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Abstract.  Location-Based Service (LBS) is a wireless application service that uses geographic information and exploits the location information provided by a mobile terminal to serve a mobile user. Current approaches for providing location based services use propriety backend databases that are often inadequate in providing a wide range of services. The web is a storehouse of information that also provides diverse services. Our approach uses GIS technologies to determine user context and use this as a basis for extracting services from the web. Extensive use is made of Semantic Web technologies to aid in the information extraction process. We design the architecture of the LBS System and implement the prototype system on mobile devices. We also discuss how we realize our LBS System.   
1   Introduction

In recent years there has been a growing interest in using Geographical Information Systems (GIS) and wireless devices for geospatial services. Location based service or LBS is the capability to ‘find the geographical location of the mobile device and provide services based on this location information’. As a typical example consider a service that provides hotel reservation service of all the hotels that are situated near the geographic location of the user (as determined by his mobile service). As is evident from the example the applications of LBS can be varied and innovative. Many service providers have adopted the paradigm of LBS in providing services in case of emergency call, roadside assistance, route finding, etc.
Current Geographical Information sources are very limited and do not reflect the actual available services. Some of the reasons for these limitations include 
(1) Location services need to be periodically updated 
(2) New services are continuously generated and 
(3) Current services lack any standard representation format. 
In contrast the World Wide Web provides staggering amount of information and services that can be provided to the user based on context. Context in this case is identified by the physical location of the user. Extraction of location specific services from the web in itself is quite a challenging problem. We propose to combine LBS with Semantic Web (Berners-Lee, 2001)[2] technologies to extract services based on context. To achieve this we propose a service ontology that captures essential features of services on the web that provide location specific information. We also provide query interface that interprets user queries and requests for services semantically using the underlying service ontology.
An additional complication in providing location based services is that Mobile GIS requires a high bandwidth network for large volume digital maps. To overcome this we use the solutions developed in our earlier research [6] to provide an efficient GIS service. In summary we have the following objectives: (1) to discover and extract context (location) specific information and services from the World Wide Web, (2) to provide the services on a digital map, 
    This paper is organized in the following manner: In Section 2, we present related work, followed by introduction of our LBS System in Section 3. In Section 4 and Section 5, we describe our implementation of the system. In Section 6, we end with a concluding statement.

