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Allgemeines

Skripten: 
http://www.unibw.de/inf4/professuren/geoinformatik/lehre/informatik

• Interoperabilität in GIS

• GeoWeb Services, 

Geodateninfratsrukturen (GDI, SDI) -

Einführung



Ziele und Inhalte – Vorlesung GI

• Grundproblematik der Interoperabilität, Überblick über versch. Arten der 

Interoperabilität, Beispiele verschiedener Modellierung, Aufzeigen der 

Problematik und Lösungsansätze

• Einführung in GeoWebservices, OGC Services WMS, WFS

Ziele: Grundprinzipien kennen

Wissen was man mit GIS bearbeiten kann

Einfache Aufgaben durchführen können, 

Inhalte: Kapitel 3



• The initial situation / requirements from the markets

• Short reminder: GI Modelling, Data exchange 

• Interoperability in general and related forms, problems and approaches to solve it

• Syntactic Interoperability

• Schema based interoperability

• Semantic interoperability

• Short introduction into Ontologies for Geoinformation

Overview



Initial Situation

Desktop

Client-Server

Projects

Stand alone

Information-

Management

Infrastructures

Web Services
GIS has changed



Initial Situation

Requirements:

Access to GI data: 

• at different locations

• from different domains,

modelled in different ways

• stored in different vendor systems

Semantics

+

Schema

Syntax!

Challenges in

Data exchange



Initial Situation

Reminder: content of GI data / models

1. Models / Schema information

• feature classes, structures, relations …meanings of the terms …

• Basic information (metrics, reference systems …)

2. Features

• Semantics

• Geometric properties (Geometry / Topology)

• Thematic properties (attributes)

• Graphical representation (partly)

3. Meta data

Example

Feature class: Buildings

2 instances

Buildings

Geometric properties

Thematic properties



Initial Situation

Semantics: different words for the same thing:



Initial Situation

Semantics: a mater of background / domaine and imagination

Word World / reality

Imagination



Initial Situation

Semantics: different definitions in different domaines and regions / countries



Initial Situation

Semantics -> consequences



Initial Situation

Semantics -> who cares?



Problems:

Different names for the same feature class / same meaning

Same names used with different meaning



For example the German word “ausmachen” has 10 meanings

http://german.about.com/od/vocabulary/a/ausmachen.htm



Problem within data exchange / integration:

Different data models for the same feature class



Initial Situation

Requirement of data exchange and access (e.g. through networks / web) 

without loss of information

Data transfer / file based / -> formats (syntax!)

Data access through interfaces / requires exact definition of the 

Interface structure

network





Initial Situation

Now we can define three levels of interoperability:

Syntax

Model / Schema

Semantics

 Syntactic interoperability

 Schema based interoperability

 Semantic interoperability





Interoperability is a property referring to the ability of diverse systems and organizations 

to work together (inter-operate). The term is often used in a technical systems engineering sense, 

or alternatively in a broad sense, taking into account social, political, and organizational factors

that impact system to system performance. 

(Source, wikipedia, 2009)



• Syntactic interoperability If two or more systems are capable of 

communicating and exchanging data, they are exhibiting syntactic 

interoperability. Specified data formats, communication protocols and the 

like are fundamental.

 Syntactic interoperability is ensured, if:

 All involved system exchange data via one or more data formats which 

are supported by these systems

 These formats are able to transfer all relevant information (features, 

geometry, topology …)

 The involved systems know the underlying model of the data 

 Here only examples of data formats are given, not an examination of there 

capabilities, as this depends on the specific requirements

Syntactical Interoperability



One other important format:

Shape (ESRI)

Geometry oriented

But extensions for semantic: “ENTITIES”





 Schema based interoperability often is seen as part of semantic 

interoperability

For reasons of clearness it is categorized separately here

Two levels can be considered:

 The pure transfer of the schema together with data

 The integration of data with different underlying models

Schema based  Interoperability







There is no general way to do the integration of different models

But in this case, there are possibilities under certain assumptions

Can you describe a possible solution?

Schema based  Interoperability

Question:

Can we „integrate“ data from 

A into B and vice versa from 

B into A?

Sufficiently?

Which one is more difficult?



The user can do a schema integration

 Related to the thematic properties (attributes) this is not a problem 

(if the new model includes all attributes of both models, which can 

lead to a necessary additional data acquisition)

 Related to the geometric properties it is more complicated

 If  the user chooses the point geometry, for all geometries of model A 

points have to be calculated (which can be done automatically)

 If he chooses the area geometry, an additional data acquisition has to 

be performed for all instances of model B

Schema based Interoperability



Semantic Interoperability - Introduction









• Semantic interoperability: Beyond the ability of two or more 

computer systems to exchange information, semantic 

interoperability is the ability to automatically interpret the information 

exchanged meaningfully and accurately in order to produce useful 

results as defined by the end users of both systems.

 It is ensured, if both sides agree on a common information exchange 

reference model. This means an agreement on all terms and 

meanings is also necessary. It can be achieved using:

 Available object catalogues / schemes of the different domaines

 Translation tables to link equivalent terms.

 Ontologies, semantic web languages, e.g. RDF, OWL (not treated here)

Semantic Interoperability



And no relations between classes



Problem today: 

many ontologies availabe, but with different concepts for the same „things“



Note:

In Information Technology (IT) a service in general is understood as 

encapsulated functionality provided through networks (e.g. web).

