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Abstract

In recent years the Geographic Information Services community has witnessed significant activities on the development of open standards. These activities have in turn resulted in the development of more sophisticated applications and frameworks. This paper presents a discussion on the open standards and related software development and briefly describes research efforts in Community Grids Lab (CGL) on Web Services architectures for coupling distributed geographic data and services. 
1. Introduction

With the universal availability provided by the Internet for both data and online processing /visualization tools, today we have access to a number of high-quality online mapping web sites, which integrate static map data with high resolution satellite pictures, along with many other types of publicly available geographic data analysis or visualization applications. As more geographic data and related applications become available organizations have been formed to answer the problem of interoperability between geophysical data and services. Two major standard bodies are Open Geospatial Consortium (OGC) and the Technical Committee tasked by the International Standards Organization (ISO/TC211). The OGC standards are the most well known among the industry specialists and developers because of their focus on the actual implementation details and real-world solutions while the ISO/TC  211 focuses on high-level definition of geospatial standards from an institutional perspective. In this paper we describe Community Grids Lab research on implementing OGC data and service specifications in Grid/Web Services environments. This research for integrating open geospatial standards with the Web Services was inspired mainly from the need to create platforms for coupling distributed geographic data and scientific geophysical applications. While developing these services we have faced several obstacles which we mention in this paper. 
The organization of this paper is as follows: In section 2 we give a brief introduction to OGC and provide a summary of the major OGC specifications. Section 3 summarizes the major OGC feature data standard, the Geography Markup Language (GML), GML Profiles and some related development issues. In section 4 we provide a table of the specifications we have completely or partially implemented. The table also includes the issues we have faced and the solutions we have developed. Section 5 gives an overview of Grids and Web Services and briefly summarizes CGL efforts for creating Web Services based distributed GIS architectures. Finally in section 6 we conclude the paper with some suggestions for better integrating OGC standards and Web Services. 
2. OGC Service and Data Standards

The OGC is an international industry consortium of more than 270 companies, government agencies and universities participating in a consensus process to develop publicly available interface specifications. OGC Specifications support interoperable solutions that "geo-enable" the Web, wireless and location-based services, and mainstream IT. OGC has produced many specifications for web based GIS applications such as Web Feature Service [1] and the Web Map Service (WMS) [2]. Geography Markup Language (GML) [3] is widely accepted as the universal encoding for geo-referenced data. The OGC is also defining the SensorML [4] family of specifications for describing properties of sensors and sensor constellations and sensor observations. Considering the strong background from the industry and backing of scientists, experts and several research institutions we expect to see wider deployment and acceptance of OGC specifications, both at national and global level. 

The OGC specifications can be studied in two groups: data and service specifications. The major data specifications are Geography Markup Language (GML) and Observations and Measurements (O&M). GML is used to describe vector geographic data; O&M is used to encode sensor observations and measurements. Additionally the Sensor Model Language (SensorML) provides a general model and XML encodings for describing sensors, transducers and their properties. 

Major Service specifications are Web Feature Service (WFS), Web Map Service (WMS), Web Coverage Service (WCS) and Catalogue Service. Additionally two other important specifications used by these services are OGC_Common Catalog Query Language and OGC Filter Encoding. The Catalog Query Language describes a query language to be supported by all OGC Catalog Interfaces in order to support search interoperability [02-087] and the Filter Encoding defines an XML encoding for filter expressions. The filters are used to encode geospatial queries in XML to be used in the services.

Following table provides an overview of these standards, their formal definitions and the latest implementation specification information.
	Standard
	Definition
	Specification

	Geography Markup Language (GML)
	GML is an XML grammar written in XML Schema for the modeling, transport, and storage of geographic information. GML provides a variety of kinds of objects for describing geography including features, coordinate reference systems, geometry, topology, time, units of measure and generalized values.
	ISO/TC 211/WG 19136

OGC 03-105r1

Version: 3.1.0

Date:2004-02-07 

Pages: 601



	Observations and Measurements (O&M)
	The general models and XML encodings for observations and measurements, including but not restricted to those using sensors. Based on GML.
	OGC 05-087r3

Version: 0.13.0

Date: 2006-02-24

Pages: 136

	Sensor Model Language (SensorML)
	The general models and XML encodings for sensors.
	OGC 05-086

Date: 2005-10-05

Version: 1.0

Pages 110

	Web Feature Service (WFS)
	WFS allows a client to retrieve and update geospatial data encoded in GML from multiple Web Feature Services. The specification defines interfaces for data access and manipulation operations on geographic features, using HTTP as the distributed computing platform. Via these interfaces, a Web user or service can combine, use and manage geodata -- the feature information behind a map image -- from different sources. 


