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Executive Summary 

This document describes the methodology we propose to semantically annotate environmental 
models, as well as the components that have been developed to perform the annotation process. 
Domain ontologies are one of the key elements in this process, hence we added at the end of the 
deliverable a discussion about how to induce domain ontologies from text and streams. In order 
to apply the guidelines described here to a real use case, we created the ENVISION simple use 
case (see section 1). It consists of a service composition including different OGC Web services: a 
Sensor Observation Service (SOS), a Web Feature Service (WFS) and a Web Processing 
Service (WPS). 

In the second section of the document we extend the semantic annotation concepts we 
introduced in Deliverable 4.1 by adding new services like the Web Coverage Service (WCS), and 
by giving more details about annotations for environmental models. For each described service, a 
generic approach is presented considering the various representations taking part in the process: 
the Capabilities document, the Procedure-Oriented Service Model (POSM), the Web Service 
Description Language (WSDL), and the application ontology representing the data model (RDF 
data model). The annotation examples created for the ENVISION simple use case are also 
described to close the section. 

Different software components are required to proceed with the annotations within the ENVISION 
infrastructure. This paper presents some new developments (e.g. Service Model Translator 
(SMT)), and tools based on previous implementations from the SWING project (e.g. Web 
OntoBridge). In section 3, we explain how these components are integrated in the architecture 
and how to use them. 

In the fourth section we present ontology induction from text and streams along with the results of 
using it to induce domain ontologies. We introduce the OntoGen Tool which is used for semi-
automatic ontology induction, and illustrate its applicability on the data relevant for Envision. We 
have shown potential usage of semi-automatic ontology creation from the domain specific data 
for the general Envision domain and for one of the Envision case studies. 
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1 The ENVISION simple use case 

Throughout this deliverable, the ENVISION simple use case is mentioned several times. The 
purpose of the simple use case is to serve as a toy example where the guidelines for semantic 
annotations can be applied. It includes three OGC1 Web services (see Figure 1): a Sensor 
Observation Service (SOS), a Web Feature Service (WFS), and a Web Processing Service 
(WPS). Figure 1 depicts the service composition created for the simple use case.  

 

 

 
 
 

The SOS used in the ENVISION use case is provided by BRGM via the following endpoint: 
http://sosades.brgm.fr/. It retrieves groundwater level observations (Observations and 
Measurements

2
) using sensors which provide piezometer measurements. 

The WFS of the Simple Use Case provides information about land use. It returns CORINE land 
cover

3
 data of urban fabrics for France. The FeatureTypes represent the classes defined by the 

Coordinated Information on the European Environment (CORINE) land cover project. The classi-
fication provides 44 land cover classes divided up into 5 main levels. For the use case we look at 
“Artificial surfaces” especially “Continous urban fabric” and “Discontinous urban fabric” areas. 
Areas with continous urban fabric are areas with a development structure. The main part of the 

                                            
1
 http://www.opengeospatial.org/ 

2
 http://www.opengeospatial.org/standards/om 

3
 http://www.eea.europa.eu/publications/COR0-landcover 
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Figure 1: Web service interaction in the ENVISION simple use case 

http://sosades.brgm.fr/
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area is covered by buildings, streets and artificial canopy.
4
 Areas with discontinous urban fabric 

are also areas with a development structure. But next to the buildings, streets and areas with 
artificial canopy, areas with open space occur in significant quantities

17
. The output of this service 

is encoded as a feature collection. 
 

The WPS for the Envision simple use case implements a process called 
DroughtClassifierAlgorithm that calculates which areas are in potential risk of drought in France. It 
is available at http://giv-wfs.uni-muenster.de:8080/52n-wps-webapp-2.0-RC6-SNAPSHOT/. The 
underlying idea is based on setting a threshold for groundwater level, considering that levels 
below this threshold indicate risk of drought, and find out which areas present such a risk. The 
service takes as input a feature collection from a Web Feature Service, and an observation 
collection (encoded as O&M) from a SOS provided by BRGM. The feature collection includes 
CORINE (Coordinated Information on the European Environment) Land Cover

5
 data, and two 

possible feature types are valid: 

 corine:clc00_c111 - Continuous urban fabric 

 corine:clc00_c112 - Discontinuous urban fabric 

The observation collection lists piezometer measurements of groundwater level. Each value is 
timestamped and points to a geolocated feature of interest, in our case the measuring station 
installed at the corresponding groundwater body. The DroughtClassifierAlgorithm analyses all the 
values in the observation collection and, for those values below the defined threshold of 2 meters, 
it performs a spatial matching to retrieve just the features affected from the feature collection. This 
algorithm is a toy example for the simple use case and aims to simulate an environmental model 
to predict droughts. A WPS Execute request, containing a short feature collection and a 
groundwater observation collection as input parameters has been uploaded to our open source 
platform

6
. 

 
More details about the Web services and how to annotate them are presented in section 2.3. 

                                            
4
 

http://www.umweltbundesamt.at/fileadmin/site/umweltthemen/raumplanung/1_flaechennutzung/co
rine/CORINE_Nomenklatur.pdf 
5
 http://www.eea.europa.eu/publications/COR0-landcover 

6
 http://kenai.com/projects/envision/sources/runtime/content/SimpleUseCase/simple-use-case-

wps/src/test/resources/de/ifgi/envision/wps/droughts/droughtsRequest_trick.xml?rev=190 

http://giv-wfs.uni-muenster.de:8080/52n-wps-webapp-2.0-RC6-SNAPSHOT/
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2 Guidelines for semantic annotations 

This section deals with guidelines for semantic annotations of OGC Web Services (OWS) to ena-

ble semantic discovery and semantic interoperability in environmental models. First we introduce 

a service model encoded in RDF [1], which establish the basis for semantic annotations and align 

it to OWS Common [2]. In section 2.2, service models for various geospatial Web services like 

WFS, WCS, SOS and WPS are presented. In addition, this section provides guidelines how to 

enrich these service models with semantics. Finally, environmental services developed with the 

ENVISION platform and the annotation procedure of such process models are described. 

 

2.1 The service model 

For enhancing Web services with semantics, two modeling approaches exist: top-down and bot-

tom-up [3]. The former has been adopted by OWL-S [4] and WSMO [5]. It is assumed that service 

developers first model the semantics before grounding [6] them into service descriptions such as 

WSDL [7]. A wide range of legacy services using SOA technologies like WSDL and REST [8] are 

already available. Annotating existing service descriptions in a bottom-up fashion is supported by 

SAWSDL [9]. SAWSDL provides an extension attribute “modelReference”, which can be applied 

to various elements in a WSDL document and in XML Schema. This attribute points to a concept 

in an arbitrary ontology having the best semantic description of the underlying element. A recent 

notion for enabling semantic descriptions of existing Web services is WSMO-Lite [10]
7
. The Pro-

cedure-Oriented Service Model
8
 (POSM) is adopted from WSMO-Lite and will be used in this 

project. Developed by the Linked Open Services initiative
9
, it fills the SAWSDL annotations with 

semantic service descriptions. POSM builds on Web service descriptions in RDF, which in addi-

tion is suitable for the growing Linked Open Data
10

 (LOD) community. Figure 2 shows a Concept 

Map of this service model. Its Notation3
11

 (N3) serialization, which is an alternative RDF encod-

ing, is included in the appendix (7.1). The service model contains generic statements of Web 

services, e.g. a service has an operation, which has input and output messages. POSM, similar 

to the WSDL description of a Web service, includes elements describing the operations, which 

are provided by the service. In WSDL descriptions an interface element is responsible for defining 

possible service operations exchanging messages defined in XML Schemas. In order to describe 

the semantics of the various parts, a “modelReference” attribute has to be added to the element 

which points to the counterpart in the service model (see Example 1). 