2   Related Work
Research on Web GIS and Semantic Web has been going on separately through the years. There have been efforts to combine GIS and Semantic Web, but research in this field is still at a nascent stage.  Some recent work [5] proposes a Geospatial Semantic Web for geospatial data which is digital map data stored in WebGIS servers. In similar direction, (USGIS, 2002) and [11] suggest a framework for supporting location based information with Mobile GIS. Some technologies and standards include Darpa Agent Markup Language (DAML), RDFGeo, GeoURL, Geographic Markup Language (GML), etc. GeoURL, which allows mapping from location to URL for the location, would be useful for collecting additional information about locations from the web. RDFGeo is effective for describing location/features etc. DAML and GML are language standards with which ontologies for the KB may be defined. These technologies/standards make it easier to define geographic information and make it usable by automation. A combination of such technologies can make it possible to form the integration of Semantic Web and GIS system. 
Research on efficient Mobile GIS service and Semantic Web has been advancing through the years. In [12], the study of Mobile GIS is given as integration of GPS data into an embedded Internet GIS. In [13], the framework and efficient data exchange protocol was proposed in order to be able to use a large amount of geospatial data in restricted mobile environments. Our Mobile GIS Service System [6], developed in our previous work, provide the efficient Mobile GIS model through Simple Spatial data Format (SSF) and map reduction mechanism. This system is possible to be used in both on-line and off-line environments.
TAP [4] developed at Stanford University extracts ontology instances from the web and populates the TAP KB. The interface for searching is a keyword based search and the result of search query returns the concept instances and corresponding relations.  Our BEE-SMART [9], developed at University of Missouri –Kansas City, provides an intuitive interface that “understands” natural language query and maps the query to a knowledgebase query. This project could be considered as an extension of TAP, by providing a Natural Language interface to Semantic Web. Another notable feature in BEE-SMART is the use of Semantic Web services, which dynamically searches and invokes Web services in response to users’ request. 
Kushmerick et al. [7] introduced the concept of creating specialized wrappers covering specific sources of information over Internet. This method uses Inductive Learning approach to automate the creation of Wrappers. RAPIER (Califf & Mooney, 1999) 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 inductive 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 of the Tour Guide System which can prove to be an extremely useful LBS application. Abowd et al. [1] have developed Cyberguide, which is handheld electronic tourist guide system that supplies the user with information based on user’s location. 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. They experimented with bitmap and vector-based map and were faced with the problems of using vector-based maps. Because they used workstation-based GIS mechanism, the system required high bandwidth downstream wireless connectivity to a wireless mobile client. Cheverst et al. [3] has an ongoing project GUIDE to investigate electronic tourist guides in a practical real-world environment. They have been building and testing 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. [12] focus on software support for location based applications. They are not just interested in the location but also other elements, attractions 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 approach visualization through HTML-based content, there still remain several problem areas: efficient map service and dynamic Location-based Information service, because of the use of bitmap-based image map and provide only stored information.
3   The Conceptual Design of LBS System
From the beginning, we have introduced the purpose of our work as follows: to provide location-based information through efficient Mobile GIS, and to service dynamic location-based information that is crawled from the Web. In this section, we describe a sample scenario and the conceptual design for our LBS System Prototype.
Figure 1 shows our LBS System Prototype. Our System can provide the locations of user-preferred city-attractions ranked by distance from the user’s present location on the digital map, and users can access Web Site/Web Service of the displayed points of interest by clicking on it on the digital map. For example, if a user tem consists of a client and Server architecture. wants to find all hotels in a 1 mile radius centered at the user’s current location, our system shall proceed in the following manner: (1) the Mobile Client receives the current location (Longitude/Latitude) of a user from GPS. (2) The Mobile Client sends a query to the LBS Server asking it to locate all hotels in the 1 mile radius given the current location as the center. (3) The LBS Server crawl locations and URLs of hotels within the 1 mile radius based on user’s location. (4) The LBS Server responds with the location-information and Web-URLs of the searched hotels to the Mobile Client. (5) The Mobile Client display 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) Mobile Client accesses Web Service/Web Site to obtain additional information of the hotel selected by the user.
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Fig. 1 Our Location-based Service System Prototype
To support this service, our system provides the following components:
· Positioning component: Because user’s location is most important context in LBS system, the component to determine location is necessary. To determine location, two technologies can be used: cellular location-based system and GPS (Global Positioning System). We use GPS in our system because it is a truly global system and has high accuracy (approximately 10 meters). This component receives current location information from a GPS receiver.
· Digital map service component: Map service is a simple and efficient way to provide visualization for a LBS system. This component enables the users to view their own location and point 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. We apply the efficient Mobile GIS model developed in our previous work [6]. 
· Service discovery component: This component is responsible for two tasks (1) to discover the geo-spatial information embedded into documents over Web and to extract these features. Using our OntoGenie [9] we takes unseen texts as input, looks out only for specific semantic patterns of interesting geospatial web data and then produces unambiguous fixed-format data as output. The specific semantic patterns are specified in ontologies and actual instances extracted from the Web are mapped onto the ontology (2) to provide a query resolution service that uses an inference engine to resolve user’s queries to appropriate types through defined service ontology.
· Communication component: In our system, the major role of the client is to provide a user interface as a map service and request/response interface for user. Location-based information is crawled from the Web by the Server. It is therefore necessary to communicate requests/responses between the client and the server to service Location-based information. Our system uses the SOAP-based Web Services to achieve this communication 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 user 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 star rating of hotel, the kinds of rooms, the price of each room and etc. In addition, the user also wants to be able to make reservations in a selected hotel. For this purpose, the use of Web Services is very desirable. In this paper, however, our system accesses the Web Site of the location selected through the map directly using URI received from LBS Server.
4   Realizing our LBS System
In this section, we describe how each of the separate modules in the conceptual architecture has been realized in our LBS System. 
4.1   Positioning Component
To determine location, two technologies can be used. The emerging cellular location-based systems typically provide accuracy within approximately 50 meters, and are generally used for assisting emergency services providers in locating callers. However, other location-based applications also can use the technology. GPS, the most widely deployed location technology system, is a satellite-based navigation aid originally developed by the US military. 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 use GPS to determine user’s location. 
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) coordinate system. Our system provides conversion between the two coordinate systems using the principal of Gaus-Kriger Projection.
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Fig. 2. NMEA-0183 messages received from GPS
4.2   Digital Map Service Component
In the system, we use our efficient Mobile GIS model proposed in our previous work [6]. The efficient GIS model includes Simple Spatial data Format (SSF) and map reduction mechanism to service geographic information efficiently on mobile devices, and this information can be displaced on PDA. 
The idea of SSF is to divide geographic coordinates into base and offset. SSF uses Xmin and Ymin in file header as base coordinate set and stores only the offset as the location of a spatial object. Although a coordinate set generally requires 16 bytes or more of memory, usage of SSF decreases this requirement to 8 bytes. Because a map consists of numerous records and coordinate sets, the use of SSF can result in great savings in terms of storage. 
We performed four steps as shown in Figure 3, in order to get a reduced digital map. The steps of dividing a digital map and creating polygons make processing of geographic information efficient on mobile devices. The steps for the generation of the map and format conversion actually reduce the digital map. Map division divides the digital map into smaller parts suitable for a PDA’s display size, and map generation decreases the level of detail using operations such as selection, simplification, and symbolization (refer to [6]). Creation of polygons is done by combining polylines, and provides better visuals. Because a polygon is a closed figure, it can be filled with color. The step involving format conversion converts the DXF format into our proposed SSF format.
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Fig. 3. Efficient Mobile GIS Model developed in our previous work