	OGC 04-094

Date: 2005-05-03

Version: 1.1.0

Pages: 131

	Web Map Service (WFS)
	A Web Map Service (WMS) produces maps of spatially referenced data dynamically from geographic information. This International Standard defines a “map” to be a portrayal of geographic information as a digital image file suitable for display on a computer screen. 
	OGC 06-042

Date: 2006-03-15

Version: 1.3.0

Pages: 85

	Web Coverage Service (WCS) 
	WCS extends the WMS interface to allow access to geospatial "coverages" (raster data sets) that represent values or properties of geographic locations, rather than WMS generated maps (pictures). 
	OGC 03-065r6

Date: 2003-08-27

Version: 1.0.0

Pages: 67

	Catalogue  Services
	Catalogue Service Implementation Specification defines a common interface that enables diverse but conformant applications to perform discovery, browse and query operations against distributed heterogeneous catalog servers.


	OGC 02-087r3

Date: 2002-12-13

Version: 1.1.1

Pages: 239

	Filter Encoding
	Filter Encoding defines an XML encoding for filter expressions. A filter expression constrains property values to create a subset of a group of objects. The goal, typically, is to operate on just those objects by, for example, rendering them in a different color or saving them to another format. 
	OGC 04-095

Date: 3 May 2005

Version: 1.1.0

Pages: 40


GIS research at CGL focuses on creating data repositories and services for integrating various scientific geophysical applications with the geospatial data. To create a GIS Grid system which provides support for commonly used industry standards we have adopted OGC specifications in this research. Therefore we have implemented several GML schemas for various types of geographic data, O&M schema for GPS sensor data, Web Feature Services and Filter Encoding Implementation.

3. Geography Markup Language and Related Issues
From the implementation point of view the OGC standards are known to be not trivial to adopt. For instance the GML 3.1.0 specification comes with 33 XML Schemas. Although not all of these schemas or complex data types described in them are required to create GML descriptions for simple geographic features the complexity of the GML requires extensive engineering during several levels of the implementation. 

For instance the most XML related object oriented programming implementations require some sort of data binding framework to be used to create a programming object from the XML document and vice versa. However the structure of the GML Schemas and the XML Schema types used in these schemas are rather complex which in most cases requires additional programming to be done after generating the code using Data Binding Frameworks such as XMLBeans or Castor. The earlier versions of these frameworks had virtually no or very little support for substitution groups which made Java based OGC implementation very time consuming since we tried to replace the use of substitution groups with similar XML Schema constructs (Choices). Although latest versions of the Data Binding frameworks do provide support for substitution groups still the programmer often has to do some additional programming to actually get the automatically generated code to create valid GML instances. The problems with the use of less common XML Schema types in GML schemas and its implications have been discussed in the community. 

The substitution groups are normally not used in the systems where the data descriptions are expected to be mapped to OOP objects, and instead type substitutions are used (xsi:type). Substitution Groups FAQ from the XMLBeans [5] Wiki discusses this issue from the Java perspective as following [6]: 

Why would one use substitution groups? 

In general, there is no reason to, especially in data-oriented environments. If you use XML to encode and pass data around, there is nothing that you can achieve by using substitution groups and you can't by using normal type substitution (xsi:type). 

Why is it so hard to work with substitution groups from Java? 