                                            
7
 WSMO-Lite has been presented in section 8.6.2 of Deliverable 6.1 [11] 

8
 http://www.wsmo.org/ns/posm/0.1/ 

9 http://www.linkedopenservices.org/ 
10 http://linkeddata.org/ 
11 http://www.w3.org/DesignIssues/Notation3 
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<wsdl:portType name="wfsPortType"> 
<wsdl:operation name="GetCapabilities"> 

  <wsdl:input name="GetCapabilitiesRequest" message="tns:GetCapabilitiesRequest"/> 
  <wsdl:output name="GetCapabilitiesResponse" 
message="tns:GetCapabilitiesResponse"/> 
  <wsdl:fault name="ExceptionReport" message="tns:ServiceExceptionReport"/> 
 </wsdl:operation> 
 <wsdl:operation name="DescribeFeatureType"> 

<wsdl:input name="DescribeFeatureTypeRequest"   
message="tns:DescribeFeatureTypeRequest"/> 
<wsdl:output name="DescribeFeatureTypeResponse" 
message="tns:DescribeFeatureTypeResponse"/> 

  <wsdl:fault name="ExceptionReport" message="tns:ServiceExceptionReport"/> 
 </wsdl:operation> 
 <wsdl:operation name="GetFeature"> 
  <wsdl:input name="GetFeatureRequest" message="tns:GetFeatureRequest"/> 

  <wsdl:output name="GetFeatureResponse" 
message="tns:GetFeatureResponse" 
sawsdl:modelReference=”[path_to_JavaContentRepository]#GetFeatureResponse”/> 

  <wsdl:fault name="ExceptionReport" message="tns:ServiceExceptionReport"/> 
 </wsdl:operation> 
</wsdl:portType> 

 

  

Figure 2: Concept Map of the Procedure-Oriented Service Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 1: Extract of a WSDL description for a Web Feature Service with an added 
“modelReference” attribute pointing to its description in the service model 
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2.2 Extended service model for OGC Services 

OGC Web services (OWS) are based on the OGC Web Services Common Standard which de-

fines some unified characteristics each service has to provide. For example, OGC Web services 

have a getCapabilities operation for offering service metadata. All geospatial services we are 

using in this project follow the OWS Common guidance
12

. To enrich such services with seman-

tics, we will use the mentioned POSM ontology and apply it to OWS. The result is a service mod-

el encoded in RDF which is common for all geospatial Web services (see appendix 7.2). Figure 3 

illustrates that an OGC Web Service (OWS) is a subclass of wsl:FunctionalClassificationRoot and 

has the getCapabilities operation with its input and output messages. FunctionalClassification-

Root is defined in the WSMO-Lite service ontology
13

 and provides a classification of service func-

tionalities. It marks a class as the root of a taxonomy, which also includes all of its RDF-S sub-

classes. In our case, each service model of an OGC Web service, for example the SOS, (pre-

sented in Section 2.3.1 Annotation of SOS) has to contain a corresponding service class, i.e. 

sos:SensorObservationService which is a subclass of the OGCWebService class. The dotted 

hasOperation relation between an OWS and the DefaultGetCapabilities resource does not mean 

that such a relation exists in the ontology. Such hasOperation relation is included in the ontology 

when an instance of the service model is created. Reasoners, especially IRIS [12], are not able to 

infer that a SOS is an OGC Web service and has a getCapabilities operation, this has to be ex-

plicitly stated. For this purpose, reasoners need RDF resource instances of classes. Hence, we 

generated instances (e.g. DefaultGetCapabilites) of the GetCapabilities class and its input 

(GetCapabilitiesInput) and output (GetCapabilitiesOutput) classes via a rdf:type property. These 

classes provide the connection to the POSM model. For example, GetCapabilitiesInput and Out-

put are subclasses of a MessagePart.   

The response of a GetCapabilities request (DefaultGetCapabilitiesOuput) is a service description, 

which is aligned to an information_object in the foundational ontology DOLCE [13], which serves 

a generic and domain-independent vocabulary. 

                                            
12

 http://www.opengeospatial.org/standards/common 
13

 http://www.wsmo.org/TR/d11/v0.2/ 
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Figure 3: Concept Map of the OWS Service Model 

 

2.3 Annotating the service models 

The approach we present in this document to annotate service models extends the annotation 
procedure explained in the Deliverable 4.1. For each service a procedure-oriented model 
(described in section 2.1 The Service Model), a RDF data model, and a domain ontology (except 
for WPS) are required. 

The service metadata (Capabilities document) contains a reference to the service model which is 
part of the application ontology. This ontology includes the POSM and the RDF Data Model, both 
connected by another model reference. The domain ontology models the real world within the 
domain context, and it is aligned to an upper-level ontology. As we mentioned in Deliverable 4.1, 
we use DOLCE

14
. The RDF Data Model is linked to the domain ontology via a domain reference. 

The concepts model reference and domain reference are further explained in [14]. Figure 4 
depicts the relationships between these components within the annotation context. 

 

                                            
14

 http://www.loa-cnr.it/DOLCE.html 
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In the following subsections, we detail this annotation method for each one of the services that we 
will use in the ENVISION infrastructure. 

2.3.1 Annotation of SOS 

This section introduces the Sensor Observation Service (SOS) and describes the different steps 
to follow to annotate this service. At the end, the annotation process is applied to a real service 
used in the simple use case (section 1). 

2.3.1.1 Service description 

The OGC Sensor Observation Service specification provides an interface to manage sensing 
devices and retrieve sensor data. The SOS input parameters enable the definition of a spatio-
temporal extent within which the observations are obtained. The returned output is an observation 
collection encoded in the OGC standard O&M

15
. 

                                            
15

 http://www.opengeospatial.org/standards/om 
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Figure 4: Service annotation overview 
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2.3.1.2 Data type description 

As we explained in the Deliverable 4.1, the ontological foundations on OGC Observations and 
Measurements (O&M) specification are not sound enough to directly create an ontology from the 
O&M Schema. Currently, there are different initiatives to bridge the gap between the OGC 
standard encoding and a more realistic view of sensor outputs. On the one hand, the Semantic 
Sensor Network XG

16
 is a W3C group working on the creation of ontologies for sensor networks, 

as well as the development of semantic annotations for sensor services. Their research work on a 
Sensor-Stimulus-Observation Ontology Design Pattern [15] is based on Kuhn’s work [16]. This 
approach is aligned with ours, but presents some complexity problems and is still not finished. On 
the other hand, the OGC is working on an experimental OWL representation

17
 of O&M. This 

solution offers direct mapping to the standard schema. The use of this ontology for our 
annotations would contradict our initial purpose of getting a more realistic representation of O&M, 
but it is an easy step forward to show our method in the simple use case. 

 

2.3.1.3 Procedure-oriented service model 

The Sensor Observation Service POSM includes three operations: DefaultGetCapabilities, 
DefaultDescribeSensor, and GetObservation. The Capabilities document is the response to the 
getCapabilities operation of the Sensor Observation Service. It contains a reference to the WSDL 
description of the service, and a reference to the POSM of the SOS. The ows:codeSpace 
references will be located within the element keywords (see Example 2). 

 

<ows:Keywords>  

 <ows:Keyword> keyword1 </ows:Keyword>  

 <ows:Keyword> keyword2 </ows:Keyword>  

 <ows:Type ows:codeS pace=[Reference to SOS POSM]>  

 </ows:Type>  

 <ows:Type ows:codeS pace=[Reference to SOS WSDL]>  

 </ows:Type>  

</ows:Keyw ords>  

Example 2: codeSpace reference in the SOS Capabilities document 

 

Since GetObservation is the operation to retrieve observations and measurements data from a 
SOS, the annotations will be located into its request and response. When we request a 
GetObservation, the reference to the RDF Data Model will be the whole request string. In the 
case of the GetObservation response, the quality that is being measured (observedProperty) will 
contain the model reference. As you can see in Example 3, the SOS POSM also includes 
seeAlso references to the Capabilities document and to the WSDL description file. 

sm:[SOS_ID]  a posm:Service ;  

 dc:title " title " ;  

 rdfs:seeAlso < [URL_SOS_getCapabilities] > , < [URL_SOS_WSDL]> ;  

 wsl:functionalClassification sos:SensorObservation Service ;  

 posm:hasOperation ows:DefaultGetCapabilities , 

sos:DefaultDescr ibeSensor , sm:GetObservation .  

 

sm:GetObservation a sos:GetObservation ;  

                                            
16

 http://www.w3.org/2005/Incubator/ssn/ 
17

 https://www.seegrid.csiro.au/subversion/xmml/ontologies/Ogc/ 
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 dc:title "GetObservation_urn:é:é " ; 

 posm:hasInput sm:GetObservation_Request ;  

 posm:hasOutput sm:GetObser vation_Response .  

