The LBS Application — Tour Guide System

In this section we use a LBS scenario to explain the high level of our Tour Guide
System. Through this scenario, we highlight how to provide service dynamic
location-based services crawled from the Web and how to present dynamically
generated map for mobile devices using our efficient Mobile GIS model.

The architecture of the Tour Guide System is shown in Figure 1. Our System
can provide the information of user-preferred attraction points ranked by the
distance from the user’s present location on the map, and the user can access
their Website/Web Service by clicking on it on the digital map. For example,
if a user wants to find all hotels in 2 miles radius centered at his/her current
location, our system shall proceed in the following manner:

1. The Mobile Client receives the current location(Longitude/Latitude) of the
user through GPS.

2. The Mobile Client sends a query to the Tour Guide Server asking it to locate
all hotels within the 2 miles distance from the current location of the user.

3. The Tour Guide Server crawls the websites of the hotels within the 2 miles
distance from user’s location.

4. The Tour Guide Server responds with the location-information and Web-
URLs of the searched hotels to the Mobile Client.

5. The Mobile Client screen displays the searched hotels on the digital map by
resolving the GPS coordinates of the specified locations and synching them
to those of the map.

6. The Mobile Client accesses the Web Services/Web Sites to obtain additional
information of the hotel selected by the user.

The primary components of our system include:

— Positioning component: Because user’s location is most important context
in a tour guide system, the component to determine location is necessary. To
determine location, two technologies can be used: cellular location-based sys-
tem and GPS(Global Positioning System). We used the GPS in our system
because of its global aspect and high accuracy(approximately 10 meters).
The positioning component contacts GPS to receive the current location
information of user.
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— Digital map service component: A map service is a simple and efficient way
to present map information to the uses of the tour guide system. This com-
ponent enables the users to view their own location and points of interest on
the digital map. The digital map service provided is based on vector spatial
data which has many advantages compared to image maps. For this compo-
nent, we explore the efficient Mobile GIS model developed in our previous
work|[4].

— Service discovery component: This component is responsible for two tasks:
(1) discovering/extracting the geo-spatial information embedded into doc-
uments over Web using our OntoGenie approach[7] (2) providing a query
resolution service using an inference engine to map user’s queries to appro-
priate types defined in a Service ontology.

— Communication component: In our system, the major role of the client is
to afford a Web service interface for a map service. Location-based infor-
mation is crawled from the Web by the Server. It is therefore necessary to
communicate requests/responses between the client and the server to service
the location-based information. A SOAP-based communication is established
between the client and server. This component provides the functionalities
to create and parse the SOAP request/response message according to user
requirements.

— Information component: A tourist wants information about points of interest
in the surrounding area. In case of the point of interest being a hotel, the
user wants to know not only the location of the hotel but also the rating of
the hotel, kinds of rooms, service charge, etc. In addition, the user wants to
know whether he/she can make a reservation for a selected hotel.

(1) Detexmire Location

(1] R Rsciona Paiize Hes (2) Send request

Eyungsung Divesity Locationbased Information
i Web Sexvice
D21 Corary Butdng (SOAP/HTTF)

aHotel ‘—(4) Sond 5
i ° end reque:
(@f&;::?e:xv,iss ™ Lecationbased i —
Pukyurg Natisnsl Gaiversity “‘ﬂ‘. (3) Crawl fiomthe Web
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e et oo tactins Eo -l
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Fig. 1. Location based Tour Guide System.
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4 Realizing the Tour Guide System

In this section, we describe the implementation details of the major components
in the Tour Guide System.

4.1 Positioning Component

The emerging cellular location-based systems typically provide accuracy within
approximately 50 meters, and they are broadly used for assisting emergency
services providers in locating callers. The GPS, the most widely deployed location
technology system, is a satellite-based navigation aid originally developed by the
US military. The GPS receivers obtain signals from multiple satellites and use
a triangulation process to determine their physical location, which is accurate
to within approximately 10 meters. In the paper, we utilize GPS to determine
user’s location.

The GPS receiver outputs GPS information using NMEA-0183 protocol which
is defined by NMEA (National Marine Electronic Association). There are GGA,
GSA, RMC and GSV messages provided within the NMEA-0183 protocol. The
GGA and RMC messages include location information(Figure 2). In the paper,
we get UTC Time, Latitude and Longitude from GPS information using GGA
message format. However, the location information received in GPS is not used
to show current location on digital map because GPS uses longitude/latitude
coordinate system and digital map works on TM (in Korea)/UTM (in USA) co-
ordinate system. Our system provides a conversion between the two coordinate
systems using the principal of Gaus-Kriger Projection.

$GPGGA,1 41113.999.3730 008N, 1 2655 7369.E,1.06.1, 7.98.9.M, . . .0000=32
UTC Time Latitude  Longiude Position Fix

§GPGSAA,3.02,07.01 Z0,04,13, . . . . . . 3.7.1.732:3

$GPAMC, 141113.939,A, 3730.0308 N, 12655 2363 F,19.77,195. 23, .01 200, +3c
UTC Time  Latitude  Longitude UTC Date

$GPGSY,2,1,07,07,64,025,47,04,51,283,48,20,40,040, 47,02, 32, 203,46,: 74

Fig. 2. NMEA-0183 messages received from GPS.

4.2 Digital Map Service Component

For the Map Service Component, we expend our previous model (Figure 3)
developed for an efficient mobile GIS[1]. Standard digital map formats such as
DXF, GML and Shape are relatively bulky because they tend to include many
real-world spatial data. However, it is necessary to reduce map data volume so
that these data could be presented on mobile devices. Typically the mobile de-
vices are limited in low processing power, low memory, small screen size and
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Fig. 3. The Mobile GIS Model developed in our previous work.

limited communication environments. It is a demanding need for an advanced
GIS technique which can provide map reduction and format conversion services.
The Map Service Component supports such service to present geographic infor-
mation efficiently on mobile devices like PDA.

The objective of the mobile GIS model is to perform a task of map reduction
to remove unessential geographic data. The map reduction process is composed
of four steps as shown in Figure 4: (1) dividing a digital map into smaller
pieces (2) generating map (3) creating polygons (4) converting geographic data
into efficient data for mobile devices. At the first step, a digital map is di-
vided into smaller parts suitable for a PDA’s display size. At the map general-
ization step, details are selectively suppressed and an abstract model is built.
The generalization is done using operations such as selection, simplification,
and symbolization[4]. At the third step, polygon creation is done by combining

Ll
Conwnrion| |

Sounce {IEF Formal Aeduced Digitel Map
(SEF Format)

Fig. 4. Efficient Mobile GIS Model.
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polylines. The polygon creation provides a clear/better visualization of the map
because a polygon is a closed figure and can be filled with color. At the format
conversion step, the DXF format of the map is converted into a Simple Spatial
data Format (SSF) format we developed][1].

The purpose of SSF is to divide geographic coordinates into a base coordinate
set and offset(Figure 5). For the base coordinate set, Xmin and Ymin in the
file header are used. In order to represent the location of a spatial object, only
the offset is used instead of the real coordinate set. A coordinate set generally
requires 16 bytes or more of memory, while SSF requires only 8 bytes. Consid-
ering a map consisting of numerous records and coordinate sets, the use of SSF
may result in a significant reduction of the storage

Field | siz vilue 4 Base
Ver 4 Version Offset
Date 4 date of last drawing
Xmin I 8 I X lower-laft corner Field siaol "'ﬁ
Y min I 8 i Y lower-left corner Type 4 |Layer Codé +/SHape Type|
| Xmax | 8 | X upper-right corner | X 4 X off
I Ymax I 8 I Y upper-right corner I Y 4 yd Y offcpt

(1) File Hoader /(2) Point

Field |size value F; size
Type 4 |Laver Code + Shape Type ype 4 |Layer Code { Sh: T

N 4 Number of Vertex /Vurl.ox(ﬂ) 8 X offset + Y offset
Vertex(N)|[8XN X offset + ¥ offset Text 20 X alfsat + Y offcor |
(3) Polyline + Polygon (4) Toxt

Fig. 5. Simple Spatial data Format(SSF).

Using our Mobile GIS model, the size of DXF was actually reduced as shown
in Figure 3. More specifically, after the map reduction, the volume of the digital
map was reduced from 808MB to 206MB. The conversion of the digital map into
SSF reduced it into 5.8MB. The map size in overall was reduced from 808MB to
5.8MB. The reduced digital maps are to be stored on mobile devices such as PDA
as well as on the GIS server. For the latter case, the digital maps will be served
to the PDA through wireless communication between GIS server and mobile
devices, and the Mobile GIS model is supposed to use during communication.
In this way it was ensured that the efficient Mobile GIS model improves the
communication between the server and mobile devices.

4.3 Service Discovery Component

The service discovery in our system can be achieved through Service Ontology
instantiation. This means that we make ontology instantiation dynamic and
drive the Web-based service extraction based on the information required for
instantiating a particular service domain. For instance, while instantiating Hotel
ontology in the ontology, we look for hotel service information specific to the
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location over the Web and populate such concepts and properties of the Hotel
ontology with related hotel service information. The use of the service ontology
allows us to find the closest match to a particular request; this is a due to the
fact that the Service Ontology gives us the ability to inference relations between
concepts.

For service information searching, we have built a Web-Service wrapper over
the Google Web Crawler”. For information extraction from the crawled services,
we extend our OntoGenie approach[7] as part of our ongoing effort to meet the
needs of extracting location specific service information from the Web data and
populate the Service Ontologies with the extract information. The populated
Service Ontology(Figure 6) is representing the semantic location-based services
specific to the user’s query. Now for a given query, the Service discovery com-
ponent starts from the concrete concepts in the query to broader concepts - as
defined by the Service Ontology.

The Service Discovery Component also provides a query resolution services
that uses a Jena® based inference engine to resolve the user’s queries to appropri-
ate types through a defined Service Ontology(Figure 6). When a query is given
by the user to search for a particular service, the inference engine resolves the
query to a service type defined in the ontology and finds compatible services in
an area close to the user’s location. The address information of the services re-
turned as result is converted to Geo-coordinates using Geo-coding Web-service®.
This data is then used to extract the linear surface distance to these locations
from the user’s location through a Linear-distance lookup service'®. These Ser-
vice locations are then ranked by distance from the current location and by
closeness of conceptual match to the query. Currently, we use the maps indi-
cating the location of the services pulled from map services on the Web (like
www.mapquest.com) or map services through Web services (such as provided
at www.mappoint.com) by providing the address to be displayed on the map.
These map files provided are small files ( 20KB) and can be easily transmitted
over a wireless/non-wireless network. Additional information, such as URLs of
Websites about the user’s location, property values of the service extracted from
crawled service Web pages, etc. is also available through this component.

4.4 Communication Component

Web Services are an emerging technology that aims at integrating applica-
tions distributed over heterogeneous environments. The success of Internet and
the Web has been attributed to the standardization of protocols and develop-
ment of tools and applications for Web Services. Simple Object Access Protocol
(SOAP)[6] is one of the Web standards that provide specifications to realize a

7 http://www.google.com /apis,/

8 Jena - http://jena.sourceforge.net

9 Geocoding - http://www.geocode.com

9 Linear distance - http://ws.cdyne.com/psaddress/addresslookup.asmx?op=
CalculateDistanceInMiles
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service based middleware over Web for distributed applications. The XML-based
representation of SOAP is used as a means for transmitting service requests and
responses over Web protocols - performing remote procedural calls using Web
protocols like HTTP. This light protocol enables the exchange of information in
a decentralized, distributed environment. The simplicity and extensibility of the
SOAP enables communication between applications implemented on different
platforms.

In our Tour Guide System, SOAP based Web Services are used to communi-
cate request /response for location based information between Mobile Client and
Tour Guide Server. Figure 7 shows SOAP Request/Response Message (getAd-
dress) used in our Tour Guide System.
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Fig. 6. Sample fragment of a Hotel-Service ontology.

4.5 Information Component

To provide information about a location on the map that is of user’s interest, the
use of Web Services is very desirable and our system uses Web browsing service.
Also several Web services from XMethods'" like zip code Web Service and Linear

" http://www.xmethods.com/
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POST /lbsgisservice/Servicel.asmx HTTP/1.1
Host: siceS27.ddns.umkc.edu

Content~Type: text/xwml; charset=utf-8
Content-Length: length

SOAPAction: "http://tempuri.org/getiddress”

<?xml version="1.0" encoding="ucf-8"2>
<scap:Envelope xmins:xsi="http://www.w3.org/2001/XALSchema-instance
<soap:Body>
<getAddress xmlns="http://tempuri.org/™>
ng</
<location>string</location>
</getAddress>
</scap:Body>
</socap:Envelope>

HTTP/1.1 200 OK
Content-Type: text/xml; charset=utf-8
Content-Length: length

<?xml version="1.0" encoding="utf-8"2>
<soap:Envelope xmlns:xsi="http://wvw.w3.org/2001/ZHLSchena-instance
<scap:Body>
<getAddressResponse xnlns="http://tempuri.org/">
<get 1t> ing</get 1t>
</getAddressResponse>
</socap:Body>
</=mocap:Envelope>

Fig. 7. SOAP Request/Response Message.

distance service are used in the implementation. In our system the client receives
and stores URLs that point towards Websites about the geographical locations
that are shown on the client map. These are the URLs crawled by the server
while crawling location information about the geographical locations. When the
user clicks a location indicated on the map display, this component executes the
Mobile Internet Explorer embedded in WinCE with the URL of the website for
the geographical location.

5 Implementing Tour Guide System

Our system consists of client and server. We used iPAQ 5450(PocketPC) with
GPS Receiver(Pretec CompactGPS) and wireless LAN card (802.11b) as the
client and implemented the client application using Embedded Visual C++ 4.0.
Web services wrapper over Google and information extraction application de-
veloped in MS Visual Studio .NET and query resolution tool made in Java as
the server. The communication between the client and the server uses Wireless
LAN(802.11 b). We implement SOAP-based Web Services based on .NET Frame-
work and .NET Compact Framework. In the future work, we will be testing this
system using CDMA network.

The client has two agents: Mobile GIS Agent and Tour Guide Agent. The
Mobile GIS Agent handles the positioning component and the digital map service
component to display the current location of the user received from GPS and the
locations of attractions received from Tour Guide Agent. During this process,
the communication component and information component are also involved to
create/parse SOAP-based request/response message. The URLs are cached and
the Websites will be processed when the user clicks on a geographical location
on the digital map.
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The server as mentioned previously is implemented including a Web service
wrapper over the Google Web crawler and an Information extraction compo-
nent that additionally includes a user-query resolution tool developed in Java. It
uses Jena to query the Service Ontology and resolve the user request to closely
matched establishments that may be found among the crawled service informa-
tion. For instance, the Service Ontology is used to infer that the room is basically
a property describing the concepts like hotel, inn, and hostels etc. which are all
“places to stay”. The services extracted therefore contain services for inns, ho-
tels etc. The user can further restrict his/her query by specifying that he/she
needs a ”cheap” room to stay. The concept of cheap room can be associated with
hostels, motels etc. Thus the user’s query results would be restricted to hostels,
motels etc. A sample output on a test client application is shown in Figure 8.

Fig. 8. An Example of Tour Guide Services.

6 Conclusion and Future Work

In this paper, we presented the efficient Mobile GIS and Web information dis-
covery model for the Location Based Services in our Tour Guide System. We
designed the architecture of the Tour Guide System. The advantages of this sys-
tem include (1) the map services for Mobile GIS like small-sized spatial data,
map scaling, multiple levels of detail, and computation of routing (2) location-
based services to mobile users based on dynamically extracted information from
the Web.

The combined capabilities of LBS and Web are still in their nascent stages. In
order to fully access and use geospatial information with fully incorporated LBS
services, it is important to extract semantically relevant geographical information
from a wide range of geospatial data sources over the Web. There are significant
research challenges that need to be addressed in semantic LBS services. Current
Geographical Information sources are very limited and do not reflect the actual
available services. There are the great challenges associated with the dynamic
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features of the Web such as (1) location services need to be periodically updated
(2) new services are continuously generated and (3) current services lack any
standard representation format. Also from a system development perspective,
since the mobile devices are limited in presenting the Web data, it is required
to develop interactive and effective presentation techniques such as semantic
caching, information filtering, user modeling.
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Abstract. Mobile transactions for updating spatial data are long-lived
transactions that update local copies of the mobile platforms on dis-
connection. Since a mobile transaction is physically separated from its
global transaction, the concurrent updates of mobile transactions should
be merged into the global database after committing. Validation-based
schemes, which are well-known to be appropriate for mobile transactions,
have the overhead of aborting long duration transactions that conflict
with some transactions. It is definitely unacceptable to cancel all the
updates of a long-lived transaction due to conflicts with just a few ob-
jects. This paper introduces a novel reprocessing-transaction model that
handles update conflicts between mobile transactions without aborting.
Instead of aborting mobile transactions that conflict with committed
transactions, the proposed model executes a new subtransaction called
a reprocessing transaction, which reexecutes exactly the conflicted
operations on conflicted objects with foreign conflicted objects. Foreign
conflicted objects are part of the data committed by the other concurrent
transactions and are related to the conflicted objects. We also propose a
progressive reprocessing scheme to allow the non-conflicted objects
of a mobile transaction to be incrementally exposed to other concurrent
transactions in order to reduce the starvation of reprocessing transac-
tions. Our reprocessing transaction model has the benefit of being able
to serialize mobile transactions without aborting or waiting.

1 Introduction

New applications of mobile field systems [1], [2] recently have become more
important for mobile users such as maintenance crews, inspectors, and surveyors.
They use mobile platforms to collect up-to-date field data and keep as-built
details on geographical map. Mobile clients in these applications first download
the interested area from the server map database through a wireless network

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 64-80, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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and then perform field data updates on disconnection. They should connect
to the server when it is required to process the commit operation [3]. Mobile
transactions are usually long transactions that update the local copies stored in
the mobile clients on disconnection.

Mobile transactions are initiated as local transactions to be executed at one
or more mobile clients under the control of a global transaction. Since each
mobile transaction is physically separated from the corresponding global trans-
action due to disconnection, the mobile transaction is allowed to be partially
inconsistent with the global transaction before committing. One or more mobile
transactions can be concurrently initiated for updating a given interested area.
Furthermore, it is possible for more than one mobile transaction to update con-
currently spatial objects in an overlapping region. To make updates of mobile
transactions durable, their concurrent updates should be merged into the global
database after committing. Unfortunately, we cannot detect any update conflicts
before starting the merger phase. The problem with disconnection, which was
uncovered in [4], is that when long-lived mobile transactions commit, aborting
will likely occur.

Researchers on handling the conflicts of mobile transactions have experi-
mented with three approaches. The first approach is to use the optimistic con-
currency control scheme [5], [6], [7], [8]. This approach, generally, has been known
to be appropriate for mobile transactions because mobile transactions can update
the local copies of mobile clients without any communication with the server.
The problem with the optimistic approach, however, is the aborting of long du-
ration transactions. The second approach is ”pessimistic” in that it relies on
locking of the shared data. The critical problem with the pessimistic approach
[9] is long waiting time caused by long duration transactions. The third is to use
the cooperative working scheme [10] in wireless computing environments. This
scheme, however, suffers from the overhead of merging histories between mobile
clients and their station host whenever the mobile clients connect to the station
host.

For mobile and long duration transactions, it is clear that they should not
be aborted or delayed. This is the most important requirement for processing
mobile transactions to interactively update spatial data. In this paper, the ba-
sic idea is to avoid aborting of conflicted mobile transactions performed for a
long time and resolve the update conflicts between mobile transactions by re-
processing conflicted transactions under the modified validation-based scheme.
When conflicts are detected between two mobile transactions, the conflicted
objects of a newly committed transaction, first of all, are identified. In order
to reduce the overhead to restart the conflicted transaction, we executed a new
subtransaction called a reprocessing transaction, which reexecutes exactly
the conflicted operations on the conflicted objects with their relevant foreign
conflicted objects. Foreign conflicted objects are part of the write set of the
already committed transactions and spatially related to the conflicted objects.

Our reprocessing scheme, however, can suffer from starvation. In this paper,
we present a progressive reprocessing scheme to solve the starvation problem
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of reprocessing transactions. Under this scheme, the reprocessing transaction
exposes the non-conflicted objects of its write set to other concurrent mobile
transactions.

In section 2, we discuss related works that handled update conflicts of mo-
bile transactions. Section 3 defines the problems of validation-based protocols to
control the interaction among mobile transactions. Section 4 describes a new ex-
tension of the existing validation protocols for handling indirect conflicts as well
as direct conflicts between two write sets of mobile transactions. A reprocessing
transaction scheme will be presented in section 5. Section 6 illustrates a proce-
dure of recommitting for reprocessing conflicted transactions. Section 7 presents
an implementation prototype of the reprocessing transaction model. Section 8
gives a summary and suggests further works.

2 Related Work

The first approach to the concurrency control of mobile transactions is to use the
optimistic concurrency control scheme. In Mobisnap [5], when a mobile trans-
action commits, it is validated by testing the intended semantics described in
pre-conditions and post-conditions. If one of the conditions is not satisfied, it is
said that the transaction conflicts with others. For resolving conflicts, the trans-
action should be aborted. In [7], [8], they exploit the multi-version scheme for
controlling concurrency of mobile transactions. A disconnected mobile transac-
tion executes its operations on the locally copied snapshot. When the mobile
transaction reconnects to its server and tries to commit, it performs a reconcili-
ation process at the server. The reconciliation process consists of testing, conflict
resolution and serialization. For resolving update conflicts, all the updates of the
conflicted transaction are discarded.

In the two-tier transaction model [11], the first tier is a tentative transaction
that works on the local data of a mobile node, and the second tier is a base
transaction that is executed on those of a base node corresponding to a server.
When a mobile node connects to the base node, all operations of a tentative
transaction are transferred to the base node, and a base transaction reprocesses
them. If the results of the base transaction do not satisfy some acceptance cri-
teria, the transaction is aborted. If the base transaction fails, all the updates of
the base transaction and the related tentative transaction are canceled. In [6],
the history merge scheme is proposed using a base history and a tentative his-
tory. When a mobile client connects to a server, it transfers a tentative history
to the server. The tentative history is tested for conflicts over the base history.
The merger selects conflicted transactions from the tentative history and aborts
them to resolve conflicts between two histories.

In order to resolve the update conflicts, all the schemes mentioned above
abort conflicted transactions. It is obviously undesirable to abort conflicted
transactions because mobile transactions updating the map data are long-lived
transactions.
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The second approach is to use the pessimistic concurrency scheme. In the
mobile transaction model using locks [9], a mobile transaction should acquire a
preread lock and a prewrite lock of an object. If a requested lock conflicts with
the lock that is already set on the object, the mobile transaction is required
to wait until it acquires all of the requested locks. However, when two mobile
transactions update the shared spatial objects, this scheme suffers from a long
waiting problem.

The third approach to resolving the update conflicts is to use the cooperative
scheme. The CoAct model [10] presents an algorithm to merge the history of a
mobile client with that of a server. To detect any conflicts, the merger searches for
conflicted operations by scanning forward added histories. If the merger detects
conflicts, it generates alternate merged histories in order to resolve the conflicts.
It takes much time to detect conflicted operations by scanning forward and
backward histories.

In order to avoid a long waiting time of conflicted mobile transactions, we
use the optimistic concurrency control scheme. Instead of aborting the conflicted
transactions, we present a reprocessing transaction model to resolve update con-
flicts by reprocessing conflicted objects. The benefit of our scheme is to guarantee
serializability of mobile transactions without aborting or waiting under the op-
timistic assumption where the proportion of conflicted objects composing the
entire written objects is considerably low.

3 Problem Definition

Mobile transactions for updating spatial objects differ from traditional trans-
actions. First, mobile transactions are characterized by disconnection and re-
connection of mobile clients. During disconnection, a mobile transaction can
independently update its own local data without communicating with a server
or other mobile clients. Second, updating of spatial data is usually interactive
work on disconnection. Third, mobile transactions using wireless communication
are long duration transactions on disconnection because of field-based updating
of the copied map. In this paper, we focus on the issues of committing mobile
transactions which have three characteristics: interactive update, long duration
and disconnection.

Let us define the local copy of each transaction, T;, to be the CopiedRegion(T;)
where 1< 1 < n. The Write and Read set of T; can be defined as follows:

Definition 1: Suppose that 0;.G is the spatial extent of an object o;. A
Read Set, denoted as RS(T;), is a set of objects that are contained within the
CopiedRegion(T;) and read by a read operation r of T;. A Write Set, denoted
as WS(T;), is a set of objects that are contained within the CopiedRegion(T;)
and written by a write operation w of T;.

— RS(T;) = {oix| CopiedRegion(T;).G N 0;.G # 0 and r(T;) — o0 } where
1<k<n

— WS(T;) = {o0i| CopiedRegion(T;).G N 0;1.G # @ and w(T;) — o0; }where
1<k <n
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Let MBR be a minimum bounding rectangle including a set of objects o0,
where 1< k < n, of T;. For each transaction T;, MBR(RS(T;)) equals the
CopiedRegion(T;).

The existing validation schemes check that T; does not conflict with any
other previously committed transactions in the Validation phase. Let us apply
the existing validation scheme to mobile transactions for updating spatial data.
There are two problems in processing mobile transactions by using the existing
validation scheme. One is the cost of aborting conflicted transactions. If the
validation test for a mobile transaction T; fails, T; has to discard all the objects
of WS(T;). The cancel of long duration work is very costly and an undesirable
operation for resolving the update conflicts of mobile transactions.

The other problem is that the intersection test, WS(T,;)N RS(T;) # 0, is too
strict of a condition for testing the validation between two interleaving mobile
transactions. Since spatial data are interactively updated, it is required to ini-
tially read and display all of the spatial objects within an interested area. Most
objects of RS(T;) are accessed to display just them on each mobile client, but
only a few RS(T;) are updated. Obviously, the intersection condition, WS(T;)N
RS(T;) # 0, may cause too many aborts.

Suppose that two transactions, Ty and Ts, update land parcels at two mobile
clients. At the first mobile client, T1 reads P1, P2, P10, P11, P12, P15, P16, P17
and pi19 to display just them for performing an interactive update as shown in
Fig. 1. Fig. 2 shows a scenario of concurrently updating the two different write
sets of T7 and T.

. Senver
rmap
ﬁ database

download / %\muau
Read : pis
Update: pys

T+: Mohile diert Tz: Mahile diertz

Read: p, pe, P,
P Pz Pis Pis
P P
Update : pz, pio
P P

Fig. 1. Example of two mobile transactions, T1 and Ta.

Suppose that the transaction order is set to be start(T;) < start(Ts) <
commit(Ts) < commit(T;). T1has a long read phase. When T is validated, Ts
has already completed its validation phase before T; commits. In the case of
T, which commits its long update work, its validation test fails because RS(T1)
N WS(T2) = p1s, and Ty commits before Ty. Finally, T; is aborted and has



A Progressive Reprocessing Transaction Model for Updating Spatial Data 69

Timestamp
Order
T
Start | Mz
disconnect |
P Pe pw, P Pie
Ps P15 P PR
LD e 1
7 s ] ek
T2
I Start
disconnect
.
Tps) g pagt
o pis) -
[V 1 onl ot
rolback oz, B17, o s moonneat
213 813 e ] weml ] camakied
e Commit+  Jdan
D - D recannet T,
U U """ rolisack
—_—
g
le

Fig. 2. Example of updating two write sets concurrently.

to cancel its long duration updates, p2, pig, p17 and pig. However, Ty should
not be aborted because there are no actual update conflicts between T and Ts,
where the two write sets of T1 and Ts actually differ from each other. The read
of p15 does not cause any critical concurrency problem as shown in Fig. 1 and
Fig. 2.

One last consideration is a possibility of getting spatial inconsistencies be-
tween two different spatial objects. In a spatial database, an update operation
of an object o,, can affect the spatial consistency over the other object o,,where
the two objects have non-disjoint spatial relationships [12]. The necessary con-
dition of being spatially inconsistent is defined as follows: o, # oy, and 0,.G
N 0m.G # 0 for o,, € WS(T;) and o, € WS(T;). When two distinct but spa-
tially non-disjoint objects are updated independently, the result of merging two
updated objects may become inconsistent. This indirect conflict, so far, has not
been handled under the existing validation schemes.

To detect spatial inconsistency, we define the concept of indirect conflict of
mobile transactions for updating spatial data as follows.

Definition 2: Given two write sets WS(T;) and WS(T;) where start(T;) <
commit(T;) < commit(T;). we can say that o, can indirectly conflict with
O, iff 0, # 0y, and 0,.G N 0,,.G # 0 for Jo,, € WS(T;) and Jo,,, € WS(T}).

4 Validation Conditions for Detecting Update Conflicts

This section describes some extended validation conditions for detecting indi-
rect conflicts as well as direct conflicts between the write sets of two mobile
transactions.
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4.1 Interleaved and Overlapped Transactions

When a mobile transaction T; commits, it should perform the validation test
against the write sets of early committed transactions T; where start(T;) <
commit(T;) < commit(T;). We call T; an interleaved transaction of T; and
define it as follows:

Definition 3: Given two mobile transactions, T; and T}, T; is an interleaved
transaction of T; iff start(T;) < commit(T;) < commit(T;).

For the validation test of T, it needs to find out all the interleaved trans-
actions of T;. When T} is validated, all the write sets of transactions that were
completed before T; must be examined. We denote the list of interleaved trans-
actions of T; as validation_list(T;).

If the copied region of T; does not intersect with that of T; where T; and T
are interleaved transactions, we don’t need to perform the validation test between
T; and T;. Let us consider the minimal bounding region for covering the read
set of T; as the copied region of T;. Using the minimal bounding region of the
local copy of each mobile transaction, we can define overlapped transactions as
follows:

Definition 4: Given two interleaved transactions, T; and T; T; and T; are
overlapped transactions iff CopiedRegion(T;).G N CopiedRegion(T,).G # Q.

If T; and T; are interleaved and overlapped, they may conflict with each
other.

Definition 5: Given two mobile transactions, T; and T; T; might potentially
conflict with T; iff T; is both interleaved and overlapped with T;.

To improve the concurrency of mobile transactions, it is very important to
reduce the number of potentially conflicted transactions. By using the con-
cept of overlapped transactions, validation list(T;) can be further refined as
follows: validation_list(T;) = {T,| start(T,;) < commit(T;) < commit(T;) and
CopiedRegion(T;).G N CopiedRegion(T,).G # 0 } where i # j.

4.2 Detecting Conflicted Objects

The intersection test between the write sets and the read set of two mobile
transactions, T; and T}, differs from that of short transactions. In order to just
display the spatial objects within a given region, the read set of a transaction
T;, RS(T;), should be read to a mobile client. The conflicts between the write
set of T; and the read set of T; are not critical as already shown in Fig. 1 and
Fig. 2.

To avoid aborting of conflicted transactions, it is important to detect con-
flicted objects between two write sets. The first write set is said to be conflicted
with the second write set if the same object is read and written by two transac-
tions, or written by them. Besides, mobile transactions to update spatial data
have an idiosyncrasy of spatial consistency between spatial objects. A validation
test should be done for satisfying spatial predicates to detect conflicts between
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spatial objects, although they are spatially disjointed. The existing validation
condition therefore should be extended for detecting indirect conflicts as follows.

Definition 6: For any mobile transaction T;, the extended validation con-
ditions of T; include not only Condition1 but also Condition2:

— Conditionl (direct conflict condition): start(T;) < commit(T;) <
commit(T;) and WS(T;)Nn WS(T,) # O

— Condition2(indirect conflict condition): For Jo,, € WS(T;) and Jo,, €
WS(T;), start(T;) < commit(T;) < commit(T;) and WS(T;)n WS(T;) =
O and 0,,.G N 0,.G # O

One of the above two conditions must hold for the extended validation conditions
to fail. For detecting indirect conflicts, T; needs to check the spatial intersection
between two updated objects in the validation phase. The spatial intersection
can be tested by using both the old extent and the new extent of a spatial
object. Suppose two objects, o,, and o,, are updated where o, € WS(T;) and
0, € WS(T;). Let 0n.Gpew and 0,,.Gorg denote the new extent and the old
extent of o, respectively. If 0,,.Gog N 0,.Gorg # O Or 01.GrewN 0n.Grew # 0
or 0,,.GogN 0,.Grew # 0, then o,,.G is said to be spatially intersected with
0,.G. By means of the extended validation condition, a set of conflicted objects
of T; is defined as follows.

Definition 7: Given WS(T;) and WS(T;) where T, is in the validation_list of
T;, the conflicted objects of T;are the objects of T; that are common to both
WS(T;) and WS(T;) or the indirectly conflicted objects of WS(T;) whose the
extent intersects with the extent of the objects of WS(T;).

— For Jo,, € WS(T;) and Jo,, € WS(T;), conflicted_objects(T;) = {on]
0m-0id = 0,.0id or 0,,.G N 0,.G # 0 }

5 Reprocessing Conflicted Objects

We describe a new reprocessing scheme for handling the conflicted objects of
which basic idea is to use the concept of foreign conflicted objects in order to
resolve the update conflict of mobile transactions.

5.1 Foreign Conflicted Objects

The basic idea to reprocess conflicted transactions is to separate the write set
of a committing transaction into two parts: one is non-conflicted objects and
the other is conflicted objects. The non-conflicted objects are consistent with
the global database state because they do not conflict with any objects of other
concurrent transactions. Thus, it is possible to expose them to newly arriving
transactions. The conflicted objects, meanwhile, can not be exposed to the others
because they potentially conflict with other updates. Instead of undoing the con-
flicted transaction, the conflicted objects should be arranged to be reprocessed
by a subtransaction of the conflicted transaction.
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Conflicts of interactive updates on spatial data should be resolved by the
user’s decision. However, the reprocessing step to resolve the update conflicts
needs to know which objects of the committed transactions cause conflicts. Sup-
pose T; is checked against the previously committed transaction T;. When an
object 0,1 of T; conflicts with oj; of T, 0;1 is named as conflicted object of T;,
and o;1 is named as foreign conflicted object of T;. The foreign conflicted objects
of T; are defined as follows.

Definition 8: Given conflicted_objects(T;) and WS(T;) where start(T;) <
commit(T;) < commit(T;), for Jo;, € conflicted_objects(T;) and Foj
€ WS(T;), foreign_conflicted_objects(T;) = { 0jx| 0im.G N 0,5.G # 0 }

5.2 A Reprocessing Transaction

We refer to the reprocessing step for resolving the conflicted objects of T; as
the reprocessing transaction of T;, namely RT;. RT; is a subtransaction which
is initiated by the conflicted transaction T; and reupdates only the conflicted
objects of T;. First of all, a reprocessing transaction needs to bring the foreign
conflicted objects to the mobile client for interactively correcting the conflicted
objects. Unlike the conflicted transaction T;, a reprocessing transaction RT; has
two kinds of the read set: the conflicted objects of T;and the foreign conflicted
objects of T;.

Since a reprocessing transaction is dedicated to resolve the update conflicts,
RT; should reupdate exactly the conflicted objects of T; by user’s decision. The
write set of RT;, WS(RT);), is conflicted_objects(T;). The non-conflicted objects
of T;, in the meantime, will be immediately exposed to other transactions before
starting RT;. This is an important consideration for progressively reprocessing
update conflicts, which will be described in detail in the next section.

Let the k' reprocessing transaction of T; denote RT;;. When RT;; com-
mits, the write set that are reupdated by RT;; should be checked against newly
arriving transactions that have been committed during RT;x’s execution. If any
conflicts occur once again, the next reprocessing transaction RT; (1) starts. For
example, a new transaction T} commits before RT;; commits, as shown in Fig.
3. If RT;; conflicts with T}, RT;; should be reprocessed for handling the conflict
with Tg. At this time, the second reprocessing transaction RT;s is a subtransac-
tion of the first reprocessing transaction RT;;. The validation test is performed
for the write set of RT;; with the write set of Tj. The conflicted objects of RT;;
are a subset of the original conflicted objects of T; and selected by testing the
intersection between the conflicted objects of T; and the write set of Tj. The
foreign conflicted objects of RT;; are part of the write set of Ty that indirectly
conflicts with RT;;. The read set of RT;5 is the union of the conflicted objects
of RT;; and the foreign conflicted objects of RT;;.

A reprocessing transaction may be executed repeatedly. If the k** reprocess-
ing transaction continuously conflicts with newly arriving transactions, there
is a possibility of starvation due to a sequence of conflicting transactions that
cause repeated restarts of reprocessing transactions. Fortunately, our reprocess-
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Fig. 3. Reprocessing of the reprocessing transaction RT;;.

ing transaction model can progressively expose non-conflicted objects to newly
committed transactions, which will be described in detail in the next section.

6 Recommit Processing

In this section, we describe a procedure for processing recommit in order to

reduce starvation of reprocessing transactions.

6.1 Progressive Reprocessing

During execution of the k*" reprocessing transaction RT;;, a new transaction T,
or the other reprocessing transaction RT;; may commit. For example, when a
reprocessing transaction RT1; completes the reupdating of the conflicted objects
of Ty(see Fig. 4), the validation condition for RT7; should be checked against
Tsand Ty4. If the write set of RT; conflicts with that of T4, what should be

done for recommitting RT117
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Fig. 4. Example of repeated reprocessing.
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We consider how to reprocess the reprocessing transaction that conflicts again
with newly arriving transactions. The first approach to deal with this problem
is a repeated reprocessing scheme. A reprocessing transaction RT;; compares
the original conflicted objects of T; with the write set of a newly committed
transaction T; when RT;; recommits. If RT;;, conflicts with T;, the next re-
processing transaction is created for reprocessing the conflict of RT;;, with T;.
This approach, however, suffers from starvation. Under the repeated reprocess-
ing scheme, the conflicted transaction T; continuously may be reprocessed due
to recently committed transactions.

SRy

RT4

Fig. 5. Intersection diagram of interleaved, overlapped transactions.

For example, as shown in Fig. 4, the conflicted objects between Ty and Ts are
checked against T4, when RT;; recommits. The dotted arrow in Fig. 4 denotes
update conflicts. A diagram in Fig. 5 shows the intersection diagram among
the write sets of Ty, Ty, T3, T4, T5, RT1; and RT4;. The write set of RTq;
is WS(T1)N WS(Ts) which is {A, B, C} in Fig. 5. RTy; cannot be completed
because RTq; conflicts with T4. At this time, RT; needs to initiate the next
reprocessing transaction, RT1s, for resolving its conflicts with T4. When Ty
commits, the write set of T4 intersects with that of Tyand Ts. This leads to
reprocessing of T4 against T7 and Ts. When RT1; commits, the validation test
is performed against T4. Because the intersection among Ty, Ts, and Ty is {B}
as shown in Fig. 5, the intersection between RT1; and Ty is also {B}. In this
case, it is required to reprocess the original conflicted objects of Ty with Tjy.
In the next place, a new transaction Ts commits during the execution of RT,.
The original conflicted object of T; should be reprocessed once again because
the intersection between WS(RT12) and WS(T5) is {C}.

In order to avoid the starvation problem, we propose a progressive repro-
cessing scheme that allows other transactions to access part of the write set of
the reprocessing transaction after each reprocessing step. If the k** reprocessing
transaction RT;; conflicts with a newly committed transaction T}, the k41t
reprocessing transaction RT (1) will be generated to resolve the conflicted ob-
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jects of RT;;, with T;. The conflicted objects of RT;;, are part of the conflicted
objects of the k-1*" reprocessing transaction. The RT;(x+1) reupdates only the
conflicted objects of RT; with T;. Before starting RT(x41), RTx commits par-
tially non-conflicted objects of its write set and exposes them to other trans-
actions. The progressive reprocessing scheme allows later transactions to access
the non-conflicted objects of the write set, even if the reprocessing transaction
is not completely finished.

compare Ws(T;) compare WS(RT) compare WS(RT:2)
with WS5(Tz) with WS(Ty) with WS(RT)

)
\

RTs

Fig. 6. Example of progressive reprocessing.

For example, when RT1; completes its reprocessing work in Fig. 6, the write
set of RTq; is validated against a newly committed transaction T4. As shown
in Fig. 5, part of the write set of Ry1, {B}, conflicts again with T4. The other
part, {A, C}, does not conflict with T4. RT;2 reprocesses only {B}, which is also
part of the conflicted objects of T;. When RT1; completes its recommit, RT1
exposes {A, C} to RT4; and T, As the reprocessing transaction reprocesses the
conflicted objects progressively, the conflicted objects for reprocessing diminish
gradually. All of the conflicted objects of T; can be resolved in the result.

6.2 Recommit Processing Against Ongoing Transactions

When the k* reprocessing transaction RT;;, recommits, the validation test should
be done against ongoing transactions. We consider two kinds of recommits as
shown in Fig. 7. As described in section 6.1, when RT;; recommits, T4 has been
in the state of reprocessing by means of the primary reprocessing of T4, RT4;.
The write set of RT1; intersects with that of RT41, according to Fig. 5. The val-
idation of RT;; requires another reprocessing transaction to correct part of the
conflicted objects of Ty(i.e. WS(RT11)N WS(T4) = {B}). When RT4; recom-
mits, RT19 is performing the secondary reprocessing of {B}. How do the ongoing
transactions affect the recommit operation of a reprocessing transaction?

The first case of recommitting is the validation test against the presumed
committed transactions whose write set may conflict with the write set of the
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Fig. 7. Two cases of recommitting.

primary reprocessing transaction. Even if the reprocessing transaction of T},
RT}1, is reupdating conflicted objects of T}, the k'" reprocessing transaction of
Ty, RT;, needs to compare its write set with the write set of T';. The reconflict of
the write set of the primary reprocessing transaction is forced to be reprocessed
due to later committed transactions.