Basically the main problem arises from the fact that while XMLSchema types map almost naturally to Java types, XMLSchema elements (and attributes) only map to JavaBeans-style properties, which don't have polymorphism. To finish drawing the parallel, it would be like being able to say in Java "I want to use calls to method x() instead of calls to method y() on every object on which y() is a legal method call". That would really be confusing, now, wouldn't it? Since this mismatch exists, it's challenging to come up with a good translation of this concept into Java. 

We have discussed the earlier implementation issues related to GML and Filter Encoding Schemas in an online article available at cirisisgrid.org [7].

The notion of the complexity of the GML schemas has been widely discussed by the GML users/developers. One of the founding members of OGC and the original developer of the GML Ron Lake discusses this issue in his blog entry dated September 6, 2005 [8]. Lake cites various reasons why people think that the GML is complex and offers explanations for each of the reasons. A summary of some of the Lake’s answers to the issues are as follows, for the complete discussion see the blog entry in [8]. 

· The GML specification is thick (over 600 pages) but it is like a phone book which has a very simple information model (a list of names, addresses and phone numbers). The underlying model in GML schema is similarly simple, which contains an object (Curve, Point, and Feature) and the object’s properties.

· The specification describes many objects and it has more than 1000 tags. However the user only needs to understand the parts he/she is interested or important to the area of the application. 

· GML deals with complex topics because the topics that underlay Geography are not necessarily simple.

· GML is written in XML Schema which is the main reason behind the processing and visual complexity of the GML Schemas. And the application schema processors must be able to handle non-trivial operations such as inheritance handling or dealing with the substitution groups. There are various vendors who offer SDKs that hide the XML Schema details from the developers.

GML attempts to give the long sought answer to the geospatial data interoperability problem. The geospatial data issue is a multi dimensional and complex problem. There are several types of geospatial data: satellite imagery, aerial images, coverages, maps, vector data, sensor measurements, raster data etc. Therefore it is understandable to have a large specification with many tags and complex structures. However we think that the major issue related to the application development based on the OGC specifications is neither the size of the specifications or the number of objects described in the schemas. The issue is related to what is discussed in the last bullet above: The GML schemas (and others such as Filter Encoding) are written in XML Schema. Although XML is the de-facto language for the Web based software development, several XML Schema types are not usually employed in most of the application schemas. However the GML Schemas freely use obscure XML Schema types (such as substitution groups as discussed above) which makes the development process unnecessarily complex. In the early phases of the WFS and Filter Encoding development we were able to modify GML schemas to use simpler XML Schema types and easily generate data binding code [7]. 

3.1  GML Profiles

As an answer to the above discussion about the complexity of the GML related application development the GML profiles are created. The profiles are intended to facilitate the rapid adoption of the GML and to expedite GML related software development. A GML profile is a logical restriction to the GML and may be expressed by a document or an XML Schema or both. The developers simply restrict the use of GML to certain types (such as only Point support or only simple geometry support etc) and this allows creation of simpler schemas.

An example of the GML profiles is the GML Simple Features Profile [9] provides GML features and a limited set of linearly interpolated geometric types (point, line, polygon, multi-point, etc). Following segment from the Simple Features Profile specification explains the goal of this profile [9]:

The generation and parsing of Geographic Markup Language (GML) [OGC 03-105r1] and XML Schema [W3C XML-1, W3C XML-2] code are required in the implementation of many components that deal with GML encoded content. This profile defines a restricted but useful subset of XML-Schema and GML to lower the “implementation bar” of time and resources required for an organization to commit for developing software that supports GML. It is hoped that by lowering the effort required to manipulate XML encoded feature data, organizations will be encouraged to invest more time and effort to take greater advantage of GML’s rich functionality.

4. Implementation Related Issues and Solutions

Following table gives a list of the OGC standards we have implemented during this research, issues we have identified and short list of the solutions we have adopted.

	Standard
	Issues
	Implementation Notes

	Geography Markup Language (GML)
	Complex schemas;

Use of substitution groups to realize inheritance makes mapping to OOP types particularly non-trivial.
	We have initially modified the schemas and replaced the substitution groups to generate Java code with Castor.

Later we have made some implementation with XMLBeans which had support for substitution groups, however even in this case we had to do additional programming in the generated code.