 

sm:GetObservation_Request a sos:GetObservationInput ;  

 dc:title "GetObservationRequest_urn:[Observed Property]" ;  

 sawsdl:modelReference [Reference to the RDF Data Model] .  

 

sm:GetObservation_Response a sos:GetObservationOutput ;  

 dc:tit le "GetObservationResponse_urn:[Observed Property]" ;  

 sawsdl:modelReference [Reference to the RDF Data Model] .  

Example 3: Part of the POSM for SOS including the model references. 

 

The complete POSM for SOS can be found in the appendix (7.4). In section 2.3.1.6 Simple Use 
Case, we will show a POSM example for the SOS provided by BRGM for the demo example. 

2.3.1.4 Application ontology representing data model 

The application ontology for the SOS is formed by the POSM and the RDF Data Model. While the 
former is a procedure-oriented model, the latter is a representation of the data handled by the 
service. In the case of SOS, that is the OGC Observations & Measurements (O&M) standard 
specification. In section 2.3.1.2, we talked about two different initiatives for O&M ontologies. As 
short term solution, we have created a simple RDF Data Model mapping the core elements of the 
OGC O&M. The two main concepts of this ontology are ObservationCollection and Observation. 
An ObservationCollection is a GML AbstractFeature and contains members of type Observation. 
Each one of these members includes several properties: metadata, samplingTime, resultTime, 
procedure, resultQuality, observedProperty, featureOfInterest, parameter and result. The 
application ontology of the data model that we will use for the SOS annotations in Envision is 
presented in the appendix (see section 7.5). The next step consists of taking a look to the 
ontology

18
 created by Simon Cox (chair and co-chair of various OGC working groups), which 

presents a more complex structure than ours. The goal is to find a balanced solution between the 
SSN XG ontology and the one provided by OGC. 

2.3.1.5 Model reference 

The model reference is the link we use to connect different representations of the same concept. 
For the SOS annotations, we include model references in the WSDL description of the service, 
and in the POSM document. Figure 5 shows how these elements are connected. 

 

Figure 5: Model reference relations for the SOS annotation 

 

                                            
18

 https://www.seegrid.csiro.au/subversion/xmml/ontologies/Ogc/ 
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The WSDL description of SOS includes a model reference to POSM. It is located in the element 
describing the operation getObservation (see Example 4). 

 

<wsdl:operation name="GetObservation">  

         <wsdl:input name="GetObservationRequest"  

  message="tns:GetObservationRequest"  

  sawsdl:modelReference=[R eference to SOS POSM]/>  

         <wsdl:output name="GetObservationResponse"  

 message="tns:GetObservationResponse"  

  sawsdl:modelReference=[Reference to SOS POSM]/>  

         <wsdl:fault name="ExceptionReport" message="tns:ServiceException"/>  

</wsdl:operati on> 

Example 4: Model reference in the WSDL SOS 

 

The reference contained in the POSM for SOS (see section 2.3.1.3) connects the request and 
response of the getObservation operation with the RDF Data Model. In the next section, we 
provide a concrete example of the different model references needed for the SOS annotation. 

 

2.3.1.6 Simple use case example 

The description of the annotation process starts with the service metadata document, i.e. the 
Capabilities document (see Example 5). The first reference points to the POSM of the SOS 
service (Depth.rdf), and the second reference sets a relation to the WSDL description of the 
service (Depth.wsdl). This metadata document (without annotations) can be obtained from the 
following URL: http://sosades.brgm.fr/REST/sos?request=getCapabilities&service=SOS 

 

<ows:Keywords>  

 <ows:Keyword>SOS</ows:Keyword>  

 <ows:Keyword>ADES</ows:Keyword>  

 <ows:Keyword>BRGM</ows:Keyword>  

 <ows:Keyword>GroundWater</ows:Keyword>   

 <ows:Type ows:codeSpace=ò[path _to _Java Content Repository ]/Depth.rdf ò> 

 </ows:Type>  

 <ows:Type ows:codeSpace=ò[path _to _Java Content Repository ]/Depth.wsdl ò> 

 </ows:Type>  

</ows:Keywords>  

Example 5: Keywords element of the annotated SOS Capabilities 

 

The Example 6 shows the elements annotated in the SOS WSDL: GetObservationRequest and 
GetObservationResponse. 

 

<wsdl:operation name="GetObservation">  

         <wsdl:input name="GetObservationRequest"  

message="tns:GetObservationRequest" 

sawsdl:modelReference= ò[path _to _Java Content Repository ]/Depth.rdf#GetObservation

Request ò/>  

         <wsdl:output  name="GetObservationResponse"  

message="tns:GetObservationResponse" 

sawsdl:modelReference= ò[path _to _Java Content Repository ]/Depth.rdf#GetObservation

Response ò/>  

         <wsdl:fault name="ExceptionReport" message="tns:ServiceException"/>  

http://sosades.brgm.fr/REST/sos?request=getCapabilities&service=SOS
http://sosades.brgm.fr/REST/sos?request=getCapabilities&service=SOS
http://sosades.brgm.fr/REST/sos?request=getCapabilities&service=SOS
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</wsdl:operation>  

Example 6: Model reference in the WSDL of the SOS used for the simple use case 

  

SOS10_BRGMSOSforADES is the name given to the instance of the service in the SOS POSM 
(see Example 7). The model reference in the GetObservation_Request (input) points to a string 
containing the request for the operation, but the key annotation is added to the 
GetObservation_Response pointing to the Observation_1132570119. This element is an instance 
of the om:Observation, which belongs to the RDF Data Model. 

 

sm:  SOS10_BRGMSOSforADES a posm:Service ;  

 dc:title "BRGMSOSforADES_  depth" ;  

    rdfs:seeAlso  

<http://sosades.brgm.fr/REST/sos?service=sos&request=GetCapabilities> , 

<[path _to _Java Content Repository ]/Depth.wsdl> ;  

 wsl:functionalClassification sos:SensorObservationService ;  

 posm:hasOperation ows:DefaultGetCapabilities , 

sos:DefaultDescribeSensor , sm:GetObservation .  

 

sm:GetObservation a sos:GetObservation ;  

 dc:title "GetObservation_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 posm:hasInput sm:GetObservation_Request ;  

 posm:ha sOutput sm:GetObservation_Response .  

 

sm:GetObservation_Request a sos:GetObservationInput ;  

 dc:title "GetObservationRequest  depth" ;  

 sawsdl:modelReference xsd:string .  

 

sm:GetObservation_Response a sos:GetObservationOutput ;  

 dc:title "GetObservationResp onse_  depth" ;  

 sawsdl:modelReference sm:Observation_1132570119 .  

Example 7: Annotated POSM for the SOS used in the Envision simple use case. 

 

The SOS RDF Data Model will include a reference as part of a wsl:Effect (post-condition) with the 
name annot#domainReference (see Example 8). A complete version of the RDF Data Model is 
available in the Appendix (7.5). 

 

<[path_to_ Java Content Repository ]/Depth.rdf #_effect> a wsl:Effect ;  

 rdf:value "?p memberOf swe#Phenomenon and  

 ?o memberOf om#Observation and  

 ?o[o m#observedProperty hasValue ?p] and  

 ?sensor memberOf wlo _dom: WaterlevelSensor and  

 ?quality memberOf wlo _dom: Waterlevel and  

 ?observable memberOf wlo _dom: GroundWater and  

 ?observable[obs#isObservedBy hasValue ?sensor, dlc#hasQuality hasVa l-

ue ?quality]   and  

 ?observation memberOf wlo _dom: WaterlevelObservation and  

 ?observation[obs#isPerformedBy hasValue ?sensor] and  

 annot#domainReference( ?p, ?quality) and  

 annot#domainReference( ?o, ?observation) ."^^xsd:string .  

Example 8: Post-condition in RDF Data Model containing the domain reference 
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The domain ontology created for the SOS includes concepts and relations about groundwater 
level measurements. This ontology is aligned to DOLCE, assuring interoperability between 
applications using DOLCE aligned ontologies. 