The second case of recommitting is the validation test against the m*” repro-
cessing transaction of T;, RT;,, where m > 1. If WS(RT},, )N conflicted_objects
(RT;(k—1)) # 0 and CopiedRegion(RT),,).G N CopiedRegion(RT;;_1y) # 0, the
recommitted transaction RT;; should determine acceptance of the results of the
other reprocessing transaction RTj,,. For example, when RT4; recommits, the
validation test is performed against RT1;. RTy2 of RT1; was invoked because
of the conflicts with T4. RT4; has two conflicting parts of the intersection be-
tween Ty and T4. One is {D} which is not related to RT1;. The other is {B}
which is WS(RT1;1)N conflicted_-objects(T4). The reconflict of {B} can be finally
resolved by merging the write set of RT4; with the write set of RT;; at the
time of recommitting RTy;. If RT4; accepts the results of RT11’s reupdating,
RT15 will be a useless reprocessing transaction. If RT4; does not accept RT11/s
results, the update conflicts should be harmonized by RT;2 or its next repro-
cessing transaction. This is a remaining overhead of our reprocessing approach
to mobile transaction processing.

7 Implementation

In this section, we present an implementation prototype of a mobile transaction
manager to realize our reprocessing transaction model.

7.1 A System Architecture of a Mobile Transaction Manager

Fig. 8 shows an overview of the prototype system of a mobile transaction man-
ager. The implemented mobile transaction server is built on the spatial data
server, called ‘CyberMap’[18], running on the Linux server. The server exploits
the IMT2000x1 wireless network in order to talk with its clients for processing
mobile transactions.
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Fig. 8. A system architecture of a mobile transaction manager.

7.2 Example of the Reprocessing Transactions

A mobile transaction, first of all, should display all the spatial objects within a
given region in order to interactively update some spatial objects. Fig. 9 shows
the initial display of spatial objects in each mobile transaction at the client side.

(&) Ti(mobile client;) (b) Tz(mobile client) () Ta{mohile clients)

Fig. 9. The original display of spatial objects in each mobile transaction.

Suppose that the transaction order is set to be commit(T3) < commit(T;) <
commit(T3) < commit(RT4;). T1 updates two objects of a house (see Fig. 10(a)),
and Ty updates one object of a road (see Fig. 10(b)). They are disparate objects.
When T, performs the validation test against the write set of Ts, the test fails
because two objects of T; have an intersection relationship with the object of
Ty. Ty generates conflicted_objects(T1) and foreign_conflicted_objects(T;) and
starts its reprocessing transaction RT11. As shown in Fig. 10(c), RT1; highlights
conflicted_objects(T;) and displays foreign_conflicted-objects(T;). The dotted
object is foreign_conflicted_objects(T1).

RT;; updates conflicted_objects(T1) in order to resolve conflicts(see Fig.
11(a)) and recommits. In Fig. 11(b), T3 updates one object of the house and
commits successfully during RT1;1’s execution. Since the write set of RTy; con-
flicts again with the write set of Ts, RTj; starts RTy2. RT5 displays con-
flicted_objects(RT11) and foreign_conflicted_objects(RT11) in the mobile client
as shown in Fig. 11(c).
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Fig.11. RT1; recommits.

The non-conflicted object of RT1; is exposed to the other transactions in Fig.
12(a) and RT12 reexecutes only one object, which is conflicted_objects(RT11). As
shown in Fig. 12(b), RT12 recommits successfully, and T is finally committed.
Fig. 12(c) shows a final state where all conflicts are resolved properly.

exposed
objects

(a).the Exposed object ®).RT zrecommits (c). Final tate where all
after RTyrecommits successfully conflicts are resolved

Fig.12. RT 2 recommits.

8 Conclusions

Validation-based protocols come naturally to process mobile transactions, which
are independently carrying out their own interactive and long duration updates
during disconnection. We tried to use the existing optimistic approach based
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on the validation protocols to eliminate the overhead of locking. Under the
validation-based protocols, a new difficulty arose: should we lose a long-lived
transaction’s work when some validation conditions fail? The motivation of this
work is to avoid aborting conflicted transactions and reprocess only conflicted
objects.

In this paper, we have proposed a reprocessing transaction model to resolve
the update conflicts without waiting or aborting when the validation test fails.
The reprocessing of update conflicts can be easily achieved by reexecuting the
conflicted objects using the foreign conflicted objects which can be computed
from the write sets of previously committed transactions. A new difficulty in the
reprocessing transaction model is the repeated occurrence of update conflicts
with newly arriving transactions when a reprocessing transaction recommits.
This problem can be handled by a progressive reprocessing scheme in order to
reduce the starvation of reprocessing transactions. The progressive reprocessing
scheme allows part of the write set of the reprocessing transaction to be exposed
to other transactions during reprocessing. We have also shown an implementa-
tion overview of the prototype system for realizing a reprocessing transaction
model.

Our reprocessing transaction model is absolutely superior to the aborting
method of the validation-based protocols, if the ratio of intersection between
two write sets for all objects of the write sets is relatively low. Further studies
are needed to consider the case of too much intersection overlap between two
conflicted transactions and to reduce useless reprocessing transactions.
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Abstract. Interoperating Geographic Information Systems (GIS) poses
several challenges. First, despite OpenGIS Consortium recommendations,
GML is an emerging standard. Second, each GIS provides its own pro-
prietary format as well as its specific query language; while geographic
resources are designed for a variety of different purposes. Finally, or-
thogonal directions in the design of geographic resources may affect the
semantics of the data they contain and impair their integration.

With the proliferation of GIS data and resources over the Internet, there
is an increasing demand for robust geospatial information services that
allow federation/interoperation of massive repositories of heterogeneous
spatial data and metadata.

The purpose of this paper is to show how mediation — a data integration
technique — can help in building such a Web-based required geospatial
service. This technique has been fully implemented in the context of a
geographic mediation/wrapper system that provides an integrated view
of the data together with a spatial query language. As a proof of concept,
we deployed the service in building a prototype for an interoperability
application involving several catalogues of satellite images.

1 Introduction

With the widespread use of commercial or open sources GIS, amount of spatial
data has grown exponentially. The creation of internet made these ressources
available on the web, but unable to communicate with each other. Interoper-
ability of these sources is next GIS challenge to step, as geographic applications
can be accessed from a web browser, or even a mobile device such as a cellular
phone. The data integration technique called mediation can help in building such
a Web-based required geospatial service. In this paper, we present our solution
for building a web based mediator, and show an example involving catalogues
of satellite images.

Typical mediation approaches are data-driven and do not address the prob-
lem of integration of query capabilities. But the exploitation of available query
capabilities is critical to a geographic mediation system. Geographic languages
provided by GIS usually express spatial selections, metric or topological queries,
allocations, etc., in addition to standard data manipulation such as performed
by SQL[17], and are usually implemented as ad-hoc functions with respect to a

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 81-93, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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specific data representation and indices. These query capabilities may be avail-
able partially or totally at some of the integrated data sources. Similar operators
may not be semantically equivalent at two different sources.

Our main contributions are:

— VirGIS provides a transparent non-materialized integrated view of geographic
data.

— VirGIS uses GML [12] as an internal format to represent, manipulate, and
exchange geographic information.

— we purposely developed GQuery, a XML geographic query language based
on XQuery.

— VirGIS exploits querying capabilities available at integrated GIS, and ex-
tends them with local capabilities when the needed capability is missing at
the source but available locally [6].

— VirGIS accesses integrated GIS features and query capabilities via Web Fea-
ture Server (WFS) [14]. A WFS query consists of a SQL-like query language
called CQL [15], embedded in a XML program.

— Geographic queries are expressed either with GQuery, or via a WFS query
expression.

— VirGIS complies with recent standard specifications of the Open GIS Con-
sortium [15]. In addition these standards are being adopted by major GIS
vendors [1, 2].

The paper is organized as follows: Section 2 discusses our approach to query
GML data. Section 3 gives an overview of the mediation system, while Section
4 describes a concrete (and real) application scenario. Finally, we conclude in
Section 5.

2  Querying GML Data

2.1 GML Data Model

In this section, we give an overview of GML key concepts as described by OGC
Abstract Specification [15]. The basic concept is a Feature, i.e., an (object) ab-
straction of the real world phenomena, with spatial and non-spatial attributes.
Figure 1 shows a town split into four districts.

Figure 2 illustrates the UML schema of a town, according to the OpenGIS
abstract model. Town and parcels classes inherit from Feature, and parcel has a
Geometric property.

A simple encoding of these features with GML 2.0 (Figure 3) only shows
containment relationships between town and districts, as parcels tags are nested
in town tag. Not all information represented in Figure 1 is available in GML.
For example, adjacency relationships between parcels need to be first defined
in an XML schema, and then encoded in the GML document. When working
with complex examples of thousands of features, expressing all relationships
between them is prohibitive because it increases GML document complexity and
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Fig. 1. Town Districts.

town

name
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1
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id

Geometry

1

1

Polygon

Fig. 2. UML Modeling of a Town Districts.

size. The new release GML 3.0 has the ability to store topological relationships
between features with new tags (see the detailed example in [13], page 468). The
inconvenient of this encoding is also the size of the document. A smaller one
will be transferred faster on the network. What is needed is a query language
for GML with spatial operators that captures the spatial semantics from the
smallest GML encoding.

<town name=’NY’ area=’500’ population=’10000’>
<parcel id=’1’><polygon>...</polygon></parcel>

<parcel id=’4’><polygon>...</polygon></parcel>
</town>

Fig. 3. District GML 2.0 Encoding.

2.2 Related Work on Querying GML

Querying spatial data is a well known problem studied in the context of SQL and
relational DBMS and resulted in languages such as Spatial SQL[8] or GeoSQL
[9] or Oracle Spatial, all of them being SQL extensions. The choice of extending
an existing language, instead of creating a new one is motivated by the fact that
spatial databases contain both spatial and non-spatial data. Querying GML data
could be performed in a similar way, i.e.,the query language should be developed
on the basis of the languages developed for XML.
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The OpenGIS consortium, with its Web Feature Service requests (WFS) [15],
provides a way to specify data manipulation operations on geographic features
posted to a Web Feature Server using HTTP requests (Figure 4). The Web
Feature Server layer is in charge of manipulating the data sources that may
contain geographic features.

WFS
response
(GML)

WFS
request

Fig. 4. Web Feature Service.

Web Feature Service interfaces allow geographic data extraction that is re-
turned to the user as a GML document. When accessing a source, one may
execute spatial operators provided by the underlying GIS. There are mainly two
kind of requests (GET and POST). The examples below query all instances of
type “TOWN?” in the spatial database. The first method uses keyword-value
pairs (KVP) to encode the various parameters of a request as shown in Figure 5.

http://wuw.someserver.com/wfs.cgi?service=WFS &version=1.0.0
&request=GetFeature &typename=TOWN

Fig.5. WFS query by http GET.

<?xmlversion="1.0"7> <GetFeature version="1.0.0" service="WFS">
<Query typeName="TOWN"/>
</GetFeature>

Fig. 6. WFS query by http POST.

The second method uses a specific XML encoding as a query language as
shown in Figure 6. In both cases, HTTP URLs or XML encoded WF'S requests
can express selections of data. Their expressive power is not equivalent to SQL or
XQuery, and it is not easy to write and read these queries. WFS is also not able
to join data from two distinct GIS. Some spatial operators are available (equals,
disjoint, crosses, ...) but their use depends on the underlying GIS capabilities.
Using a query language over GML solves these problems. If a spatial operator is
not available at a GIS data source, it can be applied over the GML document
obtained from a data source through its WFE'S server. When executing an external
join between two GIS, we only need to join two GML documents retrieved by the
two local WFE'S servers: this is much more comfortable in case of heterogeneous
data integration.
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When querying GML data, we need to perform spatial analysis (area of
a polygon, length of a line) and highlight spatial relationships (containment,
overlapping, ...). Languages that are currently used for querying XML data are
fully dedicated to tree manipulations, can only get alphanumeric features and
are not suitable for spatial calculus. XPath, and more recently XQuery, do not
highlight the spatial properties of the set of tags representing Points or Polygons.

The GML tree structure is not suitable for geometric manipulation, and
representing geometric data poses structural problems, like the number of tags
needed for describing geographic features. This can led to use GML for data
exchange only, but recent work in GIS data integration such as those conducted
in the VirGIS project, increased the need of a query language for GML.

Proposals were made for extension to spatial data of existing XML query
languages [16], or extension of existing data models to spatial domain [7]. Ac-
tually none of them gave birth to a concrete implementation. One solution for
querying GML is to come up with an implementation of all spatial functions
in XQuery itself, but this is quite difficult, because XQuery is a functional lan-
guage that doesn’t offer data structures for implementing geometric algorithms.
Another solution could be the translation of a complete GML document into
another language, in order to easily manipulate their properties (for example by
the translation, and insertion of a GML document into a database like PostGIS
[3]). This could be possible for small documents, but becomes unfeasible with
large documents that may contain thousands of features; first of all, because of
the translation time, and we also lose the benefit of using XQuery for tree nav-
igation, querying and merging XML datasets. The solution we propose consists
in adding spatial operators to XQuery, in order to capture the spatial semantics
of a GML document.

2.3 GQuery Data Model

The data model we use is very simple, and is based on XQuery’s one (Fig-
ure 7). Extensions of another data model for XML [5] or for GML [7] have been
proposed; the drawback is that implementation of the database model and the
algebra has to be done from scratch. As XQuery is highly recommended by the
W3C, we shall stick to the standard.

A GQuery query is composed of expressions. Each expression is made of
built-in or user-defined functions. An expression has a value, or generates an
error. The result of an expression can be the input of a new one. A value is an
ordered sequence of items. An item is a node or an atomic value [18]. There is
no distinction between an item and a sequence containing one value.

query ::= expression

expression ::= expression o expression | value | ERROR
value ::= (itemo, itemy, ..., item;)

item ::= atomic value | node

Fig. 7. GQuery Expressions.
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There are seven types of nodes: document, element, attribute, text, comment,
processing-instruction and namespace nodes.

Writing a query consists of combining simple expression (like atomic val-
ues), path expressions (from XPath [18]), FLOWER expression (For-Let-Where-
Return), test expressions (if-then-return-else-return), or (pre or user defined)
functions. Non spatial operators are arithmetic operators (+,—,x,/,mod), op-
erators over sequences (concatenation, union, difference), comparison operators
(between atomic values, nodes, and sequences), and boolean operators.

Spatial operators are applied to sequences. We have three types of spatial
operators, the first two categories perform spatial analysis, the third highlight
spatial relationships:

— operators that return numeric values:
area,length : sequence = (node) — numeric value
distance : sequence = (node, node) — numeric value
— operators that return GML values: convexhull, centroid : sequence = (node)
node
— operators that return boolean values:
equal, within, touches : sequence = (node,node) — boolean

(where node is a GML data node).

Each result of a GQuery expression is part of the data model. The input
and output of every query or subexpression within a query is an instance of the
data model. GQuery is closed under this query data model. When computing
area(node), if node is a Polygon, the function returns a numeric value, otherwise
it raises an error. In both cases, results are instances of the data model.

Spatial operators can be nested.

For example, within(convexhull(nodel), node2) is correct according to the
data model. convexhull(nodel) is equal to node, and within(node, node2) re-
turns a boolean.

3 The VirGIS Mediation System

As mentioned in section 1, one of the motivations behind GQuery is a query
model for a geographic integration system. Figure 8 describes the functional
architecture of the VirGIS geographic mediation system [11].

The system is mainly composed of three layers: a GIS mediator, Web Fea-
ture Servers (WFS) and data sources such as any integration system. Let us
note that the WFS servers play the role of wrappers . Indeed they ensure the
transformation from the mediator data model to the sources ones and vice-versa.
The GIS Mediator is composed of a Mapping Module, a Decomposition/Rewrite
module, an Execution module, a Composition module, and a Source Manager
module. In this section we present a short description of the different modules
of the mediation stage. [10] explains more in details the different steps of query
rewriting.
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Fig. 8. The VirGIS Mediation Architecture.

The GIS mediator is in charge of analyzing GQuery expressions, includ-
ing various transformations that involve (meta) schema information, performing
some optimizations, and splitting the query into sub-queries, passing them to the
right WES for execution. The WF'S layer is in charge of manipulating the data
sources: it receives requests from the mediator, executes them, and returns the
results. A WF'S request consists of a query description or data transformation
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operations that are to be applied to one or more features. The request is issued
by the client and is posted to a Web server via HT'TP. The WF'S is invoked to
service the request.

A request combines operations defined in the WFS specification. The WFS
reads and executes the request and returns an answer to the user as a GML (or
XML) document.

Among those operations are:

— GetCapabilities: a WFS source must be able to describe its capabilities.
Specifically, it must indicate which feature types it can service and what
operations are supported on each feature type.

— DescribeFeatureType: a WFS source must be able, upon request, to describe
the structure of any feature it can service.

— GetFeature: a WFS source must be able to service a request, and to retrieve
feature instances and properties.

The main components of the GIS mediator are as follows:

1. The WF'S translator receives a request that is an XML encoding of (a subset
of) a SQL like query language derived from the OpenGIS CQL (Catalog
Query Language). This request is translated into a GQuery expression. This
module turns the VirGIS system into a WFS-enabled server.

2. The Mapping module uses integrated schema (meta) information in order
to express user queries in terms of local source schemas. Each mapping rule
express a correspondence between global schema features and local ones.
Those correspondences are expressed in using of path-to-path mappings as
it is explained in [10]. Note that conditions and aggregations (like topological
operators) are used to describe local sources contents and capabilities.

3. The Decomposition/Rewrite module exploits information about source fea-
ture types and source capabilities to generate an execution plan. A global
GQuery expression is used as a container (place-holder) for collecting and
integrating results coming from local data sources. The rewriting algorithm
[10] is inspired from the one used in the Styx system [4].

4. The Execution module processes sub-queries contained in the execution plan
it receives in, sending them to the appropriate WFS. Note that sub-queries
(according to their type) are executed either by the WFS Query engine or
the GQuery engine. For example, queries that require an operator that is not
available at any of the integrated data sources is processed by the GQuery
engine.

5. The Composition module treats the final answer to delete the duplicated
answers, etc. it produces a GML document which is returned to the client.

6. The Source Manager module is in charge of collecting information from the
WFS sources. It builds the configuration files for the integrated (Global)
schema and sources capabilities information.
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4 Illustrating Example

4.1 Application Scenario

The scenario involves the integration of satellite images catalogues. As an exam-
ple, consider query Q below:

Given a spatial location (e.g., Corsica) return all available satellite shots.

Figure 9 below illustrates a subset of schemas drawn from SPOT and IKONOS
catalogues, and the VIRGIS mediated schema. QUICK_LOOK table refers to a
sample of small images called quick looks that give an overview of satellite im-
ages supplied in the catalogue. The global query @ is posed against the VIRGIS
relation. This query does not specify any satellite, hence information should be
retrieved from all integrated satellites. Note that we could also have specified a
satellite name (e.g., SPOT or IKONOS).

|Attribute| Type ||Attribute| Type |Attribute Type
date_ Date ||date_acqui| Date key |string

sun_elev |numeric|| sun_el |numeric|| filename [string
satellite | string satellite | string
sat_id |numeric sat_id |numeric

key string key string

the_geom |Polygon| | the_geom |Polygon

SPOT IKONOS QUICK LOOK

VIRGIS(id: string, date: date, sun_elevation: numeric,
name:string, satid: string, url: string, geom: Polygon)

Fig. 9. Locals and Global Satellite Schemas.

Normally processing query @ is time consuming, may require a tremendous
effort, and is practically unfeasible:

— Data sets collected by satellites are quite large and it is impractical for a
user to examine the complete data sets.

— Each catalogue has its own organization and ontology, which leads to well
known semantic interoperability problems.

— A user has usually access to only one catalogue at a time, generally in us-
ing a browsing system, because there is no integrated system that provides
(transparent) access to multiple catalogues.

4.2 A Simple Visual Query Interface

Because neither GQuery nor WFS expressions are easy to express for a naive
user, we designed a high level friendly user interface that allows simple queries.
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Fig. 10. VirGIS Query Interface.

As illustrated in Figure 10, a user query is very intuitive: users graphically
choose the region they are interested in, they specify some values such as dates

(begin, end), sun elevation, etc.

4.3 Query Processing

In this section, we describe the 3-phase processing of query ) mentioned above.
The first phase consists in mapping the global WFS query to local virtual WFS
queries, which led to the following WFS expression represented in Figure 11.

<GetFeature xmlns:gml="http://www.opengis.net/gml">
<Query typeName="satellite">
<Filter>
<BBOX>
<PropertyName>geom</PropertyName>

<gml:Box><gml:coordinates decimal="." cs="," ts=" "> 8,43 10,41

</gml:coordinates>
</gml:Box>
</BBOX>
</Filter>
</Query>
</GetFeature>

Fig.11. The WFS (Global) Query.
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The second phase is performed by the Decomposition/Rewrite module that is
in charge of generating an execution plan. The query plan consists of both WF'S
and GQuery subqueries together with their scheduling information represented
by a Priority timestamp attribute.

Figure 12 (resp. 13) below illustrates a WFS (resp. GQuery) expression being
part of the execution plan.

In the third phase, WFS queries are sent to data sources, while GQuery ex-
pressions are executed by the GQuery processor. WFS queries result in GML
streams that may be passed to GQuery queries, or considered as partial GML
results. For example, document temp33.xml returned by a WFS server is passed
to GQuery request represented in Figure 13. Finally, all GML portions are as-
sembled and recomposed in order to generate a final GML document, that is the
final answer to be returned to the user.

<?7xml version="1.0" encoding="UTF-8"7> <GetFeature
xmlns:gml="http://wuw.opengis.net/gml">
<Query featureSourceld="Geoserver_local_preview"
queryIndex="0" typeName="satellite">
<PropertyName featureSourceld="Geoserver_local_preview"> id
</PropertyName>
<PropertyName featureSourceld="Geoserver_local_preview"> url
</PropertyName>
</Query>
</GetFeature>

Fig.12. A WFS Subquery.

<!-- GQuery query, Priority = 1, Output = temp35.xml-->
<wfs:FeatureCollection>
{
for $x1 in document("temp31l.xml")/wfs:FeatureCollection
/gml:FeatureMember/satellite,
$x2 in document ("temp33.xml")/wfs:FeatureCollection
/gml:FeatureMember/satellite
where $x1/id=$x2/id
return
<gml:FeatureMember>
<satellite fid={$x1/efid}>
{$x1/date}{$x1/elevation}{$x1/geom}
{$x1/id}H{$x1/name}{$x1/satid{$x2/url}
</satellite>
</gml:FeatureMember>
}

</wfs:FeatureCollection>

Fig.13. A GQuery Subquery.
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5 Concluding Remarks

With the proliferation of GIS data and resources over the Internet, there exists
a huge demand for robust geospatial information services that allow federa-
tion/interoperation of massive repositories of heterogeneous data and metadata.

To tackle this problem, we developed an XML (GML) based integration
system called VirGIS. The technical choices we made address effective integration
needs expressed by the GIS community. We believe that we do have a piece
of software that may be used as as basis for online Geoservices. Indeed, since
VirGIS accepts OGC’s WFS queries, it may deliver any combination of Web
Feature Servers.

Future research should include query optimization and automatic schema
matching.
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Abstract. Geographic information systems (GIS) are becoming more
usual due to the improved performance of computer systems. GIS ap-
plications are being developed using the three-tier software architecture
traditionally used for general-purpose information systems. Even though
this architecture is suitable for GIS applications, the special nature and
exclusive characteristics of geographic information pose special functional
requirements on the architecture in terms of conceptual and logical mod-
els, data structures, access methods, analysis techniques, or visualization
procedures.

In this paper, we propose a generic architecture for GIS that provides sup-
port for the special nature of geographic information and conforms with
the specifications proposed by the ISO/TC 211 and the OGC. Our strat-
egy to achieve this goal consists of two steps: (i) we analyze the special
characteristics of GIS with respect to traditional information systems,
(ii) and we adapt the traditional three-tier architecture for information
systems to take into account the special characteristics of GIS.

Finally, we have tried to apply the architecture that we propose in the
development of a complete and complex real-life GIS application using
commercial tools in the analysis, design and implementation. We describe
this application, and we use it to describe the limitations of current
commercial GIS development tools by analyzing the differences in the
architecture of the resulting system with respect to our proposal.

1 Introduction

Until a few decades ago, manipulating, synthesizing and representing geographic
information was restricted to paper maps and these tasks were limited to manual,
non-interactive processes. The exponential improvement in the performance of
computer-based technologies and the increasing demand for interactive manipu-
lation and analysis of geographic information have created a need for geographic
information systems (GIS) [1, 2]. An important characteristic of geographic in-
formation systems is that they are more than tools to produce paper maps.

* This work was partially granted by CICYT (refs. TIC2003-06593 and FIT-150500-
2003-588), and Xunta de Galicia (ref. PGIDIT02SIN10501PR).
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Whereas in traditional cartography the paper map is the database, in a GIS the
map is only a projection of a particular view of a geographic database at a given
time. This enables the GIS end-user to review an unlimited number of analysis
alternatives, and to make maps from different points of view emphasizing dif-
ferent aspects of the information. As a consequence, functional requirements for
GIS are vast and go far beyond those of traditional information systems [3-6].

After many years of research and development, it is now generally accepted
that the architecture of general-purpose information systems must consist of
three separate tiers, namely: the presentation tier, the application logic tier (or
business logic tier), and the data tier. The main advantage of this architecture
is that it enforces a strict separation of the functionality of the system into
three different independent modules that interact only at well-defined interfaces.
This enables a developer to modify each one of these modules of the application
with little impact on the others. Therefore, this architecture provides increased
performance, flexibility, maintanability, reusability and scalability.

Even though the three-tier architecture for general-purpose information sys-
tems is suitable for GIS, the special nature and exclusive characteristics of geo-
graphic information pose special functional requirements on the architecture in
terms of conceptual and logical models, data structures, access methods, analysis
techniques, or visualization procedures. For instance:

— Special data types and operations are needed to represent and manipulate
geographic information.

— Geographic information requires many different analysis and visualization
procedures.

— Geographic information is typically voluminous with a naturally imposed
hierarchical structure.

— Geographic information processing is characterized by transactions that are
much longer than a typical standard relational database transaction.

— There are two different conceptual views of geographic space: an object-based
view and a field-based view.

— Additionally, each conceptual view of space can be represented in many
different ways in a computer.

These and other features impact the overall architecture of a GIS. Therefore,
it is very important to determine the special requirements and functionality of
GIS applications beyond those of general-purpose information systems in order to
design and implement a GIS application framework with appropriate capabilities
for modeling, collecting, querying, and visualizing geographic information. This
is precisely the main goal of our work: proposing a generic architecture for a GIS
framework that provides support for the special characteristics and requirements
of geographic information.

The rest of this paper is structured as follows. First, in Section 2 we analyze
the special features of geographic information that pose requirements on the ar-
chitecture of GIS beyond those common to general-purpose information systems.
After that, in Section 3, we review the OpenGIS Consortium (OGC) and the ISO
Technical Committee 211 (ISO/TC 211, Geographic Information/Geomatics)



96 Miguel R. Luaces et al.

proposals of standards for representing and manipulating geographic informa-
tion. We also point out in this review the benefits and drawbacks of these pro-
posals. Then, in Section 4 we introduce our proposal for a generic architecture
for GIS that fulfills the requirements described in Section 2. Section 5 describes
the development of a GIS for the Provincial Council of A Coruna that tries to
apply our proposal, and Section 6 is devoted to the analysis of the differences
between the proposed architecture and the implemented GIS application caused
by the limitations of commercial GIS development tools. We end this work by
giving some concluding remarks and describing future work in Section 7.

2 Special Characteristics of Geographic Information

The special nature of geographic information imposes some requirements on the
architecture of the information system. We enumerate some of these requirements
in this section.

Representation of Geographic Information. The conceptual models used for in-
formation systems (e.g., the entity-relationship model) do not have constructs to
model application schemas that deal with geographic information. Furthermore,
logical models (e.g., the relational model) are strongly geared toward business
applications that manipulate large but simple data sets, and do not include
functionality to represent geographic information. In addition to data types for
numbers, texts and dates, the representation of geographic information on a
computer requires new data types such as point, curve, surface, or collection
types like point collection, or geometry collection. Finally, physical models for
traditional information systems are unable to represent efficiently geographic in-
formation. Summarizing, traditional information systems must be extended at
all levels from the conceptual model to the physical model in order to represent
geographic information adequately.

Geographic Information Processing. There is a rich set of special transforma-
tion, manipulation and analysis techniques applicable to geographic information,
which must be integrated within the information system. This must be done by
providing an exhaustive set of primitive operations on the data abstractions of
the conceptual model, which must be integrated in a query language to retrieve
and manipulate the data abstractions of the conceptual model. Finally, problem-
solving techniques must be used for the following categories of problems:

— What is it at this location?, and Where is this located?
What is the spatial relationship between these objects?
— What location satisfies these requirements?

— What will be the situation in the future?

Visualization of Geographic Information. The visualization of geographic in-
formation is a distinctive feature of GIS applications compared with general-
purpose information systems. Geographic information has some peculiarities that
have an impact on the presentation process:
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— Different abstractions must be used for the representation and the visualiza-
tion of the information.

— It is multi-dimensional.

— It is voluminous.

— It is required at varying scales and sizes.

— It is required from different perspectives.

— It is projected onto a flat surface (i.e., on a computer screen or a paper).

Therefore, there is a need for appropriate metaphors to manipulate geo-
graphic information at the user interface of the system. These metaphors must
be based on the well-known map metaphor, and must incorporate dynamic op-
erations such as zoom, pan and the addition and removal of information.

System Architecture. The special nature of geographic information makes more
important the fulfillment of some requirements of general-purpose information
systems, such as flexibility, extensibility, reusability, scalability, reliability, and
security. In order to provide these features, the architecture of the GIS must be
based on an extensible DBMS providing geographic information management
services, and a collection of modular, highly-distributed, geographic information
processing and visualization services.

Other Issues. Geographic information poses other important requirements on
the architecture of the system. First, as any other application domain for infor-
mation system, the field of GIS needs special metadata elements to describe the
particularities of the application domain. Metadata in the architecture of a GIS
enables to find geographic information data sets, to describe how the information
can be used, and to check whether the information satisfies some requirements.

In addition to this, the amount of possible analysis techniques for geographic
information is unlimited. Therefore, no GIS development tool can provide all
possible operations and problem-solving techniques. As a consequence, the ar-
chitecture of a GIS development tool must be extensible to support the addition
of new data analysis procedures. The process of extending the functionality of a
GIS development tool is usually referred to as customization.

Finally, the temporal component of geographic information was systemati-
cally ignored by GIS development tools and the more general research field of
spatial databases. This is changing in the last years, and many research efforts
has been dedicated to the emerging field of spatio-temporal and moving object
databases [7].

3 International Standards
for Geographic Information Systems

Given that each application has a different point of view on geographic infor-
mation, each developer has defined conceptual models, geographic data mod-
els, storage formats, analysis operations, or representation procedures specially
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adapted to the requirements of the application. As a consequence, there is nowa-
days a problem of interoperability between the GIS development tools; it is not
easy to use one tool to analyze the information collected with another tool.

In order to solve this problem, a number of government, research and indus-
try partners founded the OpenGIS Consortium (OGC) in 1994 to promote in-
teroperability among GIS development tools [8]. Another standards organization
that has devoted many efforts to GIS applications is the International Organi-
zation for Standardization (ISO) by means of the ISO Technical Committee 211
(ISO/TC 211), named Geographic Information/Geomatics [9]. The purpose of
both organizations is to create specifications of standards concerning geographic
information with detail enough to enable developers to create implementations
conforming to these standards that interoperate without problems.

For many years, the OGC and the ISO were working independently to reach
overlapping goals, but nowadays both bodies seek to converge toward a common
solution. The OGC and the ISO/TC 211 are carrying out a very important task
in the field of geographic information systems. They are laying the foundation
for a new generation of GIS applications and development tools that will be able
to cooperate to a greater extent at many different levels. Furthermore, instead of
proposing a monolithic software layer implementing all the functionality of GIS
applications, these organizations are proposing to break down the functionality
in a vast collection of services with very specific functionality that interact only
at the interfaces. This allows a very flexible GIS application architecture because
the services implementing the functionality may be running in a single computer,
or distributed along a wide-area network, in a totally transparent way.

We have depicted in Figure 1 the architecture of a GIS application with two
different user interfaces built over the specifications already published. The first
interface consists in a desktop-based GIS for geographic data analysis, and the
second one is a web-based GIS for geographic information portrayal. The figure
shows the specifications that are already adopted in white boxes, and the missing
pieces of the architecture in gray boxes.

The work developed by these organizations has also some little drawbacks.
For instance, even though the specifications provide a complete information man-
agement tier, much of the processing algorithms and information portrayal tech-
niques must be defined by a developer. No specifications have been defined for the
processing tier, and very little work has been produced for the human interface
tier.

Another little problem is that the intrinsic nature of any standards organiza-
tion causes the process of developing a specification to be rather slow. Before an
specification is adopted, it must be proposed, written in a draft state, discussed
and voted by the membership. This is a lengthy process that cannot be assumed
by software companies that must produce novel products at a much faster pace.

Finally, the definition of specifications by multiple groups working indepen-
dently may cause that the specifications do not match perfectly due to coor-
dination problems. Some concrete examples of this problem are shown in the
following list:
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Fig. 1. OGC Services in the Architecture of a GIS.

Metadata

— Duplicate definitions. The specifications for both the Geographic Markup
Language (GML) [10] and the Styled Layer Descriptor language (SLD) [11]
provide a definition for constructs to specify the visual style of a cartographic
object generated from a geographic feature.

— Missing functionality. The Web Feature Service (WFS) [12] is defined as a
service for querying and manipulating geographic features. However, instead
of providing a complete query language like the one defined for the simple
feature geometry model [13], the definition imposes some limitations on the
types of queries that can be posed over the data source (e.g., the language
does not support relational joins, new values in the query result cannot be
computed, or the complete set of spatial operations is not available).

In spite of these little drawbacks, the architecture and the specifications pro-
posed by these organization must be considered as a starting point for the de-
velopment of any GIS application. These specifications are the greatest source
inspiration for the architecture described in the following section.
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Fig. 2. A Generic System Architecture for GIS.

4 A Generic Architecture
for Geographic Information Systems

After analyzing the special characteristics of geographic information and the
requirements that they pose over the architecture of geographic information
systems, we present in this section a description of the components and the
interactions in a generic architecture for geographic information systems that
meets these requirements. The design of this architecture is heavily influenced
by the proposals of the ISO/TC 211 and OGC, and reuses the work of these
organizations where their specifications are mature.

Figure 2 shows our proposal of a generic architecture for geographic infor-
mation systems. The architecture separates the functionality of the system in
three independent tiers, namely the Data Tier, the Application Logic Tier and
the Presentation Tier. The Data Tier provides data management functionality
independently from the software technology. The Presentation Tier is responsi-
ble for implementing the user interface of the system, displaying the maps and
providing some basic functionality over them. Finally, the Application Logic Tier
implements the problem-solving functionality of the system.
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In order to enable reusability and flexibility of the system architecture, the
functionality of these tiers must be implemented independently of any particular
application. The strategy followed consists in finding and isolating the charac-
teristics that are independent from the application schema and functionality
from the dependent ones. Then, the independent characteristics of the system
are implemented once using generic algorithms. The architecture built with these
modules can be used as a framework for GIS applications by filling in the specific
details of the application. We describe now each layer in more detail.

4.1 Data Tier

The purpose of the data tier is to provide information management function-
ality independently from the software technology used to store the data. This
tier receives information retrieval and manipulation requests expressed using a
query language, evaluates the query, and returns a set of data objects that are
represented using an information exchange language.

Considering that there may be many different types of data sources, the in-
ternal architecture of the tier must be organized in a mediator-wrapper pattern.
The mediator layer consists in a conceptual model for geographic information
including data types and a query language for representing and manipulating
geographic information, and metadata and catalogue information. Then, a wrap-
per module must be implemented for each different type of data source. For an
extensible DBMS that supports the conceptual model directly by means of an
extension module, the wrapper is very simple. On the other hand, for a relational
DBMS the wrapper modules uses tables or large objects to store geographic infor-
mation and implements the query language using memory operations. Similarly,
legacy data formats like CAD files must be supported by wrapper modules.

The query language can be a text-based high-level query language (e.g., SQL
derivatives), or it can be a low-level query language based on an application pro-
gramming interface. The same alternatives exist for the query results, which may
be accessed using a high-level, text-based descriptive language (e.g. GML [10]),
or a low-level, application programming interface (e.g. OpenGIS Simple Features
for OLE/COM [14]).

The topmost interface of this tier consists of a collection of data services that
provide profiles of the conceptual model for specific applications (i.e., subsets
of the conceptual model, query and results language, and metadata facilities).
These services enable to hide the complexity of the underlying conceptual model
by providing, for example, a simplified query language or exchange language.
Two examples of services that can be implemented in this layer are the Web
Feature Service and the Web Coverage Service defined by the OpenGIS.

4.2 Application Logic Tier

The application logic tier comprises the business logic of the system. This tier
must be composed of multiple independent services, which are modules responsi-
ble of performing well-defined and simple tasks. Each service is defined by giving
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its interface as a set of operations and a description of the results. When a service
operation is invoked, the service module answers the request either by using its
internal information, or by building and issuing the appropriate queries to the
Data Tier and manipulating the data returned.

The services existing in the architecture cannot be predefined because the
functionality necessary for GIS applications cannot be known in advance. We
can foresee the need for some services such as a route-finding service in networks,
a geographic value simplification service, a coordinate transformation service, or
an application schema transformation service. In order to achieve more com-
plex tasks, multiple services must be chained by means of a workflow service.
This kind of service allows developers and end-users to build a new service by
connecting a collection of simple services.

4.3 Presentation Tier

The Presentation Tier is responsible for the user interface of the system that
enables data visualization, data manipulation and data entry. The presentation
tier receives the user interaction in the form of mouse gestures, keyboard inputs
or other device inputs. These inputs are evaluated and the appropriate opera-
tions in the application logic tier are invoked. When the results are returned,
they are displayed to the user using the appropriate user interface controls and
visualization metaphors.

The most important component of the presentation tier is the portrayal ser-
vice, which is in charge of converting a collection of geographic features into a
collection of cartographic objects that can be rendered on a display device. The
portrayal process is controlled by a set of style definitions, which must define
precisely the way in which each geographic feature must be rendered.

The resulting cartographic objects are visualized using a map display service,
which uses a map metaphor to allow the end-user to manipulate the displayed
map. For instance, the map scale is changed by using the zoom-in and zoom-out
metaphors.

In addition to visualization manipulations (e.g., scale and view change), the
map display component must allow the end-user to manipulate the cartographic
objects displayed in the map to perform geographic operations and to request
processing operations from the application logic tier. The activity module as-
sociates these actions to user interface events that occur in the map. As an
example, a developer can associate to the event click over an element in the
map the action display element information. The implementation of the action
is responsibility of the developer. However, it is necessary that the operations of
the features in the Data Tier are accessible to the developer.

If all the functionality of the system is implemented in the application logic
tier, the response time of the system may not be fast enough. In order to achieve
faster response times from the system, the presentation tier may implement
some functionality using the cartographic objects for the computations. This is
implemented in the presentation functionality module, and consists in tools for
the following tasks:
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— Control of the map scale and position. This allows the end-user to focus on
the map phenomena of interest by zooming and moving the map.

— Management of the graphical legend. It allows to understand the map by
describing the real-world entities that are described by each symbol. It also
allows to the end-user to customize the map by adding and removing addi-
tional features.

— Measure distances and areas.

— Display the map context. For instance, using an overview map, a graphical
scale bar, or a north arrow.

4.4 Summary

We have proposed in this section a generic architecture for GIS applications and
we have also described briefly each component of the architecture. This archi-
tecture proposal provides support for the special characteristics of geographic
information and conforms with the specifications defined by the ISO/TC 211
and OGC where possible.

5 The EIEL Geographic Information System

In order to discover the funding needs of each municipality and to propose spe-
cial action programs to balance the living conditions of the municipalities, each
provincial council in Spain is required to conduct, every five years, a survey on
local infrastructure and facilities, (named EIEL from the Spanish Encuesta de
Infraestructura y Equipamientos Locales). The amount of information collected
by the survey demands a tool to objectively analyze and evaluate the situation
and state of infrastructure and facilities in each municipality.

The province of A Coruna is located in northwestern Spain. With more than
one million inhabitants and almost eight thousand square kilometers, it is densely
populated with more than a hundred and twenty-five inhabitants per square
kilometer. The provincial council of A Corufia decided to broaden the goals of
the EIEL for the year 2000. More particularly, these new goals were considered:

— Extend the information to be collected, both in terms of the different kinds of
elements to be surveyed, and the amount of information for each particular
item.

— Reference the items surveyed to its geographical location or extent.

— Build an information system with the information collected to be used by
the provincial council staff, and build a publicly-accessible, web-based infor-
mation system.

These goals were achieved through a two-year project carried out by the Uni-
versity of A Corunia. A large group of students from the civil engineering school
and the architecture school, supervised by a group of professors, collected the
data by direct observation or interviewing the responsible staff in each munici-
pality. At the database laboratory of the University of A Coruna, we designed
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and developed the applications supporting the data collection work flow. Then,
we developed a geographic information system to manage and exploit this infor-
mation [15].

