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Geospatial Interoperability Group

Interoperable geoprocessing
the ability of digital systems to work together in 
manipulating information about phenomena on, above, 
and below the Earth's surface.

http://www.gst.com/geo
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The OpenGIS Consortium (OGC)

OGC MissionOGC Mission

DeliverDeliver
spatial interface spatial interface 
specificationsspecifications

that are openly that are openly 
available for global available for global 

use.use.

International, not-for-profit consortium 
with 240+ industry, government, and 
university members 

Operates a Specification Program (SP) 
similar to other Industry consortia (W3C, 
OMG, etc.).

Operates an Interoperability Program
(IP), a global, innovative, collaborative, 
hands-on engineering and testing 
program designed to deliver proven 
specifications into the Specification 
Program.

Operates an Outreach and Community 
Adoption Program (OCAP) to facilitate 
the adoption of OGC technology.

http://www.opengis.org
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Introduction
Evolution of GIS

Overview of GIS Web Services
GIS Web Services Architecture

Enabling GIS Web Services
Role of the OGC 
Leveraging General Web Services Technologies

Application Development using GIS Web Services
Overview of Service Chaining

Conclusion
Shaping the New GIS Marketplace
Parting Thoughts
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Evolution of GIS: From Stand-alone to Web Services

Stand-alone systems 
(workstations)

Data tightly integrated 
with system

Desktop mapping

Databases with spatial 
extensions, SDE

Embedabble GIS 
components

Web mapping

Unbundled GIS nto
autonomous services

Distributed and 
interoperable GIS 

services

-Lower costs of PC
-Faster processing

-Internet (html, cgi, java)
-Client/Server
-Middleware (Corba)

-Wireless and mobile computing
-Internet technologies (eg.XML)
-Role of GIS in Enterprises
-Availability spatial data
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Evolution of GIS: From Stand-alone to Web Services

• Satellite imagery
• Variety of suppliers and
distributors

Availability of Spatial Data

• Web mapping
• Push for interoperability

Internet

• Integration of databases
• Push for components

Role of GIS in Enterprises

• Location-based
wireless services
• Services for thin clients
with bandwidth constraints

Mobile & Wireless Techs

Push towards an infrastructure
of distributed autonomous
interoperable GIS services
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We Already Use Services 
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One of the keys to meeting the complex 
challenges of today is the ability to 
discover, access, integrate and share 
information from multiple sources. 

StateState

NGONGO

LocalLocal

FederalFederal

UniversityUniversity

Homeland Security, Geospatial 
Intelligence, Global Change, Command 
and Control, Environmental Mgmt…

Homeland Security, Geospatial 
Intelligence, Global Change, Command 
and Control, Environmental Mgmt…
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te

ro
pe

ra
bl

e 
W

eb
 S

er
vi

ce
s

Meeting Today’s Challenges
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GIS Web Services: Definition

Web Services are self-contained, self-describing, modular 
applications that can be published, located and dynamically invoked 
across the web.

Existing applications can be exposed as Web Services.

Three basic categories of GIS Web Services Defined by OGC
Data Services

Offer access to customized portions of data

Processing Services
Provide operations for processing data in a manner determined by
user-specified parameters
Coverage Portrayal Service (CPS)

Registry/Catalog Services
Classify, register, describe, search, maintain and access information 
about data and services
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OGC Data Services: Web Mapping Service (WMS)

REQUEST1:
http://a-map-co.com/mapserver.cgi?VERSION=1.1.0&REQUEST=GetMap&

SRS=EPSG:4326&
BBOX=-97.105,24.913,78.794,36.358&
WIDTH=560&HEIGHT=350&
LAYERS=AVHRR-09-27&STYLES=&
FORMAT=image/png& 
EXCEPTIONS=application/vnd.ogc.se_inimage 

REQUEST2:
http://b-maps.com/map.cgi?VERSION=1.1.0&REQUEST=GetMap&

SRS=EPSG:4326&
BBOX=-97.105,24.913,78.794,36.358&
WIDTH=560&HEIGHT=350&
LAYERS=BUILTUPA_1M,COASTL_1M,POLBNDL_1M&
FORMAT=image/png&STYLES=style1,style2,style3&
TRANSPARENT=TRUE&
EXCEPTIONS=application/vnd.ogc.se_inimage
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OGC Data Services: Web Feature Service (WFS)

