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ABSTRACT:

Recent progress on Web service technology may provide a solution to current problems in using remote sensing data. This paper
presents a prototype geospatial Web service system to demonstrate the advantages of such a system over the traditional non
service- based systems for reducing the difficulty of using remote sensing data for research and applications. The foundations of the
prototype system are the OGC and W3C standards that define the interfaces for accessing geospatial data and the methods for
constructing chainable geospatial Web services. In the system, we have implemented a limited number of interoperable services,
including WCSportal, reprojection, visualization, classification, reformatting, subsetting, and georectification. The system allows

users to dynamically chain the services with other services and services with data to k)roduce the user-specified products over theL -

Web. The successful implementation of this prototype system will provide us experience in for building large, operational Web

systems for geospatial information and knowledge services.

1. INTRODUCTION
1.1 W3C and OGC Web Services Standards

Web technologies have developed significantly from their early
days of being used only to provide an interface for distributed
services with HTML forms calling from CGI scripts to the point
where now XML based environments have enabled Web
services.

The World Wide Web Consortium (W3C), created in October
1994, is an open, international organization with the goal of
leading the World Wide Web to its full potential by developing
common protocols that promote its evolution and ensure its
interoperability. W3C activities are generally organized into
groups. The Working Groups in W3C are in charge of technical
developments. Web services activity in W3C currently consist
of four major working groups: XML Protocol Working Group,
Web Services Description Working Group, Web Services
Architecture Working Group and Web Services Choreography
Working Group [http://www.w3.0rg/2002/ws/]. These working
groups develop the technical standards for Web services
application, produce the documents used for Web services such
as, XML protocol , [SOAP‘ version 1.2 FVSDI_J version 2.0, Web

services architecture and choreography.

The Open GIS Consortium, Inc. (OGC) is a member-driven,
non-profit international trade association that is leading the
development of geoprocessing interoperability computing
standards. Within the broader context of Web Services, OGC
Web Services (OWS) represent an evolutionary, standards-
based framework that enables seamless integration of a variety
of online geoprocessing and location services [OGC
Interoperability Program White Paper, 2001]. OGC develops
standards in the context of OWS. OGC is the only international
organization dedicating to develop geospatial implementation
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standards based on ISO, FGDC, INCITS, W3C, and other

W3C and OGC Web services standards are the foundation to
implement our geospatial Web services and build our prototype
geospatial Web service system for remote sensing data. \

1.2 Web Services and Geospatial Web Services .

What is a Web service? There are many definitions from
different communities. The W3C Web services architecture
working group gives the definition as the following:

A Web service is a software system designed to support
interoperable machine-to-machine interaction over a network. It
has an interface described in a machine-processable format
(specifically WSDL). Other systems interact with the Web
service in a manner prescribed by its description using SOAP
messages, typically conveyed using HTTP with an XML
serialization in conjunction with other Web-related standards
[W3C note 2004 ].

N

As stated above, a machine-processable format WSDL plays a  ,~

for Web Service Description Language, an XML language for_ =~
describing Web services. The W3C Web Service Description | \
Working Group published their working draft WSDL version '
2.0 on March 26, 2004 [W3C WD 2004].
standard language used to describe all Web services by both
W3C and OGC.

N

In short, we can define a Web service as a program that
performs a defined action and that can be found, invoked, and
executed over the Web. Then it is quite straightforward for us to
define a geospatial Web service. A geospatial Web service is a
Web service which performs an action on geospatial data or
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| information. We need to distinguish geospatial Web services
from Web services in general because of the special
characteristics of geospatial data.

Geospatial data are the data which have spatial components
(e.g. geo-location or geo-reference). [Geospatial data differ from
ways. Geospatial data mostly involve in complex data type
instead of the simple data type. @1@ also, processing these data
are much more challenging. In general, geospatial data are
much more complex and difficult for data users than the general
| data. Using geospatial datgJisually requires that the users have

expert knowledge or enough resources and spend a lot of time
to preprocess the data for further use. For example, NASA has
archived huge amounts of satellite data in HDF/HDF-EOS
these data has been a headache for many scientists and
researchers since the first day.