We tried to apply the architecture proposed in Section 4 for the implementa-
tion of this GIS. This enables us to prove the applicability of our proposal in a
real-world problem. Moreover, since we wanted the system to be ready in as little
time as possible, we decided to use existing commercial applications instead of
developing new software components from scratch.

Two independent applications were built at the end of the project:

— A data maintenance tool (GISEIEL). We designed and implemented an ap-
plication to enable the responsible staff at the Provincial Council to correct
and update the information stored in the GIS.

— A web-based data exploitation tool (WebEIEL). This application was de-
signed in order to enable all the staff at the Provincial Council and citi-
zens to browse the information collected by the EIEL. It can be found at
http://www.dicoruna.es/webeiel/.

Figure 3 shows the system architecture of WebEIFL. The components that
we had to develop are shown with a gray background, whereas the commercial
components are shown with a white background. On the server side, the data is
managed by a relational DBMS (Microsoft SQL Server 7.0) and the geographic
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Presentation Functionality

Map Display Plug-in

Internet

Web Server: Internet Information Server

Activity Module
Presentation Layer Style and Generalization Module
Application Logic Layer Geomedia Web Map

Data Layer

DBMS: MS SQL Server

Fig. 3. System Architecture for WebEIEL.
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data model is provided by Intergraph Geomedia Web Map. The information of
the web application is served by Microsoft Internet Information Server, the web
server supplied by Microsoft. This particular server was chosen because it is
required by Geomedia Web Map.

The client side of WebEIEL was implemented using dynamic HTML and
a map display plug-in provided by Intergraph. This plug-in consists in a Java
applet that displays the map information implements many presentation func-
tionality such as the computation of distances and areas. The main reason for
choosing a thick-client approach for the client was two-fold. First, to provide some
interactive functionality in the client such as highlighting selected geographic ob-
jects, or displaying a tooltip message when the mouse is over a geographic object.
And second, to display the map information using a vector image format that
provides a much higher quality than raster image formats.

We had to develop many new modules and customize many existing compo-
nents in order to implement this system, because the ones provided by Intergraph
Geomedia Web Map were not sufficient to meet our requirements. Particularly,
we implemented:

— Style and generalization module. One of the requirements of our application

was that the information displayed in the client should be in a vector format
in order to produce high-quality maps. Moreover, the map display plug-
in enables enhanced user interactions (e.g., object highlighting, tooltips) if
a vector format is used for the map. However, the geographic information
collected by the survey was very detailed, and the maps produced directly
with this information were very large and were not suitable for web-based
visualization due to long transmission times and complex rendering.
In order to solve this problem, we implemented a module to perform auto-
matic generalization of geographic information. This module uses different
representations of the same geographic value at different detail levels, and
a set of rules that determine which geographic value must be used for a
given map scale. This enables to reduce the size of a map by simplifying ge-
ographic values at small map scales. Additionally, this module also enables
a developer to easily define map layers, styles, and complete maps.

— Activity module. In addition to a definition of the map contents, a developer
must also provide a definition of the actions to be performed in response to
user interactions. For instance, it is necessary to define the action associated
to a user mouse click on a geographic value. We developed a module to facil-
itate the definition, management and implementation of this functionality.

— Presentation functionality. Even though we used a thick-client in the client
side of the application, we had to provide some client-side presentation func-
tionality such as presentation of alphanumeric information for geographic
values, or the management of the graphical legend of the map.

A screen capture of the web-based application is displayed in Figure 4. It
shows the graphical legend management on the left, the tool bar on the top,
the context information area on the bottom, and the map in the center of the
image. A window with alphanumeric information of the selected element is shown
overlaid.
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6 Analysis of the WebEIEL System

As we already said, in order to reduce the development time, we used commer-
cially-available tools instead of custom-developed software modules in the archi-
tecture of the WebFEIFEL application wherever it was possible. This caused the
resulting system to be different from the architecture we propose in Section 4.
These differences are common to almost any GIS application developed using a
commercial GIS development tools. They can be categorized as follows:

— Incorrect functionality separation. In the architecture we propose, we have
presented a sound division of the functionality into independent software
tiers. Moreover, the functionality of these tiers can be further divided into
independent software layers. However, in the architecture of the GIS de-
scribed in Section 5, this principle does not hold. Figure 3 shows the separa-
tion of the system architecture using thick dashed lines. It can be seen that
Intergraph Geomedia Web Map provides in a monolithic software module
functionality for the three tiers of the architecture. This is a common prob-
lem in many commercial GIS development tools that causes many problems
regarding flexibility, scalability, and reusability.

— Missing functionality. Another common problem in GIS development tools
is that some important functionality described in Section 4 is missing. In
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our case, the conceptual model for geographic information does not support
multiple geographic values in a table.
Furthermore, the conceptual data model was not implemented using an ex-
tensible DBMS. Instead, a relational DBMS had to be used and the ge-
ographic values were stored using BLOBs, which caused many efficiency
problems. For instance, the computation of a spatial join requires to load
both relations in main memory, and perform a selection using main-memory
join algorithms.
Finally, the conceptual data model does not support the declaration of ex-
plicit topological relationships. This leads to errors in the geographic infor-
mation such as error as gaps between geographic values that share a border.
— Technology independence. GIS development tools often impose a proprietary
data storage format, and proprietary interfaces to the data tier. Sometimes,
a proprietary data presentation format is also imposed on the system. The
result is that the application is too heavily integrated with the technology
and cannot be ported to other software platforms.

7 Conclusions and Future Work

Geographic information is slowly becoming an important element in computer
systems. Many applications are being developed for industrial, administrative
and research tasks in which geographic information is the central component.
Furthermore, geographic information is providing added-value to many applica-
tions that did not consider it before (e.g., location-based services).

However, geographic information is a special kind of information that can-
not be represented, manipulated and visualized using the methods that were
traditionally used for other business and scientific information. Geographic in-
formation requires special modeling and analysis methods. The first contribution
of our work is an analsysis of the special characteristics that make geographic
information system different from traditional information systems.

Furthermore, here does not exist a generic architecture for GIS that takes
into account the special nature and characteristics of geographic information and
at the same time the well-known requirements for general-purpose information
systems. The OpenGIS Consortium and the ISO are working on specifications
of standards concerning geographic information. They are laying the foundation
for a new generation of GIS applications and development tools that will be able
to cooperate to a greater extent at many different levels. The main contribution
of our work is a proposal for a generic architecture whose design is based on the
analysis of the special characteristics of geographic information with respect to
traditional information. This architecture is based on the ISO/TC 211 and OGC
proposals, and conforms with their specifications where possible.

The solutions provided by commercial tools do not completely satisfy the
requirements derived from the special characteristics of geographic information
and the requirements of general-purpose information systems. We have presented
the complete development process of a complex GIS for the Provincial Council
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of A Coruna, and we have compared and analyzed the differences between the
architecture we propose and the completed GIS. Commercial systems cause seri-
ous efficiency problems and lack of functionality in some cases. Nevertheless, new
commercial tools such as Oracle Spatial Option or ESRI Spatial Data Extender
are moving towards the right direction by implementing international standards
for representing geographic information, and providing a well-structured solution
for the functionality they provide.

We have shown in the architecture that there is much functionality that
is independent of the particular application of the GIS. This functionality can
be implemented in a generic manner, and adapted later on with application-
specific details given using high-level languages. However, current commercial
GIS development tools do not provide this functionality, and therefore it must
be implemented ad hoc using programming languages.

The next steps suggested by our work are:

— Migrate the EIEL GIS to Oracle Spatial Option. Oracle Spatial Option pro-
vides a correct implementation of the functionality proposed for our archi-
tecture in the sense that the representation and manipulation of geographic
information is performed within the DBMS. In order to analyze the improve-
ment in performance resulting from this feature, we are currently migrating
the EIEL GIS to Oracle Spatial Option.

— Implement the generic modules of the architecture. Even though we have al-
ready implemented some of the generic modules described in the architecture
for the project described in Section 5, this implementation is not generic be-
cause it uses Intergraph Geomedia Web Map. We plan on implementing the
architecture using standards for the interfaces of the system and building
modules independent of the supporting technology.

— Develop tools to create geographic information systems based on the archi-
tecture. Once the generic modules of the architecture are implemented, it
is possible to build specific GIS applications by integrating the appropriate
modules. It will be possible and desirable to define high-level languages and
visual tools that allow a developer to easily select and integrate the modules
for a specific GIS.
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Abstract. Web servers which provide Geographical Information System
(GIS) services are very vulnerable against attacks exploiting web-based
programming errors. A traditional Intrusion Detection System (IDS),
however, has limitations to detect web-based attacks because they usu-
ally use signature-based IDS. Therefore, we propose IDS based on Hidden
Markov Model (HMM) for securing GIS web servers. We adopt HMM
which has been achieved good performance in pattern recognition and
intrusion detection. We demonstrate effectiveness and efficiency of our
proposed system by carrying out several experiments.

1 Introduction

As Internet and Internet users are rapidly increasing and getting popularized
in the world, the type of attacks are also changing. Traditional attack methods
mainly targeted to exploit vulnerabilities contained in Operating System (OS)
and network services, and also should build exploit codes with assembler such
as buffer overflow attacks. These types of attacks, however, can hardly exploit
known vulnerability because of firewall as well as constant patch of OS and
countermeasure of network service management companies. But, in the case of
web-based attack, administrator can not prevent their system from attacks by
deploying existing firewall only because port 80 is legal traffic allowed for web
service. In addition, Intrusion Detection System (IDS) evasion techniques using
web-based attacks are too sophisticated, diversified and popularized so that gen-
eral signature-based IDS can not detect web-based attacks [5,13]. Due to these
reasons, attackers are changing their directions toward web-based attacks that
take advantages of vulnerability in web services to penetrate into web server
system. And because Geographical Information Service (GIS) system using web
servers is a system of computer software, hardware and data in Internet envi-
ronment, it is also very vulnerable in web-based attacks. GIS system contains
very valuable information which can be used for transportation, aviation, etc.
If the hacker can corrupt the information stored in GIS system, it could result
in disastrous accidents. According to SecurityTracker Statistics and CERT/CC
Incident and Vulnerability Trends, the execution of malicious code which exploit
web server’s programming errors is occupying the most portions of whole attacks
[4,15]. Web-based attacks are very serious since attackers not only compromise

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 110-119, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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web server through Denial of Service (DoS) and/or sniffing but also acquire user
and/or root privilege of web server. Most administrators use IDS usually to de-
tect these kinds of web-based attacks, but most of IDS are signature based, it
is thereby very difficult to detect most web-based attacks [2]. In this reason,
web-based intrusion detection techniques to detect web-based attack have been
proposed. Wen hui et al. [16] have proposed a novel two layer mechanism to de-
tect intrusions against web-based database service but it is used for web-based
database system only. And Ryutov et al. [17] have proposed integration of the
generic authorization and access control API to provide dynamic intrusion detec-
tion and response for the apache web server. These approaches, however, focus
on deploying access control and it only use simple application level intrusion de-
tection system in which adopt signature-based intrusion detection model. And
Vigna et al. [9] have presented a stateful intrusion detection system for www
servers and that approach is centered around the state-transition analysis tech-
nique (STAT). This approach, however, can not deal with very sophisticated
attacks that can not be expressed by states and transitions philosophy. There-
fore, in this paper, we propose IDS using Hidden Markov Model (HMM) for
securing GIS web server as well as conventional web server. We assume that
web-based attacks using programming errors are sequences of states. And we
also extract essential forms or types used in web-based attacks. HMM is an ef-
fective way to model states transition, and to detect unknown (hidden) states
and have been shown to achieve good performance in pattern recognition [1,8].
We showed excellence of our proposed system’s performance by carrying out
several experiment.

This paper is organized as follows. In section 2, web-based IDS and HMM
are presented. In section 3 and section 4, our proposed system and related ex-
periments are introduced respectively. Finally, section 5 concludes our research
work.

2 Related Works

2.1 'Web-Based Intrusion Detection System

Intrusion Detection System(IDS) had been proposed first time by Anderson [11],
and is divided into misuse detection model and anomaly detection model accord-
ing to detection model, and into network based IDS and host based IDS according
to location of audit data [2,7]. Misuse detection model is also called as signature-
based model, and effectively detects well-known attack, but can not detect novel
attacks. Anomaly detection method is used to improve this shortcoming. In the
meantime, detection system was used into expenditure that watches whole state
of general host. But, as web-based attack is diversified and sophisticated, IDS for
web server was proposed to detect web attack. In early research, Wen hui et al.
[16] have proposed a novel two layer mechanism to detect intrusions against web-
based database service but it is only suitable for protecting web-based database
system. In Ryutov et al.’s approach [17], they have presented the integration of
the generic authorization and access control API to provide dynamic intrusion
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detection and response for the apache web server. That approach, however, focus
on deploying access control and it only use simple application level intrusion de-
tection system in which adopt simple signature based intrusion detection model
so that they cannot detect novel attacks. Vigna et al. [9] have presented a stateful
intrusion detection system for www servers, and they adopted the state transi-
tion analysis technique (STAT). Using state transition is effective for modeling
IDS, but that is not able to deal with very sophisticated attacks that cannot be
expressed by simple states and transitions methods. On the other hand, HMM
is more suitable for modeling web hacking since HMM does not require exact
state transition activities. Therefore, we propose web server host-based anomaly
detection model to mitigate these shortcomings and improve the performance of
IDS using HMM.

2.2 Hidden Markov Model

HMM is finite state machine that has transition probability between each state,
and state transition can not be observed directly, but each observation in a
state is related to some probability distribution. HMM is a model which can get
hidden information from observable information and composed of the following
parameters [10,12].

Hidden States: hidden states of the system

— Observable States: the observation from a state

7 Vector: vector representing initial probability of hidden states

State Transition Matrix: transition matrix among hidden states, the transi-
tion probability from previous state to next state

— Confusion Matrix: probability that specific observation effect in a specific
hidden state

HMM is expressed by M = ([], 4, B) and each appears as following.

H = (m;;) : probability in hidden states (1)
A = (ai;) : Transition probability, Pr(z;,|z;,_,) (2)
B = (b;;) : Confusion Matrix, Pr(y;|z;) (3)

Normal action modeling is the process to decide the parameters of HMM. We
adjust M to maximize Pr(O|M) probability which observation sequence O came
from that model M. By this standard, we get the estimation value of each normal
action sequence.

3 Proposed System

The structure of proposed system is depicted in Figure 1. If URL input en-
ters, preprocessing log database extracts path and query distribution value used
most frequently in log information through preprocessing algorithm. And using
that information, we build optimized HMM model through model trainer and



Intrusion Detection System for Securing GIS Web Servers 113

Yes

‘ Model Verifier

1I

HMM Model | | EM

Preprocessing 11
Log ::>‘ Model Trainer

Fig. 1. Web-based IDS model using HMM.
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verifier. Through preprocessing process, input URL data is divided into data
for model trainer and model verifier. In the case of model trainer, it is used to
learn the model through training module, and is selected trained HMM through
model verifier. The parameter of HMM can be trained using EM (Expectation-
Maximization) algorithm [6]. Therefore, we selected EM algorithm as a model
verifier to get optimized model. If abnormal path or query which is not trained by
learning algorithm enters, by applying some probability threshold, it generates
alert signal.

3.1 URL Data

A basic preprocessing approach to analyze HTTP request of log have been pro-
posed by C. Kruegel et al. [3,14]. We only focus on the GET requests. In addition,
experiment data does not consider header data and POST/HEAD requests of
GET requests. As the input, we used dataset which was extracted from success-
ful GET requests which is valid HTTP code (200 status codes). Query strings
are used to return parameter from referred resources, and these are divided by
character “7”.
That is, the query is expressed as sorted list of parameters that have agreed
values.
q = (a1,v1), (a1,v1), (a2,v2), ..., (an,vy), a; € A and v; is string (4)

The set Sy is defined by the subset {a;, ..., axr} of query ¢’s attributes. Figure 2
is an example of web log entry. In this case, S, is Sy = {ai1,a2} and U; is
U; = {Path, S,}. Figure 2 shows an example of web log.

203.253.146.xxx —— [6/Feb/2004:22:24:34 +0900] "GET /bbs/write.php?id=q_akpage=3" 200 22551
| [ |1 |
path a=v: A=V

q

Fig. 2. An example of web log entry.
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3.2 Log Preprocessing

It is impossible to extract all information because actual web services contain so
many requests including path and query. Therefore, files, for instances, graphic
file(gif, jpg, etc), flash file(swf), Cascade Style Sheet file(css), Java script file(js),
and etc., in which do not include real information are removed from URL and
we only focus on active document(asp, php, jsp, etc) files including actual infor-
mation. Preprocessing algorithm is described in Table 1.

Table 1. Preprocessing Algorithm.

1. Extract all logs that have successful GET request from given web log.
2. Extract Path and all Query using Active documents Characteristics
from the logs built in step 1.
3. Check the distribution threshold.
If (Path and Query Information > Threshold)
Arrange Path directory and Query in alphabetical order
Else
Remove it!
End
4. End if all log data are examined

3.3 Training and Test

Each data is divided by Training set (normal data only) and Test set(both normal
and intrusion data). Training data set is to learn the parameters of normal model.
Since web-based attacks using programming errors are usually manipulating path
and query information as shown in Table 2, we focus on normal connection with
path and query information to create HMM observation. As shown in Table
2, attack attempts are including distinguishing path and/or query informations
such as “%3”, “cmd”, and “../”.

Table 2. Path and Query Information on attack types(examples).

Attack Type Path Query

Remote File Include /Hakbu/data_18.jsp dir, cmd
Directory Listing /%3f/index.jsp No query
Password /] .]..]..]..Jetc/passwd  No query

4 Experiments

4.1 Experimental Dataset

As well-known web site log is hard to get due to personal private problem and
web site management policy, we used the web log of some university for exper-
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Table 3. Dataset Properties.

Field Values
Time Interval 12 Days
Size(Mbytes) 600 Mbytes
URL Number 6,500,000
HTTP Queries 10,000
Path 30,000

IP(user) Number 500

iments. Even though we did not use practical web GIS information, we believe
that web application services are very similar between ordinary web server and
web server for GIS system, since GIS system also use commercial web server ser-
vice programs and related application programs. We used 600Mbyes log data to
preprocess 6,500,000 URL. We display the important information for the dataset
as shown in Table 3.

Table 3 shows log file size and time interval while recording data. And it
shows total number of HT'TP query and path concerning that. Data used in an
experiment for training and test is number of IP user who used web service in
normal connection.

4.2 Log Preprocessing

After passing through preprocessing algorithm, log data is sorted as shown in
Table 4. We set the threshold hold value 7 (number of the Active Documents)
to 30 as training set, and we make, for example, following observation sequence
as classifying user’s behavior and reading each path and query information to
input URL. (S : Start(Connection established), E : End(disconnection), number
represents the value sorted by path directory’s alphabetical order through the
algorithm.)
O = (01,09, ...,07) =S P1bQ0 P9dQ0 PllaQllabcg P9eQ0

P9aQ0 P9fQ0 P9dQ0 PllaQllabedfg P9¢gQ0 P3bQO E (5)

State numbers of observation sequence include start state(S) and end state(E).
With these states, we build initial HMM model such as in Figure 3. Path and
query that offer in web service are so wide that we can’t use the whole infor-
mation in learning algorithm. Therefore, in this paper, we choose data status
number using the most used path and query frequency, and adjust data number
to threshold value 7. Because there are many paths within path directory and
query’s combination, we considered these to hidden states.

4.3 Experimental Results

Effective extraction of users’ pattern is limited, since the patterns of them change
over time. Thus we constructed experiments to evaluate the model’s performance
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Table 4. Preprocessed Data Information(partially shown).

Number Path Directory(P) Active Document Query(Q)

1 / HaksMonBillWin.jsp(a) Hakbun(a), no(b)
Index.jsp(b) No query(Only Path exist)
notice.htm(c) No query(Only Path exist)

2 /Academic/ 0820.htm(a) No query(Only Path exist)
notice.htm(c) No query(Only Path exist)

3 /Busok/ datal.jsp(a) No query(Only Path exist)
data2.jsp(b) No query(Only Path exist)

4 /English/institutes,/ index.jsp(a) No query(Only Path exist)

5 /graduate/ ilban.htm(a) No query(Only Path exist)

6 /Hakbu/ datal_4.jsp(a) No query(Only Path exist)
datal_lprofessor.jsp(b) No query(Only Path exist)

7 /ibhak/ datal-1_1_1.asp(a) No query(Only Path exist)

8 /Intro/ data2_2.jsp(b) No query(Only Path exist)
data2.jsp(b) No query(Only Path exist)

9 /Living/ data8.jsp(a) No query(Only Path exist)
data9.jsp(b) No query(Only Path exist)
datal0.jsp(c) No query(Only Path exist)
datall.jsp(d) No query(Only Path exist)
datal2.jsp(e) No query(Only Path exist)
datal3.jsp(f) No query(Only Path exist)
datal4.jsp(g) No query(Only Path exist)
datalb.jsp(h) No query(Only Path exist)
datal6.jsp(i) No query(Only Path exist)
data2_1.jsp(j) No query(Only Path exist)
data2_2.jsp(k) No query(Only Path exist)
notice.htm(1) No query(Only Path exist)

10 /Recruit/ datal.jsp(a) No query(Only Path exist)
data2.jsp(b) No query(Only Path exist)

11 /servlet/ JMBorad.jsp(a) Tablename(a), mode(b),

boardpage(c), search-word(d),
searchscope(e), category(f), no(g)

12 /Unilnfo/ SearchStaff.jsp(a) deptl(a), dept2(b),searchscope(e),
category(f), no(g)

over a limited range of observed sequences in the constrained range of time. For
the experiment, we have collected audit data from 500 users who have conducted
several transactions as navigating web pages. We used 300 users for training
parameter of HMM and 200 users for testing to build the parameters of HMM.
After we built the HMM, we performed some experiments to evaluate the model
on the detection rates and false positive (FP) rates with changing number of
model states and a preprocessing threshold value. Through these experiments
we know that the results are useful to detect intrusions when we have modeled
normal behaviors by HMM.

Experiments focused on the number of the model states. We performed
experiments on the detection rate observing normal query and path sequence
against Remote File Attack, Password File Listing Attack and Directory Listing
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QO0: No query

Fig. 3. Initial model using Path directory and Query.
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Fig. 4. Detection Rates vs. Number of Model States.

Attack. Figure 4 shows the result. By evaluating the number of states, our system
is able to judge which a web log is attacks or not. We get the best detection rates
when the number of states is 18 for three different attacks. This number of states
was consistent and we believe that this consistency is a good factor.

Experiments focused on the threshold values. Figure 5 shows the False
Positive (FP) rate with respected to threshold value. The FP rate gets very high
value on low threshold value in Figure 5. If threshold value is low, it has small
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Fig. 5. False Positive rate vs. Threshold Values.

amount of information to learn normal data. Therefore, it decides normal data
as intrusion and represents a high FP rate in the beginning.

5 Conclusions and Future Works

This paper proposed IDS for securing GIS web servers. Web-based GIS system
is open for hackers to be penetrated into port 80 if no dedicated security tools
exists. We need sanitization process for this critical infrastructure. If the hacker
can corrupt the information stored in GIS system, by hacking into web server
which is connected to GIS, it could result in disastrous accidents. Although
HMM has already been adopted in IDS, from the best of our knowledge, we are
proposing HMM for web server IDS for the first time. We experienced validity
and efficiency of proposed system by performing several experiments on web log.
We extracted normal connection information in web server’s log, and through
the preprocessing algorithm, we used path and query information as audit data,
and we performed experiments on testing based on HMM. We are aware that this
system shows effective way of detecting attacks. Future work includes applying
more query instance and string value to this model, and we wish to increase
attack detection range and efficiency. We also would like to reduce path and
query loss information to get low FP rate. Also, more research works remains on
getting efficient preprocessing algorithm to increase the performance of HMM.
We used a simple preprocessing algorithm to check the validity of HMM. We also
need to check the detection rate based on the seriousness of hacking. In other
words, we need to be more concerned about web hacking which tries to modify
information stored in GIS system.
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Abstract. With the emergence of an infrastructure for location-aware mobile
services, the processing of advanced, location-based queries that are expected
to underlie such services is gaining in relevance. While much work has assumed
that users move in Euclidean space, this paper assumes that movement is con-
strained to a road network and that points of interest can be reached via the net-
work. More specifically, the paper assumes that the queries are issued by users
moving along routes towards destinations. The paper defines in-route nearest-
neighbor skyline queries in this setting and considers their efficient computation.
The queries take into account several spatial preferences, and they intuitively re-
turn a set of most interesting results for each result returned by the corresponding
non-skyline queries. The paper also covers a performance study of the proposed
techniques based on real point-of-interest and road network data.

1 Introduction

Location-based services (LBSs) utilize consumer electronics, mobile communications,
positioning technology, and traditional map information to provide mobile users with
new kinds of on-line services. Examples include location-sensitive information services
that identify points of interest that are in some sense nearest and of interest to their users
and that offer travel directions to their users. Data management is a core aspect of the
provisioning of LBSs, and advanced services pose new challenges to data modeling as
well as update and query processing.

Using the moving users’ freedom of movement, three scenarios for LBSs can be
distinguished. First, unconstrained movement is characterized by the mobile users be-
ing able to move freely in physical space. Next, constrained movement occurs when
movement is constrained by obstacles, e.g., buildings and restricted areas. The third
scenario is that of network-constrained movement, which is this paper’s focus. Here,
user movement is restricted to a transportation network, and Euclidean distances are
generally of little use. Rather, the notion of travel distance takes center stage, and query
processing techniques must use this distance notion.

This paper considers so-called in-route queries. These assume that the user’s des-
tination is known, in addition to the user’s current location; and they assume that an
anticipated route towards the destination is known. This setting is motivated by the ob-
servation that few mobile users move about aimlessly, but rather travel towards a known
destination along a known route. Such routes can be obtained from navigation systems
or past behavior [3].

Next, users are likely to take several spatially-related criteria, with varying weights,
into account when deciding on points of interest to visit. As examples, a user looking

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 120-135, 2005.
(© Springer-Verlag Berlin Heidelberg 2005
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for a gas station may prefer to minimize detour rather than distance, while a user search-
ing for an emergency room is likely to be interested in minimizing the distance and is
insensitive to the detour. We propose to use the mechanism inherent in the skyline oper-
ator [2] to balance several criteria, and we generalize the skyline mechanism to enable
queries that return larger result sets from which the user can then choose. The skyline
mechanism returns a result if no other result exists that is better with respect to all the
criteria considered. This is useful when a total ordering cannot be defined on the space
of all criteria.

The paper offers algorithms for in-route kth order skyline queries, and it covers
performance studies with real point-of-interest and road network data. Although focus
is on spatial preferences, non-spatial preferences can be integrated into the contribution.

Inspired by recent work by SpeiCys et al. [17] and Hage et al. [8], we use generic
data structures for representing a road network and points of interest within the network.
These structures separate the network topology from the points of interest, which is
important for maintainability, and are kept simple, so that the paper’s contributions are
broadly applicable.

Query processing for network-constrained moving objects has recently received at-
tention in the research literature. Data models and query processing frameworks [8, 15,
17] as well as indexing methods [6, 13] have been proposed for this scenario. Nearest
neighbor querying has attracted the most attention [9, 18, 20]. The paper builds on these
advances, and it considers in detail the approaches for in-route nearest neighbor query
proposed by Shekhar and Yoo [20].

Next, the skyline operator was recently introduced into the context of databases [2].
Several skyline algorithms have since appeared [4, 11, 12, 14, 21]. Most algorithms
assume that the points to be queried are stored in an R-tree like structure [7]. This paper
generalizes the skyline operator and applies it in a new setting; and it does not assume
the presence of an index, but rather uses different means of pruning the search space.

Three contributions may be identified. First, the paper advances the idea of in-route
movement with associated spatial preferences and consequent kth order skyline queries.
Second, techniques for computing such queries for different kinds of in-route movement
are presented. Third, a performance evaluation using real point-of-interest and road
network data is covered.

Section 2 introduces the data model, the road network representation, and basic
algorithms. The next section discusses the movement of in-route users and the corre-
sponding nearest-neighbor based preferences used in queries. Then Section 4 proposes
the query algorithms, and Section 5 covers the performance experiments. The last sec-
tion summarizes and offers research directions.

2 Data Model and Basic Algorithms

2.1 Problem Statement

As discussed, we assume that the users of LBSs are road-network constrained; for ex-
ample, users may drive by car or may be bus passengers. Next, a number of facilities
or so-called points of interest, e.g., gas stations and supermarkets, are located within
the road network. We assume that users query the points of interest en route towards
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a destination. Specifically, the users issue queries with the purpose of finding a point
of interest to visit while moving along a pre-defined route towards a given destination.
Having found a point of interest, the user visits this point and then continues towards
the destination. Section 3 discuses distance-related preferences.

We term users qguery points and the points of interest data points. We proceed to
model the problem scenario, including the road network, data points, and the current
location, route, and destination associated with query points.

2.2 Data Model

A road network is a labeled graph RN = (V, E), where V is a set of vertices and E
is a set of edges. A vertex models an intersection or the start or end of a road. An edge
e models the road in-between two vertices and is a three-tuple e = (u, v, w), where
u,v € V are vertices and w is the length (or, weight) of e. We assume that an edge may
be traversed in both of its directions.

Next, a data point dp is a two-tuple dp = (e, pos,, ), where e is the edge on which dp
is located and pos,, represents the distances from vertex u of e to dp. The distance from
v of e to dp is then w — pos,,. Note that adding and removing data points does not affect
the graph itself, which is important for maintainability in practice. A data point found
by an algorithm proposed in this paper is a candidate point, cp = (dp,x1,...,Zm),
where the x; are attributes generated by the particular algorithm. A query point qp has
the same format as a data point, and pos,, denotes the current distance from vertex u of
e to the (moving) point.

Finally, a route is given by a sequence of neighboring vertices (ro,r1,...,7),
where r; € Vi = 0,...,[. We assume the current location c of the query point is on
the edge between r and 71, as edges of a
route that have already been traversed are
of little interest in our context. It is also
assumed that the query point cannot make
a “u-turn” between its current location ¢
and r;. The destination associated with a
route is the last vertex, ;. A desired des-
Data Points tination that is not represented by a ver-
tex may be handled by introduction of a
temporary vertex into the road network,
or by running the algorithms twice, once
for each neighbor vertex of a destination on an edge, followed by refinement of the
results. Figure 1 illustrates the concepts defined above.

Fig. 1. Data Model Concepts.

2.3 Disk-Based Road Network Representation

A road network is stored as two paginated adjacency lists: one for vertices and one
for edges. To obtain locality in operations, vertices are organized in pages according to
their Hilbert values.
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Each element in the adjacency list of a vertex v corresponds to an adjacent vertex
and contains 3 entries: a pointer to the page that contains the adjacent vertex, a pointer
to the page in the adjacency list of edges that contains the corresponding edge, and the
length of this edge.

The adjacency list for edges records the relations between edges and data points.
The adjacency lists for two edges e; and es are put in the same page if their vertices are
in the same page. Each element in an edge’s adjacency list contains information about
a data point located on this edge.

2.4 Basic Operations and Algorithms

Skyline Operation. The skyline operation retrieves those points in an argument data
set that are not dominated by any other points in the set. More specifically, consider
a set of points in [-dimensional space. Point p; dominates point ps if p; is at least as
good as py in all dimensions and better than p, in at least one dimension [2]. Here,
we define “better” as “smaller than.” For example, assume we have points p; = (2,4),
p2 = (3,5), ps = (1,6) in two-dimensional space. Point p; dominates ps as it is better
than ps in all dimensions. But p; and p3 do not dominate each other. So p; and p3 are
the skyline points in set {p1, p2, p3 }.

We are interested in finding not only those points that are not dominated by any
other point, but also the points that are dominated by less than k& other points, termed
the kth order skyline points. This generalization is similar in spirit to the generalization
of the nearest neighbor query to the k nearest neighbors query.

Many existing skyline algorithms assume that the argument points are pre-processed
into a data structure such as the R-tree. In contrast, we aim to prune unnecessary search
of candidate points before the skyline operation, and we assume instead that the candi-
date points are organized in a simple main-memory list structure.

For a point set P = {p1,...,pn} and p; = (dp,21,...,Z,), we denote the kth
order skyline operation by SKYLINE (k, P,{dy,...,d;}), where {dy,...,d;} are the
dimensions to be considered. To compute the result, each point is compared to all other
points to determine its skyline order. The set of points with skyline order less than k is
the result.

Distance Function. We define the distance between two vertices v;, v;, denoted by
D(v;,v;) as the sum of lengths of the edges along the shortest path between these
vertices. We use Dijkstra’s single-source shortest path algorithm [5] for computing such
distances. Since edges may be traversed in both directions, D (v;, vj) = D(vj, v;).

In addition, for two vertices v;, v; along a route I?, the road distance from v; to v;
along the route is denoted by D(v;,v;, R) and is defined as the sum of edge lengths
between each two neighboring vertices in the vertex sequence of route R. If v; is after
v; along the route, the edge lengths are counted as negative so that D(v;,v;, R) < 0.
Note that D(v;,v;) < |D(v;,v;, R)|. We also use D(c,r, R) to denote the distance
from the query point’s current location c to a vertex r along route R. This distance is
the sum of the distance from ¢ to 1 and D(r1, 7, R).
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Spatial Range and Nearest Neighbor Queries. We use RQ (v, d), where v is a vertex
and d is a real-valued range, to denote the range query that returns all data points that
are within distance d of vertex v. We use a traditional best-first search algorithm [10]
extended by the reading of data points from edges for computing this query.

We use NNQ(k,v), where k is a positive integer and v is a vertex, for denoting the
set of (up to) k data points that satisfy the condition that no other data points are nearer
to vertex v than any point in the argument data set. A number of algorithms exist that
compute this query [9, 15, 18, 20], and we use and algorithm that is based on ideas
from these. Briefly, it is a traditional best-first search, extended incrementally to read
data points from edges and to retrieve the k nearest ones.

We also use an algorithm that, for a vertex v, finds the (up to) k nearest neighbor
data points that are also within distance d of v. We denote this query by RNNQ (k, v, d).
This algorithm combines the range and nearest neighbor algorithms.

3 Classification of In-Route Nearest Neighbor Queries

We first discuss the possible distance-related preferences for in-route skyline queries.
Then we propose a query classification based on the movement of the query point.

3.1 Distance-Related Preferences

Two distance-related preferences are of particular interest in relation to a query point, a
data point, and a destination.

Total distance difference: The pre-defined movement is from the current location to
the destination along the route. To visit a data point, the query point will change
its movement, to go from the current location to the data point and then to the
destination. The total distance difference is the larger or smaller distance, compared
to that of the pre-defined movement, that the query point must travel to visit the data
point and then go to the destination.

Distance to the data point: The distance to the data point is the distance the query
point needs to travel to reach the data point.

Optimizing for one preference may adversely affect the other. So if short total distance
as well as short distance to the data point are of interest, combining these in a skyline
query is natural. For brevity, we will in the sequel denote the total distance difference
as the “detour,” while the distance to the data point is denoted as the “distance.”

To find the skyline points, we need to first associate distance and detour values
with the data points. Our focus will be on the process of searching for candidate points
in the skyline operation. We proceed to classify the possible movements of a query
point and consider the distance and detour values for each classification. The resulting
classification may be used when pruning the search.

3.2 Classification

Although a query point may move unpredictably, it will always be leaving for a data
point at a vertex along its route, and its return to the route can also be characterized by
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a vertex along the route. We consider next the general case and then two special cases
that are likely to be of interest in specific real-world uses. Recall that without loss of
generality, the query point’s current location c is between 7 and r; along the route and
the destination 7; is the last route vertex. All three cases are shown in Figure 2.

General Case. We first discuss the general case of a query point’s movement. A query
point issues a query en route towards its destination. The user selects a data point from
the result, visits that point, and then proceeds to the destination.

In the general case, the

G: General Case  query point leaves its route for

dp T: Traverse Case data point dp at vertex r; and

B: Best Case returns to the route at r;—see

the sub-paths labeled “G” in

Figure 2. Two vertices are spe-

cial: the “leaving” vertex, 7,

at which the query point leaves

the route, and the “returning”

vertex, r;, at which the query

Fig. 2. Classification. point returns to the route. Ver-

tices r; and 7; can be any ver-

tices in the pre-defined route and r; may possibly be the destination. In Figure 2, if

the route is R, the distance from the query point’s current location to data point dp is
D(c,ri, R) + D(r;, dp), and the detour is D(r;, dp) + D(dp,r;) — D(r;,rj, R).

Traverse Case. In the special case considered here (see label “T” in Figure 2), the
query point leaves the route at ; for data point dp and returns to the route at r;. In this
case, the “leaving” and “returning” vertices are the same vertex. The distance to the data
point is the same as the general case, while the detour value is D(r;, dp) + D(dp, ;) =
2D(r;,dp) so that unless the data point is on the route, the detour is bigger than zero.
This case applies to users who are faithful to their route, which may be the case for,
e.g., tourists following a scenic route.

Best Case. In this case (see label “B” in Figure 2), the query point leaves the route
for data point dp at r; and then goes directly towards the destination in the route. The
distance and detour for this case are obtained by replacing 7, j by 1 and [ in the formulas
given for the general case. Observe that in this case, the route carries little significance
to the user.

In addition to the traverse and best cases, other special types of movement are possi-
ble. We simply categorize these as belonging to the general case. So in the next section,
we provide algorithms for the traverse case and the best case; and based on the observa-
tions from these algorithms, we present an algorithm for the general case of the in-route
nearest neighbor skyline query.
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4 Algorithms for In-Route Skyline Queries

One basic approach to compute the SKYLINFE query is to scan all data points, deter-
mining for each point whether it is a skyline point. Assuming a large number of data
points, this is too costly. A strategy should be employed that prunes unnecessary search.

4.1 Algorithm for the Traverse Case

In the traverse case, the query point leaves the route and returns at the same vertex.
Shekhar and Yoo [20] have previously considered this case, and our algorithm for this
case is similar to theirs, the main differences being that we use road distance and any k,
while they use Euclidean distance and assume k& = 1.

Given an order k, a query point’s current location ¢, and aroute R = (ro,71,...,7),
the algorithm for the traverse case, TraverseS(, is seen below. Two auxiliary queues,
T and P, are used to store the result data points of nearest neighbor queries and the
candidate points for the skyline query.

(1) procedure TraverseSQ(k,c, R)

) P10

3) T — NNQ(k,r)

4) foreacht € T

(5) dis < D(c,r1, R) + D(r1,t)

(6) det — 2D(rq,t)

(7) P — PU{(t,dis,det)}

(8) d «— distance from r; to its kth neighbor
9) foreachr;, 1 =2,...,1

(10) T «— RNNQ(k,r;,d)

(11) if 7' not empty

(12) foreacht € T

(13) dis — D(c,ri, R) + D(r;,t)
(14) det <« 2D(r;, t)

(15) P — PU{(t,dis,det)}

(16) dy « distance from r; to its kth neighbor
17) ifd, <d

(18) d—dy

(19) return (SKYLINE (k, P,{dis, det}))

The algorithm is based on the following observations (Figure 3). Assume r; and
ro are route vertices. Let data point dp; be the kth nearest neighbor of ry and let data
point dps be the k 4 1st nearest neighbor of 1. Then D(r1, dp2) > D(r1,dp;). Since
the query point’s current location c is before 71, it is obvious that the distance from the
query point’s current location to dp1, via r1, is smaller than the distance to dps. Also in
this case, the detour of dp; is 2D(r1, dp1) and the detour of dps is 2D(r1, dp2). So dp;
dominates dps. Since dp is the kth nearest neighbor of 71, dps is at most in the & + 1st
order skyline. As we perform nearest neighbor search incrementally, there is no need to
continue after the kth nearest neighbor of r; is found.
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Let dy = D(r1,dpy). A k range nearest neighbor query is issued at o with range
d; (dashed polygon in Figure 3). If the kth nearest neighbor to rs, e.g., dps is found, it
will be collected as a candidate point. And its distance to ro, i.e., do = D(ra, dps), will
be compared to d; to possibly obtain a smaller search range at the next route vertex.

For any data point outside the range of d;, e.g., dpy, it is obvious that the detour

of dp, is bigger than the detour of dp; . The
pl distance from the user’s current location to
dpy is D(c¢,r1, R) + d1, and the distance
to dpy is D(¢,m1,R) + D(r1,72, R) +
D(ra,dpy). So any data point like dp, will
be dominated by dp;, which means that
such data points will at most be in the
k + 1st order skyline. So there is no need
to expand the search beyond d; at 7.

Note that if the query point can leave

for the data point at only a few spec-
Fig. 3. Observations for the Traverse Case.  1fied vertices along the route, algorithm
TraverseS(@) can easily be adapted to han-

dle this special case more efficiently.

The complexity of the algorithm is dominated by the two basic operations, NN@ in
line 3 and RNNQ in line 10, the inner loop in lines 12-15, and the skyline operation.
The two primitive operations can be seen as network expansion processes that use Di-
jkstra’s single source shortest path algorithm to search for data points along the edges.
Let | E| be the number of edges and |V'| the number of vertices in the road network. The
complexity of this operation is then O(|E| + |V |log|V]), if an F-heap is employed [5].
Taking into account that (up to) k data points are to be retrieved, each of the two oper-
ations has a complexity of O(|E| + [V'|log|V'| + k). We assume that the data points on
an edge can be accessed in the order of their distances from the beginning (and ending)
vertex of the edge. The inner loop runs at most k times at each route vertex. The com-
plexity is O(k|R|), where |R| is the number of route vertices. The skyline operation, as
described in Section 2.4, compares each argument point with all other argument points
to determine its skyline order. Since up to k data points may be found at each route ver-
tex, the complexity of the skyline operation is then O(k?|R|?). Thus, the complexity of
the TraverseS(Q) algorithm can be given as O(|R|(|E|+ |V |log|V |+ k?|R|)). Section 5
provides a much more detailed empirical study of the performance of the algorithm.

