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Abstract: The solution of this study to real-time feature-level geospatial data sharing over the wireless web for location-based service applications uses OGC web services. The framework uses Geography Markup Language(GML) for geospatial data encoding and feature relationship, which provide a basis to propagate the data update from one source to related other sources and applications, and to search and extract data at the feature level. For instant remote data access and exchange, the Web Feature Service(WFS) is used for data access and manipulation operations on geographic features from different sources through the web, the Web Map Service (WMS) produces maps in a standard image format(PNG, JPEG, SVG) of spatially referenced data dynamically from geographic information from heterogeneous geospatial databases and the Web Coverage Service (WCS) supports electronic interchange of geospatial data as "coverages" – that is, digital geospatial information representing space-varying phenomena. These approaches ensure basic conditions for interoperability by using standard exchange mechanism between diverse spatial data sources connected over the web. Finally, the Mobile SVG standard is used for data display on the client’s browser, due to the low memory, low CPU power and limited display of mobile devices. A prototype is implemented to query, extract the map geographic features stored in web accessible OGC simple feature data stores for the application of the LBS. The results show that OGC WFS and WMS eliminate time-consuming data translation and facilitate reuse of existing geospatial data over the Web.
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1. Introduction

Like other time-critical applications, such as emergency response, real time traffic management and environmental monitoring, location-based services needs instant access to diverse data to make quick decisions and take instantaneous actions. But it is often difficult to obtain even basic geographic information promptly. The problem is not necessarily that the geographic information has not been captured, but accessing and combing geographic information from different sources in a timely manner. The issue of how to acquire data rapidly from different sources and integrate the heterogeneous spatial data for analysis becomes very important for the time-critical applications where decisions must be made quickly. 

Although the development of the WWW and many of the Internet GIS programs provide proprietary ways to allow users to quickly access, display and query spatial data over the web, issues still exist that prevent decision makers from quickly integrating the heterogeneous spatial data. Two issues obviously block time-critical applications to quickly acquire and integrate spatial data over the web: One is the heterogeneity of existing GIS systems and the other is the file-level data sharing systems over the web. The use of open standards, protocols and technologies offers the potential to overcome the interoperability and file-level data sharing problems and therefore facilitate feature-level spatial data sharing over the web in real time. This study aims to examine current open standards, protocols and technologies to achieve real time spatial data sharing over the web for the Location-based services. 

The Location-based services provide context sensitive information based on mobile user’s location. Recently, with the rapid development of mobile communication technology and wide spread of mobile devices such as cellular phones equipped with a GPS receiver, PDA, notebook PCs, LBS technology which uses location information of mobile devices is being more important. Achieving the full value for location-based services depends on the consistent communication across different regions, technology platforms, networks, application domains, and diverse heterogeneous databases. Therefore, data sharing is a necessity for the widespread adoption of location-based services.

The remainder of the article is structured as follows. In section 2, a data sharing framework for location-based services is depicted. We describe how our prototype is implemented by combining several technologies including GPS, WFS, WMS, SVG, etc. In Section 3. In section 4, advantages which the approach presented in this paper has in facilitating time-critical applications is described. We conclude the paper with summarizing our findings and by sketching a road map for future research in section 5.