Geo Web Services (GWS) – Introduction

GWS standardized by the Open Geospatial 

Consortium (OGC, www.opengeospatial.org)

also called OGC Geo Web Services or short 

OGC Services



Remember:

In Information Technology (IT) a service in general is understood as 

encapsulated functionality provided through networks (e.g. web).

 The first approach for Geo Web Services were Map Services

Application Server







General architecture of a Internet Map Server

Special techniques like servlets needed

Special techniques like java applets ca be used



„On the flight“

Difference between format of data stored and data transferred !!!





Geo Web Services are the „new“ concept of making using of Geoinformation

There are also very important within SDI / NSDI (National Spatial Data Infrastructures)

Dt.: GDI (Geodateninfrastrukturen)

SDIs are developed at International, national and regional levels

A few remarks on SDI in the next slides



NSDI Definition (FGDC (USA): 

Consistent means to share geographic data among all users could 

produce significant savings for data collection and use and enhance 

decision making. Executive Order 12906 calls for the establishment of the 

National Spatial Data Infrastructure defined as the technologies, policies, 

and people necessary to promote sharing of geospatial data throughout all 

levels of government, the private and non-profit sectors, and the academic 

community. 

The goal of this Infrastructure is to reduce duplication of effort among 

agencies, improve quality and reduce costs related to geographic 

information, to make geographic data more accessible to the public, to 

increase the benefits of using available data, and to establish key 

partnerships with states, counties, cities, tribal nations, academia and the 

private sector to increase data availability.

An important milestone: USA, 1994: „Clinton executive order“ (V.P. Al Gore)

The Clinton Executive Order 12906, which states, “ Geographic Information is critical to promote economic 
development, improve our stewardship of natural resources and protect the environment….

http://www.fgdc.gov/nsdi/policyandplanning/executive_order


45

User A

User B

Geo

data

Provider X

Provider Y

Geo

data

Provider Z

Geo

data

1. Organisation:

 User, technology and Service 

provider

 Public-private-partnerships

 Reference (Goals, Standards, access

rights,…)

 Business model (allocation of tasks)

 Consence oriented! 
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User A

User B

Geo

data

Provider X

Provider Y

Geo

data

Provider Z

Geo

data

1. Organisation

2. Standards & regulations

 Standards 

- Lingua franka, to provide

interoperability

- de facto:

– W3C, OASIS,…

– OpenGeoSpatial Consortium 

- de jure:

– ISO, CEN, DIN 

- Regulations & laws

– Implementation regulations ..

– Geodata laws, costs, conditions of usage
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User A

User B

Geo

data

Provider X

Provider Y

Geo

data

Provider Z

Geo

data

1. Organisationsstruktur

2. Standards & Richtlinien

3. Distributed Geo Services

 Internet as a base 

 Standards for interfaces and 

communication, data formats



48

User A

User B

Geo

data

Provider X

Provider Y

Geo

data

Provider Z

Geo

data

1. Organisationr

2. Standards & regulations

3. Distributed Geo Services

-> core of the NSDI

Internet

GI-

Service

GI-

Service

GI-

Service



• GI-Services 
– are Web Services (WEB/HTTP).

– follow ISO/OpenGIS Standards.

– GI-Services are permanently available

–

– Follow the publish-find-bind Paradigma.

– Can be connected „ad-hoc“  

(service chaining).

Geo Web Services 

within a NSDI

Client

WFS

WCAS

WCS

WMS

......
...

Examples:

 WebMapService (WMS) 

 WebFeatureService (WFS) 

 WebCoverageService (WCS)

 WebCatalogueService (CSW)

publish

find

bind



SDI architecture – Example from europe
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INSPIRE:

Infrastructure for 

Spatial Information 

in the European Community 

Important:

Kind of Services!

http://127.0.0.1:4664/redir?url=http://127.0.0.1:4664/cache?event_id=406996&schema_id=2&q=geoportal&s=9tXB9Ueuj_ky4slGEDUmn_MGFXw&src=1&schema=2&start=5&s=7EtVlPYIdi5bqr_DCzxHyVoaxMs
http://127.0.0.1:4664/redir?url=http://127.0.0.1:4664/cache?event_id=406996&schema_id=2&q=geoportal&s=9tXB9Ueuj_ky4slGEDUmn_MGFXw&src=1&schema=2&start=5&s=7EtVlPYIdi5bqr_DCzxHyVoaxMs


GOALS

 Reduce effort for different agencies

 Improve Quality

 Reduce costs of goegraphic information

 Provide data for various societal tasks

 Fast access to Geoinformation

Terms used: NSDI – SDI – GDI (german)





These are examples! There are many other ones like WPS, SWE … 



There are other many other OGC services available, e.g. SOS to connect with sensors!













example

































WMS + WFS

Geodata

x

WebServer

WebMapServer WebFeatureServerImage generation

<Baum>
<location>
<coordinates>
576834.67,579898.19
</coordinates>

</location>
<property>
<Hoehe>6.0</Hoehe>

</property>
</Baum>

<Baum>
<location>

<coordinates>
576834.67,579898.19

</coordinates>
</location>
<property>

<Hoehe>6.0</Hoehe>
</property>

</Baum>

WebMapService

WebFeatureService

Conversion to GML
Query (-> data)

Query (->Data)

GetFeature(< parameter>) GetMap(layer,bbox,CRS,…)

WebClient















Conclusion

• WMS, WFS and other Geo Web Services 

are widely used

• Geo Web Services are most important

within NSDI

• Geo Web Services are one common way

to use GI functionality





Thank you!

Questions?

Wolfgang.Reinhardt@unibw.de