 

2.3.2 Annotation of WFS  

2.3.2.1 Service description 

The Web Feature Service (WFS) is a standardized interface defined by the OGC. It provides 
interoperable access to geospatial “features”

19
. WFS is a data service and delivers Features of a 

defined FeatureType. A Feature can be seen as an abstraction of a concrete real world entity. It 
can be represented by a name, a variable amount of properties (attributes) and a geometry. The 
Feature Type is a definition how the Features are represented. The FeatureType defines all 
properties of a Feature. For instance, a River may be a FeatureType and has attributes with a 
name, a geometry, the length, the name of the region with the watershed, and the river’s 
destination. A Feature of this FeatureType could be the river “Danube” which is 2888km long, 
rising from the Black Forest and flowing into the Black Sea. Next to the Transaction and some 
other operations, the WFS provides also the three main operations GetCapabilities 
GetFeatureType and GetFeature. Similar to the WCS, the WFS comes with version 2.0 as its 
latest

20
. 

2.3.2.2 Data type description 

The term Feature is used in different communities. Consequently, there are a lot of definitions of 
Feature. In the GIScience community we describe a Feature as an entity with a geographic 
location which is represented by vector data [25]. Features can be composed into a Feature 
Layer. The OGC defines Feature as an “abstraction of real world phenomena” in the specification 
documents of the WFS. This definition is adapted from ISO 19101, an international standard in 
the field of geographic information (ISO 19101:2002). 

2.3.2.3 Procedure-oriented service model 

The POSM of the WFS links the Service to its application-specific vocabulary. Example 9 displays 
the common POSM of a WFS. 

:WebFeatureService a r dfs:Class ;  

 rdfs:subClassOf ows:OGCWebService .  

 

:DescribeFeatureType a rdfs:Class ;  

 rdfs:subClassOf posm:Operation .  

 

:DescribeFeatureTypeInput a rdfs:Class ;  

 rdfs:subClassOf posm:MessagePart .  

 

:DescribeFeatureTypeOutput a rdfs:Class ;  

 rdfs:subClassO f posm:MessagePart ;  

 rdfs:seeAlso <[URL_WFS_describeFeatureTypeResponse] > .  

 sawsdl:modelReference sm: FeatureTypeDescription  

 

                                            
19

 http://portal.opengeospatial.org/files/?artifact_id=39967 
20

 http://www.opengeospatial.org/standards/wfs 



 

 Copyright  ENVISION Consortium 2009-2012 Page 18 / 99 

 

:GetFeature a rdfs:Class ;  

 rdfs:subClassOf posm:Operation .  

 

:GetFeatureInput a rdfs:Class ;  

 rdfs:subClassOf posm:MessagePart .  

 

:GetFeatureOutput a rdfs:Class ;  

 rdfs:subClassOf posm:MessagePart ;  

 rdfs:seeAlso <[URL_WFS_featureCollection] > .  

 sawsdl:modelReference _feature  

 

:_feature a gml:AbstractFeature  

 

:FeatureTypeDescription a rdfs:Class ;  

 rdfs:subClassOf dolce:information _object .  

 

:DefaultDescribeFeatureType a :DescribeFeatureType ;  

 posm:hasOutput :DefaultDescribeFeatureTypeOutput ;  

 posm:hasInput :DefaultDescribeFeatureTypeInput .  

 

:DefaultDescribeFeatureTypeOutput a :DescribeFeatureTypeOutput ;  

 sawsdl:modelReference : FeatureTypeDescription .  

 

:DefaultDescribeFeatureTypeInput a :DescribeFeatureTypeInput ;  

 sawsdl:modelReference xsd:string .  

Example 9: POSM of a WFS 

The WFS is represented as a rdf:class and a subclass of the ows:OGCWebService. Instead of 
providing GetCoverage and GetFeature operations, the POSM of the WFS provides the GetFea-
tureType and GetFeature operations. Both inherit from posm:Operation and both provide input 
and output messages. The WFS service model provides a default DescribeFeatureType opera-
tion with input and ouput which is used by a concrete WFS POSM. The default input message 
holds a model reference pointing to a string. The output message holds also a model reference 
but it refers to the FeatureTypeDescription which is again a dolce:InformationObject. 

2.3.2.4 Application ontology representing data model 

The documents of a WFS are based on GML. The core element is the AbstractFeature. The re-
sponse of a GetFeature request is a collection of these AbstractFeatures called FeatureCollection. 
Both extend the AbstractGML element. Figure 6 gives an overview about the application-specific 
ontology of the GML schema. The ontology itself can be found in the appendix (7.9). 
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Figure 6: Conceptual Overview about the GML ontology representing a Feature 

The AbstractFeature is defined by its FeatureProperty, which could be of any type. Any attribute 
of a Feature is represented by this FeatureProperty. The AbstractTimeObject, the CoverageProp-
erty or the GeometryProperty are special FeatureProperties and inherit from it. Furthermore, an 
AbstractFeature has a spatial extent represented by the ocd:BoundingBox. The AbstractGeome-
try is the superconcept of all possible geometries, for example the BoundingBox. 

2.3.2.5 Model reference 

The “ows:Type” is used to include the links to the POSMs of a WFS and the WSDL file. The 
sawsdl:modelReference is used in the WSDL file and points to the respective POSMs. Figure 7 
presents the conception of the references between the OGC service specification, the WSDL file 
and the POSM. 

 

Figure 7: Model reference relations for the WFS annotation 

If a WFS provides more than one FeatureType, it is also represented by as many POSMs as Fea-
tureTypes are provided. 
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The “GetFeature” operation of WFS has one input and one output message. A concrete “GetFea-
tureRequest” describes the input message by extending the common “wfs:GetFeatureRequest”. 
The output message holds again the “sawsdl:modelReference” and extends the 
“wfs:GetFeatureResponse”. It is depicted in Example 10. 

sm:GetFeature a wfs:GetFeature ;  

 dc:title " GetFeature_Example" ;  

 posm:hasInput sm:GetFeatureRequest ;  

 posm:hasOutput sm:GetFeatureResponse .  

 

sm:GetFeatureRequest a wfs:GetFeatureInput ;  

 dc:title "GetFeatureRequest_Example " ;  

 sawsdl:modelReference xsd:string .  

 

sm:GetFeatureResponse a wfs:GetF eatureOutput ;  

 dc:title "GetFeatureResponse_Example " ;  

 sawsdl:modelReference sm:FeatureType_Example .  

 

sm:FeatureType_Example a rdfs:Class ;  

 dc:title "Feature_Example " ;  

 rdfs:subClassOf gml:AbstractFeature .  

Example 10: Part of POSM of a WFS including a sawsdl:modelReference 

2.3.2.6 Simple Use Case Example 

Similar to the annotation process explained in the example of the SOS, we have to do the same 
steps to annotate our WFS. The only difference is the amount of POSMs. Because of the alloca-
tion of two FeatureTypes we have to create two POSMs. We create the Service Models for the 
FeatureTypes corine:clc00_c111 and corine:clc00_c112. Afterwards we annotate the output of 
them with the GML application ontology. After that we link our OGC WFS to the two Service Mod-
els. Finally, we create the domain ontology representing the CORINE land cover types and link 
their concepts to the application ontology concepts using the domainReference. 

Example 11 shows the n3 representation of the POSM of the corine:clc00_c111 FeatureType. The 
model of the second FeatureType corine:clc00_c112 can be found in the appendix (7.10). 

@prefix sm: 

<[path_to_ JavaContentRepository]/ GeoServerWebFeatureService_1943412563.rdf#> .  

@prefix wsl: <http://www.wsmo.org/ns/wsmo - lite#> .  

@prefix sawsdl: < http://www.w3.org/ns/sawsdl#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix wfs: <http://purl.org/ifgi/wfs#> .  

@prefix posm: <http://www.wsmo.org/ns/posm/0.2#> .  

@prefix ows: <http://purl.org/ifgi/ows/0.2#> .  

@prefix rdf: <http://www.w3.org/ 1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix gml: <http://purl.org/ifgi/gml/0.2#> .  

@prefix dc: <http ://purl.org/dc/elements/1.1/> .  

 

sm:GeoServerWebFeatureService_1943412563 a posm:Service ;  

 dc:title "GeoSe rverWebFeatureService_clc00_c111" ;  

 rdfs:seeAlso <http://giv - wfs.uni -

muenster.de:8080/gs/corine/wfs?service=wfs&request=GetCapabilities> , 

<[path_to_ JavaContentRepository] /GeoServerWebFeatureService_1943412563.wsdl> ;  

 wsl:functionalClassification wfs:Web FeatureService ;  
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 posm:hasOperation ows:DefaultGetCapabilities , 

wfs:DefaultDescribeFeatureType , sm:GetFeature .  

