1. AJAX Approach to GIS Visualization Web Services
AJAX [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. High performance Google mapping uses this new powerful browser based application model. 

Web Services [Booth] are self-contained, self-describing, and modular. Unlike earlier, more tightly coupled distributed object approaches such as Common Objects Request Brokers (CORBA), Web Service systems support an XML message-centric approach, allowing us to build loosely coupled, highly distributed systems that span organizations.   Web Services also generalize many of the desirable characteristics of Geographic Information Systems (GIS) systems, such as standards for providing general purpose specifications for publishing, locating, and invoking services across the Web. Web Services also use widely-used and well-known technologies such as XML and HTTP as AJAX does. Since AJAX and Web Services are XML based structures they are able to leverage each others strength.

AJAX is an approach to web applications that includes a couple of technologies. These are JavaScript, HTML, Cascading Style Sheets (CSS), Document Object Model (DOM), XML and XSLT, and XMLHttpRequest as messaging protocol. These core technologies forming AJAX are mature, well-known and used in web applications widely. AJAX became so popular because it has a couple of advantages for the browser based web applications developers. It eliminates the stop-start nature of interactions, user interactions with the server happen asynchronously, data can be manipulated without having to render the entire page again and again in the web browser, and requests and responses over the XMLHttpRequest protocol are structured XML documents. This enables developers easily integrate AJAX applications into Web Services.

1.1. Integrating AJAX with GIS Web Services: 
The most commonly used and well-known visualization related Open Geospatial Consortium (OGC) [ogc] GIS service types are mapping services and data services. OGC calls mapping services as Web Map Services (WMS) [Beaujardière] and data services as Web Feature Services (WFS) [Vretanos] and Web Coverage Services (WCS) [Evans]. WFS provides feature data in the vector format encoded in Geographic Markup Language (GML) and WCS provides coverage data in raster format. 
Integration is basically coupling AJAX actions with the Web Services invocations, and synchronizing the actions and returned objects from the end users’ point of view. We created a generic architecture to invoke Web Services in AJAX fashion. Depending on the Web Services’ specific characteristics, there might be some implementation differences coming from the service specific requests created according to the service provider’s service API, or handling returned data to display on the screen. 

There are two main actors in the integration architecture – the visualization client and GIS Web Services such as WMS and WFS. Web Services are invoked by using Simple Object Access Protocol (SOAP). SOAP is an XML based messaging protocol for the message exchange. Integration is done at the browser based visualization client. We invoke the GIS Web Services by using AJAX approach. Visualization client gets maps from WMS in an image format and gets the vector data from WFS in the form of GML encoded in XML. After getting maps and vector data the client overlays these layers as a new integrated map and draw on the browser screen without refreshing the page. 
In the AJAX model, requests are done by using XMLHttpRequest object and HTTP protocols. In contrast, Web Services are invoked by specific client stubs created by using Web Servive’s service interface represented in WSDL (Web Service Description Language). To overcome this incompatibility of invoking Web Services in AJAX model, our proposed integration framework uses an intermediary Servlet or Java Server Page to capture the HTTP based Servlet requests from the client and convert them into a form to invoke remote Web Services. Intermediary Servlet is deployed in local machine on which browser based client application works. Requests in the form of XMLHttpRequest are done to local intermediary Servlet and this Servlet is capable of making Web Services request to remote Web Services by using precompiled Web Services client stubs. Intermediary servlet also converts returned data from the Web Services in a format that clients can understand and interpret it. 
2. Collaborative Map Videos through the Streaming Web Map Services

We produce map animations in the form of streaming map videos similar to ones you see in the weather cast web sites or weather news. Maps are produced from geographic data provided by WFSs, WCSs and WMSs in the form of vector or raster data.  All the GIS services in our system [Sayar_tec, Sayar_isprs] are OGC compatible and Web Services based. Our proposed system uses NaradaBrokering [Pallickara, Narada] and GlobalMMCS to provide streaming map movies in the collaborative environments.

OGC defines a number of standards, both for data models and for online services, that has been widely adopted in the GIS community. OGC is a non-profit, international standards organization that is leading the development of standards for geographic data related operations and services. OGC has variety of contributors from different areas such as private industry and academia to create open and extensible software application programming interfaces for GIS.
In GIS area there is a huge demand of using multimedia technology over internet scale to support groups collaborative work in which members are distributed at different geological locations, such as distance learning, virtual classroom, video conferencing etc. Because of the characteristics of the geospatial data, one organization or entity can not have all the geo-data and geo-services available locally. So they need some other data and services from other entities. They require sharing of data. Some times organizations need to make a decision about the geographic data by looking at the map or animated movies. They can achieve this by getting together physically or using collaborative GIS services. This growing need and demand for large scale interactive and collaborative GIS systems present several interesting research challenges in computer science such as: design of good collaboration framework with advantages of high scalability, extensibility, reliability and security, design of synchronization and composition mechanisms to synchronize multiple video/audio streams. In order to achieve these aims, partially or fully, we have been using our Lab’s GlobalMMCS [Fox_lv, Wu, Fox_brz] collaboration services for the GIS collaborative visualization applications. GlobalMMCS is an integrated video conferencing solution which enables heterogeneous clients to join the same real-time multimedia sessions. It provides a flexible architecture to support even more standards and applications. We also inherit many additional features such as replay and collaborative annotation and whiteboard systems.
All the services participating in the proposed architecture are Web Services. System utilizes all the advantages of the Web Services such as easy integration, using widely acceptable technologies, cross-platform, cross-language etc. However, because of the characteristics of the geographic data and Web Services message exchange protocol, SOAP, there are performance limitations if we use the current SOAP approaches to integrate GIS applications with Web Service based collaboration systems, especially for the multimedia GIS applications such as displaying streaming map movies. To overcome this type of performance issues we created streaming version of OGC’s WMS for creating both static maps and map movie streams composed of more than one static map. Streaming data transfer is enabled by using Community Grids Lab’s Naradabrokering messaging middleware. The Naradabrokering messaging substrate enables scalable, fault-tolerant, distributed interactions between entities, and is based on the publish/subscribe paradigm. The Naradabrokering substrate provides support for transport protocols such as TCP, Parallel TCP, UDP, Multicast, HTTP and SSL; it also facilitates communications across NAT and firewall/proxy boundaries.
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