GIS Visualization Web Services
INTRODUCTION

Geographic Information Systems (GIS) introduce methods and environments to visualize, manipulate, and analyze geospatial data. GIS is a combination of a database management system and a graphic display system for the geographic and spatial analysis. Data and services are provided from different geographically distributed providers from different professions. GIS basically involves the integration of data and services from multiple sources from different vendors.
Visualization is a methodology for generating images and/or graphics from multi dimensional data sets. Because of the multi disciplinary nature of geospatial data, it is difficult to extract useful information from them without sophisticated processes. Visualization is a set of tools and a way to extract information from the geospatial data and convert them to knowledge for the decision makers in the GIS area.

The nature of the geospatial applications requires seamless integration and sharing of spatial data from a variety of providers. Since each provider provides his services with different interface and data models, integration of these services and data is mostly problematic. To solve the interoperability problems, the Open Geospatial Consortium (OGC) [ogc] (non-profit, international standards organization) has introduced standards by publishing specifications for the GIS services. Our implementation of GIS, online services and data models, are OGC compatible. According to the specifications, we implemented GML [Cox2003] as data model and, WMS [Beaujardiere2002] and WFS [Vretanos2003] as online services.
Although OGC has introduced some specifications to solve the interoperability and common data format problems, GIS has still some other problems, again related to performance and interoperability. These problems can be summarized as below.

What are the main problems in GIS Visualization?
· Interoperability for data models and online services.

· Representing, transferring, parsing, huge geographic data.

· Keeping the services and data up-to date, Dynamic service info upgrading.
· Integration of pure visualization systems with the geophysics applications.

· Cross-platform, cross-language interoperability.

· Creating efficient user interface frameworks for the GIS decision makers

· Performance and efficiency in general.

In this chapter we give some brief information about what our group’s approach to these challenges and problems of distributed GIS visualization. Next chapter gives the proposed solutions from the GIS Service’s point of view and the following chapter recommends some technique to increase the performance of the web based GIS applications from the user end points’ point of view.

Approaches to overcoming the common challenges in the GIS Visualization Systems
Interoperable and easy to integrate services (Web Services): The emergence of Web Service technique overcomes the shortcomings of traditional Distributed Object technique and provides the interoperable capability of cross-platform and cross-language in distributed net environments. The Web services architecture establishes a standard interconnection rules between services and information clients that nicely support the dynamic integration of data, which is the key to creating a spatial data infrastructure. By introducing Web Services, distributed GIS services from different vendors can be dynamically integrated into the GIS applications using the interoperable standard communication protocols of the Web Services [Sayar2005].
Dynamically updated Services: According to OGC specifications, each GIS service should be able to provide its capabilities to its clients upon requests. Regarding visualization, WMS publishes its service metadata and information about the layers provided. Visualization systems should keep up-to-date information to be able to serve their clients in an appropriate way. In order to create dynamically updating GIS services we need an information registry service. OGC call it as WRS (Web Registry Service). All the data providers such as WFS and WCS should register this registry service and send their capability file when they make any change on it. Other services such as WMS checks WRS again at some time intervals to see if there is any update, if so, it also updates its capabilities file and sends it to clients upon requests.

Efficient data representation and information extraction: Visualization system uses OGC definition and standards for the feature data representation. OGC call it as GML, Geographic Markup Language. GML is XML structured data representation format. Using XML as data representation format gives a lot of advantages such as manipulating, extending, querying and navigating geospatial data. The most important drawback of using XML as data representation is that it increases the original size of the data. This increase causes delays in the data transfer time [Chiu2002]. For the manipulation and information extraction of the XML structured data we uses XML Pull Parser. It does not provide any support for validation. This is the main reason that it is much faster than its competitors.  If you are sure that data is completely valid and validation is done at the server side, then using XML Pull Parsing gives the highest performance results.
Services support both HTTP Get/Post and SOAP over HTTP protocol: Web Mapping Services are provided over the HTML Get/Post and SOAP protocol. Each of these access methods uses HTTP as its underlying protocol. Although Web Services can operate over almost any internet protocol, HTTP is the preferred protocol for most of the GIS applications. HTTP has some drawbacks when the GIS application developers develop some systems in which services should communicate and chained together to achieve some specific tasks. The most well-known drawback of the HTTP protocol is the lack of support for asynchronous messaging. It also does not guarantee delivery of a message. On the other hand, Web Services provide valuable capabilities such as providing standard interfaces to access various remote resources, ability to launch and manage applications remotely, or control collaborative sessions etc. 