Geospatial Web services, which works with geospatial data, are
quite different from a general Web service as well. For
examples, an operation for a geospatial Web service may be
very complicated and hierarchical while the operation for a
general business Web service is usually simple and atomic. The
service discovery, access, binding and chaining for a geospatial
Web service may also highly differ from a general Web service.

1.3 Motivation to Build Geospatial Web Service System

The importance and necessity of building a geospatial Web
service system that can provide ready-to-use information instead
of raw data are obvious. Huge amounts of Earth remote sensing
data have been collected by space agencies, and of terabytes
data are expected to be collected daily. Those data are valuable
not only for scientific research but also for other socio-
economic activities. However, currently most of the data are
only available to users in raw form. Users need to have both the
expert knowledge and significant amount of resources to
process the data into ready-to-use information. This situation
limits many potential uses of the data by broader user
communities. For instance, some users do not have enough
knowledge or resources to use data for their analysis and
information extraction and lots of valuable data are wasted, and
sometimes the decision makers need to promptly respond to an
incident or event, but the time needed to process and analyse
data is too long to fulfil the task.

A geospatial Web service system based on the newly developed
Web technologies, which allows users to dynamically chain the
services with services and services with data to produce the
user-specified products over the Web, may provide a solution
for those puzzles. We propose to build a prototype geospatial
Web service system to demonstrate its robust power and
advantages over traditional non-service based systems for
reducing the difficulty of using remote sensing data for research
and applications.

2. SYSTEM DESIGN

To design our prototype system, we take the following into our
major considerations:
1. The system interoperabilityl
2. Web services interoperability
3._The[ personalization capability L
4.  Software reuse

5. System evolution capability/capacity
Our final goal is to provide products tailored to the individual
user’s needs, including selection of spatial or temporal
coverage, map projection, format, bands etc. and information
products produced on-demand by executing Web-executable

System interoperability means that the system can access and
intieljoﬁeirajaiilitiyinile;[;s7tﬁaf all ;;e;)spatial Web services in the
system must be standards-based and interoperable for coupling
with data and other services.

obtain the data and information that exactly match their own
needs.

Software reuse means that all geospatial Web services and
geospatial models are designed to be dynamically reusable by
other systems and services through interoperable just-in-time
integration. All reuse may involve some code modifications.

The capability for evolution of a system depends largely on the
system architecture. A system that is component-based with
each component using standard interfaces, and is modular and
self-contained, is easy to evolve. We will design the prototype
Web service system as a component-based system so that the
system allows self evolution capability/capacity by allowing
standards-based geospatial Web service modules and geospatial
models to be plugged in.

Currently, the prototype geospatial Web service system to be
developed here is a modelling and execution system which has
the capability to access online geospatial data and services, to
build models (service composites) which chain individual
standards-based geospatial Web services together and register
the models in the catalogue and to execute the chain for solving
complex tasks dynamically and efficiently. Figure 1 is the
abstract architecture for our prototype system.
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3. IMPLEMENTATION
3.1 The Development of Geospatial Web Services

To build the prototype system, we need to have the geospatial
data and services be available over the Web. With the OGC and
W3C standards that define the interfaces for accessing the
geospatial data and the method for constructing chainable
geospatial Web services, we have implemented a limited
number of interoperable services, including WCSPortral
service, reprojection, visualization, classifications, reformatting,
subsetting, and  georectification. Those services are
implemented with standard interfaces defined by OGC for
taking coverage data from coverage servers or from the output
of other services as the inputs.

WCSPortal service has been built first because the OGC Web
coverage service (WCS) [OGC, 2003] provides a way to access

wrapper of WCS. It uses the GET method of WCS to get a
coverage, save it locally, and return a URL for next step.

Some very useful geospatial Web services such as reformatting,
re-projection, sub-setting, geo—rectificationl _are also being
implemented. We can envision that more and more services and
data will be available on-line in the near future. Those services
will be stand-alone applications that can be used independently
as well as the components for chaining. And the availability of
services on line will also save many data users significan time in
preprocessing the data for their own use.