4.2 Algorithm for the Best Case

The skyline algorithm for the best case only takes the current location ¢, vertex r; and
destination r; on the route into consideration. For any skyline point dp found by this
algorithm, the movement of the query point is from c to dp via vertex r; and then from
dp to ;.

The algorithm is based on observations illustrated in Figure 4 and explained next.
Let r; and r; be vertices on route R and let the query point’s movement be from r; to
the data point and then to r;. Then, to find all the candidate points, two range queries are
issued at ; and ;. Let dp; be the kth nearest neighbor of r; and let dy = 2D(r;, dp1)+
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D(r;,r;, R) and dy = D(r;, 7, R) 4+ D(r;, dp1). Then d; is the distance from r; to the
kth neighbor data point dp; and the back, plus the distance from 7; to ;. So, that all
the %k nearest neighbor data points from route vertex r; should be found within a range
around r; of size d;. Next, ds is the distance from dp; to r; plus the distance from r; to
r; along the route. Consideration of a range of size d, around vertex r; is sufficient to
find all the k£ nearest neighbor data points of ;. We proceed to discuss this observation
in detail.

With d; and ds, the two range queries are then RQ(r;, d1, RN) (dotted polygon in
Figure 4) and RQ(rj,d2, RN) (dashed polygon in Figure 4). Let all the data points in
the road network be in set S, let the data points found by the range query using r; be in
set .S;, and let the data points found by range query using r; be in set S;.

It is clear that dp; be-
longs to S; N S;: dpr € 5;
since D(r;,dp1) < di; and
D(dp1,r;) < D(dp1,ri) +
D(Ti,’l’j,R), so dp; € Sj. Also
the detour of dp; is less than or
equal to 2D(r;,dpy) since the
length of the shortest path from
r; via dp; to 7; is no longer
than 2D(r;, dp1) + D(r4, 75, R).
It should be noted that dp, € S,
but dp, may not be in S; N 5.

We proceed to explain why

Fig. 4. Observations for the Best Case. data points in S; N S; dominate

other data points. Without loss of

generality, we compare dp; with dps, dpy4, and dps from Figure 4. It can be observed

that dps is inside neither S; nor S;. So D(r;,dps) > D(r;,dp1) and D(dps,r;) >

D(dpi,7;). So the distance from r; to dp; is smaller than that to dps. Also, since the

whole road length from r; via dp; to r; is smaller than from 7, via dps to r;, the detour

of dp; is smaller than that of dps. So any data point such as dps will be dominated by
dpl.

For dpy, since dp; is the nearest neighbor to r;, D(r;,dps) > D(r;,dp1), and as
dp4 does not belong to S;, D(dpa,r;) > D(dp1,7;). So dp4 is also dominated by dps.

For dps, we have D(r;,dps) > 2D(r;,dp1) + D(r;, 7, R), so the distance from
r; to dps is bigger than the distance to dp;. And the detour from r; to r; via dps is
D(ri,dps) + D(dps,rj) — D(ri, 75, R) > 2D(r;,dp1). As the detour of dp; is less
than or equal to 2D(r;, dpy), dps is dominated by dp;.

Since dp; is the kth nearest neighbor of 7;, all the other k£ — 1st nearest neighbors
whose distances to r; are smaller than that of dp; are also in S; N .S;. So there are at
least k data points in S; N S;. And based on the discussion above, data points not in
S; NS; are dominated by the points inside this region, making them at most k + 1st
order skyline points. Thus, there is no need to check data points not in S; N S;.

The algorithm that implements the above-described search procedure is given next.
It takes an order k, a query point’s current location ¢, two route vertices r; and r;, and
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aroute R as arguments. Two auxiliary queues, 7 and 75, store the data points found in
the two range queries at 7; and ;. Queue P stores the result set of candidate points.

(1) procedure DNNQ(k,c,7;,7;, R)
2 T, Ty —0; P —0
3) d «— distance from r; to its kth neighbor
/I compute by this by expansion from 7; and pause when the kth neighbor is found
(4) d1 <—2d+D(T‘i7Tj,R)
(5) dy +— D(r;,rj,R)+d
(6) Ty < RQ(r;,dy) // continue the paused expansion
() Tp— RQ(rj,do)
(8) foreacht € T1 N Ty

9) dis < D(c,r;, R) + D(r;,1)
(10) det < D(r;,t) + D(t,r;) —D(ri,rj, R)
(11) P — PU{(t,dis,det)}

(12) return P

With the input arguments %, ¢, and route R = (rg,71,...,7), the skyline query
algorithm for the best case, BestS(Q, follows.

(1) procedure BestSQ(k,c, R)

2) P «— DNNQ(k,c,m1,71,R)

(3) P« SKYLINE(k, P,{dis, det})
4 return P

Algorithm DNN(Q suggests that to find candidate points for any type of movement,
one needs to perform two range queries, at the “leaving” and “returning” vertices, and
then collect data points in the intersection of the two ranges. We proceed to present a
general skyline algorithm that is applicable to any type of movement of the query point.

The complexity of the BestS() algorithm is dominated by the two range queries in
lines 6 and 7 and the iteration in lines 8-11 in algorithm DNN(Q), as well as the skyline
operation. The range queries can be treated as network expansion processes. In the
worst case, the whole network and all data points D P are read, yielding a complexity
of O(|E| + |V|log|V| + | DP|). The iteration has complexity at most O(]DP|?). So,
taking also into account the complexity of the skyline operation, as described in the
previous section, the complexity of algorithm BestSQ is O(|E|+ |V|log|V'|+ |DP|?).

4.3 Algorithm for the General Case

While the two special cases may be prevalent, other cases exist. We thus provide an
algorithm that works independently of the kind of movement of the user. The algorithm
is based on the observation from DNN() that since there always needs to be range
queries at all the route vertices, we can issue range queries at each route vertex with the
biggest range once and for all and then check the data points in the intersections of each
pair of ranges.

Two auxiliary structures are used in the algorithm. First, a set of queues 7' =
{T1y,...,T;} store result data points found from the range queries at route vertices. To
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retrieve the data points in 7; within a distance range d, an auxiliary function Retr (T}, d)
is used. Next, a float array D stores the distance from each route vertex to its kth nearest
neighbor.

The general in-route nearest neighbor skyline algorithm, GeneralS(Q), uses the same
arguments as does TraverseS(Q and is given below.

(1) procedure GeneralSQ(k,c, R)
@ Pe—O:;Ti—0:;D; —0,(i=1,...,1)
3) for each r;, € R

4) d +— maximum range for r;
/I computed by comparing the range size for each pair of route vertices
(6) D, «— distance from r; to its kth neighbor
(7)  foreachpair r;,7; € (r1,...,7),1 #1
(8) d1 — 2Di+D(T‘i7Tj,R)
(9) d2<—D(’I"i7’I"j7R)—|—Di
(10) for each ¢ € {Retr(T;,d1) N Retr(T},ds)}
(11) dis — D(e,r;, R) + D(r;,1)
(12) det «— D(r;,t) + D(t,r;) —D(ri,rj, R)
(13) P — PU{(t,dis,det)}

(14) P« SKYLINE(k, P,{dis,det})
(15) return P

The algorithm first issues range queries at each route vertex with the biggest range
to obtain all possible data points. Then, for each pair of route vertices r; and r;, the
algorithm finds candidate data points assuming that the query point’s movement is from
r; to the data point and then to ;. The results are then filtered by the SKYLINE
algorithm. Finally, all skyline points are collected. It is possible that one data point is
collected more than once because of different kinds of movement.

Considering the algorithm’s complexity, we observe that the R() operation in line 5
is issued for each route vertex. This yields a complexity of O(|R|(|E| + |V |log|V| +
|DP|)), as discussed earlier. The iteration in line 7 executes |R|(|R| — 1)/2 times.
At each iteration, the nested iteration starting in line 10 checks all data points found
for a pair of route vertices, which is all data points in the worst case. This yields a
complexity of the entire iteration of O(|DP|?|R|?). The skyline operation has com-
plexity O(|DP|?|R|*). Thus, the complexity of algorithm GeneralSQ is O(|R|(|E| +
[V|logV]) + |RI*|DP2).

It can be seen from the complexity analysis that if there are many route vertices, it
will be relatively costly to gather the candidate points for each intersection of ranges,
since there will be many pairs of vertices. We observe that GeneralS@Q may work well
if there are only a few possible “leaving” and “returning” vertices along the route. This
corresponds to a scenario where a traveler would like to leave the route for a point of
interest and return at some “familiar” or “well-known” locations along the route.

We proceed to offer a more detailed study of the performance of this and the previ-
ous two algorithms covered in this section.
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5 Experimental Evaluation

The experiments described here use a real-world representation of the road network
covering the municipality of Aalborg, Denmark. The road network contains 11, 300
vertices, 13, 375 bi-directional edges, and 279 data points that can be accessed via the
network. So the data density, the number of data points over the number of edges of a
road network, is 2%.

We define the size of a route as the number of vertices it contains. The page size
is set to 4k bytes, and an LRU buffer is employed for simulation. A total of 136 pages
contain adjacency lists of vertices, and 3 pages contain adjacency lists of edge. For
the GeneralSQ algorithm, we use 10% of the number of route vertices as the possible
“leaving” and “returning” vertices and assume that the “leaving” vertices are before the
“returning’ vertices.

To evaluate the effect of route size, skyline order (k), and buffer size, three experi-
ments are conducted that measure query performance in terms of CPU time, I/O cost,
and number of candidate points. The CPU-time is the actual running time for these al-
gorithms. The I/O cost is the amount of pages read into the LRU buffer. The number
of candidate points is the count of the candidate points that are found in these algo-
rithms before the skyline operation. Since an in-memory skyline algorithm is used in
the algorithms, the skyline computation is only evaluated in terms of CPU-time.

In the experiments, random routes are generated. The current location and desti-
nation are assumed to be the first and last vertices in the route. For each algorithm, we
execute a workload of 100 queries and report the average performance. The experiments
were performed on a Pentium IV 1.3 GHZ processor with 512 MB of main memory and
running Windows 2000. The C++ programming language was used. To determine the
variations in results due to external factors beyond our control (e.g., operation system
tasks), we executed the same workloads multiple time. The results obtained exhibit only
insignificant variations across repeated executions.

It should also be noted that the I/O costs for all the algorithms are measured using
simulation. These costs are thus independent of the hardware and operating system
used. Also, for the algorithms we have discussed, the I/O cost is more significant than
the CPU time.

5.1 Experiment on the Effect of Route Length

In this experiment, the skyline order  is set to 5, and the buffer size is 10% of the road
network size. The route size is varied from 50 to 300 to check the CPU time and I/O
cost of the three algorithms. The results are shown in Figure 5.

Itis clear that the TraverseS( algorithm has the best performance and that BestS(@Q
is in turn better than GeneralS(Q. We proceed to discuss the findings for each algorithm.

It can be observed that the cost of TraverseS(@Q grows slightly with an increase in
route size. Since the data density of the road network is 2%, when the number of route
vertices is small, the data points are far from the route vertices. CPU and I/O costs grow
slightly as the route size increases because a search process is required for each route
vertex. But when the amount of route vertices grows, chances of finding a k-nearest
neighbor close to a route vertex are higher, so that the search range for subsequent
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Fig. 5. Performance of Algorithms Versus Route Size.

vertices is smaller. Also, it can be seen from Figure 5(c) that the numbers of candidate
points are so small that the skyline operation has no impact on the overall performance
of TraverseSQ.

The overall cost of BestS@Q grows slightly with an increase in route size. This is
because the sizes of the two range queries in the BestS() algorithm depend both on
the route size and the distance from the first route vertex to its kth nearest neighbor
data point. When the route size is small, the distance from the first route vertex to its
k-nearest data point has the biggest effect on the cost. As the route size grows, its effect
on the performance of the algorithm increases little by little. Note that in this case, the
maximum number of candidate points can be found is 279. Because of this, the skyline
operation has only minor impact on the overall performance.

It can be seen from Figure 5 that the cost of GeneralS() increase drastically with the
growth of route length. When the route size grows, more range queries are issued. The
size of these range queries also grows since the route is longer. Also, since the number of
candidate points exceeds 5, 000 when the route size is 150, secondary-memory skyline
processing is required.

5.2 Experiment on the Effect of k

In this experiment, the route size is set to 100, and the buffer is 10% of the size of
the road network. The skyline order k is varied from 1 to 50. The results are shown in
Figure 6. The general performances of the three algorithms follow the same trends as
in the experiment on the effect of route size. However, when k = 50, TraverseS(@ and
BestS(Q) are quite close. This is because when k£ = 50, all the data points have been
scanned by both algorithms. We proceed to discuss each individual algorithm.

It can be observed that the cost of the TraverseS(@) algorithm increases with an
increase in k. When k is increased from 10 to 50, the increase is quite significant. This
is because the performance of TraverseS(@) depends mostly on the £ nearest neighbor
search at the first several vertices in the route, so that when the & is increased, the search
range at these beginning vertices is enlarged. When £ = 50, scanning of all the data
points is unavoidable. Note that since the candidate points found is always less than
100, the skyline operation does not have a substantial impact on the performance.
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Fig. 6. Performance of Algorithms Versus k.

As k is increased, the cost of the BestS() algorithm increases slightly. This is be-
cause when k increases, the cost of searching for the kth nearest neighbor increases.
But the cost of the two range queries does not increase much since the route size is the
major factor in determining the range size. Also note that since the maximum number of
candidate points for BestS(Q is 279, when £ is bigger than 15, the amount of candidate
points comes to be this maximum value.

The cost of the GeneralS(Q algorithm also increases with an increase in k. Since
the route size is fixed at 100 in this experiment, the number of range queries is constant.
The bigger k is, the larger the size of these range queries. The slight increase in cost as k
increases indicates that route size has the biggest effect on performance of GeneralS(Q).
Also, note that as the number of candidate points is always below 5,000, the skyline
operation does not have great impact on the overall cost.

5.3 Experiment on the Effect of Buffer Size

In this experiment, k is set to 5 and the M TraversesQ B2 BesisQ L1 GeneralsQ
route size is set to 100. The buffer size iS g7 | VO Accesses (Pages)

varied from 10% to 50%. Since the buffer ]|
size has little influence on the CPU time
and number of candidate points, the experi-
ment only considers I/O cost. It can be seen
in Figure 7 that the number pages accessed
decreases greatly with as the buffer size in-
creases. This is because when the buffer
grows, more road network data reside in the
buffer, thus decreasing the chances of read- Fig.7. I/0 Accesses Versus Buffer Size.
ing data from outside the buffer. For the

TraverseS(@) algorithm, when the buffer size increases to 20% of the road network,
the I/0 access do not change since the size of the pages accessed by the TraverseSQ
algorithm is smaller than the size of the buffer.
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6 Summary and Future Work

This paper introduces a novel location-based query in a road network based usage
scenario, namely the in-route nearest neighbor skyline query. Two interesting special
case of the general usage scenario considered are identified. The paper then proceeds
to reuse and extend existing query processing techniques to apply to the new type of
query. Specifically, it provides algorithms for the two special cases as well as the gen-
eral case. Finally, the paper reports on experimental performance studies with the three
algorithms. Real point of interest and road network data are used.

Providing efficient support for in-route location-based queries for moving users is an
interesting and important topic in traveler information system. Since movement is nor-
mally restricted to a transportation network, traditional spatial-temporal queries, e.g.,
nearest neighbor, spatial range, closest pair, distance join, need to be re-considered be-
cause Euclidean distance becomes inappropriate. The algorithms proposed in this paper
may be extended to make use of indexing and pre-computation techniques. Several re-
search directions may be identified, including the following two:

— It is required in this paper that the pre-defined route is a sequence of neighboring
vertices, while in the real world a pre-defined route may also consist simply of
several specified locations in the road network. Algorithms in the context of such
routes is an interesting direction for future work.

— In this paper, all the data points are organized into one group, and the in-route query
finds k candidate points from this group. More complex query preferences may
occur naturally in real applications. For example, a moving user may want to visit
a bank as well as a supermarket before arriving at the destination. Processing of
location-based queries under such complex settings is also an interesting direction
for future work.
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Abstract. Although a number of methods have been proposed to pro-
cess exact match or range queries in P2P network, very few attention has
been paid on spatial query process. In this paper, we propose a triangu-
lar topology of P2P network and spatial query processing methods on
this topology. Each node maintains a set of pointers to neighbor nodes
determined by delaunay triangulation. This triangular network topology
provides us with an efficient way to find a path from any source node to
the destination node or area, and to process spatial queries. We compare
two spatial query processing methods based on the triangular network
by experiments.

1 Introduction

With the recent technical progress of wireless communications, sensor networks,
and location tracking systems such as GPS, P2P becomes an important approach
of massively distributed systems not only for file transfers but also for searchable
querical data network [1]. In order to enlarge P2P application area, we need to
broaden the types of query processing and improve the performance. For this rea-
son, a number of searching and indexing methods have been proposed including
distributed hashing table such as CAN [2], and Chord [3]. But they are limited
to exact match search or keyword search. When we consider a set of P2P nodes
as a massively distributed database, several types of search functions should be
provided in addition to exact match search. Some methods for processing range
queries have been also proposed to meet this functional requirements [4][5].

P2P technique can be applied to handle data distributed over a large number
of nodes in sensor network. In particular, it is an important approach to process
spatial query, where nodes in sensor networks are equipped with GPS. Suppose
that a query such as ”"Find the average temperature within 100 meters from
point A” is submitted to a node in this type of sensor network. If the number of
nodes exceeds a certain limit, in-network processing or P2P technique are more
scalable than centralized approach. By P2P technique, a subset of nodes are to
be engaged in to process this query, starting from the node without submitting
the query to central server. However, very few attention has been paid on spatial
query processing by P2P approach according to our knowledge. The goal of our
work is to develop an efficient method of spatial query processing.

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 136-150, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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In general, spatial query processing has two phases; routing phase and re-
finement phase as depicted by figure 1. The routing phase is to forward the
submitted query to an area where the spatial query condition is satisfied. The
nodes in this area belong to candidates of the spatial query. And the refinement
phase is to check every node in the area to evaluate the query.

Query region

O

1. Routing phase 2. Refinement phase

Fig. 1. Example of routing and refinement phases.

A certain number of geographic routing methods have been developed for ad-
hoc networks environment. These methods provide with various routing methods
from a source node to destination node. These routing methods are analogous
with the routing phase mentioned in the previous paragraph. But they are based
on a geographic property of ad-hoc network that the nodes receiving the messages
from a source node are within a certain distance from the source node. It means
that the neighbor nodes are in the broadcasting coverage from the source node.
Most routing methods for ad-hoc networks find a routing path by forwarding
message to the neighbor nodes in the broadcasting coverage. In infrastructure
network, we are however unable to find the neighbor nodes of a given node
without explicit pointers, such as IP address. As a consequence, the routing
methods for ad-hoc networks cannot be used for infrastructure networks.

In this paper, we propose a method, which explicitly specifies the neighbor
nodes of each node instead of broadcasting area of ad-hoc network like DHT
such as finger table in Chord [3] or neighbor grid pointer in CAN [2]. And we
find a routing path from the source node to the destination with neighbor node
pointer as DHT. But our method differs from DHT in that node pointers of
DHT have no geographic sense. Our method determines the neighbor nodes by
delaunay triangulation. Then the routing path of our method consists of edges
in triangular networks. The triangulation is performed in an incremental and
distributed way without any centralized data structure since we cannot maintain
any kind of centralized data in P2P environment.

This paper is organized as follows. In section 2, we introduce related work and
the motivation of our work. And we propose a triangular network topology and
spatial query processing algorithms for two types of query in P2P environment,



138 Hye-Young Kang, Bog-Ja Lim, and Ki-Joune Li

which are nearest neighbor query and range query in section 3. We present the
results of experiments with our method in section 4, and conclude our paper in
section 5.

2 Related Work

A simple way to find a given data in P2P environment is to flooding messages
over the networks [6]. But this method results in a large number of messages and
a traffic overhead. DHT's has been proposed by several methods such as Chord [3]
and CAN [2] to reduce traffic overhead and hop counts from the source node to
the destination. By Chord, the query message can be reached to the destination
within O(log N) hop counts by using finger table, while CAN needs O(N'/4)
hop counts where N and d means the number of nodes and the dimensionality
of transformed space of CAN. Other methods such as Pastry [7], Tapestry [3], and
Bristle [9] are based on DHT although their DHTs and topologies are different.

While DHT is useful to process exact match or keyword match queries, it
cannot be used in range query process. In order to overcome this problem of
DHT, several extensions have been made. For example, an extension of CAN
[4] is proposed to handle range query, and Chord is extended to process range
query by [5]. In constrast with these methods, PePeR(Peer to Peer Range) [10]
does not use any kind of DHT but distributes records into nodes according to
their attribute values and maintains links to the nodes with adjacent values. The
links provide routing path to search a given query range in P2P environment. An
interesting method has been also proposed to process multi-dimensional query
by [5].

However none of these methods except [11] and [12] are capable of processing
spatial query in P2P environment, where spatial data are spread over nodes.

While each node explicitly specifies its links and the routing from a source
node to destination is carried out via the link information in P2P environment,
neighbor nodes are not explicitly described in ad-hoc networks. If a message from
a node is received by another node in ad-hoc networks, it implies that they are
closely located. Spatial queries are processed without any explicit links like P2P
environment. A number of routing algorithms to find routing paths from a source
node to a geographically specified destination. For example, LAR [13] has been
proposed to find geographic routing path without excessively flooding messages
to neighbor nodes in ad-hoc networks. And several routing algorithms for ad-
hoc networks have been proposed such as GPSR(Greedy Perimeter Stateless
Routing) [14], Spatial Query Routing and Pipeline Forwarding [15]. In particular,
these methods assume the mobility of nodes.

But these methods cannot be used in P2P environment, since they do not
maintain link information in explicit way, whereas routing in P2P is carried out
via traversing links between nodes. In order to apply one of these methods to
P2P environment, we should determine how to select and maintain neighbor
nodes, which are not explicitly specified in ad-hoc networks.
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The goals of this paper are therefore, firstly to provide with a scheme to select
geographically neighbor nodes and maintain links to them for P2P environment
and secondly to develop routing and spatial query processing methods with the
link information.

3 Triangular Network Topology

As mentioned in the previous section, geographical link information should be
maintained by each node to process spatial query. In this section, we propose a
triangular network topology, which explicitly specifies neighbor nodes with edges
of triangular network. In order to establish triangular networks, we use delaunay
triangulation [16], since it has some important geometric properties, which are
crucial in processing spatial queries.

Fig. 2. Example of spatial query processing by triangular network.

Figure 2 shows an example of using delaunay triangulation for spatial query
processing in P2P environment. Suppose that a query is submitted to node .S
to find the nearest node from a point @. In this example, each node maintains
links to neighbor nodes specified by edges of triangles. And starting from node
S, we can forward query message to the triangle A DD, D3 that contains point
Q. Then the nearest node must be one of D, Dy, and D3 according to the
properties of delaunay triangulation.

In order to realize this method of query processing, we should consider the
following issues.

— Distributed delaunay triangulation : in P2P environment, no centralized data
structure is maintained, and every processing must be performed in a dis-
tributed way.

— Spatial query processing in triangular networks : the query processing with
triangular network consists of two phases; routing phase and refinement
phase. The routing phase is to forward query message to the specified query
region where candidate nodes are located. This phase is performed via travers-
ing edges of triangles. And the refinement phase is to select the nodes satis-
fying query condition among the candidate nodes.
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We will propose solutions to each issues in the subsequent subsections. But
these solutions are based on the following assumptions.

— All nodes are stationary.
— An IP address is allocated to each node. It may be unpractical in IPv4
environment, but realistic in IPv6.
— Each node has the following information;
e its location,
e its IP address, and
e the locations and IP address of neighbor nodes linked via triangular
networks.

3.1 Routing Algorithms

In this subsection, we will propose two routing methods with triangular networks.
The goal of routing algorithm is to forward spatial query message starting from
the source node to a region where the spatial query predicate is satisfied. The
two routing methods we propose in this papers differ in how to decide the nodes
to forward query message.

The first method, called half-moon method, forwards query message to the
nodes located within the half-moon defined as depicted by figure 3. The flooding
is limited by the half-moon.

Fig. 3. Example of half-moon.

Definition 1. Let point S and D be the position of source node and the center
of query area respectively. Then the half-moon of source D and destination D is
the half circle with center S, radius v = |SD|, containing three points A, B, and
d where A and B are on the perimeter of the circle so that AB 1 SD.

Figure 4 shows the half-moon method, where a query is submitted to a node
s. Since node N7, Na, and N3 are contained by the half-moon of source S and
destination @, the message is forwarded to them. The arrows of figure 4 mean
the message forwarding by half-moon method. This forwarding is repeated until
the message is reached to the query region, which is the shaded circle in figure 4.
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Fig. 4. Example of half-moon routing method.

By the half-moon routing method, we find a routing path with relatively
small hop counts, while the number of flooded messages are considerable. We
propose the second routing method, which gives a routing path with more hop
counts but produces a small number of messages. We call this method greedy
triangular routing method.

selected

2B} min 3,

N,D

D))

Fig. 5. Example of greedy triangular routing method.

While query message is forwarded to every node in the half-moon of source
node by the half-moon method, only one node is selected to forward query mes-
sage by greedy triangular method. This node Ny is selected among the nodes
N; linked to the source node, so that |[N,Q| = min(N;Q). Figure 5 shows an
example of routing by greedy triangular method.
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In comparison with the half-moon method, the greedy triangular routing
method gives relatively long routing path between the source node and the query
region. But it results in a very small number of messages for routing. Detail
comparisons will be made in section 4 with experiment results.

3.2 Refinement

After reaching at the query region, the nodes in the query region spatial query
condition must be carefully examined to see if they belong to the spatial query
result. In this paper, we propose refinement methods for two types of queries;
nearest neighbor and range query. For reason of simplicity, we propose a refine-
ment algorithm where the query region is given as a circle. But this algorithm
can be easily extended to any type query shape.

The query message is forwarded to one of nodes contained by query region.
Then the properties of delaunay triangulation allow to find the rest nodes con-
tained by the region with ease. Figure 6 explains how to carry out the refinement.

discard —-»
forward —

Fig. 6. An example of refinement for range query.

As shown in figure 6, the query message is forwarded to the neighbor nodes,
and if neighbors are no longer within the query region. And since all nodes within
the query region are connected to the firstly visited node, they are accessible from
the first node. Algorithm 1 summaries this procedure.

This algorithm is correct since we have proven the correctness based on the
properties of delaunay triangulation. The theorem and proof are given as follows.

Theorem 1. Refinement of circle range query

If a node Py is within a circle R(q,r), where ¢ and r are the center and radius
respectively. Then all nodes within circle R can be found by algorithm 1 starting
from node Py .

Proof. Here, we prove that if a circle R(q,r) only contains a node p; but all
neighor nodes of py is out of R(q,r), there is no node in R(q,r) but p;. So, we
assume that a node py4 is not a neigbor node of p; and is within R(g,r). We use
some notation for proof as following.
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Algorithm Range query
Input. Node n, Query range w
Ouput. Node R]]
Begin
queue @ «— ¢
R« ¢
R — R U{n}
insert neighbor nodes of n to @
while @ is not empty {
z « Dequeue(Q)
if z is within w then {
R — R U{z}
insert neighbor nodes of z to @
}

}
End

Fig. 7. Algorithm 1 : Refinement of range query.

- Ap1paps is the the nearest triangle from py and includes p;.

- C(Ap1paps) is a circumcircle of Apypaps.

- n is a intersection point between C'(Ap1p2ps) and pips.

- S is a minimum circle including p; and p4.

- p1p2p3 is a arc consisting of py, p2, p3. A node p;(i=1,2,3) is on a perimeter of
circle.

- m(i:273) is mln(|m)2\?l|, |WD

A circle R always contain a circle S. And a circle S contains a arc pyp;n(i=2,3).
A node poorps is a neighbor node of p;. Therefore, when a node p4 is in R, there
is at least on neighbor node of p; in R.

The algorithm for the refinement of nearest neighbor query slightly differs
from that for region query. By routing from the source node, we can get the
triangle T' containing the query point ¢q. According to the properties of delaunay
triangulation, the nearest neighbor node is one of the vertices of triangle 7" or
the adjacent triangles of T'. Algorithm 2 explains this procedure.

The correctness of this algorithm is shown by the following theorem and
figure 9 depicts the procedure.

Theorem 2. Refinement of nearest neighbor query
The nearest neighbor node to point q is one of three vertices of triangle containing
q or the vertex of the triangle sharing the nearest to q.

Proof. A point ¢ is in a triangle t consisting of {n1,n2,n3}. A C(Aninans) is a
circumcircle of the triangle t. d; is a distance between query point ¢ and n;. The
nearest edge from ¢ at ¢ is near_edge and a triangle ¢’ is the triangle sharing
near_edge with t.
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Algorithm Nearest Neighbor Query
Input. Query point g, triangle ¢{p1,p2,p3} containing ¢
Output. Nearest neighbor node n
Begin
Find p; such that V 1j |gpi| < [qp5] (i #i)a<i,i<3)
n < pi
Find node z of triangle sharing the nearest edge of ¢ from ¢
if |Zq| < |ng| then
n«—x
return n
End

Fig. 8. Algorithm 2: Refinement of nearest neighbor query.

The nearest neighbor of Q

[Pel=min{al[al[al

[Pol<[rgl

Fig. 9. An example of refinement for nearest neighbor query.

If a distance d; is equal to ds and ds then, d; is equal to radius of C(Any,na,ns).
So, According to the delaunay triangle property, distances between ¢ and other
nodes is longer than d;(1<i<3).

If each distance is not equal, we can also prune candidates of nearest neighbor
node. We can get the shortest distance,dist, among d;(1<i<3). We can consider
a intersection point,poi, of a circle S(gq,dist) and C(Any,n2,n3). A point poi al-
ways is on a arc of near_edge. Therefore, distances between one node of triangles
sharing edges of ¢t and ¢ is always longer than dist except the triangle ¢’.

3.3 Join: Incremental Growth of Triangular Network

In order to maintain triangular networks, we need a join algorithm for incremen-
tal growth, since we have no centralized data structure in P2P environment. It
means that the delaunay triangulation should be performed in fully distributed
way, when a new node joins the network.

The join algorithm is simple and easy to implement by using the nearest
query processing algorithm mentioned in the previous subsection. The joining
procedure is composed of two steps;
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(¢) Node N finds the

triangle containing it-
self

(a) NodeN sends JOIN
message to a randomly
selected node A

(d) ANHJ doesn’t re- (e) Retriangulation (f) Final network
spect delaunay triangle until no node is in the structure
circumcircle of ANTJ

Fig. 10. Example of incremental growth of triangular network.

— step 1: finding the triangle containing the new node
— step 2: local modification of delaunay triangles

Figure 10 shows an example of join procedure. For step 1, the new node sends
a JOIN message to a randomly selected or predefined node. We suppose that
any new node knows the IP addresses of at least one node before joining the
network. Then by nearest neighbor query processing method, we can find the
nearest node to the new node. And starting from the nearest neighbor node, we
can find the triangle containing the new node.

And for step 2, we insert three edges from the new node to each node of
the triangle containing the new node in order to make new triangles. If the
new triangles do not respect the condition of delaunay triangulation, we should
modify the triangles as illustrated by figure 10(e) and 10(f). The algorithm of
join operation is summarized by figure 11.

4 Experiments

We performed experiments to observe the performance of our methods and com-
pare two routing strategies by simulation. Three data sets with 10,000 nodes
are synthetically generated with different distributions; uniform, clustered, and
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Algorithm Node Join
Input. new node n
Ouput.
Begin
/* DT : Delaunay Triangulation;
NL : Neigbor node List;
CCW (ab): next count-clockwised neighbor node of ab at node a
C(Aabc) : circumcircle of Aabc
*
/
Find p1, p2, ps such that Apipaps is DT
Vi,j pi € p;.NL(i # j) and Apip2ps contains n
for each node p;1<i<3) {
z «— CCW (np;)
.NL «— x.NLU n
n.NL «— n.NL U zx
while( 3 y, C(Anp;x) contain y) {
.NL «+— x.NL - p;
z «— CCW (np;)
n.NL «— n.NL U x

End

Fig. 11. Algorithm of Node join.

skewed distributions as shown by figure 12. We observed the query processing
performance for range query and nearest neighbor query. First, figure 13 shows
the performances of region query processing. We computed the average num-
bers of messages, engaged nodes, and routing hops, respectively, to process 1000
randomly generated queries . As we expect, the number of messages by the half-
moon method is significantly larger than that of greedy triangular method. Note
that the y-axis in figure 13 is log-scaled. And the number of message is almost
the number of total nodes. It means that the messages are flooded over most of
nodes and consequently cause a serious communication overhead. And the graph

(a) Uniform (b) Clustered (c) Skewed
Fig. 12. Distributions of data sets.
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Table 1. Experiment results for region query.

Measure Method |Uniform|Clustered|Skewed
Half-moon| 6734.55| 7667.46|8476.32
Local_Opt 46.7 46.64| 47.36
Half-moon| 2289.3| 2594.86|2857.71
Local_Opt| 47.23 45.63| 46.46
Half-moon 32.04 25.71| 21.37
# of Hops Local_Opt 37.89 44.73 46.06
Optimal 28.68 19.65| 21.52

7+ of Messages

# of Engaged Nodes

10000 10000

1000 g 1000 [

@ Half-Moon
100
m Local_Opt

100

#of Messages
#of Engaged node:

Uniform Clustered Skeved Uniform Clustered Skewed
Data Type Data Type

(a) Number of Messages (b) Number of Engaged Nodes
50
40
2 30 @ Half-Moon
i: m Local_Opt
e 0 Optimal
10
0
Uniform Clustered Skewed
Data Type

(¢) Hop count

Fig. 13. Experiment results for region query.

for the number of engaged nodes in figure 13(b) is analogous with the graph in
figure 13(a).

On the contrary, the half-moon method gives very good routing paths in
comparison with the greed triangular method. And it is slightly worse than the
optimal routing path. But the hop count of routing path affects the response
time and it is in fact not a critical factor, since the time to forward message is
negligible.

The results of nearest neighbor query are almost same with those for region
query. The reason is that the performances are mainly determined by the routing
phase rather than the refinement phase, and the routing methods for nearest
neighbor and region query are identical except their termination conditions.

5 Conclusion

A number of searching mechanisms have been proposed for exact match and
range queries, very little attention have been on spatial query processing method
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Fig. 14. Experiment results for nearest neighbor query.

Table 2. Experiment results for nearest neighbor query.

Measure Method |Uniform|Clustered |Skewed

4 of Messages Half-moon| 8626.53| 7821.98|8702.01
Local_Opt 51.78 42.14 50.1

Half-moon| 2925.47| 2643.99|2933.56

7 of Engaged Nodes - s =0 el 43.14] 511
Half-moon 38.51 2471 22.73

# of Hops Local_Opt 51.78 42.14 50.1
Optimal 28.68 19.65| 21.52

in P2P environment. This paper has two major contributions; 1) we proposed
a triangular network topology to process spatial queries in P2P environment,
where a node has links to neighbors via edges of triangular network, and 2) spa-
tial query processing methods have been proposed with the triangular network
topology.

First, we apply delaunay triangulation to maintain a triangular network, since
it has some useful properties in processing spatial queries. And it is performed in
an incremental way due to the lack of centralized data structure in P2P network.

Second, the spatial queries are performed in two phases by our method; rout-
ing phase and refinement phase. In routing phase, the query message is forwarded
to the query region from source node via edges of triangles. We proposed two
strategies for finding routing paths. And in refinement phase, the spatial query
condition must be evaluated. We proposed several query processing algorithms
for the refinement phase based on the properties of delaunay triangulations.
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Future work includes improvements of routing methods. While the half-moon
routing method gives a good routing path, it results in an excessive flooding of
messages. On the contrary, greedy triangular routing method gives relatively
long routing path but produces a small number of messages. But the hop count
of the routing path and the number of forwarded messages are both important
performance measures. We should therefore find a compromise between two ap-
proaches without sacrificing one measure for the other.
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Abstract. Finding single pair shortest paths on surface is a fundamen-
tal problem in various domains, like Geographic Information Systems
(GIS) 3D applications, robotic path planning system, and surface nearest
neighbor query in spatial database, etc. Currently, to solve the problem,
existing algorithms must traverse the entire polyhedral surface. With the
rapid advance in areas like Global Positioning System (GPS), Computer
Aided Design (CAD) systems and laser range scanner, surface models
are becoming more and more complex. It is not uncommon that a sur-
face model contains millions of polygons. The single pair shortest path
problem is getting harder and harder to solve. Based on the observation
that the single pair shortest path is in the locality, we propose in this
paper efficient methods by excluding part of the surface model with-
out considering them in the search process. Three novel expansion-based
algorithms are proposed, namely, Naive algorithm, Rectangle-based Al-
gorithm and Ellipse-based Algorithm. Each algorithm uses a two-step
approach to find the shortest path. (1) compute an initial local path.
(2) use the value of this initial path to select a search region, in which
the global shortest path exists. The search process terminates once the
global optimum criteria are satisfied. By reducing the searching region,
the performance is improved dramatically in most cases.

1 Introduction

The algorithms for finding shortest path on polyhedral surface are the funda-
mental in a large variety of applications and research areas. In robotic systems,
finding an optimal collision-free path for robots in a given space [3] is known
as path planning. With the path planning technology, the virtual camera in
virtual endoscopy can be guided to pass through an anatomical object for com-
prehensive disease diagnosis [5]. In 3D GIS systems, many applications require
reporting the shortest path between two entities over terrain as a basic function.
In bioinformatics, by searching and comparing shortest paths between objects,
tasks like gene recognition and protein structure analysis could be conducted.
In addition, another emerging interesting research area is the surface nearest
neighbor query in spatial database, which is essential in applications such as
emergency response, wildlife behavior monitoring and battlefield surveillance.

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 151-166, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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Many algorithms have been proposed to find the shortest path on surfaces.
These algorithms usually work on polyhedral surfaces which are represented as
meshes consisting of triangular faces. Meshes are usually generated by sampling
and triangulating uniformly distributed points on the surface of the target object.
For example, in GIS, the terrain surface is normally represented as the triangular
network for visualization or other purpose. Such network can be either regular or
irregular. In principle, existing shortest path algorithms try to solve three major
problems: all pairs, single source and single pair. While the all pairs problem is
to find the shortest paths between any pair of vertices of the triangulated mesh,
the single source problem is to find the shortest paths from the fixed source
point to any other vertices. The single pair problem is to find the shortest path
from the fixed source point to some specified destination point. In this paper,
we will address the single pair problem on the mesh surface. Efficient algorithm
for single pair problem has special interest in applications like surface KNN and
path planning.

Among those algorithms, some of them [7-9] first pre-process the polyhedral
surface into subdivisions, whereby the exact shortest path from the fixed source
point to a given query point can be reported quickly. Chen & Han proposed an
algorithm [2, 3], which is one of the best and the only feasible algorithm today.
Without any pre-processing, Chen & Han algorithm can find the exact shortest
path in time complexity O(n?). To search the global optimal shortest path, all
these algorithms need to traverse the entire polyhedral surface. On the other
hand, advances in areas such as GPS, CAD systems and laser range scanner
are producing growing larger polyhedral surface datasets. A surface containing
millions of polygons are not uncommon. Typically, processing the geometric data
is very computational expensive and memory hungry. This makes the single pair
problem extremely costly and less practical even with high profile computer
system. It is urgent to develop approaches to alleviate the situation.

Some works have been done. Takashi et. al. [1] proposed an algorithm for the
approximate shortest path with selective refinement technology on polyhedral
surface. Dinesh et. al. [6] developed an algorithm based on multiresolution tech-
nology. Both of them improved the performance of single-pair problem notably.
However, their algorithms still need to traverse the entire surface. The initiative
behind these methods is to reduce the computational complexity by reducing
the problem complexity. Based on the similar concept, we develop some new
algorithms.

We observed that the local shortest path connecting two points inside a
ceratin region is also global optimal. For example, the shortest path between
Brisbane and Sydney cannot be the one that pass through Melbourne. Moti-
vated by this observation, our proposed algorithms use a two-step approach to
find the shortest path. First, we need to find an initial local path. Second, we
use the value of this initial path to select a search region, in which the global
shortest path exists. In this paper, three algorithms: Naive algorithm, Rectan-
gle Border algorithm (RB) and Ellipse Border algorithm (EB) are developed.
To our knowledge, no such algorithms have been proposed before. The Naive
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algorithm is conceptually simple and works as the benchmark to evaluate the
other two algorithms. In RB algorithm, we offer two alternatives terms of the
way of testing global optimum criteria and extension methods, namely Rectan-
gle Border Direct Algorithm (RBD) and Rectangle Border Indirect Algorithm
(RBID). In EB algorithm, heuristics is used to estimate the initial length with
the consideration of surface roughness.

Comparing with others, our algorithms have four advantages. First, they
do not require traversing the entire polyhedral surface. By narrowing down the
search region to a selected area, the processing time can be significantly reduced,
hence improve the performance of existing algorithms. Second, it is easy to graft
our technique on top of an existing algorithms. They can work with existing
shortest path algorithms, such as Chen & Han algorithm and Takashi et. al. ap-
proximate algorithm. Third, our algorithms are simple and easy to implement.
Last, the idea used in our algorithm is novel. Two steps in our proposed algo-
rithms are independent each other. Several different methods are presented for
each step in this paper. This provides a great flexibility to select an optimum
combination for the best performance in some context.