WFS RequestgetFeature

Client

Opaque Feature Store

Web Feature Server
WFS

WFS Response

getFeature
<?xml version="1.0" ?>
<GetFeature version="1.0.0“ service="WFS"

xmlns:myns=http://www.someserver.com/myns

<Query typeName="myns:ROADS“>
<ogc:PropertyName>myns:PATH</ogc:PropertyName> 
<ogc:PropertyName>myns:LANES</ogc:PropertyName>
<ogc:Filter>

<ogc:Within><ogc:PropertyName>myns:PATH</ogc:PropertyName>
<gml:Box>

<gml:coordinates>50,40 100,60</gml:coordinates>
</gml:Box>
</ogc:Within>

</ogc:Filter>
</Query>

</GetFeature>

<?xml version="1.0" ?>
<wfs:FeatureCollection
<gml:featureMember>
<ROADS fid="ROADS.100">
<PATH>

<gml:LineString gid="1“ srsName="epsg.xml#4326"> 
<gml:coordinates>10,10 10,11 10,12 10,13</gml:coordinates>   </gml:LineString>

</PATH>
<NLANES>4</NLANES>
</ROADS>
</gml:featureMember>
<gml:featureMember>
<ROADS fid="ROADS.105">
<PATH>
<gml:LineString gid="2“ srsName="epsg.xml#4326">
<gml:coordinates>10,10 10,11 10,12</gml:coordinates> </gml:LineString>
</PATH>
<NLANES>2</NLANES>
</ROADS>
</gml:featureMember>
</FeatureCollection>
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OGC Data Services: Web Coverage Service (WCS)
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GIS Web Services: Architecture

IWeb Mapping
Service

Web Feature
Service

Portrayal
Service

Web Mapping
Service

Bundled
Service

Address  Match
Service

Mobile Devices:
Retrieve image

centered at
current location

Browsers:
Retrieve several

overlayed images
as one

Standardized Interfaces

Information Systems:
Perform business analysis based

on customers’ geographical
distribution

Registry
Service

Applications can be dynamically assembled from multiple network-enabled web 
services for use by a variety of client applications. 
Lower the learning curve
Share data and services more effectively

Cut system integration and deployment cost
Learn, use/get and pay only for what you need
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GIS Web Services: Publish/Find/Bind Pattern

Roles

* Publishes services to broker 
(registry) 
* Delivers services to service 
requestors
* Chains to other services

* Queries service broker to find 
service providers it needs
* Accesses service providers for 
provision of desired service

Lists services to help service 
providers and requestors find 

each other

Operations

Service providers advertise data 
and services to brokers

Service requestors locate service 
types or instances

Service providers and requestors 
negotiate for access to services

Broker

Requestor Provider

Bind

Find Publish

Chain
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Interoperability & Role of Open GIS Consortium

Defining/refining the GIS Web Services framework

Defining the core service types and their behaviors

standardizing request/response parameters
And various bindings (http get, post, SOAP, etc)

Defining the Service Information Model and operations common to all services
Example: getCapabilities

Standardizing encodings
Styled Layer Descriptors (SLD)
Geography Markup Language (GML)

Identifying registry requirements (defining the Registry Information Model)

Adopting, extending and customizing (when possible) general web services 
technologies
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Leveraging General Web Services Technologies

XML
Web Service Description Language (WSDL)

Provides a standard way to describe service operations and 
associate these interfaces with different bindings
Does not provide a way to describe service data contents and 
content types
Limitations of proxy generators

Uniform Description, Discovery and Integration 
(UDDI)

Provides a standard way to register and discover registered 
businesses and services
Does not provide a way to perform a bounding-box search

SOAP
XML-based protocol designed to exchange structured and typed 
information on the web
Could be helpful to enable service chaining
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Leveraging General XML Technologies
Web Service Description Language (WSDL)

Provides a standard way to describe service operations and 
associate these interfaces with different bindings
Proxy generators are still evolving
Does not provide a way to describe service data contents and 
content types

<definitions>….
<message name=“AddInput”>

<part name=“op1” element=“xsd:int”/>
<part name=“op2” element=“xsd:int”/>

</message>
<message name=“AddOutput”>

<part name=“result” element=“xsd:int”/>
</message>
<portType name=“AddPortType”>

<operation name=“Add”>
<input message=“AddInput”>
<output message=“AddOutput”>
</operation>