Some image classification services are also implemented for
demonstration, such as “WICS_Grass_Unsupervised” , a
SOAP based Web service. It uses Geographic Resources

to do an unsupervised image classification. We use one of our
image classification services as an example to represent our
service model and structure in Figure 2. The bottom part is the
Image Classification Core Class. The basic classification
algorithm is written in C (or another computer language). A
Java class — ImageClassifier — provides Java access to those
methods through the Java Native Interface .The Image
Classification Core Class provide the functions to be used in
classification services, such as supervised classification,
unsupervised classification, and training. This Core Class will
be called by the Web Image Classification Service.

The Web Image Classification Service consists of two different
implementations, the HTTP GET & POST version and the
SOAP version. Both versions provide four operations,
GetCapability, DescribeClassifier,  TrainClassifier, and
GetClassifier. Both versions accept the same parameters. The
only difference is the protocol of request and response.

The WICS Web interface is a Web application, including a set
of html pages and a Java servlet. To the Web Image
Classification Service, this Web interface is a client. A user can
use these Web pages to submit a WICS request to a Web Image
Classification Service (HTTP version) and specify whether he
wants the raw data back or a picture result. The Web interface
will generate pictures for the user if requested. Also the user can
use other client tools to connect to both versions of the service.

The details for those services and the WSDL documents
describing those services can be accessed by visiting our
Website http://ws.laits.gmu.edu.
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Figure 1. The 'Web Image Classifcation Service

Figure 2. The Web Image Classification Service Structure

The real power of a geospatial Web service system relies on its
ability to chain individual standards-based services. A service
chain is a service composite. Built on XML, SOAP, and WSDL,
and originated from XLANG and WSFL, the Business Process
Execution Language for Web Service (BPEL4WS) specification
is positioned to become the Web service standard composition
language over all others. It supports two distinct usage
scenarios: one is used to describe an abstract process which is
non-executable and the other is to define an executable process.
We adopt BPEL4WS in our geospatial Web service system: We ~ ~
use BPEL4WS to define a new Web service by composing a set
of existing services ( a service chain). The interface of the
composite service is described as a collection of WSDL
portTypes, just like other Web services. The chain is executed
with the BPEL engine. Figure 3 is the current prototype system
structure implementation flowchart.
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Figure 3. The Implementation of the Prototype System
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The core part of the prototype system consists of four major
components, Build, Instantiate, and Execute and Registry
Catalogue. The component Build is used for the modelling
process that provides the user interaction with the system to
construct a service chain (composition).h“his modelling procesi
will produce a BPEL document with an abstract description of
the service chain. The component Instantiate will logically walk
through the chain for validation, and an executable BPEL
document will be produced in this step. These two components
are coupled with the Registry Catalogue with the service
discovery and registry functions. The Registry Catalogue also
publishes the services. The component Execute can access
services (or service composites), execute the service chain with
theBPEL engine and return the result. For better performance, a
service ontology is needed to be built into the catalogue service
for users to search for data and services for their own geospatial
interests.
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3.3 Illustration

For demonstration simplicity, we test the developed prototype
system with a user request to get land cover information for San
Francisco, California. A user can use the system in different
ways. For example, an expert user who wants to build his own
service chain could use the system catalogue service and find
the available services and data (or register his own services or Figure 5. The Classified Image by User Request
data for use). Figures 4 is the instance of this expert use. The
user searches through the system and finds the WCSPortal
service to access SPOT image data for San Francisco and one
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services together and executes the chain to get the classified
image (Figure 5). There are two WSDL files and Two BPEL
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engine takes all the four files for execution. The intermediate
result of the getCoverage in the service chain (Figure 6) is
invisible for the user, here is presented for comparison. Users
without their own models may go to the system and search for
the existing service for land cover information retrieval (as we
know, one expert user may have registered his model as a new
service in the system) or the system will automatically provide a
chain model based on ontology and type matching for user
testing and evaluation.
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knowledge tailored their individual needs, rather than only raw
data that needs further processing. The system demonstrates the
basic functionalities of catalogue search, service chain
construction and registration, and chain execution. In the future,
more functionalities will be added to the system, such as an
ontology service, automatic service chaining based on user
request and service type and data type matching. The
development of this prototype system will provide us valuable
experience for developing operational, interoperable,
distributed, standards-compliant and intelligent Web-based
geospatial information systems.
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