The rest of the paper is organized as follows. In Sect. 2, a brief overview of
related works is presented. Section 3 describes our three proposed algorithms in
detail. Performance study is discussed in Sect. 4. Finally, conclusions are given
in Sect. 5.

2 Related Work

Shortest path problems have been studied for the last two decades. For a given
polyhedral surface and a point, the surface can be pre-processed to produce a
data structure. The shortest path from the specified point to any query point
can be reported with the aid of this structure. [7, 8] Mitchell et. al. [7] im-
proved this wavefront propagation method and named it as “continuous Di-
jkstra”. In“continuous Dijkstra”, a “signal” is propagated from source to the
rest of the surface. Each time a point records the shortest distance from source
when it receives this “signal” and propagate it further. The pre-processing oper-
ation can be done in time O(n?logn), then the shortest path is reported in time
O(k+logn), where k is the number of faces crossed by the path and n is the total
number of vertices. Later on, Chen & Han [2, 3] proposed an different algorithm
other than “continuous Dijkstra” technique. With this algorithm, the shortest
path between two vertices can be reported in time O(n?) without pre-processing
the surface into subdivision. A sequence tree structure is built during the process
of unfolding all the faces of the polyhedral surface. Each node of the tree repre-
sents a set of shortest path which all have the same edge sequence and angularly
contiguous at the source. Chen & Han avoid the exponential trap by keeping the
“one single one split” property throughout tree structure construction. Chen &
Han algorithm is currently one of the fastest and only feasible method to search
the exact shortest path on polyhedral surface. Both of them could deal with the
non-convex polyhedral surface. Clearly, the surface partitioning facilitates the
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quick report of the shortest path. But it does not favor all cases. For example,
in the battle surveillance system and wildlife behavior monitoring system, only
few objects are our real interests. And the objects including source itself are
always in moving situation. In such circumstance, the costly surface subdivision
for moving source point will not be an attractive choice.

With the attempt to balance the cost in time and approximation accuracy,
various methods are developed to find approximate shortest path [4, 10-13].
Takashi et. al. [4] proposed an algorithm for single-pair problem on a polyhe-
dral surface, which mainly used Dijkstra’s algorithm and is based on selective
refinement of the discrete graph of the polyhedron. In their method, Dijkstra’s
algorithm is iteratively used to narrow down the region in which the shortest
path can exist. This approximate algorithm can calculate shortest path within
0.4% accuracy to roughly 100 — 1000 times faster comparing with Chen & Han
algorithm in experiment. Away from the approximate algorithms, Dinesh et.
al. [6] developed an approach to solving the single pair problem for the robotic
system motion planning. Their approach computes a multiresolution represen-
tation of the terrain using wavelets, and hierarchically plans the path through
sections, which are well approximated on coarser levels and relatively smooth.
These two approaches described above concentrate on the single pair shortest
path problem and they try to narrow down the search area and thus simplify
the problem.

However, all these algorithms mentioned in this section need to traverse the
entire surface to find the single pair shortest path. Moreover, the approximate
method cannot report exact shortest path. Dinesh’s algorithm does not offer a
comprehensive experiment result about their algorithm’s performance. In con-
trast, one contribution of our algorithms in this paper is that our approach does
not require navigating the entire polyhedral surface to solve single pair shortest
path problem. The essential method we used is to select the search region in a
carefully designed range and test the local shortest path using the global optimal
criteria. The shortest path search terminates once the global optimal criteria are
satisfied.

3 Algorithms

In this section, three approaches to obtain the shortest path on the polyhedral
terrain surface are detailed, where surface is represented as meshes consisting of
triangular planar. Let V' = {v;|i = 1...n} be a set of vertices on the polyhedral
terrain surface G', where v; denotes each from s to d is represented by psq. The
xy-plane in three dimensional coordinate system is defined as Plane,,. In this
paper, because we work on the polyhedral terrain surface, only zy-plane will be
discussed. We also denote the straight line between points s and point d as sd
and the orthogonal projections of s and d in xy-plane are s’ and d’, there is

1A polyhedral terrain is a polyhedral surface that every vertical line intersects it in at
most one point. The polyhedral terrain surface may be convex or non-convex, with
or without boundary.
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following relation s’d’ = sd x cos©. Here, © is the angle between sd and s'd’.
In geometry, Euclidean distance corresponding to the straight line between two
points is the shortest, that is, any path connecting two points on the surface are
always longer than or equal to the line segment of their projection on coordinate
plane. This concept is applied in the rest of the paper.

To compute the shortest path more efficiently, we apply geometric rules on
polyhedral terrain surface to identify the maximum possible region, in which
the global shortest path exists, and can only be exist within this region. Our
algorithms show that any path going beyond the border of the selected region
will not be the shortest one.

We develop three algorithms in this paper: Naive algorithm, RB and EB
to find the global optimal shortest path. Each algorithm contains two steps:
(1) compute the initial path connecting s and d. This step should commit two
objectives, computing at low cost and returning optimum initial path. However,
optimum initial path is achieved at the expense of computing cost, and vise
versa. we design the first step to obtain the initial path at low cost in Naive
and RB algorithm. Whereas in EB algorithm, we design this step by considering
the trade-off between those two objectives. (2) select the region that encloses
the global shortest path. We offer four methods to select the region as will be
shown in the following subsections. Technically, the range of the selected region is
determined by the length of the initial path. Once we select the search region, we
use Chen & Han algorithm to search the shortest path. Currently their algorithm
is the only simple and feasible method of computing the shortest path, yet other
algorithms could also be applied. When the shortest path is found in the selected
region, the global optimum criteria must be tested to certify its optimum in
global. Global optimum criteria are a set of rules which is closely related with
the methods in each algorithm. If the global optimum criteria are satisfied, the
current shortest path is also global optimum. Otherwise, the shortest path will
be search again in the larger area until the criteria are satisfied.

3.1 Naive Algorithm

Step One. In this algorithm, The method used to search the initial path is
very fast. The idea is that any path connecting s and d on the surface can be
the initial path. For the sake of simplicity, we choose one path whose projection
in xy-plane is the line segment s'd’, see Fig. 1 (a). All the triangles that the
initial path psq passes through form a triangle sequence. By computing every
component of the initial path in the triangle sequence, the length of the initial
path is the sum of these segments. This step is done in time O(n), where n is
the number of triangles in the minimum bounding rectangle (MBR). In Fig. 1
(b), the gray rectangle is the MBR in zy-plane where s’ and d’ are its vertices.
Clearly, the initial path Psg calculated by this way is not local optimum, because
it can not satisfy the requirement of the shortest path. Generally, the shortest
path should be built on local optimum that the path enter and leave the edge
in the same angle, and it is a straight line after unfolding each triangle planar.
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Fig. 1. Nailve algorithm (a) initial path estimation (b) Selected region with new bor-
ders.

Step Two. Once we calculate the initial path, we can select the search region
by extending from the MBR used for initial path. In each of the four directions,
a new border L,,, L, L, and L should be identified, as being depicted in Fig. 1
(b). The sum of the vertical distance from point s’ to line L,, and the vertical
distance from point d’ to line L., should be equal to the length of the initial path,
so do other three directions. In this case, any path connecting s'd’ in zy-plane
is longer than the initial path if it goes beyond the new selected region bounded
by solid lines. In other words, any path connecting s and d must be inside the
new selected region. passing through any point whose projection is outside the
new selected border, the path is longer than the initial path.

This algorithm uses an easy way to search the initial path. The advantage is
its low cost. However, because the initial path is in a pre-determined direction
along the surface, it may be happen to pass the roughest terrain region. The
length of the initial path may turn out to be severely skewed. In turn, the long
initial path will lead to an unnecessary large search region in step 2. In some
cases, the cost saved in initial step will be consumed by the shortest path search
computation in step 2.

3.2 Rectangle Border Algorithm

We offer two alternatives under this algorithm in terms of the way of testing
global optimum criteria and extension methods, namely RBD and RBID. Both
of them using the same approach in step one but differ in step two.

Step One. Due to the inherent weakness of the initial path searching method
in Nailve algorithm, the search region in step two may be unnecessarily large. By
finding the local optimum initial path, this problem can be avoided. We draw
a rectangle region around points s’ and d’. This rectangle is a bit wider than
the MBR in Naive algorithm. The surface bounded by this rectangle are used
to search the local shortest path connecting s and d. Any point on the bounded
surface has its projection within the rectangle in zy-plane. If we use Chen &
Han’s algorithm as the basic shortest path search algorithm, the local shortest
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path is found in time complexity O(n?), where n is the number of triangles in
the search region. Even though the cost in this step is much higher than O(n) in
Naive algorithm, this method has its own advantages: (1) the output initial path
is local optimal that could optimize the search region in step two. (2) the current
local shortest path may also be the global optimum, yet we need to apply the
global optimal criteria for this.

Step Two

Rectangle Border Indirect Algorithm: The local optimum initial path found in
step one may or may not be the global optimum, therefore we first apply global
optimal criteria test against the output. In this method, the global optimum
criteria make use of the rectangle border as a special component of the surface.
During the searching process, the path can traverses along the surface, or if the
path reaches the border, it can take the shortcut along the border.

Chen & Han’s algorithm can directly report the shortest path between ver-
tices. However, it can not easily find shortest path for any point inside the
triangle on the polyhedral surface. If the path from the source point to any
point inside the triangle is required, this point needs to been triangulated as a
vertex. To simplify the problem, the distance to any point inside a triangle can
be defined in a certain range. This is the Lemma 1.

Lemma 1. Let ey, ez and e3 be the edges of a triangle on the surface, and p1,
p2 and ps be the shortest paths from the source point s to the three vertices vy,
v, v3. If e1 > ea > es and p1 > pa > ps, the shortest path p, from s to any
point r inside the triangle will be p1 +e1 > pr > p3 — €1

Proof. If any point inside this triangle does not follow above relations, its shortest
path p, is less than ps — ey, then we have the relation p, + e; < p3. Because
point 7 and three vertices are on the same planar, and e; is the longest edge,
the distance dist, from point 7 to the vertices must be shorter than e;. That
is dist, < ey. So p, + dist, < p, + e; < p3. This indicates that there is a path
pr + dist,., which is less than the known shortest path ps. This contradicts the
fact that ps is the shortest path. Therefore, p; + e; > p, can be proved. a

The rectangle border is cut into line segments by the triangles whose projec-
tions in xy-plane intersect the border. Then, the border can be treated as line
segments instead of points. For example, in Fig. 2, ab is one of the line segments.
If all border-touched path is longer than or equal to the local shortest path, the
local shortest path must be the global optimum. In this case, global optimum
criteria are satisfied.

Theorem 1. Given a triangulated surface G, the local shortest path connecting
points s and d inside a rectangle region is represented as psq. Let p1 be the
shortest path from s to line segment Ly and ps be the shortest path from s to
line segment Lo. See Fig. 3. The path along the border connecting the two line
segments is pi2, which value is the shortest in space. If for all pairs of border
segments: psqg < p12 + p1 + p2, the global optimum criteria are satisfied, that is,
Psa 1S the global shortest path. a
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Fig. 3. Three situations of global optimum criteria.

Because all the border line segments must satisfied the pgg < p12 + p1 +
p2, there are three situations need to be considered, see Fig. 3. According to
Lemma 1, the range of pland p; can be estimated with the length of the local
optimum shortest paths to the three vertices. The path connecting L and Lo
along the border is p12 and it must be the shortest in space. In Fig. 3 (a), p1o is
a straight line segment on the border and it is the shortest. In Fig. 3 (b) and (c),
the border is not a straight line. If p1o takes the value of the border length, it
cannot guarantee that pjo is the shortest in space. In such situation, we use the
Fuclidean distance to replace p1s2. If psg > p12 + p1 + p2 for some line segments,
the global optimum criteria are not satisfied. In this situation, the search region
must be extended to obtain more surface information, then search the shortest
path in this extended region again. One point to note that, because p; and po
have difference source s and d, we need to search the region twice to find the
shortest path.

In Naive algorithm, the method used to extend the search region gives a
too wide extension range. We offer a better extension strategy in this RBID
algorithm. When testing the border condition for the global optimum criteria,
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we have known which pair of border line segments do not satisfy the criteria
and to what extend the extension should be. The difference between psq and
P12 +p1 + p2 (see Fig. 3) sets the upper bound for range of extension. So, ellipse
can be used. In geometry, an ellipse is a set of points in a plane the sum of whose
distances from two foci is a constant (we call this constant as ellipse constant
in the rest of the paper). For points outside the ellipse, the sum of distance to
both foci is greater than the ellipse constant. This feature can be employed to
identify better extension range. In Fig. 4, points a’ and b" are on the border of
the initial rectangle which are the orthogonal projection of points a and b. In
xy-plane, an ellipse is drawn with o’ and b’ as the foci and the ellipse constant is
equal to the difference between psq and pi2 + p1 + p2. r is a point on the surface
and 1’ is the projection of r. According to the nature of ellipse, a'r’ + b'r’ is
the ellipse constant if 7’ is happen to be on the ellipse. Obviously, at the same
time, the sum of the shortest path p,,. and pp,. on the surface is longer than
or equal to the ellipse constant. On the other side, if 7’ is outside the ellipse,
Dar + ppr must be greater than the constant. That is, if 7’ is outside the ellipse,
Psd < Psa + Par + Prb + Poa- So, the ellipse-bounded region is the region that may
contain shorter path than initial path. For simplicity, the tangent line of the
ellipse is used as the new border for this border line segment pair, as depicted
in Fig. 4.

Fig. 4. RBID extension strategy.

Note that the extension approach above is only for border line segments
containing a’ and ¥’. To decide the extension range, all the border line segment
pairs with pgg > p12+p1 +p2 should be considered. Finally the biggest extension
value will be chosen as the extension range.

Rectangle Border Direct Algorithm : Besides the global optimum criteria testing
and extension method discussed above, an alternative approach can be used.
After the local shortest path is found, an ellipse is drawn with s’ and d’ as foci
and ellipse constant is equal to the length of initial local shortest path. Using this
method, we avoid checking all border line segment pairs. This is a straightforward
method to test the global optimum criteria. If the range of ellipse is inside the
initial rectangle, the global optimum criteria are satisfied. If ellipse is beyond the
initial rectangle border, we need to search the shortest path again with the new
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region defined by the ellipse. Obviously, this method is easy to implement and
get even better performance. because it does not require searching the selected
region twice.

3.3 Ellipse Border Algorithm

Step One. The approach used in step one of Naive algorithm can quickly find
an initial path, but it is not local optimum. On the contrary, RB algorithm can
obtain the local optimum initial path, however with high resource cost. Both
of them have advantages and disadvantages. In this section, a more efficient
approach is developed to search the initial path by taking into account of surface
roughness.

Our approach estimates the initial path psg using the following heuristics,
see Fig. 5 (a). First, the initial path p,..; is computed using the same method
as in step one of Naive algorithm. The orthogonal projection of py..; is the line
segment s’d’, which is the projections of s and d in xy-plane. Second, an ellipse
with s’ and d’ as its foci is drawn and the ellipse constant equals to ppre;. The
surface inside the ellipse is equally partitioned along the direction from s to d.
The average height hqyerqge Of each part is computed. Then, the path payerage
along the surface is computed. Next, we compare ppro; and payerage- If Dproj is
close t0 Pyverage, the estimate value of initial path will be the length of py.;.
The closeness is indicated by ratio § = p‘;“:%jgc. If § > 1.2, the estimate value of
initial path will be the length of pgyerage. This implies that p,ro; passes through
a very rough area.

Pore Plane

s
M ’
| Pav |
: average : - é _d
| | s @
s’ d Plane,,

(a) (b)

Fig. 5. Ellipse algorithm (a) Initial path estimation (b) Ellipse search region selection.

Step Two. After the initial path is found, the search area needs to be selected.
We draw an ellipse in sd-plane with the initial path as the ellipse constant, and
let s, d as ellipse’s foci rather than their projections s' and d’, see Fig. 5 (b). The
sd-plane is the plane that contains s and d, and intersects xy-plane at angle w.
This choice can further decrease the search region. We let a equal to the value



Expansion-Based Algorithms for Finding Single Pair Shortest Path 161

of the initial path, ¢ equal to half of the Euclidean distance between s and d, b
as the width of the ellipse. There is following relation:

b=+va%>—c? . (1)

Clearly, b value declines as ¢ value increases. Because the ellipse is drawn in
sd-plane, ¢ has greater value than that of in xy-plane, therefore, search region
selected in sd-plane is smaller than that of in zy-plane. After the search region is
identified, we can compute the shortest path in this area and this shortest path
is the global optimum. Following discussion provides the proof.

Given a local shortest path pspor¢+ connecting points s and d inside an ellipse
area on the surface, if and only if the length of the local shortest path psport is
shorter or equal to the ellipse constant, the global optimum criteria are satisfied.
That means pgport is the global shortest path. This can be easily proofed. Any
path psg connecting source point s and destination point d traverses beyond the
ellipse border is longer than the ellipse constant @, psq > Q. If the local shortest
path pspore < @, it is obvious that pspore < @ < psqg- The global optimum
criteria is satisfied and pgpope is the global shortest path.

In our case, the ellipse is drawn with length of initial path as the ellipse
constant @. Because the initial path must be longer than or equal to the local
shortest path, thus psport < intial path. As initial path = Q, therefore, psport <
Q. We can conclude the output local shortest path must also be the global
optimum.

4 Performance Study

In this section we compare the three algorithms discussed in this paper. The
primary performance index used in this section is the processing time, which is
measured as the elapsed time from the point of parameters (start and destination
points) are set to the global shortest path is reported. As we employed a two-
step approach in the proposed algorithms, we test not only the whole processing
time, but also the time spend in each step. According to Kaneva and O’Rourke’s
experimental report [1], the I/O cost-based measure such as the number of disk
pages accessed is not an significant performance indicator because Chen & Han
algorithm is typically CPU intensive, thus a small amount of difference in the
input data leads the computing time to a superlinear growth. Therefore I/O cost
is not measured in our analysis.

4.1 Cost Analysis

The time used to search the global shortest path, T}otq;, is the sum of time used
in step one Ts; and step two Tso. That is:

Eotal - Tsl + T52 . (2)

Different methods used in step one of each algorithm are in different time com-
plexity that determine Ts;. Therefore, in Naive and EB algorithms, step one has
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time complexity O(n), whereas in RB algorithm, step one has time complexity
O(n?). In step two, the time Ty is decided by the time complexity of which the
algorithm is chosen. As we choose Chen & Han algorithm as the basic shortest
path algorithm in the analysis and experiment, Tz is in time complexity O(n?).
It is clear that our algorithms do not change time complexity of Chen & Han
algorithm. Thus the time complexity for all of these three algorithms should be
O(n?).

We use the projection of the selected region in xzy-plane, Areas; and Areags
to represent the search region in two steps respectively. In the initial step, the
number of triangles in Areas; is represented as mp. Similarly, the number of
triangles in Areago is represented as ns for step two. Because Areass is extended
from Area?;, ny is normally larger than or equals to ny, therefore, the processing
time is mainly decided by ns. Given source point s and destination point d, no
is determined by Areass.

Let a be the half length of the initial path, ¢ be the half of the distance of
sd and ¢’ be the distance of s'd’. The area for selected search region in step two
of Naive algorithm can be estimated by:

Areagy = 4a* . (3)

For RB1 algorithm, the area of the selected search region is:

Areass = 4ar/a? — 2 . (4)

For EB algorithm, the area of the selected search region is:

Areass = 4ar/a? — 2 . (5)

c is the projection of ¢’ in zy-plane, ¢ = ¢’ X cosf. 3 is the angle between line
sd and zy-plane. Theoretically, for a given length of initial path, EB algorithm
will get the optimum selected search region, followed by RB algorithm and the
Naive algorithm. However, if the length of initial paths are not the same, the
total performance for each algorithm will differ.

Three factors influence the number of triangles in a given region, and conse-
quently affect the processing time. The first factor is the resolution of the trian-
gulated surface. Surface with higher resolution contains more triangles, thus n
is larger for a given area. It has different impacts on T of three algorithms but
same for the second step. Ts; for O(n?) RB algorithm increases in a quadratic
manner, while for O(n) EB and Naive algorithm T} increases in a linear man-
ner. The second factor is the roughness of the surface which affects the number
of triangles as well. The influence of the roughness on processing time follows
the same pattern of the first factor. Third factor is the angle ¢ between the line
crossing the s’ and d’ in zy-plane and the z axis. Because the projection of the
surface region used in initial step is a rectangle which diagonal vertices are s’
and d’. And the sides of rectangle is parallel with the x, y axis respectively. The
relation between ¢ and Areas] is:

1
Areag; = §sin(2<p)distsld/ . (6)
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where disty g is the Euclidean distance between s’ and d’. The formula shows
Areas; is the maximum when ¢ is 7. Angle ¢ affects step one of all algorithms,
yet step two of EB, RBD and Naive algorithm is independent of this factor.
Because of the obvious effect of first two factors on performance, we conduct the
experiment concentrating on the last factor.

4.2 Experimental Results

In this section, we evaluate the performance of three proposed algorithms for
finding the shortest path, namely Naive, RB and ER algorithm. Two extension
methods are tested separately for RB algorithm: RBD and RBID. Both devel-
opment and testing are done using PC with Pentium IV 2.8G CPU and 512M
memory. The operating system is Windows XP Professional. Three algorithms
are implemented with C++ compiled with Borland C++ 5.5 compiler. The Mi-
crosoft ODBC library is used in the C++ program in order to access the data
set. We use a real polyhedral terrain surface data sets in the test, provided by
MinCom Pty. Ltd . This data set consists of 10806 triangles and is stored in
Oracle Enterprise Edition 9.2. Indexes are created wherever necessary for all
the tables. In this experiment, we use the Chen & Han algorithm implemented
by Kaneva and O’Rourke [1] to search the shortest path. The performance of
proposed algorithms is tested in terms of the processing time.

We first test the effectiveness of proposed Naive, RBD, RBID and EB al-
gorithms in reducing the time cost. The test is conducted by varying dists g
(ranging from 100 to 500, the unit is the same as the coordinate value of the
triangles) which is the Euclidean distance between s’ and d’. At each disty q, we
randomly select ten pairs of source and destination points on the surface. The
time usage of the sample data presented is the mean value. Figure 6 (a) shows
the time comparison between Naive algorithm and Chen & Han algorithm. In
order to find the global optimum shortest path, Chen & Han algorithm must
compute the entire surface. Instead we select the nonconvex surface with 5175
triangles. Since time spend to report the single pair shortest path by using their
algorithm is over 10,000 seconds and is indifferent to the distance changes, we
could set this time as a lower time bound for the comparison purpose. Obviously,
our proposed algorithm results in a substantial time reduction, i.e. time spend at
500 distance units is less than 500 seconds. Figure 6 (b) illustrates the different
time cost among our proposed algorithms with varying disty s . As we can see
from the result, the total time used in Naive and RBID algorithms are very close
and increase drastically as the distance becomes larger. Not surprisingly, RBD
and EB algorithms outperform the other two. The reason for this difference is
explained in Fig. 7.

In Fig. 7, the time cost in each step is drawn separately. Consistent with our
cost analysis, where the time complexity in step one for RBID and RBD is O(n?),
for EB and Naive algorithm is O(n). Figure 7 (a) shows the time difference among
these four algorithms. Both EB and Naive algorithms have similar time cost as
they are base on the same time complexity. One point to note that time spend
in RBID is doubled comparing with RBD even though they have the same time
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Fig. 6. (a) Naive vs. Chen & Han algorithm (b) comparison between proposed algo-
rithms.

complexity. Because in order to test the global optimum criteria, RBID needs
to search the selected region twice. Figure 7 (b) reveals an important fact that
step two is the dominant factor in the total time cost. The step one has little
effect because of its small proportion to the overall time cost. Evidence shows
that extension method plays an essential role in the total time cost. Extension
methods proposed in EB and RBD are superior to others, therefore, these two
algorithms have an outstanding performance. These results strongly support our
cost analysis above.
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Fig. 7. (a) Time cost in step one (b) Time cost in step two.

Figure 8 depicts the influence of angle ¢ on the processing time for all ap-
proaches. We randomly select ten pairs of source and destination points for a
certain degree, i.e. 15°,30°,45%tc. As we cannot obtain the ten pairs of data
at the exact same degree, we take the average degree of each group of data.
The angle range starts at 0 and ends at 7. As we discussed in previous section,
the angle influences all approaches in step one but rather moderate, and has no
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Fig. 8. The relation between angle ¢ and processing time.

effect on Naive, RBD and EB algorithms in step two except RBID because the
methods used to select search region for these three approaches are free of the
¢ change. It has the maximum impact when ¢ = 7. The results shown in Fig. 8
support our analysis.

The above discussions demonstrate that all proposed algorithms can signif-
icantly improve the performance of the basic shortest path search algorithms.
Among them, EB and RBD approaches are more efficient comparing to RBID
the Naive algorithms in terms of time usage, especially in longer distance.

5 Conclusions

With rapid advances in technology, the surface models are becoming more and
more complex. The single pair shortest path problem is getting harder and harder
to solve. This paper proposed three expansion-based algorithms, namely Naive
algorithm, RB and EB. We also offered two alternatives under RB algorithm
in terms of the way of testing global optimum criteria and extension methods:
RBD and RBID. In contrast to current algorithms which need to traverse the
whole surface to search the global shortest path between a pair of points. This
operation is very time-consuming. Motivated by the observation that the single
pair shortest path is in the locality, we developed our algorithms based on a
two-step strategy: (1) compute an initial local path. (2) use the value of this
initial path to select a search region, in which the global shortest path exists.
The search process terminates once the global optimum criteria are satisfied.
By reducing the searching region, the performance is improved dramatically in
most cases. We have shown a comparison between our algorithms and Chen &
Han algorithm by using a real data set. Experimental results shows that all of
the proposed algorithms can significantly improve the performance of Chen &
Han’s algorithm, whereas the EB and RBD notably outperform RBID the Naive
algorithm in term of time usage, especially in longer distance. In the future, we
plan to integrate the advanced multiresolution technology into our shortest path
algorithms.
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Abstract. As random access memory chips get cheaper, it becomes affordable
to realize main memory-based database systems. The most important issues in
main memory database indexing techniques for mobile GIS applications are to
improve update performances -since numerous update operations can arise for
tracking continuously moving objects- and to reduce cache misses for improv-
ing search performances. In this paper, we propose MR-tree, a cache-conscious
version of the R-tree for main memory databases. To increase fan-out, the MR-
tree applies a novel compression scheme to entry MBRs (Minimum Bounding
Rectangles). This scheme represents entry MBRs by relative coordinates in a
node. To improve update performance, the MR-tree can become an unbalanced
tree as follows: it propagates node splits upward only if one of the internal
nodes on the insertion path has empty space, or all height differences between
the consecutive nodes on the insertion path are 1 and one of the height differ-
ences among its subtrees is equal to some unbalance parameter. Because of this
feature, the MR-tree can reduce the number of internal nodes splits and reinser-
tions significantly. In the case where all internal nodes on the insertion path do
not meet the above conditions, a newly created leaf node simply becomes the
child of the split leaf, when a leaf node split occurs. This split leaf is called the
half-leaf node. Our experimental result shows that the search speed of the pro-
posed two-dimensional MR-tree increases by almost a factor of two compared
to the CR-tree and the R-tree variant, which are also main memory based R-
trees, while maintaining better update performance.

1 Introduction

The most significant problems of all mobile GIS applications - including traffic con-
trol or monitoring, transportation and supply chain managements, digital battlefields,
and mobile e-commerce - are to rapidly track the current positions of continuously
moving mobile users while supporting almost real-time responses during data access
[11]. Main memory-based database systems [10] can be used to solve these problems.
However, adapting traditional spatial index structures such as the R-tree [7] variants
to main memory database systems is not suitable for tracking these positions, on
account of numerous update operations.

To support almost real-time responses in main memory environments, search per-
formances must also be improved. The search time of spatial index structures consists

* This work is supported by KOSEF grant # R01-2001-000-00540-0 (2003).
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of the node accessing time and the key comparing time. Today, the increase in CPU
speeds at 60% per year and memory speeds at 10% per year makes it possible to
reduce the overhead of comparing index key entries more and more [6]. In one study
[4], the authors reach the conclusion that level 2 cache misses occupies a significant
portion of execution time. A cache miss occurs when the requested data is in main
memory but not in cache. At this point, reducing cache misses is the most important
factor that affects the search performance in indexing techniques for main memory
databases [3].

Using the R-tree [7] variants in main memory for the multidimensional index
structure, or a pointer elimination technique of the CSB*-tree [6][5] alone cannot
widen the index tree significantly, since multidimensional keys called MBRs (mini-
mum bounding rectangles), are much larger than pointers [1].

In this paper, we propose a modified cache-conscious version of the R-tree, which
we call an MR-tree. For our purposes, the term cache-conscious means to reduce
cache misses. To be cache-conscious, the MR-tree uses a new compression scheme
applied to MBRs. In this scheme, an MBR is represented relative to the lower bound-
ing coordinates of the node MBR, and the size of this relative MBR varies according
to index nodes. It is not sufficient to apply the MR-tree to the mobile GIS applica-
tions in which objects to be indexed change positions frequently, because the MR-
tree can cause a lot of node splits and reinsertions when tracking moving objects. We,
therefore, add another feature in that we permit the MR-tree to be unbalanced. In the
MR-tree, height differences among the nodes that have the same parent are equal to
or less than the unbalance parameter, diff. This way, we believe that the MR-tree can
reduce the number of node splits and reinsertions considerably. The experimental
result shows that the MR-tree outperforms CR-tree and R-tree significantly in terms
of the search and update performance.

We organize this paper as follows. In Section 2, we discuss the related works
briefly. In Section 3, we explain the basic idea of an MR-tree, followed by the details
of its index structure, search, insertion, and deletion algorithms, and in Section 4, we
present the results of various experiments conducted to test the performance of the
MR-tree. A conclusion is provided in Section 5.

2 Related Work

In recent years, many spatial index structures have been proposed as shown in [13].
Among index structures, Kothuri et al. [14] argue that R-trees are generally better
than quad-trees and Oracle now recommends the use of only the R-tree. Our approach
is also based on the R-tree.

Some new index structures have been recently proposed for indexing moving ob-
jects. These index structures can be classified into (1) trajectories (histories) and (2)
current positions of objects. Our approach belongs to the latter category.

Most index structures for moving objects only focus on update performance. But
in the real world, most moving objects - such as mobile users - are in an almost static
state most of the time [12] while requiring near real-time responses. We therefore
focus on the search performance as well as the update performance. In this section,
we briefly survey the two index structures that inspire our approach.
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The CR-tree [1] is a cache-conscious version of the R-tree. To pack more entries
into a node, the CR-tree uses a lossy compression scheme called QRMBR. The index
node of the CR-tree consists of one reference MBR and multiple entries, which are
multiple QRMBR keys and pointers to child nodes. The reference MBR represents
the MBR of the index node. Let L, R and E be the quantization level, reference MBR
and entry MBR respectively, and then the lower bound x/ and upper bound xu of
QRMBR Q are defined as follows:

0, if ExI<RxI 1, if Exu<Rxl
Oxl=3L-1, if ExI>2Rxu  Qxu=<L, if Exu>R.xu
| L(E.xI = Rxl) /(R.xu — Rxl) |, else [ L(E.xu— Rxl)/(Rxu— Rxl) |, else

The CR-tree has two significant problems in adopting it as an index structure for
mobile applications. First it causes a lot of node splits and reinsertions, like the R-
tree. Second, it deteriorates the search performances, since the lossy compression
scheme can cause anomalies, i.e., it can choose a wrong insertion path because
QRMBRs are enlarged falsely whenever recalculated. This behavior increases the
number of cache misses unnecessarily during search, because the number of nodes to
visit increases significantly. Figure 1 shows an example.

000.1000 15,15 15,15
B B B’
600,600 9,19 6.6
500/500 8,(8
A A A
0,0 0,0 0,0
(a) Original MBRs (b) QRMBRs (c) adjusted QRMBRs after

inserting an object:(1400,
1400,1500,1500) into B

Fig. 1. An example of the QRMBR anomaly (Quantization level = 4 bits).

In figure 1, original MBRs of an internal node are represented in (a), and
QRMBRs in (b). When a new object having (1400,1400,1500,1500) is inserted to the
CR-tree, it chooses QRMBR B for the insertion path, and recalculates QRMBRs after
inserting into a leaf. Figure 1(c) shows this result. From figure 1(c), we know that
QRMBR A has been falsely increased, because its correct value is (0,0,5,5). When
another object having (550,550,600,600) is inserted into the CR-tree, it chooses A,
but the right insertion path is to choose B’.

The LUR-tree [2] is also an R-tree variant that uses the Lazy Update approach to
reduce the number of update operations. This approach updates the structure of the
index only when an object moves out of the corresponding MBR. If the new position
is still within the MBR, only the position of the object in the leaf node is updated. The
approach shows fairly good update performances for indexing mobile GIS applica-
tions, in which an object is moving within a small region of space. This algorithm,
however, is of no use when an object moves out of the region of corresponding node.
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90000,90000 90000,90000
A 20100,42000 A 10100,32000
B B
20070,40315 70,315
‘[ “[p"

20050,40300 50,300

20000,40000 10000,30000
10000,10000 10000,10000

(a) MBRs in the R-tree (b) Variable and Relative MBRs in the MR-tree

Fig. 2. Variable and Relative representation of MBR.

3 MR-Tree

3.1 Basic Idea

Because of anomalies as mentioned in Section 2, the CR-tree shows bad search per-
formances when the approximation level is too small. The idea in this paper, there-
fore, is to make R-tree cache-conscious by applying different compression levels to
index nodes. Figure 2(a) shows the absolute coordinates of A~D. In this case, the
sizes of all entry MBRs in nodes of R-tree use at least 68 bits because the R-tree
needs 17 bits (= L]og2 90000J+1) to represent maximum coordinate value. As com-

pared to the R-tree, however, we reduce the size of entry MBRs by using variable and
relative MBRs, called VRMBRs, the sizes of which can vary according to index
nodes. VRMBR is an entry MBR in a node and a relative representation to minimum
bounding coordinates of a node MBR. For the sake of simplicity, we use the same
size of VRMBRs in the same node, but the sizes of the VRMBRs can vary with index
nodes. In figure 2(b), entries of node B use 44-bit VRMBRs, since they need 11
(= L10g2(32000 ~30000 +1)J+ 1) bits to represent a coordinate in node B. Entries of

node C, however, need 5(= UOg ,(70-50+ 1)J +1) bits for their coordinates, thus sizes

of VRMBRs of node C are only 20 bits. From this example, we know that VRMBRs
in low levels are smaller than those in high levels. Fanouts of nodes, therefore, be-
come large when they are closer to the leaf level resulting in increase in search speed.
Our proposed index structure, called the MR-tree, is a cache-conscious R-tree, since it
reduces the number of cache misses by using VRMBRs as index keys.

To adopt the MR-tree as an index structure of mobile GIS applications, we use the
Lazy Update [2] approach. The MR-tree, however, needs additional schemes to in-
crease insertion and deletion performances, since the Lazy Update approach is of no
use when an object is out of the region of the corresponding node. We, therefore,
propose that the MR-tree can be unbalanced to reduce the number of node splits and
reinsertions. Details of the “unbalance” are explained in following sections.
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Height of Node: H
State of the node: State

| [ [ ][] wNodemBrR |VRMBRO|VRMBRI| ... VRMBR m
T ¢—# of data entries: Nd
VRMBR size: VRS I internal Node
height=4 [T half-leaf Node

[ 1leafNode

Fig. 3. The MR-tree structure with diff =2.

3.2 Node Structure of MR-Tree

The proposed MR-tree is similar to the basic structure of the R-tree. Nonetheless,
figure 3 shows that the distinctive features of the MR-tree are that it uses VRMBR
instead of MBR and the subtrees of the node of the MR-tree can be unbalanced since
the height differences among subtrees can be equal to or less than the unbalance pa-
rameter, diff. The nodes of the MR-tree are classified into internal nodes, leaf nodes,
and half-leaf nodes. The half-leaf nodes have entries for the leaf nodes and for data
objects.

Figure 3 also describes the node structure of the MR-tree. The node MBR field en-
closes all entry MBRs represented by VRMBRs. Coordinates and the size of
VRMBR, which is relative to node MBR and of which size can vary according to
nodes, are defined as follows.

Definition 1. (Coordinates of VRMBR) Let 7 and E be n-dimensional MBRs repre-
sented by lower and upper bounding coordinates(/,,/ [ ,u,,u,,..,u,)- Then, the

relative representation of the i-dimensional lower and upper bounding coordinates of
E according to [ is defined by the relative distance from the i-dimensional lower
bounding coordinates of 1.

0 Jf Ed <11, 1 Jif Eu, <11,
VRMBR,(El)={Iu,~11, =1 if El, > Iu, VRMBR(Eu,)={lu,~1l,  ,if El, >1Iu,
EI -1l ,otherwise Eu,—11, ,otherwise

Definition 2. (Size of VRMBR) Let / be an n-dimensional node MBR, then number
of bits S of a VRMBR in / is defined by the maximum value of (u, — 1, +1) among n-

dimensional coordinates of 1.

S,(VRMB]@:Zn(Llog(max(ui -1 +1 ))J )

i=l..n
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Let N be a node of MR-tree, and let Sy and S,;; be the size of node N and size of
additional information fields respectively, the fanout of a node N in MR-tree is then
defined by the VRMBR size.

S, =S
Fanout(N)=| —Y—“__
S,( VRMBR)

In the MR-tree, the size of VRMBR grows when a node is closer to the root.
Therefore, when the size of a node MBR and VRMBR in this node are equal, the
MR-tree eliminates node MBR and treats VRMBR as MBR.

To increase insertion and deletion performances, the MR-tree maintains three dis-
tinctive fields: the height of node (H) field holds the maximum value of height of its
child nodes plus one; the number of data entries (Nd) field, used by the half-leaf
node, only holds the number of data entries; and the state of node (State) field holds
the flag value, which is “up” if the node has empty entries, or “undetermined”’ if the
node is full and more than one height difference among its subtrees is equal to diff, or
“down” if the node is full and all height differences among its subtrees are less than

diff

3.3 Searching in MR-Tree

The search algorithm of the MR-tree is similar to the R-tree save for two distinct
differences. The first is that the MR-tree compares a query MBR with a node MBR
when query MBR reaches an index node. Then, when a query MBR overlaps with a
node MBR, the MR-tree translates the query MBR to VRMBR by using the node
MBR. - And it compares the query VRMBR with VRMBRs in the node to determine
whether they overlap. The second is that that the MR-tree compares a query MBR
with both the VRMBRs of the child nodes and those of the data objects, when it
reaches half-leaf nodes.

3.4 Insertion in MR-Tree

The insertion in MR-tree consists of insert, chooseLeaf, and AdjustTree algorithm
as with the R-tree [7]. The insert algorithm, firstly, invokes the chooseLeaf algo-
rithm, which selects a leaf node by using absolute MBRs, and decides whether a leaf
node split must propagate upward if it occurs during insertion. Secondly, it trans-
forms a new MBR into a VRMBR and inserts into a chosen leaf, and invokes the
AdjustTree algorithm. Here, if a chosen leaf is full and the chooseLeaf algorithm
has decided that the node split need not propagate upward, the chosen leaf splits and
becomes the half-leaf node that has an entry for the newly-created leaf node and the
data objects. If the chooseLeaf algorithm has decided that the node split needs to
propagate upward, node splits propagate upward until meeting the internal node in
which node splits do not occur.
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Algorithm Insert and chooseLeaf.

Insert(in N, in E)
/* N: the root of the MR-tree, E: inserting rectangle
*
/
Split mode := "down";
L := ChooseLeaf (N, N, E, Split mode) ;
if (L has room for another entry) install E in L;
elsif (L is a half-leaf node) {
Make new child node CL of L and fill CL
by all data entries in L;
6. install E in CL;
7. } else {
8

U W N

. LL := splitNode(L,E); //Node L is split into L,LL
9. if (Split mode="down") {
10. Create a new entry ELL;
11. ELL.child := LL; Add ELL to L;
12. Adjust ELL.MBR so that it tightly encloses
13. all entries in LL;
14. }

15. return AdjustTree;

chooseLeaf(in P, in N, in E, inout Split mode)
/* P : the parent node of N, N : the current node,

Split mode : “up” or “down” or “undetermined” */
1. if (Split mode<>"up") {
2. if (N.State="up”) Split mode := “up”;
3. elsif (Split mode="undetermined” or

P.State="undetermined”)

4. if (P.H > N.H + 1) Split mode := “down”;
5. elsif (N is a leaf) Split mode := “up”;
6. else Split mode := “undetermined”;
}
}
7. 1if (N is a Leaf) return N;
8. else {
9. for (each entry F in N) {
10. choose F whose rectangle FI needs least
enlargement to include E by using
absolute MBR of F;
}
11. if (N is a half-leaf and F is a data entry) {
12. Split mode := “down”;
13. return N;
}
14. return chooseLeaf (N, F.child, E, Split mode) ;

}
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The AdjustTree algorithm, ascending from a leaf node up to the root, adjusts
VRMBRs, and recalculates heights, determines the state fields of nodes, propagates
node splits upward only if needed. The CR-tree causes some anomalies when adjust-
ing QRMBRs because it uses a lossy compression scheme. The MR-tree, however,
does not cause such anomalies because it can always transform VRMBRs into origi-
nal MBRs.