</portType>
</definitions>

<binding name=“b” type=“AddPortyType”>
<http:binding verb=“GET”/>

<http:operation location=“http://example.com/o1”>
<input> <http:urlEncoded/></input>
<output> <mime:content type=“text/html”></output>
</operation>

</binding>

http://example.com/o1?op1=5&op2=6
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Leveraging General XML Technologies
Uniform Description, Discovery and Integration (UDDI)

Provides a standard way to register and discover registered 
businesses and services
Does not yet provide a way to perform a bounding-box search
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Leveraging General XML Technologies
Simple Object Access Protocol (SOAP)

XML-based protocol designed to exchange structured 
and typed information on the web
Defines a model for exchanging messages

Intermediaries: endpoints that function as both sender and 
receiver, passing messages that they receive on to other 
endpoints
Actor attribute: a URI that identifies the endpoint the Header 
element entry is targeted for.

Sender

Endpoint B

Endpoint C Endpoint A

Workflow
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Leveraging General XML Technologies

DAML-Based Web Service Ontology (DAML-S)
Core set of markup language constructs for describing the 
properties and capabilities of Web services in an unambiguous, 
computer-interoperable form. 
Supports automatic selection, composition and interoperation of 
Web services

Declarative specifications of the prerequisites and consequences of 
individual service use

Web Services Flow Language (WSFL)
XML language for the description of Web services compositions
Describes how to choreograph the functionality provided by a 
collection of Web services, and describes how these services 
interact with each other
Expresses

Transition conditions, exit conditions, synchronization, forking and 
parallelism, input and output of flows, etc
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Relevant OGC Work

OWS1.2 SOAP Experiment 
RPC vs. Document/Literal
Issues with proxy generators (Apache axis, Visual Studio .net, 
SOAP lite) 

UDDI 1.2 UDDI Experiment
Quad-tree taxonomy to simulate spatial-search
Each quadrant labeled with a letter that is the quadcode for 
that quadrant
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Other Relevant OGC Work

Web Notification Service
First asynchronous messaging service specified by OGC
Sends notifications of well-structured content to a client. 
Useful when many collaborating services are required to satisfy a client 
request and/or when significant delays are involved in satisfying the 
request. 

Messaging Framework
Decouples service and client
Focuses on message definitions and message flows
Useful for long transactions and with independent payload

Client
Display
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WNS IAS

Tasking &
Ground Station

IAS Client

Images

Tasks
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IWeb Mapping
Service

Web Feature
Service

Portrayal
Service

Web Mapping
Service

Bundled
Service

Address  Match
Service

Mobile Devices:
Retrieve image

centered at
current location

Browsers:
Retrieve several

overlayed images
as one

Standardized Interfaces

Information Systems:
Perform business analysis based

on customers’ geographical
distribution

Registry
Service
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Application Development using GIS Web Services

Service Chaining
When a task needed by a client cannot be provided by a single service, 
but rather by combining or pipelining results from several 
complementary services.

Reprojection
Service

Web
Coverage Service

Web 
Coverage Service

Portrayal
Service

Portrayal service assembles
orthoimage from several imagery
services

Reprojection service reprojects
the image from one coordinate
system to another one

Vector Data
Provider Service

Vector data provider service
returns a certain layer at the
extent specified

Overlay
Service

Overlay service overlays the input
image and the vector data and
sends the overlay to the client

To Client
Web

Coverage Service

Key Issues
Chaining transparency, metadata tracking, error reporting, synchronicity
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Service Chaining

Client-defined transparent chaining
Client controls order and execution of services

Opaque chaining
Aggregate service bundles static (pre-defined chains) 

Workflow-managed chaining
Mediating service acts as gateway to other services by 
coordinating between multiple services
Chains are constructed dynamically to meet pre-defined client 
requirements
Likely to be tuned to specific domains
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Client-Coordinated Service Chaining

Client controls order and execution of services
Clients often directly embed, in the input of one service, a request to the 
following service

REQUEST: http://yourfavoritesite.com/WMS?
VERSION=1.0.5&REQUEST=GetMap&
SRS=EPSG%3A4326&BBOX=0.0,0.0,1.0,1.0&
SLD=http%3A%2F%2Fmyclientsite.com%2FmySLD.xml&
WIDTH=400&HEIGHT=400&FORMAT=PNG&
REMOTE_OWS_TYPE=WFS&
REMOTE_OWS_URL=http%3A%2F%2Fanothersite.com%2FWFS%3F