Streaming of huge XML data transfer: Web Services communicate with each other via XML based messaging, SOAP. SOAP provides much more flexible format to the messages then the HTTP Get/Post, but translating each message call to SOAP and the translating the results back to a native format is time consuming and error prone.  This is the only drawback of the using Web Services in GIS from the performance point of view. In order to be able to overcome this drawback we use streaming over messaging middleware. As message middleware we use Naradabrokering [naradabrokering] which is a topic-based publish-subscribe messaging systems for exchanging SOAP messages and data payload between Web Services. NaradaBrokering provides several useful features besides streaming data transport such as reliable delivery, ability to choose alternate transport protocols, security and recovery from network failures. 

Quality of services: Web Mapping Services users can select different combination of run time properties according to their needs. These properties are related to streaming and Catalog-Registry services. Depending on users settings of the variables in the properties file users will end up with four different modes of mapping servers. These running modes are basically; Streaming & Registry Enabled, Streaming & Registry Disabled, Non-streaming & Registry Enabled, Non-streaming & Registry Disabled.
Bridging: In addition to providing supports for both HTTP Get/Post and SOAP protocols, our implementation of mapping services can aggregate and provide capabilities from different mapping services running on different distributed computing platforms.  Cascading WMS is the key term in the implementation framework which is defined in OGCM WMS specifications. In that context, mapping server acts like a client to the other WMS and as a server to the clients. The client does not need to keep track of several WMS servers; it only has to be aware of one. The cascading WMS reports the capabilities of the other WMS as its own and aggregates the contents and capabilities of several distinct WMS servers into one service. In our real project demo we have been using Landsat 7 satellite imagery map from WMS at NASA OnEarth [NasaOnearth] [Plesea2005].
Other closely related services in visualization of GIS data: Using Web Service based WFS and FTHPIS as catalog-registry service is another advantages of the system. Please see the related chapters in this document for the information about Web Feature Services (WFS) and Fault Tolerant High Performance Information Services (FTHPIS), FTHPIS is an extended implementation of OGC Web Registry Services (WRS) [wrs2002].
Different Approaches to Web based Client Architectures for GIS Decision Makers.

Web application client solutions can range from simple HTML viewers “thin clients”, to more capable “thick client” implementations that aggregate broad levels of data collection, manipulation, and presentation.

Basically, a thin client is a web based application and most of the processing is done on the server side. In contrast, a thick client is installed into the client side. It is still connected to the server, but most of the processing is done on client side. With thick client, there won't be much processing via the network. In a way, it will be a much faster option if your network is slow or congested.

As a summary, there are three groups of approaches to web based client implementations.

· Thin Clients: easy to implement, lower hardware and software costs.
· Thick Clients: More flexible, less network bandwidth.
· Clients in between. 
Our Web based Visualization client is in between thin client and thick client. By this way, we take advantage of both approaches. In order to achieve this, we create middle proxy server for OGC visualization server. Each client makes its request to this middle server. Middle server implements caching and session information for each connected clients. This prevents unnecessary repeated huge data transfer and makes the transaction very fast. In that scenario workload comes from integration of images produced from caches and newly coming data. Another drawback might be the storage limit in the middle server keeping cached image data. When the performance benefits are considered, it is the best approach for the GIS Visualization Client architecture.
In this proposed approach system take advantage of both thin client and thick client approaches to Web based client applications. The most important advantages of these two approaches are listed above. In general OGC compatible mapping services are stateless and caching is not available. Our generic middle server infrastructure is easy to integrate to any OGC compatible GIS Visualization systems. 
We went one step further and integrate AJAX [Garret] approach into Web Service based GIS Visualization Clients applications. AJAX is an important web development model for the browser based web applications. It uses several technologies which come together and incorporate to create a powerful new model. Technologies forming AJAX model such as XML, JavaScript, HTTP and XHTML are widely-used and well-known. Google Mapping is an example of a high performance AJAX based application. 

AJAX uses HTTP based XMLHttpRequest protocol for the message transfers. Web Services use Simple Object Access Protocol (SOAP) as a communications protocol. In order to be able to integrate these two different computing environments using different message protocols, we should have found a common protocol or we should have converted the message format from one protocol to another. Since there is no ready to use common protocol to handle messages communications between AJAX and Web Services, we created a new framework converting message formats from one computing environment to another which integrates these two powerful technologies and obtains the best performance results. 

This framework is designed for browser based web applications using Web Services. It enables users to utilize AJAX and Web Services advantages. Since AJAX and Web Services are XML based structures they are able to leverage each others strength.
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