 

sm:GetFeature a wfs:GetFeature ;  

 dc:title "GetFeature_clc00_c111" ;  

 posm:hasInput sm:GetFeatureRequest ;  

 posm:hasOutput sm:GetFeatureRespo nse .  

 

sm:GetFeatureRequest a wfs:GetFeatureInput ;  

 dc:title "GetFeatureRequest_clc00_c111" ;  

 sawsdl:modelReference xsd:string .  

 

sm:GetFeatureResponse a wfs:GetFeatureOutput ;  

 dc:title "GetFeatureResponse_clc00_c111" ;  

 sawsdl:modelReference sm:Feature Type_1943412563 .  

 

sm:FeatureType_1943412563 a rdfs:Class ;  

 dc:title "Feature_clc00_c111" ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

sm:code_00 a rdfs:Class ;  

 dc:title "code_00" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:the_geom a rdfs:Class ;  

 dc:titl e "the_geom" ;  

 rdfs:subClassOf gml:GeometryProperty .  

Example 11: POSM of the GeoServerWebFeatureService and the clc00_c111 FeatureType 

We establish the link between the OGC and the POSM representation of our service. In section 
2.3.2.5 we described how this can be done. Example 12 shows the links within the ServiceIdenti-
fication of the WFS. The sawsdl:modelReference is depicted in Example 13, which represents a 
part of the WSDL file describing the corine:clc00_c111 FeatureType.  

<ows:ServiceIdentification > 

  <ows:Title>GeoServer Web Feature Service</ows:Title>  

  <ows:Abstract>This is the reference implementation of WFS 1.0.0 and WFS 

1.1.0, supports all WFS operations including Transaction.</ows:Abstract>  

 <ows:Keywords>  

  <ows:Keyword>WFS</ows:Keyword>  

  <ows:Keyword>WMS</ows:Keyword>  

  <ows:Keyword>GEOSERVER</ows:Keyword>  

  <ows:Type 

codeSpace= ò[path_to_ JavaContentRepository] /GeoServerWebFeatureService_194341256

3.rdfò/>  

  <ows:Type 

codeSpace=" [path_to_ JavaContentRepository] /GeoServerWebFeatureService _194341256

4.rdf"/>  

 <ows:Type 

codeSpace= ò[path_to_ JavaContentRepository] /GeoServerWebFeatureService_194341256

3.wsdlò/>  

  <ows:Type 

codeSpace=" [path_to_ JavaContentRepository] /GeoServerWebFeatureService_194341256

4.wsdl"/>  

  </ows:Keywords>  

  <ows:ServiceTy pe>WFS</ows:ServiceType>  

  <ows:ServiceTypeVersion>1.1.0</ows:ServiceTypeVersion>  
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  <ows:Fees>NONE</ows:Fees>  

  <ows:AccessConstraints>NONE</ows:AccessConstraints>  

  </ows:ServiceIdentification>  

Example 12: Extended ServiceIdentification part of the GeoServer Web Feature Service 
GetCapabilities document 

 

<wsdl:operation name=òGetFeatureò> 

 <wsdl:input name=òGetFeatureRequestò message=òtns:GetFeatureRequestò/> 

 <wsdl:output name=òGetFeatureResponseò message=òtns:GetFeatureResponseò 

  sawsdl:modelReferenc eò [path to JavaContentReposit o-

ry] /GeoServerWebFeatureService_1943412563.rdf ò/> 

 <wsdl: fault name=òExceptionReportò message=òtns:ServiceExceptionReportò/> 

</wsdl:operation>  

Example 13: Part of the WSDL file representing descriptions of the corine:clc00_c111 
FeatureType and including the sawsdl:modelReference 

The next step is the creation of the domain concepts representing the real world entities repre-
sented by the features. The created concept UrbanizedArea is a superclass for all concepts de-
scribing artificial surfaces. This concept is a subclass of the landcover_unit defined in the geo-
space ontology. Land cover is the physical state of the land surface. Land Cover Units are dis-
cernible parts of Land Cover, e.g. the forest or a street. The landcover_unit inherits from the geo-
graphical_unit. Consequently, all our created concepts, pictured as a concept map in Figure 8, 
are special geographic units with a location, a surrounding, and geographic qualities. The com-
plete ontology is available in the appendix (7.11). 
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Figure 8: Concept map of the domain ontology for continuous/discontinuous urbanized 
fabric 

The annotation for the corine:clc00_c111 FeatureType is shown in Example 14 as a WSML axiom. 

axiom _annotation  

 definedBy   

  ?feature memberOf gml#Abstract Feature and  

  ?geom memberOf gml#GeometryProperty and  

    

  ?area[dlc#spatial_location hasValue ?location] memberOf    

  domain#ContinuousUrbanizedArea and  

  ?location memberOf g eo#geographic_space_region and  

  

  annot#domainReference(?feature, ?area) a nd 

  annot#domainReference(?geom, ?location).  

Example 14: Annotation of the application-specific vocabulary of the corine:clc00_c111 
FeatureType and the representation of artificial surfaces. 
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Finally, the axioms are inserted into the POSMs of our FeatureTypes as definition within the 
wsl:Effect. The complete POSM for the corine:clc00_c111 FeatureType is available in the appen-
dix (7.12).  

 

2.3.3 Annotation of WPS  

In this section we propose a method to annotate OGC Web Processing Services (WPS). 
Following the structure of the previous section, annotation is applied to the ENVISION simple use 
case in the last subsection. 

2.3.3.1 Service description 

The OGC WPS specification describes how to encapsulate geospatial processes as services, 
and how to execute them and get the results. It implements (at least) three operations: 
GetCapabilities, DescribeProcess, and Execute. 

2.3.3.2 Data type description 

The process of WPS annotation is different from annotating another OGC services since WPS 
does not have a particular data model. The inputs and outputs of the service belong to types 
defined by other services, e.g. a feature collection. 

The core element of WPS is the geospatial process. To annotate a WPS, our approach is focused 
on the inputs and outputs of the process. To perform the Execute operation, a WPS requires a 
minimum of one input parameter. The response of the service after the execution will include at 
least one output result. The format encoding and schema of the input and output are described in 
the response of the DescribeProcess operation. 

2.3.3.3 Procedure-oriented service model 

The three main WPS operations are described in this model: GetCapabilities, DescribeProcess 
and Execute. The Capabilities document is the result of requesting the WPS operation 
getCapabilities. It includes a codeSpace link to the WPS procedure-oriented service model, and 
another one to the WPS WSDL. Example 15 shows an example of the WPS capabilities with the 
location of the annotations between square brackets. 
<ows:Keywords>  

 <ows:Keyword> keyword1 </ows:Keywor d> 

 <ows:Keyword> keyword2 </ows:Keyword>  

 <ows:Type ows:codeS pace=[Reference to WPS POSM]> 

 </ows:Type>  

 <ows:Type ows:codeS pace=[Reference to WPS WSDL]> 

 </ows:Type>  

</ows:Keywords>  

Example 15: CodeSpace reference in the WPS Capabilities document 

In the POSM, the semantic annotations are located in the WPS operation Execute (see Example 
16). The model reference in the Execute request points to the expected inputs for the service. 
The annotation placed in the Execute response describes the output of the WPS. Each one of 
this model references is linked to an application ontology (RDF Data Model). The complete WPS 
POSM can be found in the appendix (7.7). More details about the specific example of the demo 
are explained in the “Simple use case example” section. 
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sm:Execute a wps:Execute ;  

 dc:title "Execute_[ProcessID] " ;  

 posm:hasInput sm:ExecuteRequest ;  

 posm:hasOutput sm:ExecuteResponse .  

 

sm:ExecuteRequest a wps:ExecuteInput ;  

 dc:title "Execut eRequest_[ProcessID] " ;  

 sawsdl:modelReference sm: [input1] ,  é, sm: [inputN] .  

 

sm:ExecuteResponse a wps:ExecuteOutput ;  

 dc:title "ExecuteResponse _[ProcessID] " ;  

 sawsdl:modelReference sm: [output1] ,  é, sm: [outputN] .  