Web Mapping Service 
WMS

Web Feature Service 
WFS

Styled Layer 
Descriptor 

(SLD)

-Created/Stored locally
-Retrieved from a Style 
Management Service 
(SMS)

GetMap

GetFeature

Selected features
Returned in GML

Retrieve the SLD
SLD 

returned

Map returned

Apply styles to features
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Client-Coordinated Service Chaining

Client controls order and execution of services
Clients often directly embed, in the input of one service, a request to the 
following service
Issues

Requires the client to know about the types of services needed for a 
particular operation
Introduces complexities in the areas of error handling
Forces the client to deal with delays and failures

Especially in the synchronous case
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Static Chaining using Aggregate Services 

Aggregate service bundles static (pre-defined chains)
Issues

Loss of flexibility and control by client
Need to differentiate between basic and aggregate services

Cascading WMS Catalog

Re-projection Service Web Mapping Service
WMS
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Workflow-Managed Service Chaining

Mediating service acts as gateway to other services by coordinating 
between multiple services

Chains are constructed dynamically to meet pre-defined client requirements
Mediating service matches the output of one service to the input of the next one 
Likely to be tuned to specific domains

Issues
Capturing application or chaining requirements of client
May create inconsistencies in the responses received by the client
Require a degree of intelligence and a framework

Service types
Relationship between services
Automatic generation of requests
Orchestration language
Authentication, billing and ordering

Other over-arching issues
Synchronous vs. asynchronous services
Notification mechanisms
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Shaping the Future GIS Marketplace

Changes in GIS marketplace
Unbundling of GIS into independently-provided interoperable 
components
Delivery of subsets of data to users on demand

Infrastructure
Providers

Data
Producers

Service
Providers

Integrators Service
Brokers

Frequently refreshed
data, large number of
small transactions

Specialized services for
niche markets, most rely on
integrators and service
brokers to distribute their
products

MCI, AT&T

Integrated/cascaded
services, can be
customized for
individual clients

Search engine-like services,
enable clients to search and
locate services, and mix and
match them to solve their
problem
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Conclusion (s)

Applications of Web Services in the GIS field are promising.

Existing functionality can be exposed as Web Services. 

GIS Web Services are more than browser-based web mapping.

GIS Web Services do not replace traditional stand-alone systems. They 
complement them.

General IT technologies need to be leveraged as much as possible. 

Current technologies do not yet satisfy all the requirements of a geo-spatial 
application community.

Both synchronous and asynchronous services are needed. 

Interoperability is critical in the described Web Services environment.

Other challenges
Security
Scalability
Managing change
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Thank You!
alameh@gst.com
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User-Defined Chaining

Chaining is transparent: User defines and controls the order of execution of 
the individual services.

Address 
Matching

OrthoImagery
Service

Re-projection
Service

Client Catalog 
Service

Address 
Matching

OrthoImagery
Service

Re-projection
Service

Client Catalog 
Service
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Aggregate Service

Chaining is opaque: the services appear as a single service which 
handles all coordination of the individual services behind the 
aggregate service. The user has no awareness that there is a set of 
services behind the aggregate service. 

Address 
Matching

OrthoImagery
Service

Re-projection
Service

Client

Catalog 
Service

Aggregate 
Service
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Workflow-Managed Chaining

Chaining is translucent (in between transparent and 
opaque): execution of the chain is managed by a 
workflow service. User may select a chain of interest that 
is executed by the workflow service.

Client

Address 
Matching

OrthoImagery
Service

Re-projection
Service

Workflow Service
Catalog 
Service
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Opportunities

Portals for Community Statistics Field
Focus on providing specialized aggregate and workflow services
Customize chains and combine services to meet community statistics 
needs

Sophisticated tools:
Tools for users to construct and customized their own chains
Tools for finding the right services based on characteristics such as 
service scope, performance, service/data quality, price
Tools for constructing “optimal chains”: least expensive, minimum 
number of constituent services, most accurate results, etc.

Challenge
Sustainability of such a service-based architecture requires standards 
and well-defined interfaces for the underlying services