4. Service Discovery Component
For the Service Discovery Component a Web-Service wrapper has been built over the Google Web Crawler [15]. Through this component the Web is crawled and address information extracted and categorized on the basis of the type of establishment at the address, for example – restaurant, hotel, etc. For the further extraction, we extend our Ontogenie system [9] as part of our ongoing effort to meet the needs of extracting location specific service information from unstructured Web data. These Ontologies hold additional information about the locations that is semantically marked and can be intelligently queried. Instantiation of an ontology requires that either the information needed to populated a property value or instantiate a class be derivable from the present knowledge, or that we have information from which this data may be extracted. This means that while extracting information from web documents, we either need to extract the superset of all information required for populating ontologies for all services, or we make ontology instantiation dynamic and drive the information extraction based on what information is required for instantiating a particular ontology. Therefore, while going through a Hotel website and instantiating a Hotel ontology in the knowledge base, we look for information that populate such concepts as 'number of rooms', 'address', 'rent', etc. With a populated Knowledge Base, we can say that we have created an 'ontological' representation of physical services which have at least the 'location' as a common concept. Now this knowledge base may be queried for information and inferences.
This component also provides a query resolution services that uses an inference engine to resolve user’s queries to appropriate types through a defined service ontology (Figure 4). When a query is given by the user to search for a particular establishment type, the inference engine resolves the query to search the crawled location information for location data closely or absolutely matching the query. These locations extracted from all the data are ranked by distance from the current location and by closeness of match to the query. Additional information, such as URLs of Websites about the said location, image maps depicting the location and the surrounding area, is also extracted from the Web pages and also by using map Web Services. 
For instance consider the ontology below: if the user wants to “catch a plane” (the query) near his current location. The inference engine is able to infer using the service ontology given below that “a plane” is related to “airport” so it looks up information and services about airports near the users current location. If the crawler finds a service such as a ticket booking web service for the specific airlines it extracts and presents this service to the user on the map.   
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Fig. 4. Hotel service ontology
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. To illustrate this component consider a typical query where a user needs a room for a night near the current location. The following is the screen shot of the query request to the web service. 
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The following is a sample SOAP request and response. The placeholders shown need to be replaced with actual values.

POST /lbsgisservice/Servicel.asmx HTTP/1.1
Host: localhost

Content-Type: text/xml; charse
Content-Length: length
SOAPAction: "htep://tempuri.org/getidaress”

t1-5





The service ontology described above is used to infer that the room is basically a property describing the concepts of hotel, inn, and hostels etc. which are all “places to stay”. The services extracted therefore contain services for inns, hotels etc. A sample output on a test client application is shown below. 
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The user can further restrict his query by specifying that he 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. The instantiation of the ontology as explained above is accomplished using the Ontogenie system [9]. 
4.4   Communication Component
Web Service is an emerging technology that aims at integrating applications distributed over heterogeneous environments. The success of Internet and the Web has been attributed to the standardization of protocols and development of tools and applications for Web Services. Simple Object Access Protocol (SOAP) [8] is one of the Web standards that provide specifications to realize a 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 LBS System, we use SOAP based Web Service to communicate request/response for location based information between Mobile Client and LBS Server. Figure 5 shows SOAP Request/Response Message used in our LBS System.
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Fig. 5 SOAP Request/Response Message used in our LBS System
The client passes to the web service the current location of the user and the query. The response contains the results of the query, i.e. a list of services and addresses. The extraction of services from the web as well as extraction of their addresses is handled at the server hosting the web service.    

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, though our system uses only Web browsing service in this paper. 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. We are planning to use Web Services in our future work.
5   Implementing LBS 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 service wrapper over Google and information extraction application developed in MS Visual Studio .NET and query resolution tool made in Java as the server. The ontologies have been designed in OWL. The communication between the client and the server uses Wireless LAN (802.11 b) in this paper. In the future work, we will be testing this system using CDMA network. We implement SOAP-based Web Services based on .NET Framework and .NET Compact Framework. 

The client has two agents: Mobile GIS Agent and LBS Agent. The Mobile GIS Agent includes positioning component and digital map service component. It displays current location received from GPS and locations of attractions received from LBS Agent using the communication component and information component. It creates SOAP-based request message and parses SOAP-based response message. It also cashes URLs and then it accesses the Web Site when user clicks on a location indicated on the digital map. 
The server includes a Web service wrapper over the Google Web crawler and an Information extraction component that additionally includes a user-query resolution tool developed in Java and uses Jena to query a defined ontology to resolve the user request to closely matched establishments that may be found among the crawled address locations. The server makes use of the OntoGenie System [9] to instantiate the various ontologies. The various services crawled and extracted are added to a persistent knowledge base (synchronized to a backend database). 
6   Conclusion

We have described the problems of existing Location-based LBS System in providing an efficient map service and dynamic location-based information services. In this paper we have proposed a solution that uses ontology based extraction of context (location) specific information and services from the web. We have also described the conceptual design and architecture of our LBS System, and then we have discussed how we realize the components of the system namely the – positioning component, digital map service component, Web crawling component, communication component, and information component. The ontology also facilitates user querying by allowing us to inference class relations. To optimize the transfer and storage of high resolution maps on a resource constrained mobile device we make use of: - digital maps made of vector data such as small-sized spatial data, map scaling, multiple levels of detail, and computation of routing. 
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