	Observations and Measurements (O&M)
	Similar to GML;

Large size of the resulting XML documents makes it an issue for real-time systems.
	The data-binding code generation has similar issues with GML Schemas. Additionally we saw that the sizes of the resulting O&M instances are very large which might cause performance problems in real-time data exchange.

	Sensor Model Language (SensorML)
	Requires understanding of a set of complex schemas to use even for describing a very simple sensor.
	We have not used SensorML because of the many properties included and which we did not need and instead created simple schemas to describe GPS sensors. 

	Web Feature Service (WFS)
	The WFS schema is relatively simple but the same inheritance handling is used similar to GML.

Web Services support or adoption of Web Services into the WFS standards is missing.
	Similar issues with the GML, also see Filter Encoding notes.

We have implemented a Web Service version of WFS. To improve performance we have created a streaming version by incorporating a publish-subscribe messaging system. 

We have integrated Binary XML Frameworks to improve the performance and to reduce the bandwidth.

	Filter Encoding
	Use of substitution groups makes it hard to map to OOP. Schemas can be simplified by adopting choices or by using simpler XML Schema types.
	Requires extensive engineering to implement because of the use of substitution groups. These schemas can be made simpler by simply adopting more common XML Schema types.


Figure 1 displays the inheritance relationship between the GML Schemas. At the rightmost of the figure is the WFS schema which includes GML schema which in turn includes several others. To implement the WFS the developer needs to be familiar with the rest of the schemas and additionally the code generation becomes a non-trivial process because of the relationships shown in the figure.

5. Grids, Web Services and Open Geographic Standards
OGC standards and services have been tremendously successful in terms of the both the number of groups and organizations who have adopted them and the related activities they have created in the GIS community. A similar success story is observed in the distributed systems world by the Grids and Web Services. Traditionally the data requirements and application variety in GIS pushed the community to adopt various types of distributed systems approaches such as CORBA/IIOP and COM+/ActiveX. 

Although more and more GIS examples are being developed every day the using Grids/Web Services approach implementing OGC standards as Web Services is a relatively less explored issue. We think that the Web Services can help address creating large-scale distributed GIS frameworks involving several data sources and services such as Web Feature Services and Web Map Services.  

“A Web Service is an interface that describes a collection of operations that are network accessible through standardized XML messaging.” [10]. In practice the interface, operations and the XML messaging are standardized. The important thing about the service interface is that it hides the implementation logic from the users, which allows the service to be used on different platforms than which it was implemented. Also any application capable of communicating through the standard XML messaging protocol and regardless of with which programming language it was developed in can use the service through the standard interface. These properties allow Web Services based frameworks to be loosely coupled and component oriented. Because of the standard interfaces and messaging protocols the Web Services can easily be assembled to solve more complex problems. 

One significant aspect of the Web Services is that they allow program-to-program communications. With the help of several Web Services specifications a complete cycle of describing, publishing, and finding services can be made possible. As new specifications are being developed and the industry matures the system integration that includes these steps will eventually happen dynamically in runtime.  

The major difference between the Web services and the other component technologies is that, the Web services are accessed via the ubiquitous Web protocols such as Hypertext Transfer Protocol (HTTP) and Extensible Markup Language (XML) instead of object-model-specific protocols such as Distributed Component Object Model (DCOM) [11] or Remote Method Invocation (RMI) [12] or Internet Inter-Orb Protocol (IIOP) [13]. 

Obviously the capabilities offered by the Web Services can be of great benefit to the geo-science community as well. Because the possibility of accessing various types of geospatial data sources and applications using standard service interfaces may help solving the interoperability issues the GIS community has long suffered. But what kinds of standards are really required for service components and databases to be interoperable? According to Kirtland [13] the Web Service specifications and technologies address following requirements for service-based technologies: 

· A standard way to represent data

· A common, extensible, message format 

· A common, extensible, service description language 

· A way to discover services located on a particular Web site 

· A way to discover service providers 

Currently there are several universally used standards to address these requirements: XML is the common choice for representing the data while Simple Object Access Protocol (SOAP) [14] is universally being used for information exchange. SOAP provides rules for describing how to use XML to represent data as well as conventions for representing remote procedure calls (RPCs) and bindings to the HTTP protocol. Web Service Definition Language (WSDL) [15] is used to describe what type of message a Web Service accepts and generates. Available protocols such as Web Services Dynamic Discovery can be used to locate services. Universal Description, Discovery, and Integration (UDDI) specification [16] can be used by the service providers to advertise the existence of their services. 