Example 16: Part of the POSM for WPS including the model references 

2.3.3.4 Application ontology representing data model 

There is no need for a specific RDF Data Model in WPS, since the input and output parameters 
that are annotated are not special WPS data types. Therefore, the model references described in 
the section above are linked to RDF Data Models previously defined. 

2.3.3.5 Model reference 

In the case of WPS, we also use model reference and codeSpace links to connect the different 
representations of the service. Figure 9 shows how the different elements are related, following 
the same pattern we apply to SOS. 

 
Figure 9: Model reference relations for the WPS annotation 

The main difference with the rest of services analysed in this document, as we explained in the 
previous section, is the model reference from the WPS POSM to RDF Data Models. Since WPS 
does not define a service-specific data model for the inputs and outputs, the semantic annotations 
included in the POSM will point to previously defined RDF data models. 

The WSDL description of the WPS will also include a model reference pointing to the WPS 
POSM. The Example 17 shows part of the WSDL for WPS, with the corresponding annotations. A 
complete version of this WSDL has been included in the appendix (7.6). 

 

<wsdl:operation name="Execute">  

 <wsdl:input name="ExecuteInput" message="tns:ExecuteRequest"  

sawsdl:modelRefe rence=[Reference to WPS POSM]/>  

 <wsdl:output name="ExecuteOutput" message="tns:ExecuteResponse"  

sawsdl:modelReference=[Reference to WPS POSM]/>  

</wsdl:operation>  

Example 17: Model reference in the WSDL WPS 
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2.3.3.6 Simple use case example 

The annotation process for WPS is similar to the method used for SOS. First, we will add two 
ows:codeSpace references in the Keywords section of the service metadata, i.e. the Capabilities 
document. The first link points to the WPS representation as POSM, and the second one to the 
WSDL description of the service. In the Example 18, there is a fragment of this document 
containing the annotations.  

 

<ows:Keywords>  

 <ows:Keyword>WPS</ows:Keyword>  

 <ows:Keyword>AAFC</ows:Keyword>  

 <ows:Keyword>geospatial</ows:Keyword>  

 <ows:Keyword>ge oprocessing</ows:Keyword>  

 <ows:Type ows:codeSpace=ò[path_to_JavaContentRepository]/  

DroughtClassifierAlgorithm.rdf ò> 

 <ows:Type ows:codeSpace=ò[path_to_JavaContentRepository]/  

DroughtClassifierAlgorithm.wsdl ò> 

</ows:Keywords>  

Example 18: Keywords element of the annotated WPS Capabilities 

 

The WSDL description of the service will include two model references to the POSM of WPS. The 
relation between these two documents is depicted in Figure 9. The Example 19 shows part of the 
WSDL file, with the links to the POSM. The references relate the input of the WSDL operation 
Execute to the ExecuteRequest of the POSM, and the output to the ExecuteResponse. 

 

<wsdl:operation name="Execute">  

 <wsdl:input name="ExecuteInput" message="tns:ExecuteRequest"  

sawsdl:modelRefere nce=ò[path_to_ JavaContentReposit ory]/  

DroughtClassifierAlgorithm.rdf #ExecuteRequestò/>  

 <wsdl:output name="ExecuteOutput" message="tns:ExecuteResponse"  

sawsdl:modelReference=ò[path_to_ JavaContentReposit ory] /  

DroughtClassifierAlgorithm.rdf #ExecuteResponseò/ > 

</wsdl:operation>  

Example 19: Model reference in the WSDL of the WPS used for the simple use case 

 

In the case of the POSM representation of the WPS, the model references link the input and 
output of the service to the RDF Data Model created for SOS and WFS. Regarding the input, the 
WPS expects an observation collection (O&M) and a feature collection (WFS). The WPS service 
returns a feature collection. Example 20 contains the lines of the WPS POSM document including 
the sawsdl annotations. For the ExecuteRequest, the references point to the two feature types 
accepted by the service (clc00_c111 and clc00_112), and to the observation collection. The 
number attached to the annotations is a hash code that makes the identifier unique. For the 
output, the annotations refer to both feature types, since these are the ones accepted as part of 
the feature collection result. Note that the WPS POSM also includes the rdfs:seeAlso references 
to the WSDL document and to the Capabilities.  

 

sm:52n_WPS_- 398451138 a posm:Ser vice;  

 dc:title "52n_WPS_de.ifgi.envision.wps.DroughtClassifierAlgorithm";  

 rdfs:seeAlso "http://giv - wps.uni - muenster.de:8080/52n - wps- webapp- 2.0 -

RC6-

SNAPSHOT/WebProcessingService?Request=GetCapabilities&Service=WPS"^^xsd:string,  

  " [path_to_ JavaContentReposit ory] /  

http://giv-wfs.uni-muenster.de:8080/jcr/repository/default/services/1166436554/
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DroughtClassifierAlgorithm.wsdl "^^xsd:string;  

  wsl:functionalClassification wps:WebProcessingService;  

 posm:hasOperation ows:DefaultGetCapabilities, 

wps:DefaultDe scribeProcess , sm:Execute.  

 

sm:Execute a wps:Execute ;  

 dc:title "Execute_de.ifgi.envision.wps.DroughtClassifierAlgorithm" ;  

 posm:hasInput sm:ExecuteRequest ;  

 posm:hasOutput sm:ExecuteResponse .  

 

sm:ExecuteRequest a wps:ExecuteInput ;  

 dc:title  "Execu t-

eRequest_de.ifgi.envision.wps.DroughtClassifierAlgorithm" ;  

 sawsdl:modelReference sm:FeatureType_1943412563 , 

sm:FeatureType_1943412564, sm:Observation_1132570119.  

 

sm:ExecuteResponse a wps:ExecuteOutput ;  

 dc:title "ExecuteR e-

sponse_de.ifgi.envisi on.wps.DroughtClassifierAlgorithm" ;  

 sawsdl:modelReference sm:FeatureType_1943412563 , 

sm:FeatureType_1943412564.  

Example 20: Annotated POSM for the WPS used in the Envision simple use case. 

As explained before, the WPS does not need a specific RDF Data Model. The model references 
added to the POSM point to the SOS RDF Data Model (modelling O&M schema), and to the WFS 
RDF Data Model. A detailed example of the annotations for both models can be found in section 
2.3.1.6 and section 2.3.2.6, respectively. The domain references used to connect the RDF Data 
Models to the domain ontologies are explained in those sections too. 

 

2.3.4 Annotation of WCS  

2.3.4.1 Service description 

The WCS provides interoperable access to geospatial “coverages”. Similar to the SOS and WFS, 
the WCS is a data service. It enables access to coverage data like remote sensing images or 
elevation models (OGC 09-110r3

21
). The output is specified as a binary image format, e.g. 

GeoTIFF.  
At the moment the WCS standard comes with version 2.0 as its latest. The current version relies 

on the GML coverage
22

 model which improves the interoperability across OGC standards
23

. 

WCS specifies three mandatory operations to retrieve metadata about the service 
(getCapabilities) and the provided coverages (describeCoverage) as well as the coverage data 
(getCoverage). The output can be retrieved in several data formats. Amongst others CF-

NetCDF
24

, GeoTIFF
25

, HDF-EOS
26

, or NITF
27

 are supported. Finally, the WCS can providea 

transactional interface similar to other OGC services to enable users to upload and remove 
certain Coverages. 

                                            
21

 http://portal.opengeospatial.org/files/?artifact_id=41437 
22

 http://schemas.opengis.net/gmlcov/1.0/ 
23

 http://www.opengeospatial.org/standards 
24

 http://www.cgd.ucar.edu/cms/eaton/cf-metadata 
25

 http://www.remotesensing.org/geotiff/geotiff.html 
26

 http://www.hdfeos.org 
27

 http://www.ismc.nga.mil/ntb/baseline/1999.html 
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2.3.4.2 Data type description 

As the name of the service implies, the WCS provides Coverages as response to a certain re-
quest. A Coverage is defined by the OGC as following: A feature that associates positions within a 
bounded space (its spatiotemporal domain) to feature attribute values (its range). GIS coverages 
(including the special case of Earth images) are two- (and sometimes higher-) dimensional meta-
phors for phenomena found on or near a portion of the Earth's surface. A Coverage can consist of 
a set of features or Feature Collections. Earth images are seen as Grid Coverages that contain 
features whose geometries are of type "set of cells" or "set of pixels" (surfaces) (OGC 07-011

28
). 