The split algorithm in MR-tree can use the split algorithms used in other R-tree
variants including the R-tree and R*-tree [7][8][9]. The only differences are as fol-
lows: the heights and VRMBRs of the split node and newly-created one must be
recalculated after processing the split; the state fields of both nodes are set to “up”
since both nodes have empty entries. In our experiment, we use the linear-cost split
algorithm of the R-tree. Figure 4 shows insertion examples.

l;lelght:4 ] };Ielght:4
the state of G is “up” :l\ T Not full “down” ]\
3 1 3 1
G T] [T ] [G 1 [T ]
anew MBR ) | # 2 5

1
EI] D ‘ ] (D] E_J
1 1 1 1 1 1 1
[ - sl o m--

(a) when a new MBR is inserted into A, node splits propagate up to G

3“down” 4“undetermined”
[G 1] G
2 1‘ 1 3 1‘ 1
%] D0 B [ — Doy B [E
1 1 ‘ 1 2 1 1
[A ] [B ] [C ] Cc_ ]
NI

(b) When a new MBR is inserted into A, A becomes a half-leaf node A’

[ ]
(c) When a new MBR is inserted into H, node spllts propagates up to G

Fig. 4. Insertion examples in MR-tree with diff =2.

In figure 4(a), when a new MBR is inserted into node A, the MR-tree splits node A
and propagates node splits up to node G, since the state of G is not full. This case is
the same with the behavior of insertion in the R-tree. We represent this condition by
assigning “up” to the state field of node G. In figure 4(b), node A splits and simply
becomes a half-leaf node pointing the newly-created node A”, since the states of G
and D are “down”, which means that all height differences among its subtrees is less
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than diff. We propose this manner of insertion not only to reduce the number of node
splits but also to be cache-conscious. A cache miss occurs when the requested data is
not in cache. Therefore, assuming that an index node uses a same size of cache line,
the number of node accesses must be reduced to be cache-conscious. Compared to the
R-tree, this manner of insertion in figure 4(b) is more cache-conscious, since data
objects in B, C, E and F can be accessed without additional cache miss.

Figure 4(c) shows a worst case in the MR-tree. In this case, when a new MBR is
inserted into the node H, the MR-tree propagates node splits up to G, since the state
of G is “undetermined” and all height differences among the consecutive nodes on
the insertion path are 1. The reasons for using the term “undetermined” is that the
MR-tree cannot determine whether node splits propagate upward only through in-
specting this node. The MR-tree decides that leaf splits need not propagate upward
when it reaches one internal node that is not full, or when it meets the condition that
the height difference between one internal node and its parent is more than 1. In fig-
ure 4(c), therefore, if a new MBR is inserted into node F, the MR-tree splits F into
two, and F becomes a half-leaf, as in the case of figure 4(b). If the MR-tree does not
meet these conditions on the insertion path, it can determine whether node splits
propagate upward or not only after reaching a leaf. Figure 4(c) illustrates this case.

3.5 Deletion in MR-Tree

The MR-tree uses the Delete and FindLeaf algorithms used in the R-tree [7]. Com-
pared with the R-tree, however, the CondenseTree algorithm in the MR-tree is to be
modified to reduce the number of reinsertions. Figure 5 reveals this example.

Height =4 3
) | —
1 I‘ 3 1 1 1 2
[A ] [ ] (D1 ] A | | | B ] [ 1 l

1 2
(B 1 IICNI l

(a) Before condensing (b) After completing the deletion

Fig. 5. A deletion example in MR-tree with diff =2, when the fan-out is 5.

In the R-tree, when it meets the node in which the number of using entries is less
than m (minimum number of entries to be used), the CondenseTree algorithm rein-
serts all its subtrees. Therefore, assuming that figure 5(a) shows the R-tree having 3
for the value of m, all subtrees of node D must be reinserted. In the MR-tree, how-
ever, the CondenseTree algorithm first disconnects D from P, calculates the height
of P along with checking node P to see how many empty rooms are in P, and then
examines the height of child nodes of D. In figure 5(a), the nodes B and C can be
appended to the node P since P has two empty rooms and the height differences be-
tween P and child nodes of D are less than the unbalance parameter, diff, plus 1.
Therefore, without reinsertion, the CondenseTree algorithm sets the nodes B and C
to be the VRMBRs in P as in figure 5(b) and adjusts the height of P. In this way, the
MR-tree can reduce entries to be reinserted much further than the R-tree.
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4 Experiment

We performed an experimental comparison of the algorithms using GNU’s gcc on the
Linux operating system. In our case, the platform is a Pentium 4 personal computer
(1.6GHz CUP with 256K L2 cache and 128 bytes cache line).

We implemented five two-dimensional main memory index structures: the MR-
tree with diff =1, diff =2, diff =3, the ordinary R-tree and the CR-tree. All of these
structures use the Lazy Update approach [2]. We use 16 bytes for the size of MBR.
For the CR-tree, we use 8-byte rectangles, called QRMBRs, because a too-small
QRMBR decreases search performance in our experimental environment. For the
purposes of simplicity, the MR-tree uses 4-byte and 8-byte rectangles, called
VRMBRs, and 16-byte MBRs.

Owing to the lack of real data, we generated two synthetic data sets, as seen in [1],
consisting of one million small rectangles located in the two-dimensional square. One
is uniformly distributed in the square whose side length is 1000,000 and the other has
the Gaussian distribution around the center point (500,000, 500,000) with a standard
deviation of 250, 000. We set the average side size of rectangles to be 1. We ran-
domly arranged data object MBRs in the data sets, since performances of all index
structures may be changed according to the insertion sequence. Since most moving
objects are in an almost static state most of time [12], we randomly selected only
10,000 data objects after loading one million objects, and changed the positions of
these objects.

4.1 Search Performance

In our experiment, we compare the search performance of various index structures in
terms of the time spent processing a two-dimensional region query. We generated two
sets of 10,000 different query rectangles of the same size per each data set: one is the
Gaussian and the other is the Uniform distribution respectively. The sizes of query
rectangles per each data set are from 0.01% to 3% of the square.

Figure 6 shows the average elapsed microsecond time spent when the data set of
searching various indexes has Gaussian distribution, while figure 7 shows the case
when it has Uniform distribution. Observations on these figures include:

e As the node size grows, the search time approaches the minimum quickly and
then changes slowly. This trend also applies to increased selectivity. The reason
for this trend is that the number of node accesses does not decrease significantly
as node size grows, but the number of cache misses increases slightly.

e In comparison to the R-tree and the CR-tree, which form a slower performance
group, the MR-trees constitute a faster performance group. The reasons for this
result are: the VRMBR scheme increases fanouts of nodes differently according
to the VRMBR size, while it does not show any anomaly as discussed in the
CR-tree (i.e., entry MBRs, called QRMBRs, are enlarged falsely whenever re-
calculated); and the manner of insertion in the MR-tree reduces the number of
nodes to be accessed, because it eliminates many empty entries in internal
nodes.
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4.2 Update Performance

To measure update performance, we compared the various index structures in terms
of the time spent changing the positions of 10,000 data objects. Figure 8(a) and 8(b)
show the average elapsed time per update operation. The observations are as follows:

e When comparing update time of indexes, the CR-tree and the R-tree show worse
performances than the MR-trees. This is because the MR-trees reduce the num-
ber of node splits and reinsertions significantly as shown in figure 9 and figure
10 respectively.

e When comparing the CR-tree and the R-tree, the CR-tree does not show a much
better performance, because it spends much time calculating QRMBRs and re-
storing QRMBRs to original MBRs. In an MR-tree, however, it requires little
time to calculate VRMBRs and MBRs from VRMBRs, since the MR-tree repre-

sents VRMBR only by relative values.
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e When the MR-tree has 3 for the value of the unbalance parameter diff, it shows a
slightly better update performance in the small node size. The MR-trees, how-
ever, show almost same update performances when the node size grows. The
reason of this result is that we only updated the 10,000 objects in the experiment
and the large node size by itself reduces the number of node splits and reinser-
tions significantly.

As you can expect from our experimentation, a bigger value for the unbalance pa-
rameter, diff, will cause better update performance of the MR-tree in an environment
where objects update their positions more frequently. On the other hand, search per-
formance can be deteriorated when the value of the unbalance parameter is too big.
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Fig. 8. Update performances.
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Fig. 9. Number of node splits.

In this paper, we omit the experimentation with multi-dimensional data sets. How-
ever, we believe that the MR-tree will also show a good performance in multi-
dimension, as like in two-dimension, because the VRMBR scheme is more adaptable
and the “unbalance” scheme also reduces the number of node splits and reinsertions
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in multi-dimensional environments. We, therefore, conclude that the MR-tree is an
efficient n-dimensional index structure for tracking moving objects in mobile GIS
applications, because of its reasonable search and update performance.
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Fig. 10. Number of reinsertions.

5 Conclusion

In this paper, we proposed a modified cache-conscious version of the R-tree, called
MR-tree, for main memory data access. The MR-tree uses VRMBRs as index keys,
which increase fanouts of nodes in the tree differently according to the VRMBR sizes
without any anomalies during insertion and deletion.

To adopt the MR-tree as an index structure for mobile GIS applications, we used
the Lazy Update [2] approach to reduce the number of update operations. This ap-
proach, however, is of no use when an object moves out of the region of correspond-
ing node. The basic and general solution to solve this problem is to speed up insertion
and deletion. In our observation, processing node splits and reinsertions occupy a
major part of insertion and deletion time respectively. The MR-tree, therefore, modi-
fies insertion and deletion operations used in the R-tree. We proposed the insertion
operation in the MR-tree as follows: the MR-tree propagates node splits upward only
if one of the internal nodes on the insertion path has empty rooms, or the state field in
one of the internal nodes is “undetermined” and all height differences between the
consecutive nodes on the insertion path are 1. Thus, the MR-tree reduces the number
of nodes splits significantly. Height differences among the nodes that have the same
parent are equal to or less than the unbalance parameter, diff. When the MR-tree need
not propagate leaf node splits upward, a newly created leaf node simply becomes a
child of the split leaf. Then the split node is called the “half-leaf node” because it has
entries for data objects in addition to entries for child nodes. We also proposed the
deletion operation in the MR-tree as follows: when the number of using entries in a
node N is less than the minimum number of entries to be used, the child node of N is
appended to the parent of N, when the parent has empty rooms and height differences
between the parent and the child node of N is equal to or less than the unbalance pa-
rameter, called diff, plus one, without reinsertion.
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In our experiment, the MR-tree outperformed the R-tree and the CR-tree by the

factor of up to two in terms of search time. In update performance, the MR-tree
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owed better performance in two data sets, particularly in Uniform distribution.
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Abstract. When looking for specific detail within the context of spa-
tial information, users are often faced with the problem of information
overload. Moreover, research efforts in responding to such needs, and in
general, are impeded by a lack of non-proprietary platforms for devel-
opment. Personalization is a powerful concept for providing users with
precise information that satisfies their current requirements. Personaliza-
tion techniques are currently in widespread use across the World Wide
Web. However, existing Web map servers do not offer much support for
personalization in terms of map content. Furthermore, these systems are
heavily reliant on proprietary software. We propose a solution to these
problems by outlining a prototype system that presents the user with per-
sonalized maps containing condensed content. Such a system has been
developed using non-proprietary software for both the Web and mobile
environments.

1 Introduction

In recent years the Internet has become a major new medium for spatial data.
Maps on the Internet help to locate points of interest such as restaurants, hotels
or specific addresses, to visualize natural hazards, to plan trips etc. Current
GIS applications providing Web maps have obtained considerable success. For
instance, the raster map service provider MapQuest.com reported 20,000,000
map requests on a daily basis in the year 2001 [1]. The success can be attributed
mainly to the fact that they are easily accessible.

One shortfall of existing GIS lies with the absence of personalization. Person-
alization is the notion of providing an individual with an informative experience
that is tailored to that individual’s specific needs at a specific moment in time
and is widely employed across the World Wide Web. There is, however, almost
a complete lack of content and display personalization in current GIS when ren-
dering maps. When more than one user request maps of the same area, they

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 181-194, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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are almost always inadvertently presented with the exact same map content and
display in terms of fundamental map features. In order to overcome this shortfall
systems need to establish either 1) what it is the user may currently be interested
in, or 2) what characteristics of maps the user has requested in the past, and
hence provide the user with map content that satisfies their current demands.

Current mobile geo-spatial applications do not take full advantage of available
spatial information and user context [2]. Mobile users on one hand have to cope
with low connection bandwidth, as well as limited computational power and
device interfaces, but have the advantages of mobility and real spatial context.
In order to provide effective spatial services for the mobile user and to reduce
spatial information overload, delivery of information needs to be efficient and
on-point. Returning personalized maps to users facilitates these two tasks.

Another major problem with traditional GIS for researchers and developers
is the lack of non-proprietary open standard software packages available. This
means that large-scale GIS development for these communities can become very
difficult, as commercial GIS packages are very expensive. Also problems with
interoperability are a major concern when developing a GIS system. Interoper-
ability refers to the capability of autonomous systems to exchange data and to
handle processing requests by means of a common understanding of data and
requests. GIS users need to be able to share maps over the Web and between
different systems. Current GIS systems are also heavily reliant on specific soft-
ware and hardware, e.g. to view ESRI data, users must purchase ESRI software
packages [3].

The motivation for our research stems from resolving issues associated with
deploying personalized geo-spatial data across diverse platforms and thus not
burdening the user with irrelevant information. The contribution of this paper
lies with developing a mechanism for reducing the amount of spatial data that
needs to be transferred to the client and hence providing the user with precise
detail in relation to map content and display that satisfies their current demands.

The remainder of this paper outlines the various technologies involved in de-
veloping our prototype application, including the transmission of an open stan-
dard spatial data source and the displaying of this data using open source soft-
ware in Web-based and mobile-based environments. Section 2 discusses related
work in the area of Web personalization. Our system architecture is outlined
in section 3. Section 4 examines how map personalization is integrated into our
system, while section 5 outlines our system implementation. Section 6 concludes
and discusses future work.

2 Related Work

There are a number of approaches for providing tailored content to individuals
based on their preferences. These approaches typically incorporate personal-
ization (tailoring of information) that may be accomplished by a collaborative
filtering or content-based method (personalization/recommendation technique)
which makes use of user profiles (user model) to create its recommendations.
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Web Personalization is an extremely powerful concept employed by many
e-Commerce applications, e.g. Amazon [1]. There has been significant progress
made in the development of personalized systems on the World Wide Web [5].
Map Personalization is a means of delivering specific content, in terms of map
features and feature display. The numerous systems, currently available on the
World Wide Web, that produce maps, offer little, if any at all, real map person-
alization. With MapInfo™’s MapXtreme [6], the user can request vector maps
and has the capability of altering the map display and performing analyses of
various map aspects. However, not only is MapInfo™’s MapXtreme proprietary
in terms of making map requests, but it is also geared towards professional users
and is not suitable for novice use.

In [7] location-based services (LBS) are used to take into account the spatial,
temporal, and contextual characteristics of a user and their interactions and
hence provide the user with the most appropriate service based on their local
environment. However, such a paper focuses on delivering non-spatial data to
the user, e.g. if the user requests information related to restaurants, a list of
possible restaurants is returned ordered by opening hours, location, style, etc.
Therefore personalization is provided but no map personalization is apparent.

There are several travel and tourism systems that focus on the idea of pro-
viding the user with personalized maps by taking other users’ interests and
preferences into consideration. A user-modeling server that provides services to
personalized systems in relation to the analysis of user actions, the representa-
tion of assumptions about the user, and the inference of additional assumptions
based on domain knowledge and characteristics of similar users is outlined in [8].
These systems provide map personalization to users based on the actions and
preferences of other users whereas our prototype proposes ascertaining from an
individual’s actions and assumptions made about that user what their personal
preferences in terms of map content are.

PILGRIM [9] is a mobile system that focuses on the position of the user
as a means for returning further information to the user. It makes use of a
location broker where a database collects detail about past user locations and
links explored in order to establish patterns of spatial usage. PILGRIM is a
Recommendation System that is not reliant on the user explicitly rating items.
It makes use of the user’s current location but is, however, based on the user
browsing web pages as opposed to maps. Therefore, personalization is provided
in so far that recommendations are made to the user but not regarding map
content. Personalization is also evident in other mobile applications such as [10]
[11].

One solution for providing map personalization is to record all user map
interactions and use the information inherent in these actions as a means of at-
tempting to ascertain the user’s interest in terms of map content. In our system,
when the user requests a map, only relevant detail is returned in the map to that
user, i.e. solely personalized maps are presented to the user. Personalization can
be realized by employing customization techniques. Customization allows a user
to tick boxes on a map and explicitly state their preferences regarding map con-
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tent and display. As a result the features and feature display on the map are
altered. Personalization, on the other hand, takes these interactions from the
customization phase, and uses these actions to determine the user’s preferences
implicitly.

3 System Architecture

The following system architecture is proposed for delivering personalized geo-
spatial data using non- proprietary software and to efficiently represent maps
in either Web or mobile environments. The scope of the system’s functionality
ranges from geo-spatial information handling and transmission over slow com-
munication links to personalization techniques and human-computer interaction
(HCI). In order to fulfill the requirements of the system in a distributed com-
puting environment, the system architecture (Fig. 1) comprises an n-tier client-
server application structure. The architecture encompasses three aspects: 1) a
map server, 2) a service provider, and 3) a data deployment component.

Deployment Service Data Server

’m Java powered
GUI components
;\.

Personalization
Services
Personalization
Services

= 7] Map Server
Personalized
Browser Queries
Client with Components

Java Applets, plug-ins

Web Server

Standalone Java
Application

Desktop Clients

Fig. 1. System Architecture.

3.1 The Data Server

In the data server, geographic maps are represented as vector maps in a map
server. Various spatial data components (i.e. geometries, topologies, and seman-
tic content) are represented and managed within one single DBMS (database
management system). Currently our system is implemented using Oracle (Spa-
tial) 9i [12] guaranteeing that we conform to OpenGIS Consortium (OGC) spec-
ifications from a data-modeling point of view. The data server also houses the
user profile. This profile contains detail about the interests of the user regard-
ing map content and is updated after each user session. Using standard SQL
(Structured Query Language) the map server provides map contents through an
open standard query interface. In a distributed computing environment, we used
JDBC to publish our maps in a personalized way through the service provider
below.
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3.2 The Service Provider

Relying on the data server, the service provider is implemented as a middle-
tier application server. It represents an advanced query interface for delivering
personalized maps in either Web or mobile environments. Personalized maps
display content that is suited to the interests of individual users. All user in-
teractions that have been recorded for each user session are analyzed with the
intent of propagating changes to the user’s profiles. The personalization service
application can effectively capture user preferences within geo-spatial context.
Personalization results also need to be integrated with the query mechanisms
in geo-spatial databases. In this case, no attempt is made to visualize spatial
datasets. Through a deployment layer below personalized maps can be delivered
to different hardware platforms in miscellaneous formats.

3.3 Deployment/Presentation Layer

Different clients are connected via the Internet to the data provider’s Web server.
The Web server then connects through the application server to the data server.
In a distributed Web-based and mobile environment clients are classified as
PDAs, browser clients and desktop clients. Data in the Web server is gener-
ated by personalization applications. These applications are running personal-
ized queries generated through understanding real user requirements during their
past interactions with the system. The results of these queries are represented
as lists of unformatted geo-spatial contents. These results are then tailored to
different requirements based on different users’ specifications, e.g. hardware and
software platforms etc. These applications include different server scripts, Java
applets and GML parsers. In our system we use a non- proprietary GIS GUI
package, OpenMap™ [13], to represent map data as a component-based solu-
tion. OpenMap™ is a Java-based and open source mapping tool that allows
users to develop applications and applets in their own style. This freely avail-
able GIS visualization package can be tailored to fit in different specifications
by reassembling functional Java Beans.

Based on this flexible system architecture Web-based and mobile users can
then query and update the personalized map content through limited connection
links.

4 Map Personalization

Personalization is the retrieval of user-specific information for different indi-
viduals in varying environments. Map personalization, more specifically, is the
generation of map representations with particular content and display. Map per-
sonalization involves the following steps:

Creating a user profile for each user.

— Recording all user interactions with a map generated from the information
stored in the user’s profile.

— Using these interactions as a means of ascertaining the user’s main interests.

Updating the user’s profile on a regular basis to reflect the user’s interests.
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This form of personalization can be employed in any system that aims to
manage the user’s main preferences and is applicable to any platform. In the fol-
lowing section, the various aspects involved in providing users with personalized
maps are outlined.

4.1 User Profile

In our system, when a user requests a map, rather than returning a fully detailed
map containing all possible features, only the most relevant contents with respect
to that user are retrieved, i.e. the system is developed to deliver merely essential
and appropriate detail to each user. This detail is stored in a user’s profile
and is a crucial requirement when transmitting maps to low bandwidth devices
like PDAs. A distinction needs to be drawn between explicit and implicit user
profiling. Explicit profiling [14] is where the user states their preferences by, for
example, ticking a series of check boxes indicating features of interest. Implicit
profiling [14], on the other hand, is where the system attempts to estimate the
user’s preferences by monitoring the implicit actions of the user, e.g., if a user
zooms in on a feature in a map implies the user may be interested in that feature.
Our system makes use of both forms of profiling, but relies on implicit profiling
if the user fails to explicitly state their preferences. User profiles are created once
the user makes their very first map request and interacts with this map in any
manner. The profile stores information concerning those features the user is most
interested in and associates a feature weight value with each feature. Therefore
the user’s profile can be looked upon as a hierarchy of feature-weight pairs and
when the user makes a map request only those features with an associated weight
value exceeding a minimum threshold value will be returned to the user. The
user’s profile is constantly evolving in order to preserve an accurate reflection
of the user’s preferences. Recording all map actions executed by the user during
any session can help complete this task.

4.2 Recording User Interactions

Recording user interactions is most important when maintaining an accurate
profile of the user’s interests. Every single user action executed on the map is
recorded in a log file. A list of some possible actions is shown in Table 1. An
important distinction needs to be drawn between various actions that can be exe-
cuted on map features. Map actions fall into one of two categories: Frame_Actions
and Feature_Actions. Frame_Actions are executed on all the features visible in
the current map frame and include: panning, zooming or re-centering the map
frame. Frame_Actions do not reveal too much about the user’s interests as they
usually represent nondescript browsing behavior. Feature_Actions, on the other
hand, are executed on specific features present in the current map frame and in-
clude: toggling a feature on/off, highlighting a feature or performing any spatial
query on that feature. Feature_Actions are a little more indicative of what map
content the user may be interested in or trying to locate.
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Table 1. Types of map interactions.

User Action to
be executed on
the map

Brief Explanation

Action Type

Manual Zoom in

Zooming in by drawing rectangle on the
map. The new map generated depends
on the area selected within the rectan-
gle and the size of the window.

Frame Action

Panning map in
any direction, i.e.
N, NE, E, SE, S,
SW, W, NW

These eight icons allow the user to pan
the map in any direction automatically.
When selected the map is panned by a
predetermined scale in each direction.

Frame Action

Toggling a layer
on/off

The user can turn any layer on or off in
the map representation.

Feature Action

X Nearest

User is asked to select a Tayer type and
enter a random number and is then
prompted to select a point or rectangle
on the map. The specified number of
nearest features of that particular type
is then highlighted.

Feature Action

Within Xkm

User is asked to select a Tayer type and
a distance value in kilometers. They
then select a point or rectangle on the
map and all features of that layer type
falling within the specified distance are
highlighted.

Feature Action

187

When a user performs actions on the map several things are noted and
recorded in the log file for that user session:

nates their current session.

. The id of the map action executed and the id of the map feature(s) involved.
. The sequence of map actions executed during the entire user session.
. Those map features present in each consecutive map frame.

. The time interval in between consecutive map actions.

. The map features present in the final representation before the user termi-

The detail that is recorded is then analyzed so that attempts can be made
to determine the user’s key interests.

4.3 Analyzing User Interactions

Once the user has terminated their current session, the information that has been
recorded can then be evaluated offline. Rules are generated for handling events
encountered in the log files where certain map actions are executed on certain
map features. Rules are also constructed for dealing with certain sequences of
actions recorded in the log files. Also if the time interval between any two consec-
utive user actions exceeds a certain threshold value, the features present in the
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Fig. 2. Graph of feature weight vs. frequency of frames.

map representation before the second action is executed are deemed significant.
Counters are set up for every feature present in the initial map returned to the
user. For every map frame generated as a result of executing a map action, the
counters of all those features present in the resulting frame are incremented by a
value of one. If the percentage of frames that a feature appears in exceeds some
threshold value then that feature’s weight value is assigned a constant value as
this indicates that the user is likely to be interested in this feature (Fig. 2). Once
a features weight is assigned a value of one, then that feature will appear in all
subsequent maps requested. The above analyses are taken into consideration
when updating user profiles.

4.4 Updating User’s Profile

When a user accesses the system for the first time, a default profile is created for
that user. All features in this initial default profile are assigned equal weights.
Once this first session terminates, the weights of each feature are recalculated,
based on interactions performed by the user on map features during this first
session. After the second session involving that same user terminates, the new
weight values of all the features present in the user’s profile - calculated from the
first session - together with the results of analyzing the user’s interactions from
the second session, are used to update the weight values in the user’s profile once
again. Therefore, in all subsequent sessions where the user requests a map, more
personalized maps will be returned to them each time, i.e. the system learns
from the user’s behavior in previous sessions to constantly evolve their profile so
that relevant representations are always retrieved.
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The following flow diagram (Fig. 3) summarizes the major steps involved in
providing users with personalized maps.
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Fig. 3. Flow Diagram.

4.5 Personalization and Mobile Devices

Developing wireless applications can provide user interface designers with a
unique set of challenges [15] [16], some of which include limited user interface,
limited computational power and limited bandwidth. Incorporating map person-
alization into our system helps to overcome such problems. Personalized maps
contain fewer features than fully detailed maps and hence it is easier to display
these maps on the limited screen of a PDA, without the interface appearing too
cluttered. PDAs also have limited bandwidth for sending and receiving data.
This means that sending large maps to a PDA client may not be feasible, as
they would take too long to download. Delivering personalized maps ensures
that fully detailed maps are never delivered to the PDA. The problem of limited
computational power is overcome in our system as all processing is done on the
server side, with the client being used solely to display results.

5 System Implementation

In this section we describe the implementation of our system, outlining the vari-
ous non-proprietary software components that are used for generating maps with
personalized content.

5.1 Personalization Component

Storing the vector maps and user profiles in a remote spatial database (such
as Oracle Spatial, Postgres) and using open standard SQL (Structural Query
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Language) allows the system to provide personalized spatial querying services.
More importantly, spatial and non-spatial data can both be managed and queried
under SQL. For each unique user of the system, a unique map representation
will be returned to them with respect to the map content and display (Fig. 4).
The user is simply prompted to enter their name and the system then retrieves
a map containing personalized content. If a user is logging in for the first time
they must also compile their profile. Personalization is achieved by extracting
all the relevant features from the user’s profile, and then selecting the spatial
content for rendering each of these features from the database. Only features
with a weight value exceeding a minimum threshold value will be returned from
the user’s profile as those with a weight value that falls below the threshold are
deemed insignificant with respect to that user.
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Fig. 4. Screenshot of Personalization Service.

5.2 Web-Based GUI Component

A Web-based component has been implemented using OpenMap™ . Since this
GUI is assembled using JavaBeans™ [17], it is fully configurable. This means
that users can assemble more tools or simplify the GUI for Web deployment.
Our application allows users to download maps from remote databases and
save them in different formats locally (i.e., JPEG, Shape files, TIGER files,
GML). Using JDBC interfaces, the system is able to load, query, and manipulate
maps represented by a topological structure. Fig. 5 shows a GUI implemented
for displaying maps. In this GUI, maps are represented as a series of thematic
layers, organized in the navigation panel as a tree-like structure. These layers can
be switched on/off based on user requests. A standard toolbar allows users to
perform map navigations, (e.g. zoom in/out, pan or scale selection), map edition
(e.g., add a new line, delete a polygon, or change the shape of selected entities),
and map display (e.g. apply different colour schemas, or line attributes). The
addition of a map panel allows users to interact with maps using the mouse.
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Standard Toolbar Map Panel

Navigation Panel

Fig.5. A Web-based GUI Component.

Our Web-based system permits any user to access (display, query, and down-
load) maps that are stored in a remote spatial database free of charge.

Both the personalization and Web-based GUI components can be deployed
to mobile clients. From the remote map server the personalized map contents are
transmitted over the wireless network to mobile devices. Using personalization
reduces the amount of spatial content that is necessary for displaying a valid
map at the client. This is an essential requirement for handheld devices as they
are inhibited by a limited bandwidth. OpenMap™ is then used to render the
spatial content into a coherent map format.

5.3 Mobile GUI Design

We are currently in the process of deploying the above Web-based GUI compo-
nent to a PDA. We achieved this by porting OpenMap™ to the PDA which
involved redesigning the interface. There are some significant differences between
the way you design an interface for the desktop and the way you design it for
a PDA. For example, a typical screen size for a PC running Windows is about
800x600. In contrast, the resolution of a PDA is just 240x320, so there is a lot
less space to work with. Furthermore, the PDA is in portrait orientation so it is
important not to design interfaces that are too wide, as then it will be necessary
for the user to use a scrollbar to navigate the page. This is not desirable as it is
neither intuitive nor user friendly.

When redesigning the interface for the mobile application it is necessary
to take the above points into consideration. The small screen size of the PDA
means that not all GUI components from the Web-based system would fit into



192 Julie Doyle et al.

10 Nearest

Contains

Fig. 6. OpenMap™ Interface on a PDA.

a GUI for the mobile-based system, without the interface appearing cluttered.
Therefore some GUI components, such as buttons, were removed from the mobile
interface. Drop down menus are used instead, as these take up less space. Also,
it is necessary to rearrange remaining components on the interface to fit the
portrait orientation of the PDA (Fig. 6).

An independent visualisation tool relying on a gml2java program has also
been implemented. We are currently exploring the development of this tool on
the PDA. This program allows individual users to log onto the system on the
client side via their username. The username is sent to the server, which, based
on the users profile in the database, chooses the most significant features from
the profile and selects these features from the spatial database. This spatial
information is then converted into GML (Geography Markup Language) file
format [18]. GML is a standard, non-proprietary format that allows geographic
information to be exchanged freely between users of different systems - both over
the Internet and on mobile platforms. GML is concerned only with describing
map content; therefore a method is needed to render maps graphically. GML
entities can be rendered as Java objects to display map content. The GML file
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is returned to the client device where it is rendered as Java objects within the
OpenMap™ interface. The motivation for using GML is that it is an OGC
standard and so is open-source and non-proprietary. Moreover, it is based on
XML which allows for verification of data integrity, easy integration with non-
spatial data and easy transformation.

In terms of content, user requirements and the limitations of PDAs such as
limited bandwidth and computational power, it is impossible to deploy full maps
to a PDA. However, deploying personalized maps to a PDA is feasible as only
specific content is returned to users, hence reducing map size.

6 Conclusion and Future Work

To address the need for map personalization in existing map producing systems,
and the dependency of these systems on proprietary software, we have developed
a non-proprietary system that provides the user with personalized maps. The
system provides personalization through creating and maintaining profiles for
each user of the system and analyzing user map interactions. The system archi-
tecture is described and the manner in which personalization is delivered to the
user is outlined. The system consists of non-proprietary software components
and can be deployed to both Web and mobile environments.

We are currently integrating a Location-Based Service into the system to
return maps based on the user’s actual location using GPS. This means that the
user is not burdened with the hassle of stating what area they want to see and a
map is returned to them centered on their current location. Future developments
include adding more detailed analysis of user mouse movements, e.g. examining
the user’s positioning of the mouse throughout the whole session, i.e. where the
user positions the mouse pointer over a specific feature but does not explicitly
query or perform an action on that feature. Further examination of individual
user map actions will also be carried out, e.g. when the user performs a manual
zoom action (see Table 1) record what features lie at or near the center of the
zoom window. We also plan to include dynamic profile updating.

At present the system’s performance is restricted when rendering maps con-
taining certain features, namely local roads. The reason for this is due to the fact
that this particular feature is by far the largest feature in the database. Local
roads constitute about 75 per cent of the total spatial data that is stored at the
server. This has serious implications on the overall performance of the system
especially with mobile devices. Omitting this one feature from a map reduces
significantly the amount of data that needs to be retrieved and then rendered
in a map format. Hence, requesting maps without local roads results in maps
being returned at a considerably faster rate than those demanding local roads.

There are two approaches for dealing with this issue. The first involves re-
trieving only a subset of the local roads feature where only those local roads
that fall within a certain threshold distance of the user’s current location are
returned. This decreases the size of the data set considerably as much of the lo-
cal roads can be disregarded immediately. However, this may result in problems
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where the user zooms out of or pans the map to any extent. Progressive Vector
Transmission (PVT) is one useful way of overcoming this shortfall where data is
transmitted over the network progressively. PVT entails sending the data set in
stages in increased levels of detail until the entire data set has been sent. There-
fore, when the user requests a map including local roads, a map is rendered at
the client in the same amount of time as a map without local roads. However,
as the user interacts with the map increased levels of detail appear at the in-
terface as the system sends further data portraying local roads in progressive
increments.
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Abstract. Spatial information is often presented as maps in location-based ser-
vices, which makes it necessary to label cartographic features in real time. Fea-
tures may be dense all over the map, or in certain areas. Owing to the limited
free spaces, it is always difficult to label dense features. Aiming to utilize free
spaces efficiently, this paper proposed a density-based method of labelling
dense features. The method placed labels of dense features earlier than sparse
ones, so that free spaces were allotted to dense features before consumed by
sparse features. An efficient algorithm was developed for map labelling in real
time. We implemented this method in a Java environment. A case study shows
sound cartographic results and acceptable efficiency of the labelling.

1 Introduction

Location-based services have been available in recent years, with the continuing ad-
vances in areas such as wireless communications and positioning technologies. Wire-
less carriers can use their mobile devices to communicate with service providers to
access remote databases. In location-based services, a number of spatial information
can be queried and offered. For instance, the nearest business or service, the dynamic
distribution of tracked resource, etc.

Spatial information is often presented as real-time maps in location-based services
[22]. Since location-based services involve in tracking resources with dynamic distri-
bution, maps have to be created, updated and delivered in real time. That means maps
cannot be created and stored in databases in advance and then delivered to users later.
Since it is usually complicated to process spatial information, real-time map creation
and updating is not a trivial work. What’s more, map requests may lead to additional
processing so as to create a usable map. For instance, users may want to combine data
from several sources, which may involve in real-time generalization and data integra-
tion [7, 9, 14].

Labels are text description of map content, which should be added in real time in
location-based services. The labels should be easy to read and follow basic carto-
graphic rules. These rules have to be analytically defined and implemented in an effi-
cient computer program so as to label maps in real time. A number of labelling algo-
rithms have been developed to automate map design and production. Some of them
are efficient and can be used in real-time environment [14, 15].

Features may be dense all over the map, or in certain areas. For instance, there are
always clusters of cites in regional maps. Owing to the limited free spaces, it is al-
ways difficult to label dense features. This study aims to develop and test a method
for dense map labelling in real time.

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 195-205, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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This paper starts with a short review of previous work on automated map labelling.
A method for dense map labelling is thereafter described. It generates candidate posi-
tions in a continuous space, and place labels in densest area first. This algorithm was
implemented in a Java environment and evaluated in a case study, as described in the
following sections.

2 Previous Work on Label Placement

Label placement has been an important issue in cartography, GIS, computational
geometry, computer aided design (CAD), and others areas in the past decades. A large
amount of efforts have been devoted to automatic label placement from researchers
with different background. As is already known, labels have great linguistic, practical,
technical, and aesthetic importance, and good labelling should conforms to a number
of cartographic and aesthetic rules [10]. However, only several rules can be easily
formalized and implemented in a computer program. Of them, two rules are regarded
as very important ones and are widely implemented in labelling algorithms. That is,
least disturbance of map content and unambiguous label-feature association [18, 15].

Human cartographers place a label inside a continuous area around a feature. That
is, a rectangular area around a point feature, a narrow strip along a line feature, and
one or several strips inside an area feature (the text is often stretched to cover the
main body of the area) [10, 12]. However, the continuous area of a label is substituted
by a fixed number of candidate positions in most labelling algorithms, and the label
can only be placed at one of these positions [1, 5]. For instance, the label of a point
feature is usually placed at one of eight positions around the point. Such an approach
is named as fixed-position model in point labelling. Although this approach is easy to
implement, it is not always effective to find a solution. A more effective approach is
to include all candidate positions of a label. That is, to find a solution in a continuous
area. Several algorithms to label points in continuous solution space have been devel-
oped in recent years [15, 14]. For point labelling, an approach with continuous solu-
tion space is also named as slider model.

Map labelling is a NP-hard problem, and a number of optimization techniques have
been investigated to search for an optimal solution [1, 4]. As two classes of optimisa-
tion techniques, gradient descent and simulated annealing were implemented in early
studies and compared with existing algorithms [1]. A hybrid force-based simulated
annealing algorithm was also developed for label number maximization problem [4].
In the hybrid algorithm, force-based model aimed at a minimum energy configuration,
and simulated annealing was employed to escape from local minima. In recent years,
genetic algorithm was introduced into the area of map labeling [16, 2]. Test showed
that GA algorithm performed better than other algorithms, including simulated an-
nealing [2].

Focusing on maximizing the number or size of labels, several approximation algo-
rithms have been proposed to find a practical solution of map labelling. Of them, a
position-packing algorithm was developed to compute the solution by packing the
candidate positions of labels [6]. Firstly, Two positions among all four possible posi-
tions of a point label were removed according to conflict detection. Then conflict
partners were further removed to find a labelling solution. The algorithm computed a
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valid labelling of at least half the optimal size in O(nlogn) time. A hybrid algorithm
was also developed to combine the approximation algorithm with heuristics to guar-
antee the quality of optimal approximation [18]. Recently, an algorithm of point label-
ling in slider model was proposed, which labelled at least half of the point features in
O(nlogn) time [15]. The algorithm was further extended to take label-feature overlap
into account for point labelling in slider model [14]. It has been proved that no poly-
nomial time approximation algorithm with a better quality guarantee exists if P NP

[6].

3 Requirements of Dense-Feature Name Placement

Generally speaking, most maps contains only limited number of features in location-
based services. However, they may also contain dense features in some cases. For
instance, a user may zoom out to get an overview map, or create a comprehensive
map containing all related information. In such cases, cartographic features may be
dense all over the map or in certain area.

It is often difficult to label dense maps owing to the limited free spaces. On dense-
feature maps, the intervals between features are quite small, which means ideal
placement is not always possible. In such cases, a great effort is devoted to find an
acceptable placement rather than an ideal one. Sometimes, labels are even omitted
when their inclusion in the solution is impossible.

The difficulty of dense-maps labeling depends, to a large extent, on how to effec-
tively utilize the limited free spaces. Number of candidate positions, rules and orders
for label placement are three important factors that influence the utilization of free
spaces. Firstly, Labels can be placed in either fixed-position model or slider model.
Since slider model contains all possible positions besides these contained in fixed-
position model, the probability to find a labeling solution in slider model is larger than
that in fixed-position model. Thus, it is reasonable to employ the slider model for
dense map labeling.

Secondly, labels are required to satisfy a number of cartographic rules. Many car-
tographic rules may be considered in map labelling. Some rules are prerequisite of
acceptable labelling, while others influence only minor aspects of labelling. Generally
speaking, the more rules are considered in map labelling, the less free space can be
utilized. For instance, if we don not allow label-feature overlap, available space free
of label-label conflict has to be further reduced. For this reason, we consider only two
basic rules in this study. That is, label-label, and label-feature conflict must be
avoided; the association between labels and features should be unambiguous.

Lastly, labels may be placed sequentially or in specialized orders. For instance, the
label of the left-most point feature may be selected first, and placed at the left-most
candidate position [15]. In this way, labels are packed to the left side of the point
feature so that as many labels as possible can be placed. Since top-right position is
preferred for point labelling, it will be better to place labels in right-most order. La-
bels may also be placed randomly. That is, randomly select and place each label until
all labels are placed. However, none of these labeling orders is good at maximizing
the number of successfully placed labels. In these ways, labels with large free spaces
may be placed first and free spaces near dense features may be consumed, which
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make it difficult to label these dense features. Thus, labels of dense features should be
placed before their free spaces are consumed. In order to place as many labels as pos-
sible in dense area, we place the dense-most label first in this study.

4 Densest First Map Labelling

Our method labels points and lines in slider model, where labels of dense features are
placed first. The method consists of three stages. That is, generating candidate posi-
tions, ordering labels by density, and placing labels ordered by density.

4.1 Generating and Reducing Solution Spaces

This stage computes a solution space for each feature to be labelled according to the
detection of label-feature conflict. This study adopts the method described in [22],
which labels both point and line features in continuous solution spaces. Label size
may be different among different feature classes and features of different importance.
This sub-section summarizes the method of generating and reducing solution spaces
for point and line labelling. For a detailed description, see [22].

For a point feature, the initial solution space of a label is a rectangle around the
point (e.g., the upper rectangle in Figure 1a); for a line feature, a set of long segments
of the line whose length are larger than that of the label. For a point, the label can be
placed anywhere on the rectangle (e.g., the lower rectangle in Figure 1a); for a line,
anywhere on the segments. However, at some of the positions, labels may conflict
with map content, which means the initial solution space has to be reduced. Take
Figure 1 as an example, if the label is placed at the bottom-left corner of the rectangle
(the initial solution space), it will conflict with a road, and thus the solution space is
reduced to a part of the rectangle (Figure 1b).