2. A Data Sharing Framework for Location-Based Services
The solution of this study to real-time feature-level geospatial data sharing over the wireless web for location-based service applications uses OGC web services. The framework uses Geography Markup Language(GML) for geospatial data encoding and feature relationship, which provide a basis to propagate the data update from one source to related other sources and applications, and to search and extract data at the feature level. For instant remote data access and exchange, the Web Feature Service(WFS) is used for data access and manipulation operations on geographic features from different sources through the web, the Web Map Service (WMS) produces maps in a standard image format(PNG, JPEG, SVG) of spatially referenced data dynamically from geographic information from heterogeneous geospatial databases. These approaches ensure basic conditions for interoperability by using standard exchange mechanism between diverse spatial data sources connected over the web. Finally, the Mobile SVG standard is used for data display on the client’s browser, due to the low memory, low CPU power and limited display of mobile devices. As is known that each mobile device has different characteristics in terms of CPU speed, memory size, and color support. To address the range of different device facilities, two profiles are introduced: SVG Tiny (SVG) is suitable for highly restricted mobile devices; while SVG Basic (SVG) is targeted for higher level mobile devices. 
The main advantages of this approach are interoperability and feature-level data sharing. Using this approach, time-critical applications and organizations can deploy spatial data and geo-processing capabilities over the web in real time so that mapping and geoprocessing resources distributed over the web can be shared and integrated and information from diverse sources with incompatible data formats can work together transparently across the web. Because this approach allows users to access data at the feature level from distributed sources, it can largely reduce the time spent on data acquiring and integrating by time-critical applications, which may only need a few of features in a small area to make decision. Further, because WFS uses GML to represent features and the XLink in GML can link or associate spatial features from different sources, the update in one data source can be immediately reflected or propagated in other related data sources or applications. 

The solution is based on some open standards and has the potential to be a way of getting to data interoperability. The detailed related knowledge for this solution is discussed in the following sections. 

Interoperability plays an important role in time-critical applications. Interoperability is necessary for time-critical applications to fully exploit huge existing geographic information and make a rapid, effective and efficient response. Standardization is seen as a way to achieve interoperability and a solution to solve problems arising from syntactic, structural, and semantic heterogeneity between data sources. Currently many researchers agree that adopting open standards is an important approach to realize interoperable geographic information systems and share spatial information in real time over the web. The recent development in web services further makes the construction of interoperable GIS possible. With web services it becomes possible for time-critical applications to acquire and integrate spatial data from heterogeneous sources in real time over the web. 
Within the broader context of web services, OGC web services deal with geographic information on the Internet. OGC web services provide a vendor-neutral interoperable framework for web-based discovery, access, integration, analysis and visualization of multiple online geospatial data sources. OGC web services represent an evolutionary, standards-based framework that enables seamless integration of a variety of online geoprocessing and location services. Examples of OGC web service standards include WFS, WMS, Web Coverage Service (WCS), Catalogue Service (CS). WFS is an OpenGIS implementation specification that allows a client to retrieve, query, and manipulate feature-level geospatial data encoded in GML from multiple sources. The OGC WMS specification is capable of creating and displaying maps that come simultaneously from multiple heterogeneous sources in a standard image format. WCS provides access potentially detailed and rich sets of geospatial information, in forms that are useful for client-side rendering multi-valued coverages, and input into scientific models and other clients . CS provides catalogues for OGC web services and supports the ability to publish and search collections of descriptive information (metadata) for data, services, and related information objects. With the OGC web services technologies, users can ‘wrap’ existing heterogeneous data into a web service and enable many potential clients to use the service (Figure 1). 
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Figure 1. Sharing heterogeneous spatial data through web services 

3. A Prototype Implementation

Because the standard wireless network has limited bandwidth, longer latency and lower degree of reliability to deliver wireless data, in this study the new mobile Internet standards such as the Wireless Application Protocol (WAP) and the Wireless Markup Language (WML) are applied. WAP gateways provide efficient wireless access to the Internet and handle requests from WAP-enabled handsets and pass requests to and receive data from server (Figure 2). 

Determining the location of mobile users is one of the most challenging tasks which must be undertaken in order to enable a location-based service. Location-based service providers currently use different methods to determine locations. GPS is a position, velocity and time determination system which is truly global, is able to operate 24 hours a day under all weather conditions, and charges no user fees. Since GPS offers many advantages, in this study it is considered a ‘first-choice’ solution for the mobile positioning applications.

A PDA is used in the prototype acting as a mobile device which will send request to and get responses from the LBS provider and display the results on the browser. In order to display the SVG on the PDA or other mobile devices we will use an OGC compliant client such as Gaia and deegree which is capable of handling raster maps and GML features from any WFS or WMS server.