In contrast to the WFS
29

, a Coverage provides raster data instead of vector data. It is able to map 
only one aspect (attribute) of data in space by using a range of values for a given domain. 

2.3.4.3 Procedure-oriented service model 

The service model of the WCS is presented in Example 21, encoded as n3. 

sm:WebCoverageService a rdfs:Class ;  

 rdfs:subClassOf ows:OGCWebService .  

 

sm:DescribeCoverage a rdfs:Class ;  

 rdfs:subClassOf posm:Operation .  

 

sm:DescribeCoverageInput a rdfs:Class ;  

 rdfs:subClassOf posm:MessagePart ;  

 rdfs:seeAlso 

<http: //schemas.opengis.net/wcs/1.1/wcsDescribeCoverage.xsd#DescribeCoverage> .  

 

sm:DescribeCoverageOutput a rdfs:Class ;  

 rdfs:subClassOf posm:MessagePart ;  

 rdfs:seeAlso 

<http://schemas.opengis.net/wcs/1.1/wcsDescribeCoverage.xsd#CoverageDescription

s> .  

 

sm:Ge tCoverage a rdfs:Class ;  

 rdfs:subClassOf posm:Operation .  

 

sm:GetCoverageInput a rdfs:Class ;  

 rdfs:subClassOf posm:MessagePart ;  

 rdfs:seeAlso 

<http://schemas.opengis.net/wcs/1.1/wcsGetCoverage.xsd#GetCoverage> .  

 

sm:GetCoverageOutput a rdfs:Class ;  

 rdf s:subClassOf posm:MessagePart ;  

 rdfs:seeAlso 

<http://schemas.opengis.net/wcs/1.1/wcsCoverages.xsd#Coverages> .  

 

sm:CoverageDescription a rdfs:Class ;  

 rdfs:subClassOf dolce:information_object .  

 

sm:DefaultDescribeCoverage a sm:DescribeCoverage ;  

 posm:has Output sm:DefaultDescribeCoverageOutput ;  

 posm:hasInput sm:DefaultDescribeCoverageInput .  

                                            
28

 http://portal.opengeospatial.org/files/?artifact_id=19820 
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sm:DefaultDescribeCoverageOutput a sm:DescribeCoverageOutput ;  

 sawsdl:modelReference sm:CoverageDescription .  

 

sm:DefaultDescribeCoverageInput a sm:DescribeCoverag eInput ;  

 sawsdl:modelReference xsd:string .  

Example 21: The common Procedure-Oriented Service Model of a WCS 

The WebCoverageService is represented as an rdfs:Class and is a subclass of the 
ows:OGCWebService which is explained in Section 2.1. It inherits the GetCapabilities concept 
and the DefaultGetCapabilities element which is an instance of the GetCapabilities concept. The 
DescribeCoverage and the GetCoverage operations differentiate between the WCS and other 
OGC services. Conseqently, both are defined through concepts inheriting from Operation defined 
in the POSM vocabulary. Furthermore, both concepts are linked to their input and output parts 
through the POSM MessagePart. Finally, there is an instance called DefaultDescribeCoverage 
which is a member of the DescribeCoverage concept. It is used in a POSM of a concrete Cover-
age which is explained in section 2.3.4.6. This instance is linked to the instances of its input and 
output. Both hold a sawsdl:modelReference. The default input refers to a string. It is possible to 
specify some service-specific properties like a filter as an input during a request. The ouput in-
stance refers to a common concept representing a Coverage description which is a subconcept of 
an information object defined in the DOLCE ontologies. Information objects are social objects that 
are realized by some entity. Social objects are ordered (expressed according to) by some system 
for information encoding.They are dependent from an encoding as well as from a concrete reali-
zation, and can express a description (the ontological equivalent of a meaning/conceptualization), 
can be about any entity, and can be interpreted by an agent. From a communication perspective, 
an information object can play the role of “message”. From a semiotic perspective, it plays the 
role of “expression”

30
. 

As a result of this way of modelling WCSs, one service model can only serve one Coverage. 
Consequently, WCS’s offering more than one Coverage, are described by several service models. 

Such a service model enables linking between the service and the application-specific vocabulary 
which describes the data of the service. The application specific ontologies are encoded in RDF. 
Next, we describe the RDF model of Coverage before we introduce the model reference which 
links, on the one hand an OGC Web service to a POSM via a WSDL file and on the other hand a 
POSM to an application-specific vocabulary. 

2.3.4.4 Application ontology representing data model 

The data model used by a WCS depends on its version. Until version 1.1 WCS specifications are 
based on the WCS schema. This includes Coverage, CoverageDescription and the elements 
which are part of them. Some of these elements point to the GML and OWS data schema. The 
latest version of the WCS (i.e. version2.0) uses the GML and the new GMLCOV schema next to 
the WCS schema. To bridge the gap between all the Coverage data schemas describing the data 
and the domain ontology which in turn represents the real world objects, an application-specific 
ontology is needed to model a Coverage. This ontology represents the link between the metadata 
of a WCS and the domain vocabulary. Figure 10 shows a conceptual overview of the application 
specific ontology of a Coverage. The ontology, encoded as n3, can be found in the appendix (7.8). 
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Figure 10: Conceptual Overview about the COV ontology representing a Coverage 

A Coverage represents an entity in the real world at a specific moment in time with a specific lo-
cation and a defined spatial extent. Hence, a Coverage is a Feature and have to be modeled in 
this way. Like a Feature a Coverage has some properties like a geometry and a time object which 
could be only a point in time oder a whole interval. In Contrast to the Features deliverd by a WFS 
a Coverage has exactly one thematic property modeled as a FeatureProperty. The Cover-
ageProperties are more functional properties holding information about production of a Coverage. 
The CoverageFunction describes the mapping from the domain to the range. The range itself is 
defined by the concept Range which could include some information about the data records. The 
Field concept represents a category and can be linked to an InterpolationMethod, which de-
scribes the method that is used to calculate the fields. 

2.3.4.5 Model reference 

The “modelReference” element which is described in section 2.1 can be considered as a link 
between different encodings. W3C introduced the SAWSDL standard

31
 which implements the 

idea of a model reference that is reused by us. On the one hand, we use this reference to link the 
OGC service specification to the RDF service model. This is done in two steps, which include: 

 pointing from the “getCapabilities” document of the WCS to its WSDL file.  

 inserting sawsdl:modelReference elements into the operations which are defined in the 
WSDL file.  

Furthermore, there is a direct link from the getCapabilities document to the POSM. Since a WCS 
can provide several Coverages, we need a solution for including more than one reference. As 
mentioned in section 2.3.4.3 a WCS has as many POSMs as different Coverages. The same can 
be said about the WSDL files. So, we decided to use the “ows:ServiceIdentification” part of the 
“getCapabilities” document. This part supports the insertion of an unlimited number of keywords 
and types. We use the “ows:Type” element to include the link to a RDF service model 
representing one Coverage. Moreover, the ows:Keywords is defined as a sequence. This implies 
the availability of as many ows:Type elements as Coverages. Figure 11 presents the conception 
of the reference between the OGC service specification, the WSDL representation and the POSM. 
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Figure 11: Model reference relations for the WCS annotation 

On the other hand, the model reference is used to link the POSM and the underlying RDF data 
model. 

To include the “modelReference” element into a RDF service model it needs instances like the 
DefaultDescribeCoverageOutput. Consequently, the common POSM of a WCS described in sec-
tion 2.3.4.3 has to be instantiated to represent a concrete Coverage. To annotate the ouput of a 
WCS, we use the GetCoverage operation. An example is illustrated in Example 22. The instance 
of the “GetCoverage” operation is divided up into two messages, one for the input message and 
one for the output message. The input message is described by a concrete “GetCover-
ageRequest” extending the common “wcs:GetCoverageRequest”. The output message is the 
more interesting one. It instantiates the “wcs:GetCoverageResponse” and holds a 
“sawsdl:modelReference”, which points to a concrete Coverage.  

sm:GetCoverage a wcs:GetCoverage ;  

 dc:title "GetCoverage_Example" ;  

 posm:hasInput sm:GetCoverageRequest ;  

 posm:hasOutput sm:GetCoverageResponse .  