Fig. 1. The initial (left) and reduced solution space (right) of a point label.

Possible label-feature conflicts are detected and avoided using “range box”. For a
point feature, four range boxes are created around the four edges of the rectangle
around the point feature. Among them, two horizontal range boxes are twice the width
of the text label, and the same height as the label; two vertical range boxes are the
same width as the label, and twice the height as the label (Figure 2). For a line feature,
one oriented range box is created along each of the selected long segments of the line.
Each oriented range box is as long as the corresponding segment.
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Fig. 2. Two horizontal range boxes and two vertical ones represent the area a point label may
move inside.

Range boxes are reduced if they overlap one or more cartographic features. If over-
lap exists, a range box may be broken into two or more parts. Among them, small
parts less than label size and all parts in conflict are removed. For point labelling, a
range box is at most twice the size of the label, and thus at most one part is remained.
For line labelling, a range box may be twice more large as the label size, and thus
decomposed into one or more new range boxes.

Range boxes generation and reduction for point and line features are processed in a
similar way, except the latter is dealt with in a rotated coordinate system. Further-
more, lines are simplified to be a set of line segments using the Douglas-Peucker
algorithm [3] before computing their range boxes for label placement. In this way, we
place a straight text label along a section with gentle bend, taking it as a straight seg-
ment.

The final solution space of a label can be easily derived from the reduced range
boxes. Firstly, compute the centerline of the range box. Then shrink both ends of the
centerline inward half of the size of the label. The reduced centerline contains all the
positions where the label can be placed, in no conflict with any cartographic features.

4.2 Ordering Features by Density

We place labels for dense features first, and sparse features later. In this way, the
labels for sparse features will not consume the limited free spaces that may be used to
label dense features, since dense features are labeled earlier than sparse features.
However, the planar partition by feature density is somehow time-consuming. Thus, a
density indicator is used instead of density parameter itself.

Obviously, in sparse area, distances between features are relatively big. The initial
range boxes attached to sparse features overlap relative fewer map contents. In con-
trast, initial range boxes of dense features often overlap heavily with each other and
other features. In the above stage, range boxes are reduced to avoid label-feature over-
lap. Obviously, the more a range box is reduced, the more crowded map area it be-
longs to. Thus, the reduction ratio of range boxes is an effective indicator of label-
feature overlap degree, and accordingly, cartographic feature density. Since the can-
didate labeling area of each feature to be labeled is represented by several range
boxes, the density difference is indicated by the reduction ratio of the sum of the areas
of the range boxes. For example, the sum of the areas of the initial range boxes of a
point label is eight times of the label size. If the sum of the areas of the reduced range
boxes of the label is two times of the label size, the reduction ratio will be 0.25.

Similar to the reduction ratio of the area of range boxes, the reduction ratio of the
length of the solution space also indicates density differences. As mentioned in Sec-
tion 4.1, the final solution space is computed as a reduced centerline of the range box.
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The reduction ratio of the length of the solution space indicates more accurately the
density difference than the reduction ratio of the area of range boxes do. However, it
cannot tell the difference between the case when solution space is reduced to null and
that to a point. Therefore, in our study, we employed the area reduction ratio to indi-
cate density difference.

4.3 Labeling the Densest Feature

The method to select labeling position is straightforward in this study. It consists of
two steps, i.e., select a reduced range box, and a position on the centerline of the
range box. For point labeling, since cartographers prefer to place the label to the top-
right of a point feature, we select the reduced top range box first. If it is not available
(the top range box is removed), the reduced right range box is then selected (thirdly
the bottom one and lastly the left one). For line labeling, we select the reduced longest
range box.

Once a reduced range box is selected, a position on the centerline of the range box
is then selected to place the label. For point labeling, we select the right (for horizon-
tal centerline) or top end (for vertical centerline) to place the label. For line labeling,
we place the label at the midpoint of the reduced centerline.

4.4 Updating Solution Spaces

After a label is placed, some of the free space is consumed. Therefore, the range
boxes have to be reduced when they conflict with the newly placed text label. The
processing is similar to section 4.1, with only the newly placed label as obstacles that
are not allowed being overlapped.

In our study, the density order is not adjusted according to the updated range boxes
and solution spaces. That means we sort the labels only once before the first label is
placed. After updating the solution space, the second feature in the ordered list will be
picked out as the second densest feature and accordingly labeled. This process is exe-
cuted iteratively for all features to be labeled.

4.5 Considering Important Features

The method can be further refined to consider important features. Cartographic fea-
tures have different importance, and important features (e.g., landmark features)
should be labeled as far as possible. A straightforward method is to place important
labels first in case free space being consumed by other features. However, free space
cannot be utilized effectively in this way, and unsuitable for dense map labeling. On
the other hand, some features are not important, and their labels can be omitted if free
space is unavailable. These features can be labeled in a separate run after other fea-
tures have been labeled.

In this study, dense feature will be labeled first in most cases. However, if features’
importance is quite different, they will be divided into several groups, i.e., important
feature, ordinary feature, and secondary features. For important features, if its reduc-
tion ratio is larger than 50 percent, it will be labeled first. That means enlarging the
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ratio to almost 100 percent so as to process it first. In this way, the probability that
important features fail to be labeled decreases. For secondary features, they are la-
beled in a separate run after important and ordinary features have been labeled.

4.6 Computational Complexity

The algorithm consists of three time-consuming parts. That is, search for possible
conflicting features for a range box, reduce the range box, and order range boxes by
density. The first part costs O(nlogn) time, the second O(nm) time, and the third
O(nlogn) time. Therefore, the total computational complexity of the algorithm is
O(nlogn+ nm) time, where 7 is the number of point features to be labeled, and m is
the number of features that should not be overlapped (obstacles). On average the algo-
rithm is quite fast. There are only a few features among the obstacles conflicting with
the range box of the label, thus m is (on average) small.

5 Experimental Results
5.1 Implementation Environment

The map labelling method was implemented as part of an application for generaliza-
tion and integration of cartographic data [11, 7 9]. It was designed as a Java API
based on the open source Java packages, JTS Topology Suite (JTS) and JTS Unified
Mapping Platform (JUMP). Both packages are from Vivid Solutions [17]. JTS con-
forms to the Simple Features Specification for SOL (by Open GIS consortium) and it
contains robust implementations of the most fundamental spatial algorithms (in 2D).
JUMP contains import and export functionality for GML data, as well as a viewer.

The current implementation is manually triggered from JUMP and then the follow-
ing is performed:

(i) Perform a request for map data from a WFS server (Web Feature Service) [19].

(ii) Parse the GML-data (Geographic Markup Language) [8] from the WES server
into object instances in the Java environment. Several feature classes can be ob-
tained in one request.

(iii) Linear features that are representing one physical entity but are divided into sev-
eral features in the cartographic data are merged. The reason is that each linear
feature should only have one label.

(iii) The map labelling is performed according to the methodology section above.
Furthermore, labels are constrained to be inside the map boundary. In this part
several functions from JTS are used.

(iv) The map is displayed in JUMP.

5.2 A Case Study

We carried out a case study querying map data from a WES server at the Finnish
Geodetic Institute. We requested feature classes as named locations (text data), roads,
railways, buildings, lakes, and rivers. However, for legibility reason, only roads and
named locations are employed in the case study. We wanted to label the names for the
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named locations (point labelling) and the roads (line labelling) using name attributes.
No predefined positions for road name placement were available. The named loca-
tions, on the other hand, had predefined positions. However, in this case study we
treated the predefined position as a point object and placed a label around it. Labels
for point and line features are placed in a single process. Labels of named locations
were not allowed to overlap other named locations; labels of roads were not allowed
to obscure named locations and roads; labels are not allowed to overlap each other.
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Fig. 3. (a) Labels positioned by our method. (b) Labels added by the built in functionality in
JUMP. © National Land Survey of Finland.

Our results are presented in Figure 3a. All the 13 named locations were labelled,
and one road was labelled. We found that most of the labels were placed at suitable
positions without overlapping specified feature classes. Since our routine merged
named roads from segments, at most one label was attached to each road. However,
only one line segment was labelled, since segments should be long enough to attach
straight text description of lines in our method.

In comparison to the map created by the labelling function provided in JUMP
(Figure 3b), the label quality is, to a large extent, improved. The default function
labelled 11 of 13 named locations. We found the named locations were not properly
labelled, and two of them were not labelled owing to the inefficiently utilizing of free
spaces. For legibility reason, roads were not labelled in Figure 3b, since the built-in
function labels each segment of a line, and made the map hard to read. Since the
method consider only label-label conflict within the same feature class, label-label
conflicts between different feature classes and label-feature conflicts widely exist.
The repeated labelling of different segments of the same road made the labels even
more crowded.

In European style maps, road names are labelled inside the road symbol. However,
roads were presented as single lines in this case study. Otherwise, displacement of
features has to be dealt with. When roads are symbolized as cased lines, road symbol
will overlap nearby buildings and other features. Therefore, displacement is necessary
to remove the conflict between cartographic features. However, this study focused on
label placement, and left displacement to other routines.

The CPU time for the labelling of the map in Figure 3a was 78 milliseconds on a
personal computer of 1.8 GHz, Pentium IV processor and 256M RAM. This is fairly
acceptable in our study. In a real mobile application, the server machine is more pow-
erful than our personal computer.
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5.3 Other Case Study

We also carried out other case studies. These studies were based on free cartographic
data downloaded from the University of lowa. One of the experimental results was
presented in Figure 4. In this figure, cities at the map centre were relatively dense. We
want to label the cities and roads, and labels of roads are not allowed to overlap cities.
Since roads’ names are not available, we used the county names attached to the roads
to label them. All points and long segments were labelled at proper positions. The
labelling process takes 500 milliseconds.
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Fig. 4. An experimental labelling result about Iowa. Source: ftp://ftp.igsb.uiowa.edu/gis_library
/TA _state/Infrastructure.

6 Discussions

Straight text for line labelling is acceptable and effective when the lines are fairly
straight. Since text label are placed inside or along line symbol, long sections have to
be found along the line. However, this condition may fail to be satisfied, and a label-
ling position along the line may fail to be found. If a number of cartographic features
are not allowed to overlap line labels, the labelling space will be further constrained.
When long segments cross cartographic features that can not be overlapped, they may
be decomposed into several segments too short to contain line label. In such cases,
curved text may be necessary, or overlap constraints have to be relaxed.

When user panning on the map, the method has to compute a new configuration of
label placement, which makes the panning not smooth. However, since cartographic
features can move smoothly when user pan on the map, the re-arrangement of label
configuration will only slightly discretize the panning.

Ideally, the map labelling should be implemented in a system architecture for real-
time map services. In our current implementation, map labelling is triggered manually
inside JUMP environment. This implementation remains to be transplanted to a real-
time map service architecture.

7 Conclusions

In this paper we presented a method of dense-map labelling. The method was based
on labelling dense feature earlier than sparse ones in a continuous solution space, with
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a constraint to disturb map content as little as possible. A case study revealed that the
method gave sound cartographic results and acceptable efficiency.
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Abstract. We developed a regional information retrieval system for the
mobile environment, called “Mobile SeoulSearch”. This system provides
regional information related to the specific position where a mobile user
is located. Here the regional information is derived from the Web space.
For utilizing the features of mobile environment, and coping with limita-
tions of user interface in mobile devices, several methods are proposed:
Firstly, using user’s location information which is obtained in real-time,
a method that regional information related to the mobile user’s specific
location is provided in real-time to mobile devices, is proposed. Using this
method, the mobility of mobile devices is maximized, and the limitation
of input methods on the devices is coped with. Secondly, a layered and
reconfigurable graphical user interface similar to CardLayout in Java,
is proposed so that lots of regional information is displayed efficiently
in spite of very poor user interface in mobile devices. Finally, methods
for gathering Web pages and indexing regional terms, are proposed to
provide mobile users with the regional information effectively. The effi-
ciency of these methods are verified through the development of “Mobile
SeoulSearch”.

1 Introduction

The convergence of various technologies, including the Internet technology, wire-
less communication technology, location technology, and GIS(Geographical In-
formation System) technology have given rise to new types of computing envi-
ronment. In particular, with the development of wireless Internet and mobile
devices such as PDA (Personal Digital Assistant) and HPC(Handheld PC), var-
ious fields of application services have been available, and users have been able
to gain access to necessary information at any place and at any time. However,
applications suitable for the mobile environment are not sufficient in spite of the
rapid growth of mobile environment.

One of the most important characteristics in mobile environment is mobility.
Generally, mobile devices have the small size of screens and the special input
devices, such as a touch screen and a pen mouse, to support mobility. However,

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 206-220, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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these characteristics of mobile devices also work as a limitation of user interface
in mobile devices.

In this paper, we developed a mobile regional information retrieval system,
called “Mobile SeoulSearch”, which is a mobile version of “KG21Search”[5,6].
This system provides a layered and reconfigurable graphic user interface simi-
lar to CardLayout[14] in Java, so that lots of regional information is displayed
efficiently in spite of very poor user interface in mobile devices. In addition,
the system provides regional information related to the specific position where
a mobile user is located in real-time, so that the mobility of mobile devices is
maximized, and the limitations of input methods on the devices are overcome.

The rest of this paper is organized as follows. Section 2 overviews an exist-
ing regional information retrieval system, “KG21Search”. Section 3 presents an
overview and the configuration of “Mobile SeoulSearch”. Section 4 describes de-
tails of methods proposed in this paper to develop “Mobile SeoulSearch”. Finally,
Section 5 contains the conclusion and future work.

2 Existing Regional Information Retrieval System

A GIS(Geographic Information System) is an information system to utilize geo-
graphical information for people[16]. The GIS combined with the Internet tech-
nology is referred to as Web GIS[12,15] which is able to manage and deal with
the geographical data on the Internet environment. “KG21Search”, a regional
information retrieval system, is referred to as a Web GIS in a broad sense.

However, there are some properties which distinguish “KG21Search” from
general Web GIS’s. The regional information provided by “KG21Search” is the
information which is extracted from the Web space, by analyzing structures or
relationships between Web pages and keywords on the Web pages, where the
Web space is regarded as a source of information. Therefore the information
provided by “KG21Search” with a data mining technique, is distinguished from
the information provided by a conventional Web GIS where the information is
obtained through a manual operation by system administrator.

“KG21Search” is a regional information retrieval system which is available
on the Internet at present. This system has a user interface to provide regional
information efficiently in a close cooperation between three interfaces, namely,
Map interface, Keyword interface and URL interface. For example, if a user
wants to find the regional information about “Seoul” with the Web browser on
“KG21Search”, the user first enters a keyword, “Seoul” in the text field. Then
“KG21Search” server retrieves regional information related to the term “Seoul”,
and transfers the results to the browser. The regional information is displayed
on the interface of a “KG21Search” client.

As seen in Figure 1, the Global map, the left side of Map interface, shows
the whole area for servicing regional information. On the Global map, the red
rectangle indicates a region which is displayed on the Detailed map, and the
black dots indicate Geowords related to the given keyword by user, where Ge-
oword means a geographically significant name of locations, for example, park,
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Fig. 1. KG21Search.

street, executive agency, sightseeing place, etc. A non-Geoword is not the name
of locations, but terms related to the input keyword for culture and/or society.
For example, those are historical events and items, social happenings, etc. The
geographical distribution of the Geowords is shown on the Global map. The
Detailed map, the right side of Map interface, provides detailed geographical
information related to the given keyword. On the Detailed map of Figure 1, the
yellow dot indicates the keyword, and the violet dots indicate Geowords related
to the keyword. The Keyword interface shows the Geowords and non-Geowords
highly related to the given keyword, and plays a role in a navigator for user
to retrieve regional information. For example, regional information displayed on
each interface can be changed when a user inputs text, handles the Map interface
or selects a keyword on the Keyword interface. Finally, the URL list provides a
URL list of Web pages related to the given keyword. The users can click a URL
in the URL list to obtain detailed regional information over the Web browser.

3 Mobile SeoulSearch

3.1 Overview of Mobile SeoulSearch

We developed a mobile regional information retrieval system, called “Mobile
SeoulSearch”, which is a mobile version of “KG21Search”. On developing “Mo-
bile SeoulSearch”, it is necessary to maximize the mobility of mobile devices,
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Fig. 2. Overview of Mobile SeoulSearch.

to overcome the limitations of input methods on the devices, and to improve
graphic user interface on the devices, so that lots of regional information related
to a mobile user’s specific location, are serviced efficiently in spite of very poor
user interface environment in mobile devices.

“Mobile SeoulSearch” mainly consists of a client part and a server part. The
client part is a kind of PDAs equipped with the GPS, installed a developed viewer
which displays lots of regional information related to a specific Geoword on a
proposed graphic user interface. The server part contains two server systems,
one is a GIS server, the other an Application server. The GIS server plays a role
in determining the closest Geoword to a mobile user with the client, based on
location information of the mobile user which is obtained from the client through
wireless network. The mission of the Application server is as follows: the server
receives a specific Geoword from the GIS server and retrieves “Keyword DB” on
the Application server for regional information related to the specific Geoword,
like a list of Geowords and non-Geowords associated with the specific Geoword,
and URL information of the Geoword. This regional information is transferred
to the client via the GIS server.

The details of the client and servers are presented in the subsequent sections.

3.2 Mobile SeoulSearch Server

The server part of “Mobile SeoulSearch” consists of a GIS server and an Appli-
cation server. The GIS server first obtains the location of a mobile user having
a mobile device equipped with the GPS through the wireless Internet. With the
location data, the GIS server searches a Geoword closest to the user’s present
location in the spatial database and transfers the Geoword to the Application
server. Figure 3 shows an example of the GIS server operating to search the
closest Geoword(“Gwanghwamun”) if a user is traveling in the city of Seoul and
carrying a PDA which has the “Mobile SeoulSearch” client software equipped
with GPS.

Development of the GIS server is based on [1,2] and other methods applying
R-Tree[11]. Furthermore, for maximizing the mobility of mobile devices and the
speed of data transmission, we calculate a vector corresponding to the direction
of mobile users, based on user’s location information which is obtained in real-
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Fig. 3. An Example of GIS Server Operation.

time. Using the vector, the next location of a mobile user is calculated, and
a Geoword corresponding to the next location is obtained. This Geoword is
transferred to the Application server that returns regional information related
to the Geoword to the GIS server. The regional information is sent to the mobile
devices by the GIS server in advance, and is saved in the devices, and is displayed
on the user interface of the devices by the mobile user’s demand.

The Application server consists of a regional information retrieval engine,
“RIRE” and a database, “Keyword DB”. “RIRE” collects regional information
related to a specific Geoword in a specific region, applying the methods which
are presented in Section 4. “Keyword DB” has Geoword lists and non-Geoword
lists related to a specific Geoword, where both lists have 10 terms, respectively.

3.3 Mobile SeoulSearch Client

“Mobile SeoulSearch” client is mobile device like PDA equipped with GPS, sends
location information of mobile devices to the GIS server, and receives regional
information related to the location. By the mobile user’s demand, the regional
information is displayed on LCD screen of the devices. However, the LCD screen
has poor user interface to display, e.g., a low resolution, a small size and so on.

We propose a layered and reconfigurable graphic user interface similar to
CardLayout[13] in Java, so as to display lots of regional information on LCD
screen efficiently in spite of very poor user interface in mobile devices.

The interface consists of Global map view, Detailed map view, Keyword list
view and URL list view. These four views are overlapped in a documentation
template. Two documentation templates are usually simultaneously displayed on
one window, and mobile users can select any view freely among the four views
on each documentation template. Moreover, each view can be extended to full
window depending on user’s option(see Figure 5).

The Global map view shows the whole area for servicing regional information.
On Global map view of figure 6, the whole area of Seoul and its suburb is shown.
On the Global map view of Figure 6, the red rectangle indicates a region which
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Fig. 5. An Example of User Interface Configuration.

is displayed on the Detailed map view, and the black dots indicate Geowords
related to the focused Geoword which is the closest one to the current user’s
location. The geographical distribution of the Geowords is shown on the Global
map view.

The Detailed map view provides a detailed geographical information related
to the focused Geoword. On the Detailed map view of Figure 6, the yellow dot
indicates the focused Geoword, and the violet dots indicate the Geowords related
to the focused Geoword.

The Keyword list view provides the information of Geowords on the left side
and non-Geowords on the right side, related to the focused Geoword. By clicking
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any Geoword on the left side, the Geoword is sent to the GIS server, and regional
information related to the Geoword is obtained, so that new regional information
is displayed on the proposed graphic user interface.

Finally, the URL list view provides a URL list of Web pages related to the
focused Geoword. The users can click a URL in the URL list to obtain the
detailed regional information over the Web browser.

3.4 System Detailed

Implementation of GIS server and Application server is performed on the system,
Xeon 2.4G 4-CPU, 4G RAM, RAID5, Window 2000 with develop platform,
Microsoft Visual C++ 6.0 platform.
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For the mobile client, we use a device, Intel PXA255 400Mhz CPU, 128RAM
with Windows CE 4.1 OS as the target device, and for development toolkit,
Embedded Visual C++ 4.0 SP2 is used.

4 Extracting Regional Information from Web

4.1 Gathering Web Pages Related to a Specific Region

To achieve the service mentioned above, “Mobile SeoulSearch” regards the Web
space as a source of regional information related to a specific region, and gathers
the Web pages related to a specific region. Later, regional information related to
a specific region is extracted by analyzing these pages, and the extracted regional
information is displayed on the Global map view, the Detailed map view, the
Keyword list view and the URL list view.

Figure 7 shows the configuration diagram of a system to extract regional
information related to a specific region.

Data Acquisition Data Analysis Indexing Data Mining DB Generating
Web Data
Web — | | Association
Crawler Cluster

Association

Lexical IT gty
Analysis ndex > » Keywuni
{Parsing) (geaword, List DB
9 non-geoword
URL)

Non-Geo
Cluster

Geo
Cluster

Fig. 8. Process for Extracting regional Information.

Generally, classifying Web pages, e.g., gathering Web pages related to a spe-
cific region, applies the techniques of Automatic Classification [9,10]. However, it
is difficult to apply the Automatic Classification since it requires an appropriate
standard for classification such as a thesaurus or word distribution pattern. Even
if there is a thesaurus related to the specific region, it still takes too much time
and effort to classify the whole Web pages. Therefore in this paper, we apply
the following method described below to gather Web pages related to a specific
region, which is similar to that used in “KG21Search”.

For example, suppose that we are gathering Web pages related to the region of
“Seoul”, the capital of Korea. Generally, querying “Seoul” to the search engine, it
will give users a URL list of Web pages which are judged to be highly associated
with the query. However, those Web pages have the following problems: 1) They
do not guarantee that the set of Web pages including the term “Seoul” also
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include all of the Geowords related to “Seoul”. 2) They do not have some Web
pages related to the region “Seoul” in case that the Web pages do not have the
term “Seoul”.

Therefore, it is required to gather the Web pages by querying the terms
related to the region “Seoul” as well as the term “Seoul”. However it is still
difficult to obtain the terms related to the region “Seoul” because a thesaurus
for gathering terms related to the specific region is needed.

Thus, vector maps of some regions are utilized to collect all of the Geowords
included in a specific region in this paper because those maps are a kind of
formatted data and contain all Geowords of a specific region. The names of
places in a vector map of a specific region, such as executive agency name, park,
street or station, are regarded as the Geowords related to the specific region.
These Geowords are used for gathering Web pages related to the specific region.

On the map of the region “Seoul”, there are 1,434 words regarded as Ge-
owords in our research. Then these words are queried over “Google”, “Naver”
and “Empas” which are search engines mostly used in Korea, so that about
180,000 Web pages are gathered as those related to the region “Seoul”.

4.2 Extracting Indexes Related to a Specific Region

In this Section, we discuss the method of extracting indexes related to a specific
region from the gathered Web pages, where this process is a pre-process for
calculating associativity between extracted indexes.
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“Mobile SeoulSearch” utilizes existing search engines to extract indexes re-
lated to a specific region, as “KG21Search” does the same. Generally, when a user
gives a term to the Web search engine as a query, the search engine commonly
returns a URL list of Web pages related to the term and displays an abstract
of each Web page. This abstract usually includes the query. The process of ex-
tracting the indexes utilizes this common property of search engines as follows:
If there is the name of a specific region in the abstracts of the result page, then
the term is judged to be related to the specific region. Depending on situations,
it is necessary to adjust the number of appearance of the name in order to make
the extraction more accurate. Through this method, a set of indexes related to a
specific region can be extracted out of all terms derived from the gathered Web
pages. Figure 10 shows the process to decide whether a term in the gathered
Web pages is related to a specific region.
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Fig. 10. An Example of the Result Page of a Query.

An actual processing of extracting the indexes is as follows: First of all, to
create a candidate set of terms for indexes, HAM[13], a Korean Morphemes
analyzer is applied to the gathered Web pages. 372,509 terms are obtained from
approximately 180,000 Web pages. And then the 372,509 terms are given to
the search engines as queries to create the set of indexes related to the region
“Seoul”. Finally 50,172 terms related to the region “Seoul” are extracted.
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Table 1 shows 10 high-ranked terms in occurrence frequency from the set of
372,509 words gathered through the HAM at the left side, and the set of indexes
related to the region “Seoul” at the right side, respectively. The occurrence
frequency indicates how many times a specific term is occurred in the whole
gathered Web pages. The terms such as “Selection” and “Information” are not
decided to be indexes related to the region “Seoul”, since they are not co-occurred
with the term “Seoul” in the result page. In conclusion, the method of extracting
indexes related to a specific region through a search engine gives relatively better
performance.

Table 1. Comparing terms obtained through HAM and indexes related to the region
”Seoul”.

terms obtained through HAM indexes related to the region “Seoul”

Terms |Occurrence Frequency Terms Occurrence Frequency
Kyonggi-do 70,479 Kyonggi-do 70,479
Select 55,357 Gwangyuk-city 34,251
Homepage 51,908 Gapyeonggun 18,471
Modify 49,011 Suwon-city 16,078
Guide 44,085 Bucheon-city 15,779
Register 43,732 Seongnam-city 15,419
Mail 43,248 Management 15,018
Information 43,129 Goyang-city 14,491
Naver 42,454 Ahnyang-city 13,645
Shopping 42,021 Yongin-city 13,560




Mobile SeoulSearch 217

4.3 Elimination of Unnecessary Terms in Mobile SeoulSearch

From the preceding discussion in Section 4.2, indexes related to a specific region
have been gathered. However, there still exists some ordinary terms which can-
not be verified whether to have relationship with a specific region in the set of
extracted indexes. The terms frequently occurred in the general Web pages are
regarded as ordinary terms in “Mobile SeoulSearch”. Those terms are of little
worth in providing regional information related to a specific region.

Therefore, ordinary terms are regarded as unnecessary terms and need to be
eliminated from the set of indexes related to a specific region to provide regional
information more efficiently in this paper. A set of ordinary terms can be created
by inspecting the frequency of occurrence of all terms in the whole Web pages
and regarding frequently occurred terms as the ordinary terms. However, it costs
too much to inspect the whole Web pages in Web space, so that we select some
samples of Web pages and inspect the frequency of occurrence of the terms in
them. Most of Web sites are biased in their contents, and generally the terms
occurred in those Web sites are closely related to its content. Thus those Web
sites are not suitable for gathering the set of ordinary terms. On the other hand,
the Web sites for News have various subjects of contents and use the standard
language, so that they are suitable for samples to obtain the ordinary terms.

Therefore a Web site for News is selected and inspected to create the set of
the ordinary terms. In practice, we gathered the Web pages of “Chosun.com”, a
Web site of Korean Newspaper, and gathered about 56,000 pages. Using HAM,
approximately 500,000 terms are extracted. Among these terms, the ordinary
terms are determined depending on their frequency of occurrence, e.g., up to 5%,
10% or 20% from above. However the Geowords in the vector map have to be
excluded from the set of ordinary terms. For example, the terms “Kyounggi-do”
and “Suwon-city” in the vector map are also in the Web pages of “Chosun.com”
with the high frequency of occurrence, 2% from above. Thus these two terms are
excluded from the set of the ordinary terms.

4.4 Calculating Associativity Between Extracted Indexes

In general, the methods applying association rule and association cluster are
used to calculate associativity between extracted indexes.

Indexes handled by “Mobile SeoulSearch” are cultural, geographical or his-
torical terms which are usually biased in their distribution in the Web space.
The frequencies of co-occurrence of terms as well as co-occurrence of terms play
an important role in calculating associativity between the extracted indexes.
The method applying association cluster to co-occurrence and the frequency of
co-occurrence is more efficient in calculating associativity between extracted in-
dexes than that applying association rules only to co-occurrence of terms. Thus,
the method applying association cluster is adopted in “Mobile SeoulSearch” to
calculate associativity between indexes.

The process of calculating associativity between indexes is as follows: First,
measures the occurrence frequency of index w; in Web page D; to create matrix
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mij. Then, create a transpose-matrix of m;;, m}; to obtain the association matrix
between the indexes by using product of the two matrixes, s = mijxmﬁj, where
the elements of matrix s mean associativity of the co-occurrence frequency of
both indexes in the same document. This process is summarized as follows:

(D Measure the occurrence frequency of keyword w; in document d; to create
matrix m;;.
@ Create transpose matrix m' = m;;.
. .. _ . t
@ Calculate associativity s = m;; x m;;,

dldQ"'dk wy Wwe -+ - W w1y W -+ - Wy
w1 [ dl . e e w1
wag - e e Xd2 . B = 10)))

However, taking the product of the two matrixes requires high-cost operation.
To solve this problem, the property that matrix m;; is very sparse is applied in
this paper, so that the time taken to calculate the production is reduced greatly.

5 Conclusion and Future Work

In this paper, we presented “Mobile SeoulSearch” developed as a regional infor-
mation retrieval system for mobile environment. This system searches the nearest
Geoword to a mobile user’s location which is detected in real-time, and provides
regional information related to the Geoword, where the regional information is
derived from the Web space. “Mobile SeoulSearch” is said to be one of the most
fitted mobile regional information retrieval system that utilizes the features of
mobile environment efficiently, and coping with the limitation of user interface
in mobile devices.

For developing “Mobile SeoulSearch”, several methods are proposed: Firstly,
we proposed a method that regional information related to a mobile user’s spe-
cific location is provided in real-time to mobile devices, which is based on user’s
location information that is obtained automatically by means of calculating a
vector corresponding to the direction of a mobile user. Using this method, the
mobility of mobile devices is maximized, and the limitation of input methods on
the devices is overcome.

Secondly, we proposed a layered and reconfigurable user interface similar
to CardLayout in Java. With the user interface, lots of regional information
related to a Geoword, are displayed efficiently in spite of very poor user interface
environment in mobile devices.

Finally, utilizing the existing Web search engines and the formatted data of
vector maps, we proposed a method for gathering Web pages and for extracting
indexes related to a specific region at high speed. Owing to this method, “Mobile
SeoulSearch” can provide mobile users with regional information related to a
specific Geoword effectively.

The efficiency of the above methods are verified through the development of
“Mobile SeoulSearch”.



Mobile SeoulSearch 219

The future work includes development of a personalized mobile regional in-
formation retrieval system based on the history and/or patterns of mobile user’s
behavior.
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Abstract. This paper presents a novel indexing method for digital video con-
tents. The method automatically identifies city buildings captured by digital
video camera. This is done by extracting the objects from candidate objects us-
ing GPS location-and-time data of the video shooter, video camera posture data
taken by a Gyro attached to the camera, and a 3-dimensional city map stored in
a database. The automatic calculation identifies the start and end video frames
for each building object captured in a video unit. An index is created to refer to
the set of all video units in which a specified building is really captured. A con-
crete experiment implementing the proposed algorithm in Ginza Area, Tokyo
demonstrated that the algorithm works as designed.

1 Introduction

Recent progress in electronics and precision instrument technology makes it possible
for video cameras to be very compact and for the life expectancy of batteries to be
longer; both of these developments enable people to take much longer “home videos”.
As a matter of course, huge amounts of video data are accumulated in homes or busi-
nesses. In addition, dramatic progress in video data handling techniques such as
MPEG compression standards as well as data management technology for large
amounts of stream data has enabled us to build systems for large video databases.

Of course, if a video database system cannot provide an effective video retrieval
function, it is doubtlessly of little worth. Therefore, the development of an accurate
indexing technique for video databases has been recognized as one of the most impor-
tant research issues in this field [1] [2]. In the early stage, intensive research and de-
velopment of shot boundary detection was done to evaluate how accurately a system
could automatically detect camera shot boundaries in video contents [3]. Notice that a
video is composed as a video clip, a video clip is a consecutive sequence of video
scenes (or stories) which are the logical units of a video, and a video scene is a con-
secutive sequence of shots which are the physical units of a video, where a shot is a
sequence of video frames captured between a single record and stop camera opera-
tion. Research on developing automatic detection algorithms for video scenes from a

Y.-J. Kwon, A. Bouju, and C. Claramunt (Eds.): W2GIS 2004, LNCS 3428, pp. 221-231, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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video clip has also received much attention. However, these approaches are consid-
ered to be the lower level of video processing in comparison to content-based ap-
proaches.

In order to create indices or annotations on a video clip or a video scene to refer to
its contents, most of the previous research has adopted “content-based” audiovisual
feature extraction techniques such as an image understanding technique, an object
extraction and tracing technique, an audio recognition technique, a speaker recogni-
tion technique, a character recognition technique, or a camera-work information ex-
traction technique. A content-based approach is attractive for several reasons: it could
provide an effective query language for video retrieval, it could realize a similarity
search among videos, or it could break down a video clip into a sequence of key
frames for browsing purposes. However, none of these techniques will be easy to
achieve.

In order to overcome such difficulties and achieve a higher accuracy for video in-
dexing, recent studies have focused intensively on semantic approaches. For example,
to provide concept-level access to video, an approach based on the use of knowledge
models to build domain specific video information systems was proposed [4]. The use
of rule-based domain-specific knowledge was examined to build a decision-tree based
video classification system taking a sport video clip example [5]. However, it is diffi-
cult to extend the results of these approaches to other domains because the domain-
specific knowledge is different among application domains.

In this paper, we propose a novel indexing method of content-based video indexing
in that our approach calculates directly what objects are captured in each video frame
of a video clip. The following describes an environment where our approach works
well:

e When a GPS (Global Positioning System) is used to capture a video shooter’s
position and shooting time data;

e When a Gyro sensor is used to capture a video camera’s posture data; and

e When a 3-dimensional city map is used to retrieve the location and the height in-
formation of buildings in a city.

In other words, we presume that the video shooter is walking on a street of a city
and is equipped with GPS and a Gyro so that the sequence of video frames is col-
lected along with the shooter’s position data and camera’s posture data in a wearable
computer. These data are processed using 3-dimensional map data in either on-line or
off-line settings to create an index to the video clip based on identifications of the
buildings captured in the video clip.

The use of a GPS and a map has received attention recently for video indexing. For
example, the idea of the work done by Ueda et. al. [6] is quite similar to ours in that
both approaches use a map as well as GPS to index video contents. However, these
two works are completely different in that Ueda er al. used a 2-dimensional map
while we used a 3-dimensional map, which caused this essential difference: Because
2-dimensional maps cannot provide the height information of a building or a land-
mark object, they cannot compute what building objects are captured in a video
frame. In contrast, this computation can be done perfectly in our approach because we
use a 3-dimensional city map. Therefore, the previous researchers aimed to develop a
user support system that can aid a video shooter to think back on his/her past behavior
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by showing the video scene of the shooting area where the shooter was located at a
specified time. Our approach can answer a query such as “Show me a scene in which
Ginza Mitukoshi Department Store appears more than 10 seconds” while theirs can-
not. However, their system can answer a query such as “Show me a scene when I was
in the Ginza Mitukoshi Department Store area.” (Notice that the scene may not in-
clude the Ginza Mitsukoshi Department Store.) A similar work to [6] for developing a
context-based video retrieval system for life-log applications was reported in [7].

2 Basic Idea and Approach
2.1 Concept of an Automatic Extraction and Indexing System

Fig. 1 represents the concept of the system under development in our project. We use
GPS to obtain the video shooter’s global position and a Gyro sensor to obtain the
video camera’s posture data. The shooter is equipped with a wearable computer to
process GPS data, Gyro data, camera lens angle data, and 3-dimensional building
object data so that the building objects captured in a video frame can be identified.
We use a digital video camera (Sony DCR-PC1) with lens angles of 44° (width) by
35° (height) and a 3-dimensional map, DiaMap, created by the Mitsubishi Corpora-
tion. In order to obtain the primary building names in a city, we use a 2-dimensional
map named Zmap-Town II of Zenrin.

Indexing Module
3-Dimensional
Map
Calculating Captured Area
Mm:]u]g
¥

™| Extracting Object Module |

Interface

User r
Searching
Contents

Fig. 1. Concept of an Automatic Extraction and Indexing System.

By processing those data comprehensively in the manner mentioned below, an
INDEX table named “XBuildings” is created in the video database. The XBuildings
table has attributes such as “BuildingObjectID” and “BuildingName”, as well as the
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start and end frame numbers of a video unit in which the building with a specified
BuildingObjectID value is captured continuously. Since a BuildingObjectID is simply
a symbol string, it is converted to a specific building name using Digital Map 2500 of
the Geographical Survey Institute.

2.2 Using a 3-Dimensional City Map

Fig. 2 shows a sample of a 3-dimensional map scene around Ginza Marion Mall. A
geographic information system named ArcView 3.2 of ESRI is used to display the
image. In the picture the square pyramid shows the spatial area which a video camera
could capture, if the video shooter were located at the apex of a square pyramid. The
buildings inside or intersecting with this square pyramid and not hidden by the build-
ings in front of them are the buildings which are actually captured by this video cam-
era at a certain point in time.

Fig. 2. 3-Dimensional Map for the use of Automatic Extraction of Building Objects.

2.3 Video Indexing

A video shooter walks on a street shifting the video camera up, down, right and left.
Suppose that u,,; is the i-th portion of a video clip v where a building object o is
continuously captured from the beginning video frame fs; up to the ending video
frame fe;. Then the video unit u,,; is a quadruple defined by u, ,;=(v, o, fs;, fe;). Fig. 3
shows a sample relation between building objects and video units where object o, is
captured twice. To reflect the relation, index table XBuilding includes at least two
tuples; (0y, uy,1) and (o0y, uy,3). Therefore, the system can directly answer a query
like “Show me a video scene where building object o is captured.” Since a video is
captured at the frame rate of 30, and GPS can supply the start time of a shot, we can
compute the captured time so that the system can answer a query like “Show me a
video scene where the building object o has been captured more than 10 seconds.”



A Novel Indexing Method for Digital Video Contents Using a 3-Dimensional City Map 225

02

Video V

fs1 fs1 fell |2 fs1 )fel fe2

R — - /
e N

A Video Flame Uv,o1,1
Uv,oz,1
Uv,o01,2

Fig. 3. Relation between Building Objects and Units.

3 Automatic Extraction Algorithm
3.1 Two-Step Approach

In this section, we show an algorithm that can automatically calculate all the 3-
dimensional building objects which are really captured in a video frame. As the In-
dexing Module of Fig. 1 indicates, the algorithm consists of the following two steps:
In order to identify a set of candidate building objects to be captured in a video frame,
the first step projects a square pyramid in the 3-dimensional space captured by a video
camera into a triangle on the 2-dimensional X-Y plane which represents the ground. It
is clear that the candidate building objects are buildings inside or intersecting with the
triangle. The second step compares the heights of candidate buildings so that the
building objects that are not hidden by buildings in front of them are really extracted.
Notice that the necessary building height data are provided by the 3-dimensional city
map.

(1) Identification of a triangle on the 2-dimensional X-Y Plane

As mentioned above, the first step extracts the candidate building objects. As shown
in Fig. 4, the square pyramid P represents the 3-dimensional subspace which is cap-
tured by a video camera at time t with respect to view length L. L represents the
maximum distance from the video camera; all buildings within this distance are
checked for visibility in the video frame. The shadowed area represents a triangle T
obtained by projecting P onto the 2-dimensional X-Y plane, which represents the
ground. Considering the future use of the zoom function of video cameras, a yaw
angle (a) and a roll angle (3) of a Gyro sensor are configured to the center of the
width degree and the height degree, respectively. View length L is set small in a city
where the buildings are crowded, while L is set large in a country where the buildings
are sparse. Since our experiment was done in Ginza, a central part of Tokyo, we set L
=80m. The width angle of the video camera in use was set at 44°. Let / represent the
projected view length on the 2-dimensional X-Y plane, which is calculated by /
=Lxcos(3). Then, the triangle T is characterized by three apexes; 7°=(0, 0),
Ty=( Ixcos(a-22), Ixsin(a-22)), and Ty=( Ixcos(a+22), Ixsin(a+22)). Obviously the
captured building objects should reside in T or intersect with 7.
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(2) Extraction of Captured Building Objects

The second step extracts the set of building objects that are actually captured in a
video frame at time t. This extraction is performed using the height information about
buildings supplied by DiaMap, a 3-dimensional city map provided by the Mitsubishi
Corporation. Considering the video camera’s vertical angle (35°), roll angle (83), and
shooter’s height (%), the building objects captured by the video camera must be inside
the square pyramid P which is characterized by five apexes; P,=(0, 0, h),
P,=(Ixcos(a-22), Ixsin(a-22), Lxsin(3+17.5)+h), Ps;=(Ixcos(a+22), Ixsin(a+22),
Lxsin(3+17.5)+h), P,=(Ixcos(a+22), Ixsin(a+22), Lxsin(3-17.5)+h), and
Ps=(Ixcos(a-22), Ixsin(a-22), Lxsin(3-17.5)+h). A candidate building can be really
captured by the video camera if its part is certainly “visible” from P;, the video cam-
era shooter’s position. Now the problem is how to decide or calculate which building
objects are really captured or not. In the next section we will show an algorithm that
can extract them automatically.