The open source software Geoserver is installed to provide web feature services and web map services. Geoserver is developed with a full implementation of the OGC WFS and WMS specifications. 

Several geospatial databases are used in the prototype case study to implement the proposed framework. The databases include the information of the roads, bus-route, stores, schools, banks, hospitals in Wuhan City which is all encoded in GML. The prototype allows the LBS clients to access and extract data at the feature level on the browser from distributed sources without downloading the full data file which will solve the problems of limited capacity of the terminal equipments. It shows that the proposed data-sharing framework is capable of sharing data without conflation, accessing and exchanging geospatial data in real time at the feature-level which will satisfy the needs of LBS clients. The prototype also shows the changes in one database will be automatically reflected on the browser of the user’s. Assisted by the technology of GPS, Location-based Service clients can get access to the Position of interest and the other information related to the position.
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Figure.2  The Components Of Location-based Service Architecture 

4. Discussion

In order to reduce duplication of efforts among agencies, make geographic data more accessible to the public and increase the benefits of using available data, a framework of real time geospatial data sharing for time-critical applications is proposed by using OGC WFS and WMS. It is found that the approach has many advantages in facilitating time-critical applications: 

First, it supports multiple time-critical applications. With the proposed framework, heterogeneous information can be accessed by different mobile users. 
Second, the approach allows spontaneous access to a feature in different datasets that are located in different data servers, and permits users to exchange data at feature level. Sharing and exchanging data at feature level in real time are especially important for time-critical applications, because they can largely reduce the time spending on data-acquiring processes and offer an emergency response team the ability to directly search for and access all feature-level information in the distributed internet environment. 

Third, this approach can make different time-critical applications access various formats of spatial data and services and therefore eliminate the time wasted on converting data. It give users the capability to easily and dynamically publish and exchange data in an open, non-proprietary industry-standard format on the web, thus maximizing the re-use of geospatial data, eliminating time-consuming data conversion and reducing associated costs. It bridges the gaps among different data sources, vendors, databases and formats. Furthermore, this framework reduces users’ requirements for local data storage, and creates new opportunities for businesses that maintain online sources of data and information. 

Fourth, this approach can allow users and key decision makers to quickly access the most accurate and up-to-date geospatial data over the web. Geospatial data at one location can be dynamically related to data elements at another location, and an update at one database can be automatically reflected in another related database, an ultimate goal of data sharing. 

Finally, Spatial information created in one department can be available to others immediately, and all independent systems can communicate quickly and effectively, regardless of data formats. 

While this approach has the aforementioned advantages, it still has some limitations to be resolved such as semantic interoperability issues. Semantic issue may be the most difficult one and has been discussed in recent literature (Egenhofer 1999). How to automatically convert geospatial data to user-specific geospatial information and knowledge by using a service-oriented architecture is one of major research issues in geospatial semantic web. Some other issues, such as where users can find OGC web services, scalability, and security, also need to be further investigated. 

5. Conclusions

This research examines current open standards, protocols and technologies capable of resolving the issue of data integration and dissemination. A solution is proposed for searching, accessing, extracting and visualizing network spatial data at feature level in real time over the wireless web from distributed sources with different GIS formats. A prototype system has been implemented as a test-bed for the proposed solution. The results of the prototype shows that the OGC WFS and WMS may play important roles in real time geospatial data sharing and exchange from heterogeneous sources at feature level for time-critical applications. They can allow users to download only interested features of a data file instead of the whole data file, disseminate and update spatial data in a timely, accurate manner. They also can eliminate time-consuming data translation, reduce integration requirements and associated costs, and facilitate reuse of existing geospatial data over the web. With WFS and WMS, individual organizations can leverage disparate data from multiple sources, regardless of vendor brands, formats, or platforms, and thus realize complete data sharing. Many other time-critical applications, such as emergency response, real time traffic management and environmental monitoring also can implement the OGC Web Service for instant access to diverse data to make quick decisions and take instantaneous actions.
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