Web Services have been successfully used in many projects and by industry in recent years. Web Services tools such as Apache Axis and workflow management tools help users easily create deploy and connect services. An obvious advantage of adopting Web Services approach is the ability to use supporting specifications developed by the Web Services community. A good example is UDDI, which is used as a registry for the service endpoints. UDDI provides interfaces for users to search and discover already registered services. Another example specification is WS-Context, which can be thought of as a Web-Services cookie. WS-Context keeps dynamic metadata generated by services involved in a session thus encourages loose coupling of the services. This approach allows developers to keep any implementation specific choices behind the service endpoint [17]. 

Web Catalogue Service Specification [18] is one of the OGC specifications which defines a common interface that enables services to perform discovery, browse and query operations against distributed heterogeneous catalog servers.  Catalog services are one of the significant parts of the distributed systems frameworks which involve multiple services and data repositories. Users and the participants of a distributed system might want to search for and find certain types of resources or other services. OGC has developed this specification for such cases. However at the same time the Web Services community has developed and heavily used the UDDI specification. In GIS Grid research we have used UDDI to keep information about the GIS services such as WFS and WMS instances. Mehmet Aktas has extended the UDDI specification to address specific OGC service features such as accessing GIS service capabilities through the UDDI registry [19]. 

For GIS research at CGL we have implemented OGC standards as Web Services and used UDDI and WS-Context for creating complete distributed GIS frameworks. Several examples of this approach have been discussed in [7, 20-30]. The goal was to create complete distributed GIS frameworks for coupling scientific data analysis code with the geophysical data sources. Examples of such code are Pattern Informatics [31] from University of California and RDAHMM [32] by Robert Granat. In a typical GIS framework there are geophysical databases, services for accessing the data and user interfaces for providing user with the graphical representation of the data. Additionally we want to couple a data analysis application with the data to process data for specific purposes. We have several such frameworks as GIS Grids using MySQL databases as geophysical databases, WFS for querying and accessing the data and WMS for visualizing the feature data. We have used UDDI as services registry and WS-Context as dynamic metadata created by the services. We have shown that by adopting this approach we can create high-performance distributed GIS frameworks.

Another specification released by the Open GIS consortium is the Web Coverage Service [33] which provides access to intact, raw data such as imagery, digital elevation matrix (DEM) and other types of gridded data. Unlike the Web Map Service (WMS), which returns static maps, the Web Coverage Service provides only data access. The client-side applications are expected to model, analyze and render the data. However during this research we found out that the data types required by our target applications are feature or vector data which are provided by the WFS and the GUI requirement is satisfied by the WMS which provides the user with maps of the feature data provided by the WFS and we do not use the raw data provided by the WCS. Therefore we have not implemented the WCS specification.

6. Conclusion

In this paper we have discussed the open geographic standards, several issues we have identified during implementation process and discussions from the community. We have also given a brief summary of the ultimate goal for us in using these standards which is to develop distributed Web Service architectures for Geographic Information Systems. Our experience and other efforts in this area show that the Grids/Web Services approaches have great potential for actually integrating open standards with the services. However several problems we have discussed impedes the easy integration of OGC and Grids technologies. To support less complicated development scenarios, we think that several steps should be taken. These steps might include: 
1- Reducing the complexity of the data and service schemas (i.e. GML, SensorML), 
2- Developing/supporting/describing XML Schema to code binding strategies,

3-  Defining official Web Services related standards for services such as WFS. This step will include simple, clean WSDL documents officially defined and descriptions for what exactly to support as function returns. 
4- Streaming support for fast data transfer and large document sizes. This will increase the overall performance of the services. 
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Figure 1 - Inheritance relationship between GML 3.1 Schemas.