7z =sin@+175<L+h
Direction of a
Video Camera
‘‘‘‘‘ ¥ (Central Line)

z =sin(B-1 Ej)x@i-i

T =
(Ixcos{o+22), I xoml a4+ 227)
Py

Shooter — ™

(Central Point) 4 e T = (xcos(e—22),Ixsin( @—22)
T: \%\Z
I =Lxcos(f) X

Fig. 4. Projection of a 3-Dimensional Video Captured Sub-Space on X-Y Plane.

3.2 Extraction of Really Captured Building Objects

3.2.1 Variables and Parameters
Fig. 5 shows an outline of an automatic extraction algorithm of captured building
objects. The algorithm includes several variables and parameters for building ob-
jecto:

e Center of gravity coordinates of the base of a building object: (0.x, 0.y)
Height of building object: o.height
Distance of center of gravity of building object o from the shooting point: o.r
Flag whether a building object o is visible (=on) or not (=off) from a shooting
point: o.visible
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3.2.2 Extraction of Candidate Building Objects on 2-Dimensional Map

In the first part of the algorithm, candidate building objects to be captured by a video
camera are calculated using 7 which is obtained by projecting P onto the X-Y plane
as mentioned in Section 3.1. From the horizontal angle (44°) of a camera lens in use
and the projected view length /, which is calculated by I =Lxcos(3), the building ob-
jects captured by the video camera must be inside or intersect with 7.

Fig. 5 shows the algorithm that was implemented in our research. We first notice a
line T'Ty of T and put the building objects in array a[0O][ ] whose bottoms intersect
with the line. The intersection is decided using a feature selection function of Arc-
View3.2, a geographic information system of ESRI under use. By shifting the line,
defined by T'T; (Ti=(Ixcos(a-22+i), Ixsin(a-22+i)), by one degree (0<i<44) from
T’Ty to T’ Ty, all the components of array a[ ][ ]={a[i][ ]| i=0, ...,44} are prepared.

» Fori=0 ToiZ44
| VES
Store the objects online T°Ti

to amray {a[{][0]. (][], aflnd}

A0 00 £)>tan( £-17.5ph < ali][0] height —

f10 YES
| e[ visivte=off, | | a[i[0]visible=on, |

=0
|
> For m=1 To afi] [tn] l=mmll

1no

afi][ 5] height < afi][m] height
And (aff][m].r) *tan(8-17.5)+ h = a[i][m].hei

1o
| alil[m] visitle = off, | a[t][rn]. wisible = on,

Memxt i
<stop

Fig. 5. Outline of an Automatic Extraction Algorithm of Building Objects.

o

Because of the feature selection function we used, the components of the array
a[i][ ] are not ordered by the length from the shooter point to building objects in as-
cending or descending order. In order to simplify the object extraction program men-
tioned in the next section, we assume that the components of the array are sorted in
ascending order by pre-processing.
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3.2.3 Object Extraction Using Building Height Information
Using the array a[ ][ ] and building height information provided by DiaMap, we can
extract the building objects really captured in a video frame at time t.

First, as it is shown in Fig. 5, in the outer loop, the line T’T; is defined for each i (0
< i £44). For each i, store all the building objects on the line T°T; in the array
{a[i][0], a[i][1],...,a[i][n;]}, where n;is defined in the sense that a[i][n] is not null for
all n < n; but a[i][ny+1] becomes null. In other words, the number of objects that
intersect with line T°T;is n;+1. Such a number exists because we assumed that the
finite view length is L and that the components of an array are sorted in ascending
order. Check the height of the first element on the line T’T; (the front-most building
object to the video camera shooter); a[i][0].visible is set “on” if the height of the
building object (a[i][0].height) is higher than the bottom of P ((a[i][0].r)xtan(B-17.5)
+4) at this place.

Second, in the inner loop, the following comparison is executed as long as a[i][m]
is not null: Set a[i][m].visible be “on” and set s=m if a[i][s].height < a[i][m].height
and ((a[i][m].r)xtan(B-17.5) +h) < a[i][m].height. Otherwise, set a[i][m].visible be
“off”. It is clear that all the elements of array a[][] whose o.visible values are “on” are
the building objects that are really captured by the video camera.

3.2.4 No False Dismissal

Since parameter “i” takes its value from O to 44 by “1” (degree), in principle there is a
danger that there might be a building that exists between two consecutive lines. In
other words, there might be a candidate building that cannot be detected by this algo-
rithm. However, since we set L=80m, the distance between two consecutive lines at
80m away from the shooter’s position is calculated as 2wL/360 = 1.4m, and since
buildings in the real world are more than 1.4m in width, we can conclude that there
are no buildings which should have been captured but were missed. Therefore, there
is no false dismissal in our setting.

4 Experiment and Verification
4.1 An Experiment

We implemented the proposed algorithm by Avenue, a system development pro-
gramming language of ArcView3.2, on a Windows XP machine. To verify the valid-
ity of the implemented algorithm, the following experiment was done:

(1) Ginza was selected to test our algorithm because it is known as one of the
most crowded building areas in Tokyo.

(2) A Windows XP machine was used to collect GPS data and Gyro sensor data.
A GPS was attached to a video shooter, and a Gyro Sensor was attached to a
video camera.

(3) Video data and GPS and Gyro sensor data were synchronized.

(4) The algorithm was run to extract building objects that are really captured.

(5) Comparison was done manually in order to verify the effectiveness of the
proposed algorithm.
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The dotted line in Fig. 6 shows the trajectory of the video shooter or video camera
position captured by GPS. The shooter started around Sony Building toward the Prin-
temps-Ginza Building. The video was about 10 minutes long and consisted of one
video shot.

o Bzl oumit!

SXNEEICRI 0T R
SR : ms.mss:

Building

Fig. 6. Trajectory of a Video Camera and Building Objects Automatically Extracted.

4.2 Verification by Comparison

Verification was done in a following manner: We selected a time T to compare the set
of building objects captured by the real video frame at T and the set of buildings com-
puted by the algorithm to be captured in that frame. Notice that time T was carefully
selected so that the verification effects had universality in terms of the density of
building objects, the difference among building heights, and the distance of the video
camera to building objects.

The objects colored gray in Fig. 6 are building objects extracted by the calculation.
There are non-extracted building objects in the background because there are high
building objects in front of them. In this experiment, a total of 15 objects were ex-
tracted. The table in Fig. 6 lists the set of all extracted building objects with attributes
such as a building object ID, the center-of-gravity coordinates of a building object,
and the height of a building.

Now, Fig. 7 shows a real video frame at time T. By comparing Fig. 6 and Fig. 7, we
found that two buildings were missing in Fig. 7, i.e. only 13 buildings in Fig. 6 had
their counterparts in Fig. 7. It turned out that the building object in the closest fore-
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ground didn’t exist because of construction, but the experiment certified for the others
that the captured objects in a real video frame had been extracted by our method.
Using a 3-dimensional map, we confirmed that the building objects that were captured
in the real video were extracted and stored to the video database correctly, and objects
that were hidden by neighboring buildings were not extracted. Thus, the effectiveness
of the algorithm proposed in this paper was verified.

Ry e

m——— " S
W ——;) 1ot

Fig. 7. Video Frame Captured at Time t.

5 Conclusions and Future Works

In this paper, we proposed a new approach to indexing building objects captured by a
video camera. The extraction of those buildings was performed using GPS and Gyro
sensor data and a 3-dimensional city map data. It was shown that our algorithm works
as intended. Future works include an implementation of the proposed indexing of
video data, development of an effective storage scheme of video data, treatment of
obstacles such as roadside trees and advertising displays (which make buildings in-
visible), introduction of a relative importance measure of building objects, and treat-
ment of landmarks such as Tokyo Tower or Mt. Fuji.

Acknowledgements

The authors are thankful to Ms. Rei Ishiguro, who made significant contributions to
this research during her stay at the Graduate School of Ochanomizu University. This



A Novel Indexing Method for Digital Video Contents Using a 3-Dimensional City Map 231

research was partly supported by a Grant-in-Aid for Scientific Research of MEXT in
the Category of Exploratory Research (Grant number 14658089) on ‘“Feasibility
Study of Wearable Database Systems” (2002-2004) and the CREST (Core Research
for Evolutional Science and Technology) Program of JST. DiaMap, the 3-dimensio-
nal city map, was provided by the Mitsubishi Corporation.

References

1. Gaughan, G., Smeaton, A., Gurrin, C., Lee, H., McDonald, K.: Design, Implementation and
Testing of an Interactive Video Retrieval System, Proceedings of the 5™ ACM SIGMM In-
ternational Workshop on Multimedia Information Retrieval, pp.23-30 (November 2003)

2. Dunckley, L.: Multimedia Databases — An Object-Relational Approach —, 452p. (book),
Addison-Wesley (2003)

3. Zhang, H., Low, C., Smoliar, S., Wu, J.: Video Parsing, Retrieval and Browsing: An Inte-
grated and Content-Based Solution, Proceedings of ACM Multimedia ‘95, pp.15-24 (No-
vember 1995)

4. Hampapur, A.: Semantic Video Indexing: Approach and Issues, ACM SIGMOD Record,
Vol. 28, No. 1, pp. 32-39 (March 1999)

5. Zhou, W., Vellailal, A., Jay Kuo, C.-C.,: Rule-based Video Classification System for Bas-
ketball Video Indexing, ACM Multimedia Workshop, Marina Del Rey, California, USA
(2000)

6. Ueda, T., Amagasa, T., Yoshikawa, M., Uemura, S.: Indexing Method of Image Data using
Location and Time Information, Proceedings of the 12" Data Engineering Workshop
(DEWS 2001), 125-86 (March 2001) (in Japanese)

7. Hori, T., Aizawa, K.: Context-based Video Retrieval System for the Life-Log Applications,
Proceedings of the MIR’03, November 7, 2003, Berkeley, California, USA (November
2003)



VRML-Based 3D Collaborative GIS:
A Design Perspective

Z. Chang and Songnian Li

Geomatics Engineering Program Dept of Civil Engineering, Ryerson University
350 Victoria Street, Toronto, Ontario, Canada M5B 2K3
{czheng,snli}@ryerson.ca

Abstract. Recent advance of technology has made it possible to view
and simply manipulate 3D representations of spatial information over
the Internet. 3D visualization, however, imposes many unique require-
ments to software design and implementation, as well as supporting data.
Furthermore, current development of 3D modelling and visualization of
spatial information mostly focus on single user platform. This paper
presents our discussion on the design and development of an Internet-
based 3D collaborative GIS system, which support real-time multi-user
collaboration. While the prototype development is ongoing, some design
issues are discussed based on our preliminary work. ...

1 Introduction

3D spatial data models are the tools used to describe and represent 3D real
world in computers. Traditional 3D models in geographical information systems
(GIS) can be classified into two categories: digital elevation models (DEM) and
triangulated irregular network (TIN) models [1]. Both are very suitable to rep-
resent the earth surface. However, these models have limitations in representing
complex urban scenes used in urban planning and design, etc. (not a good city
model). They are mostly not an object-oriented data model; or not suitable to
be accessed on the Internet.

Virtual Reality Modelling Language (VRML), among other 3D Web tech-
nologies like MPEG-4 and Java3D and widely known as a modelling language
for constructing web-based 3D models, has played a very important role in many
fields such as computer games, scientific and geographic visualization. VRML
uses plug-ins such as Cosmo Worlds or Cortona, allowing the virtual world to
be downloaded and viewed from anywhere using a web browser [2]. Started as
a specification to open the road towards platform independent 3D graphics on
the Internet, VRML has now evolved to allow objects to be modified, rotated,
and moved by means of interpolator nodes in VRML-based 3D worlds. More
complex actions and interactivities are supported by script nodes which inline
pieces of code, e.g., Java class and JavaScript. GeoVRML, extending VRML,
enables representation and visualization of geographic data.

However, current VRML standards are limited to modelling scenes for “single-
user experience” in the sense that simultaneous sharing of the same VRML model
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by multi-users is not well addressed, not to mention the lack of group interactive
capabilities of information exploration at the 3D object level and scenario eval-
uation (e.g., collaborative scenario construction in 3D scene). Extending VRML
specifications to support group functions for “multi-user experience” seems to
be one possible solution. However, this requires cultivated research and time to
reach an agreement on the new specifications. A more widely adopted approach
is to design and develop methods, processes, and supporting groupware systems
that allow sharing of data among multiple participants and synchronization of
operations on 3D worlds.

Research in collaborative 3D visualization and modelling has largely been
in the domain of computer science, mostly under the umbrella of “collaborative
virtual environments (CVE)”. This paper presents a brief review of these de-
velopments, especially some initial research efforts in the area of collaborative
geographic visualization, followed by our emphasis on the requirements and de-
sign of synchronous 3D collaborative GIS systems, i.e., real-time sharing and
manipulation of 3D models to solve problems.

2 Development Review

A number of research laboratories and commercial companies, such as Blaxxun
and ParallelGraphics, are producing networked games and shared worlds which
utilize central servers to share data among multiple participants. This alternative
approach allows 3D worlds to be reliably scaled to accommodate several hundred
participants.

Collaborative virtual environment [3] comprises applications such as multi-
player games and distributed battlefield simulations. They provide 3D spaces in
which users can select and move a kind of puppet that serves as their represen-
tations, observes other users’, and talks to others nearby through textual chat
facilities, as illustrated in Figure 1. Other multiplayer games, such as Quake,
have both human and non-human participants. Similar to single-user games and
related research prototypes, multiplayer games serve as a domain of inspiration
and validation for research into groupware. Some examples are the develop-
ment of test case applications for groupware toolkits, such as Tic-Tac-Toe and
CardTable on top of Rendezvous [4] and Tic-Tac-Toe, Solitaire, and Tetrominos
on top of GroupKit [5].

These commercial systems, however, only focus on virtual worlds or virtual
communities which are different from the real world. The real world with 3D
geo-referenced data has special features associated with various map projections
and coordinate systems, huge amount of data, different data resolutions and
accuracies, and so on, for which VRML-based 3D GIS systems have to consider.
Therefore, GeoVRML, an official Working Group of the Web3D Consortium,
was formed with the goal of developing tools and recommended practice for the
representation of geographical data using VRML. GeoVRML 1.1 specification
has been defined to provide a number of extensions to VRML for supporting
geographic applications.
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Fig. 1. Multiplayer virtual worlds in worlds chat.

Several reported research projects focused on interactive 3D visualization of
geographical data (e.g., [6] and[7] ), although their results show the controlling of
3D GIS scenes and interactive querying on 3D objects only on a single-user basis.
In terms of collaborative visualization, research effort in spatial community has
so far focused on collaborative knowledge exploration and spatial decision sup-
port. More recently, the GeoVirtual Environments developed by the GeoVISTA
Centre at Penn Sate University represents a significant effort towards 3D visual-
izations enabling the potential of same-time-different-place collaboration among
scientists at remote locations as they explore complex spatial-temporal data [3].
The work is a part of ongoing effort in developing a framework to structure a
systematic research in understanding an array of technology and human issues
involved in major aspects of facilitating geo-collaboration.

3 Functional Requirements

Collaborative virtual worlds can be accessed by working teams who work on one
project probably in different locations at the same time. The requirements of
collaborative 3D depend on factors such as task, group, duration and context.
Cooperative work may have many forms, e.g., multiplayer games, distributed
battlefield simulations, net meeting applications and distance learning applica-
tions. These forms often change over time, even within the confines of a single
project. To support such dynamic contexts, services typically should be com-
prehensive and flexible. For example, requirements may range between sup-
ports for:(1)same-time and different-time cooperative work;(2)same-place and
different-place cooperative work;(3)single, discrete media such as text or graph-
ics, and multiple media including continuous media such as audio and video;
and(4)much freedom in the actions of users (permissive support) and coordina-
tion of the actions of users (restrictive support) [9].

On the other hand, collaborative 3D developers face many complexities in the
collaborative development process. Compared to the development of single-user
applications, the development of collaborative systems involves many additional
technical issues from the area of distributed systems development, such as repli-
cation, consistency, concurrency, and communication protocols [9].
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Some of the major functional and non-functional requirements for VRML-
Based 3D Collaborative GIS based on the complexities mentioned above in-
clude:(1)Supporting both same-time, different-place cooperative work and single
user work;(2)Internet accessible;(3)Collaborative viewing, controlling and object
selection, and interactive modelling;(4)Integration of collaboration and commu-
nication tools, e.g. annotation, mark-up, audio/video conferencing, whiteboard-
ing, etc.;(5)Integration of decision making and negotiation tools;(6)Easy to de-
ployment;(7)Simple Floor Control management and session management

4 Architecture Design
4.1 Background

For applications that are able to be scaled to support many simultaneous users,
peer-to-peer interactions are necessary on top of client-server query-response. As
an example, the IEEE 1278.1 Distributed Interactive Simulation (DIS) protocol
is a well-specified way to pass entity behaviour such as position, orientation,
and collision, fire/detonate and other message types. Use of multicast network-
ing enables scalable many-to-many communications, avoiding server bottlenecks.
DIS is particularly effective at communicating physics information at interactive
rates in real time [10]. The foundation of DIS data structure is a standard set of
messages and rules, called Protocol Data Units (PDUs). An example of one of
these data units is the Entity State PDU (ESPDU) which contains data about
the position and velocity of an entity. The ESPDU also makes the type, posi-
tion, orientation and appearance of an entity available to all other players of
the distributed simulation. Figure 2 shows how networked DIS ESPDUs can be
processed by a Java applet and passed to a VRML 2.0 scene. External authoring
interface (EAI), a set of language-independent bindings, allows a VRML world
to be accessed and manipulated from an outside environment. EAT defines an
interface between a VRML world and an external environment. It contains a set
of functions of the VRML browser that the external program can call to affect
or get parameters from the VRML world. This contribution deals only with in-
terface between a Java applet on a HT'ML page and a VRML world opened in
a viewer embedded in the same page (Figure 3).

DIS PRUs from DIS/Java/VRML Data Flow
DIS-based application

Netscape, Internet Explover browser

Multicast Java classes
to uni

Unigast socket
Mhlticast socket_|—3-

DIS PDU parser |
VRML package

VRML 2.0 Browser plug-in

VRML 20 scene
with  script  nodes
linked from Java

Fig. 2. Example data flow from DIS ESPDUs (source: [11]).
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Browser:

VEML Model

Fig. 3. External authoring interfaces.

4.2 Related Work

There are several other Java-based collaboration systems that have been seen
over the last few years. Examples include the NCSA Habanero, the Java Collab-
oration Environment (JCE), and Java Applets Made Multi-user (JAMM).

Habanero[12] is a collaborative framework and environment containing a set
of applications. The Habanero client, server and applications provide the neces-
sary environment to create collaborative workspaces and virtual communities.
The server hosts sessions and connects the clients that interact with the sessions
using a variety of applications called Hamlets. Sessions can be recorded, persis-
tent, access restricted and even anonymous. The client provides the interface to
define, list, create, join and interact with a session. Unfortunately, the Habanero
project has been discontinued.

Java Collaborative Environment[13] is a framework for shared interactive
multimedia applications in heterogeneous systems. A collaborative mechanism
to intercept, distribute and recreate the user events has been developed to allow
Java applications to be shared transparently. The approach is based on the
replicated tool architecture.

JAMM [14] is an application-sharing system that allows multiple users to
simultaneously work in a legacy, single-user application. JAMM is an alterna-
tive implementation based on an object-oriented replicated architecture where
certain single-user interface objects are dynamically replaced by multi-user ex-
tensions.

4.3 System Design Based on Replicated Architecture

There are three kinds of architectures in collaborative applications: centralized
architecture, replicated architecture, and distributed architecture [15]. Since the
replicated architecture is adopted in our current research project, most discus-
sions hereafter are related to this architecture.

A centralized architecture provides only one application, and distributes
copies of the GUI (view and controller) by sending window system events to
all participating client machines. In a replicated architecture the entire appli-
cation is installed and run (i.e., replicated) on each client machine; and some
means of synchronization between them is provided. A distributed architecture
is characterized by the distribution of the Model-View-Control (MVC) compo-
nents across multiple hosts. Typically, the model lives on a shared server and
each client has its own view and controller.
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Fig. 4. Replicated architecture.

Figure 4 illustrates a replicated architecture used in a collaborative system.
This system is also a client-server based networking system that synchronizes
movement and events within virtual environments over an IP network. When
the user accesses the 3D GIS application website with a web browser (e. g., IE
Explore or Netscape), the 3D GIS Application in the form of Java component
is downloaded into the local machine and run in the browser. So every browser
has the same MVC components. The 3D collaborative GIS application consists
of four parts, as shown in Figure 5. The first part, named VRML component,
handles VRML model and the second part renders the content of VRML world
through a 3D component, while the “2D-Viewer component” part shows 2D con-
tent based on VRML world. The fourth part, called “Collaborative component”
synchronizes the event messages sent by the client and received by the server.
There is also a Collaborative Service component on the server tier which handles
the synchronization of operations among clients.

Server ’W‘

3

([Frowser: Browser:
[TFIVIL tandel cormporent Tande] CormponETd
(D corponent 53D component

=

TR

ollahorative corponenie Ll Collahorative coraponent

(D Viewer compogient s 2D Viewer corponent

Fig. 5. Data flow.

4.4 Process of Event Sending

Based on the above architecture, there are two types of events triggered by the
users. One type is no-3D events like menu clicks, 2D events, etc. which are sent
and reconstructed and handled through Java components. Another type is 3D
events which are handled by EAl-based java component first and sent through
DIS protocol.
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The process of event sending based on the replicated architecture is shown
in Figure 5 above and is briefly described as follows.

When a user operates GUIs of Java applets that handle 3D or 2D contents
in the client named host, the events are first triggered and at the same time sent
to the Collaborative component at the same client. These events then are sent
to Collaborative Service in the server side. The Collaborative Server distributes
the events to the Collaborative component of every client who joins the same
session. After reconstructed, these events are finally sent to 3D or 2D Plug-in to
realize the same functions as host client does.

4.5 Framework of Collaborative 3D GIS Systems

The 3D collaborative GIS system follows a client-server network model and a
replicated architecture (see Figure 6). While the client is simply a web browser
with downloadable Java applets, the server tier consists of middleware and
database layer.

Browse: YRML model component
+ 30 companent + 20 Yiewer component
+ Collaborative component

Client

Web Server Server

\_‘ Synchronous Services |
Chat Services
Wideo and Audio Services

White Board Services
Database Server

Serviet

Fig. 6. Framework of multi-user collaborative 3D system.

Middleware running on the server side ships out VRML and HTML content
according to the types of services required. Chat services, whiteboard services,
video and audio services are coordinated through the Synchronous Services com-
ponent. Database Server is used as storage for persistent structured information.
This information includes user records, world information, work environment and

GIS 2D and 3D data etc.

5 Autonomous Systems

The designed replicated architecture has been tested on a simple client-server
Java application. The server (see Figure 7) based on Java Shared Data Toolkit
(JSDT) which is a java APT from Sun Microsystems, Inc. is used to receive the
messages from clients and sends them to the identified clients. Through joining
in a server, a client is able to connect to other clients. One server may have
several sessions and one session also may consume several channels.
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Fig. 7. Server of multi-user collaborative 3D prototype application.

The client application (see Figure 8) includes four components: GIS com-
ponent based on MapObjects Java Edition, Java3D, JSDT and VRML Loader.
Java3D handles 3D content; MapObjects Java handles GIS data; VRML loader
loads VRML model; JSDT sends messages among clients.

[T TR MP_E'.:I:— algi
& alBjejelne = alacielnle

L L
o ety = o et

Fig. 8. Clients of multi-user collaborative 3D prototype application.

When a server already exists, a client is able to find the server through
sending a message including a Server name and an IP address. After receiving
the message, the server sends the related information which includes Host Name,
Port Number, Session Name and Channel Name, etc. to the client. Finally the
connection is created between the two parts.

Two more tasks need to be done next. First, assign Floor Control right to
the client. If the client is the first to enter the session, the right of Floor Con-
trol should be assigned to the client. Floor Control helps to coordinate joint
and competing activities among people and their interacting computational pro-
cesses, such as regulating turn-taking in conversations or write-updates on shared
files, preserving coherency of local and remote information[16]. This client also
is able to give the right to identified client in this session. But only one client has
the right. Second, handle later-coming clients. If the client is not the first to join
in the session, the information (e.g. Map extent, layers information, etc.) from
the other clients who are in the same session can be downloaded in the client.
Therefore all the clients in the session are kept synchronized.

The problems about system reliability, scalability need to be further worked
next.
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6 Summary

VRML models can be well adapted into collaborative 3D GIS systems because of
their special features. These features help VRML for more complex interactive
jobs. To support collaborative VRML model viewing and manipulating, a multi-
tier client-server structure is required for a collaborative 3D GIS system, which
uses designed the replicated architecture in our study. The most complicated
tier is Synchronous Services in the middleware which receives and broadcasts
real-time interaction messages.
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Abstract. Arrival time dependent shortest path finding is an important
function in the field of traffic information systems or telematics. However
large number of mobile objects on the road network results in a scalability
problem for frequently updating and handling their real-time location.
In this paper, we propose a query processing method in MANET (Mobile
Ad-hoc Network) environment to find an arrival time dependent shortest
path with a consideration of both traffic and location in real time. Since
our method does not need a centralized server, time dependent shortest
path query is processed by in-network way. In order to reduce the num-
ber of messages to forward and nodes to relay, we introduce an on-road
routing, where messages are forwarded to neighboring nodes on the same
or adjacent road segments. This routing method allows to collect traffic
information in real time and to reduce the number of routing messages.
Experiments show that the number of forwarded messages is reduced
in an order of magnitude with our on-road routing method compared
to LAR-like method. At best, our method reduces about 57 times less
messages.

1 Introduction

MANET consists of mobile nodes that communicate with each other, in the
absence of a fixed infrastructure. Mobile devices construct network sponta-
neously when they need to communicate in MANET. The technology related
with MANET is composed of application software, routing, transport layer,
medium access control and physical layer for various applications. Especially,
many routing protocols [1-3, 5, 6] have been proposed for MANET, with the
goal of achieving efficient routing because of unpredictable topology changes
caused by mobility and limited wireless transmission range.

Telematics is one of important application area based on MANET and loca-
tion-based services. Telematics services gather real-time traffic data from vehicles
and provide information such as location, traffic, accident, emergency and the
shortest path for drivers and passengers. In order to offer these services, we may
need a fixed infrastructure such as loop sensors and centralized hosts to store and
process data. In this paper, we propose a query processing mechanism, called
on-road routing, with the consideration on real-time traffic information of large
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number of vehicles. In particular, we focus on the method that process arrival
time dependent shortest path query in MANET without central servers and
traffic sensors such as loop-sensor on the road networks [10-12]. The main idea
of our approach lies in a routing message that includes query predicates based on
the road connectivity and on data gathering method in real time from vehicles on
the road by ad hoc network. Therefore, we should reduce unnecessary flooding
messages by pruning mobile nodes which are not on the same or neighbor road
segments.

The rest of this paper is organized as follows. Section 2 discusses motivation
and related research in the area. In section 3, we describe proposed approach
for routing messages in MANET based on the road networks. Section 4 includes
the performance evaluation of the proposed method. Finally, we conclude this
paper in section 5.

2 Motivation and Related Work

Many researchers have been investigated the shortest path algorithm based on
the road networks. Most of them concentrate on computational time complexity
or memory complexity to improve the algorithm [3, 9]. To find out optimal route
using this algorithm, real-time traffic information must be stored in the server
[10-12]. But it is hard to gather information of mobile nodes without the fixed
infrastructure and the performance is degraded to process only in centralized
hosts. Therefore we propose a routing mechanism for query process in MANET.
Routing protocols in ad hoc networks are categorized into routing with location
information and without roughly. Protocols without location information are
DSR [1], AODV [2], ZRP [3] and so on. Then we focus on routing protocols that
take location information into account.

Recently researches on routing and applications in mobile ad hoc network
are increasing enormously based on location information [4-7, 13-16]. First of
all, Location Aided Routing (LAR) is a representative example that utilizes
location information to improve the performance of routing protocols for ad hoc
networks. By using location information, the LAR limits the search for a route
to the so-called request zone, determined based on the expected location of the
destination node at the time of the route discovery. Simulation results indicate
that using location information results in significantly lower routing overhead;
as compared to an algorithm without location information [5].

The next protocols are that routing dependent on applications such as infor-
mation dissemination in multihop inter-vehicle networks [13] or multicast proto-
col in ad hoc networks — inter-vehicle geocast [14, 15]. The former is motivated
by the use of ad hoc networking technologies for vehicle information exchange.
If the geographic positions of the network nodes are known, better performance
can be achieved with the utilization of so called geocast routing algorithms. Au-
thors proposed a context-based geocast routing protocol that is based on AODV
(Ad hoc On Demand Distance Vector protocol). It uses other attributes, such as
the speed and direction of the nodes besides location for forwarding messages.
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The set of nodes that are interested in the context of a message does not depend
only on the position, but also driving direction, destination and even user profile,
vehicle type etc. It mainly depends on the situation and the content of the mes-
sage which attributes are relevant [13]. The latter — Inter-Vehicle Geocast (IVG)
— is mainly designed for effective alarm message dissemination in the ad hoc
network of vehicles in a highway. IVG is based on geographic multicast, which
consists in determining the multicast group according to the driving direction
and the positioning of vehicles. The multicast is restrained to the so-called risk
areas. First, a broken vehicle (or accident) begins to broadcast an alarm message
to inform the other vehicles of its situation. Since the accident vehicle can just
inform its one-hop neighbors, some other vehicles have to rebroadcast the alarm
message to inform the vehicles located at more than one hop from the accident.
The vehicle that performs the rebroadcast is called relay. Relays in IVG are des-
ignated in fully distributed manner. The way with which a node is designated
as relay is based on distance defer time algorithm. The node that receives an
alarm message does not rebroadcast it immediately but has to wait some time
to make a decision about rebroadcast. When the deferred time expires, if it does
not receive the same alarm message from another node behind it, it deduces that
there is no relay node behind it. Thus it has to designate it self as a relay and
starts to broadcast the alarm messages in order to inform the vehicles which
could be behind it. The process of message dissemination with IVG depends on
the rate of vehicles equipping GPS (Global Positioning System) in the road. It
is believed that the performance of IVG is dependent on the portion of vehicles
which are not equipped with GPS [14].

These researches are analogous with ours in improving routing performance
using location information and in role-based multicasting based on the road or
highway. However, LAR considers just routing in Euclidian space and IVG con-
centrates on dissemination of alarm messages such in case that car accident is
occurred and so on. Therefore, we should take account of the space embedding
a road network not Euclidian space to find the shortest path depending on esti-
mated arrival time. We expect a performance improvement through restricting
the message forwarding area to the same or adjacent road segments. For what is
called on-road routing considering query predicates. It can not only disseminate
alarm messages but also process other queries besides the shortest path through
tuning query condition in the message. The mechanism is specified following
routing on the road networks in detail.

3 On-Road Routing

In the following we present our proposed routing algorithm for query processing
in mobile ad hoc network based on the road networks. The main issues to consider
include (1) how to define ad hoc network domain and (2) routing strategy to
improve performance in such road networks.
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3.1 Basic Concept

Road networks consist of links which are the polyline set bounded by two crosses.
Figure 1 shows a mobile node which is included in an ad hoc network and travels
on the road.

> Road Link
[ ] Mobile Node

Broadcasting Area

- Query Node

Fig. 1. Mobile nodes on the road networks.

Query processing is performed as follows. Suppose that a query is given as
“find arrival time dependent shortest path from a source to a destination area”
in node A as shown by figure 1. Query node A generates a route request message
including query condition and broadcasts the message. In figure 1, seven nodes
receive the message since they are included within the broadcast domain of
query node A and decide whether to rebroadcast the message or not. According
to legacy routing algorithm that operates under Euclidean space all the seven
nodes rebroadcast the routing request message. But in our mechanism, only the
nodes which travel on the same or adjacent road of query node A relay the
message. Therefore, three mobile nodes, which are node B, C'and D, take a part
in forwarding the route request message. This procedure is performed recursively
until it finds the destination. The destination node finally replies in reverse order
through a path traversed by the routing procedure.

There are assumptions to process query like this. First, nodes are quasi-
static during the short period of a route finding phase. Second, there is at least
one node on the same or adjacent road of a query node (or a relay node) in
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the broadcast domain. Each node does not manage it’s neighbor nodes. Two
nodes are regarded as neighbors if they can communicate with each other over
a wireless link. The broadcast domain is defined by the transmission range of
wireless media. For example, IEEE 802.11b wireless lan has a finite range for
transmission — around 100 meters indoors and 300 meters outdoors. This range
can be extended through transmission power control, antenna performance and
so on. Finally, each node maintains road information which belongs to the road
traveled by the node. For the last one, we introduce a labeler. Labelers are
located in each road link. It has geometry data of road link and adjacent labeler
list. Labeler offers road information when a mobile node enters the road. As a
result mobile nodes can maintain road information and use it in routing.

3.2 Data Structures

There are two objects. One is the labeler and the other is the mobile node for
our routing algorithm. Function of labeler is as follows. A labeler maintains its
road information and its adjacent labeler list. When a new mobile node enters a
road segment, the labeler which is included in the road segment hands over its
data to the mobile node. A mobile node can manage its position data through
maintaining labeler’s information and offset of distance from the starting position
of a road. Figure 2 represents data structure of a labeler.

Labeler ID
Coordinates
Geometry -
Road Distance
Information Start Cross
Topolo;
pology End Cross
Adjacent Labeler ID List

Fig. 2. Data structure of a labeler.

Mobile Node ID

Offset (Position)

Speed

Direction

Labeler Information

Fig. 3. Data structure of a mobile node.
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Mobile node can maintain its position data through labeler information and
distance offset as mentioned previously. When a mobile node enters a new road
segment, it replaces road information from a labeler which is included in the
road segment. Figure 3 depicts data structure of a mobile node. It can contain
additional information or user profile dependent on applications.

3.3 On-Road Routing Strategy

Basic approach of our routing mechanism is almost the same with route discovery
using flooding. But we adapt location information, road information and query
condition to reduce the number of nodes to whom route request is propagated
since our mobile ad hoc network is based on the road networks. This is a kind
of the flooding and pruning algorithm based on the road networks and query
condition. In the following we describe the detailed steps of proposed routing
strategy (Figure 4 shows our on-road routing algorithm).

Step 1: A source node needs to find a route to a destination node or destination
area, defines request zone to restrict message flooding. Then it generates a
route request message. The message contains request zone information and
query condition which contains request of user. After that source node broad-
casts a route request message to all its neighbors — two nodes are regarded
as neighbors if they can communicate with each other over a wireless link.

Step 2: A node, say relay node, on receiving a route request message, compares
the sequence number with prior received messages’ to detect repeated recep-
tion of a route request. Then the relay node compares request zone with its
own position information if it is included in the request zone or not. And
then it compares road information with its own if it is along the road or
not. After that it processes query if it is needed during routing. This is a
selection factor to avoid redundant transmission of route requests when the
relay node receives multiple request messages with the same sequence num-
ber simultaneously in an allowed time interval. An example is presented in
the following simulation. To find a arrival time dependent shortest path, the
travelling time must be calculated during the routing. The relay node selects
the best result after calculating. Finally it compares the desired destination
with its own information such as position or road information.

Step 3: If there is a match, it means that the request is for a route to itself.
Otherwise, it decreases TTL(Time To Live) value. If the TTL value is not
equal to zero it rebroadcasts the route request message to its neighbors after
appending its address to payload which includes the path traversed by the
request.

Step 4: Repeat Step 2 until it finds a match.
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On-Road Routing Algorithm
Input
m: received message
N: information of current node

Begin
If check m.sequence_number
/* detect multiple receptions of the same route request */

discard the message; /* sequence number pruning */

If position of current node not contained in request zone
discard the message; /* request zone pruning */

If current node not on same or adjacent road of previous node’s
discard the message; /* road information pruning */

ProcessQuery; /* process query predefined by user */

If position of current node is destination

SendReply; /* find a match */
Else decrease TTL; /* prevent infinite flooding */
If TTL equal to zero
return;
Else

add address of current node to payload;
/* a path traversed by the request */

BroadcastMessage;
/* rebroadcast route request message */
End

Fig. 4. On-Road Routing algorithm.

It is possible that the destination will not receive a route request message (for
instance, when it is unreachable from the source or route requests are lost due to
transmission errors). In such cases, the source needs to be able to reinitiate route
discovery. Therefore, when a source initiates route discovery, it sets a timeout.
During the timeout interval, if a route reply is not received then a new route
discovery is initiated. The route request messages for this route discovery will
use a different sequence number than the previous route discovery. Figure 5
illustrates message format for routing request and query processing.

4 Experiments

In order to evaluate the performance of the proposed method, we established a
model of road networks and mobile nodes which travel along the road. There



Arrival Time Dependent Shortest Path by On-Road Routing 249

Message Type Sequence Number TTL

Address (broadcast address or popped up address from palyload)

Request Zone

Destination Information (Query Condition)

Source Information

Intermediate or Final Result of Query Condition

Payload (a path traversed by the request)

Fig. 5. Message format for on-road routing.

are measurement factors for routing in mobile ad hoc network such as energy
efficiency, the number of messages flooded, bandwidth consumption, latency and
so on. In this simulation, we concentrate the number of nodes to whom route
request is propagated according to each pruning strategy.

4.1 Simulation Scenario and Framework

Figure 6 illustrates the road networks in a region of Seoul in Korea. We generated
a synthetic data set consisting of approximately 10,000 moving objects as mobile
nodes using the benchmark tool of Brinkhoff on the real road networks [17]. We
regard generated moving objects as a series of static objects which are obtained
at arbitrary time slice. We assume that the velocity of mobile nodes is identical
if they are on the same road segment.

The radius of each broadcast range is set with 0.02%, 0.03% and 0.04% of the
road networks’ Euclidean width and TTL is fixed with 30 heuristically. Query
conditions are estimating shortest arrival time from a source node to a destina-
tion node (or area) and finding the path with limited road information — which is
described in section 3.1. As mentioned in the prior routing strategy, arrival time
is calculated during the routing. The route request message is delivered through
the path which has shorter arrival time. Once the message arrives at the desti-
nation, the shortest path is found. If the destination receives multiple messages,
it selects the best one by calculating arrival time. Estimated arrival time and the
routed path are included in the routing message. The destination node replies in
reverse order through the path traversed by the request. In our simulations, we
do not model the delays that may be induced by multiple nodes which attempt
to transmit data simultaneously. Transmission errors and congestion are also not
considered.
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Fig. 6. Road networks in a region of Seoul in Korea.

4.2 Experiment Results

In this simulation, we concentrate the number of nodes to whom route request
is propagated according to each pruning strategy. We use location information,
road connectivity and query condition to reduce the number of messages. Fig-
ure 7 shows average number of messages discarded by each pruning strategy.
Road information is dominating factor to reduce the number of messages in our
simulation. This result is significant since routing along the road segments is
reasonable in road networks.

I relay

I discarded by Zone

I discarded by Sequence

N discarded by Road(Arraival-time)

1250000

1000000

750000

500000 —

avg. messages

250000

0.020 0.025 0.030 0.035 0.040
transmission radius

Fig. 7. Average number of messages pruned by each strategy.
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Fig. 8. Performance comparison on-road routing with LAR scheme 1 by request zone.

Figure 8 depicts the performance comparison of our approach with LAR
scheme 1 — which is flooding with request zone. Differently from LAR scheme
1, our method has been less affected by the radius of broadcast area. Because
our method restricts the message forwarding area to the same or adjacent road
segments. These results signify that our proposed approach can help energy effi-
ciency, bandwidth utilization and etc. since communication dominates a node’s
energy consumption and collision affects bandwidth utilization.
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Fig. 9. Estimated arrival time by transmission range.

Our results make a little difference in the optimal shortest path due to the
limitation of the search space which is defined by broadcast domain [Figure 9]. If
we use centralized server which manages all mobile nodes, we can obtain optimal
result. But large number of mobile objects on the road network results in a scal-
ability problem for updating and handling location data in real time. Moreover
it is not suitable in this kind of ad hoc environment without infrastructure.
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5 Concluding Remarks

In this paper, we considered query processing methods of moving objects on the
road in MANET, and proposed a routing method, call on-road routing. Unlike
other routing methods, such as LAR [5], and GPSR [6], our method restricts the
message forwarding area to the same or adjacent road segments for two reasons.
First, we are interested in only traffic and location information of vehicles on
these roads. Second, by pruning the messages not travelling these roads, we can
significantly improve the routing performance during query processing.

In particular, we focus on the query processing for arrival time dependent
shortest path in mobile ad hoc network. An in-networking query processing
method has been proposed for this type of query. And we performed experi-
ments to verify our conjecture that the performance of our method is superior
to other routing methods proposed based on geographic information in Euclidian
space. The results show that the number of forwarding messages is significantly
reduced by applying on-road routing method compared to methods based on
LAR scheme-1. Our method reduces the number of flooding messages in an
order of magnitude. At best, it reduces about 57 times less messages.

Although we have proposed an on-road routing method, we believe that it
can be improved by considering several factors, such as dynamic TTL, vehicle
velocity, and constraints of the road network. Future work therefore includes
improvement of our on-road routing.
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