 

sm:GetCoverageRequest a wcs:GetCoverageInput ;  

 dc:title "GetCoverageRequest_Example" ;  

 sawsdl:modelReference xsd:string .  

 

sm:GetCoverageRe sponse a wcs:GetCoverageOutput ;  

 dc:title "GetCoverageResponse_Example" ;  

 sawsdl:modelReference sm:Coverage_Example .  

 

sm:Coverage_Example a rdfs:Class ;  

 dc:title "Coverage_Example" ;  

 rdfs:subClassOf cov:Coverage .  

Example 22: Part of POSM of a WCS including a sawsdl:modelReference 

A complete example of a WCS described through the OGC service description and the POSM is 
presented in the following section. Furthermore this section shows how the introduced theory 
about model reference looks like and illustrates how domain vocabulary will be annotated to Web 
Coverage Services. 
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2.3.4.6 Simple use case example 

This section is about transferring the presented knowledge into practice. We introduce a WCS 
providing a Digital Elevation Model

32
 before we exemplify the process of annotating OGC Web 

services step by step. 

A Digital Elevation Model (DEM) represents the terrain of a certain region. A terrain is described 
as the three dimensional surface of the ground of a region. The digital representation of a region 
can be a raster or a Triangular Irregular Network (TIN). The WCS of our example provides a DEM 
of Guadeloupe as a raster. Guadeloupe is an island, located in the Caribbean Sea. The data 
comes from the Shuttle Radar Topography mission (SRTM). Figure 12 shows the response of our 
WCS. 

 

Figure 12: The response of our WCS used in the example 

The first step to enable semantic annotation to a service is the creation of the WSMO Service 
model. So, we need the common Service Model of the WCS and extend it with our service specif-

                                            
32

 http://envision.brgm-rec.fr/Data_DEM.aspx 



 

 Copyright  ENVISION Consortium 2009-2012 Page 33 / 99 

 

ic information. This can be done manually or with the help of the Service Model Translator de-
scribed in section 3.5. The result is presented in Example 23. 

@prefix sm: < [path_to_ JavaContentRepository] /MapServerWCS_79178267.rdf#> .  

@prefix wsl: <http:// www.wsmo.org/ns/wsmo - lite#> .  

@prefix sawsdl: <http://www.w3.org/ns/sawsdl#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix wcs: <http://purl.org/ifgi/wcs#> .  

@prefix posm: <http://www.wsmo.org/ns/posm/0.2#> .  

@prefix ows: <http://purl.org/if gi/ows/0.2#> .  

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix gml: <http://purl.org/ifgi/gml/0.3#> .  

@prefix cov: <http://purl.org/ifgi/cov/0.1#> .  

@prefix ocd: <http://purl.org/ ifgi/ocd/0.1#> .  

@prefix dc: <http ://purl.org/dc/elements/1.1/> .  

 

sm:MapServerWCS_79178267 a posm:Service ;  

 dc:title "MapServerWCS_SRTM3" ;  

 rdfs:seeAlso <http://mapdmzrec.brgm.fr/cgi -

bin/mapserv?map=/carto/demo/mapFiles/demo_srtm_glp.map&SERVICE=WCS&VER SION=1.0.

0&REQUEST=GetCapabilities>;  

 wsl:functionalClassification wcs:WebCoverageService ;  

 posm:hasOperation ows:DefaultGetCapabilities , 

wcs:DefaultDescribeCoverage , sm:GetCoverage .  

 

sm:GetCoverage a wcs:GetCoverage ;  

 dc:title "GetCoverage_SRTM3" ;  

 posm:hasInput sm:GetCoverageRequest ;  

 posm:hasOutput sm:GetCoverageResponse .  

 

sm:GetCoverageRequest a wcs:GetCoverageInput ;  

 dc:title "GetCoverageRequest_SRTM3" ;  

 sawsdl:modelReference xsd:string .  

 

sm:GetCoverageResponse a wcs:GetCoverageOutput ;  

 dc: title "GetCoverageResponse_SRTM3" ;  

 sawsdl:modelReference sm:Coverage_79178267 .  

 

sm:MapServerWCS_79178267_Effect a wsl:Effect ;  

 dc:title "Effect_SRTM3" .  

 

sm:Coverage_79178267 a rdfs:Class ;  

 dc:title "Coverage_SRTM3" ;  

 rdfs:subClassOf cov:Coverage .  

 

sm:name a rdfs:Class ;  

 dc:title "name" ;  

 rdfs:subClassOf gml:CoverageProperty .  

 

sm:lonLatEnvelope a rdfs:Class ;  

 dc:title "lonLatEnvelope" ;  

 rdfs:subClassOf ocd:BoundingBox .  

 

sm:interpolationMethod a rdfs:Class ;  

 dc:title "interpolationMethod" ;  

 rd fs:subClassOf cov:InterpolationMethod .  

Example 23: POSM of the MapServerWCS and the SRTM3 Coverage 
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MapServerWCS_79178267 is an instance of posm:Service defined in the Procedure-Oriented 
Service Model. The name is a combination of the original service name and the Hashcode of the 
name of the Coverage. If our WCS provides more than one Coverage, we would create a POSM 
Service for each Coverage. To clearly identify POSM Services of one OGC Service it needs the 
Hashcode of the Coverage name as an addition within the name of the POSM service. Our 
POSM Service provides some properties, a title, a link to the GetCapabilities document of the 
OGC representation of this service and the functional classification. The most interesting property 
is the posm:Operation which provides all operations of this service. The sm:Getcoverage opera-
tion is a wcs:GetCoverage operation and the one where we link to the application-specific vocab-
ulary. This operation has a request and a response. Both hold a sawsdl:modelReference referring 
to a string and accordingly to something which is called “sm:Coverage_79178267”. This is the 
concrete output of our service being a subclass of cov:Coverage which is introduced in section 
2.3.4.4. Because of being a subclass of cov:Coverage we are able to link the elements of the 
Coverage SRTM3 (see Example 23) to specific cov:coverageProperties. For example, we specify 
the name of the Coverage as a cov:CoverageProperty, the lonLatEnvelope as a 
ocd:BoundingBox and the interpolationMethod as a cov:InterpolationMethod. Now we are able to 
annotate the referenced application-specific concepts to domain concepts. But before we intro-
duce the domain ontology and the annotation of both vocabularies we have to explain the con-
nection between our POSM Service and the original OGC Web Coverage Service. 

The link between both service representations has to be done using again the 
sawsdl:modelReference. How and where we include the reference is explained in section 2.3.4.5. 
Example 24 shows the extended ServiceIdentification element of our WCS. The URL which is the 
value of the ows:codeSpace links directly to our POSM Service. It is also the namespace of the 
POSM Service. The WSDL file is linked using another ows:Type. 

<?xml version="1.0" encoding="ISO - 8859 - 1" standalone= "no" ?>  

<WCS_Capabilities version="1.0.0" updateSequence="0" 

xmlns="http://www.opengis.net/wcs" xmlns:xlink="http://www.w3.org/1999/xlink" 

xmlns:gml="http://www.opengis.net/gml" 

xmlns:xsi="http://www.w3.org/2001/XMLSchema - instance" 

xsi:schemaLocation="htt p://www.opengis.net/wcs 

http://schemas.opengeospatial.net//wcs/1.0.0/wcsCapabilities.xsd">  

<Service>  

  <name>MapServer WCS</name>  

  <label>SRTM -  Guadeloupe</label>  

  <fees>NONE</fees>  

  <accessConstraints>NONE</accessConstraints>  

  <Keywords>  

  <ows:T ype 

ows:codeS pace=ò[path_to_ JavaContentRepository] /MapServerWCS_79178267.rdf ò/ > 

  <ows:Type 

ows:codeS pace=ò[path_to_ JavaContentRepository] /MapServerWCS_79178267. wsdlò/>  

  </K eywords>  

</Service>  

Example 24: Extended ServiceIdentification part of the MapServerWCS GetCapabilities 
document 

The last step of the annotation process is the creation of the domainReference between the con-
cepts of the referenced application ontology and the concepts of a domain ontology. So, we need 
a domain ontology modelling Terrain, the thematic property of the Coverage. There are several 
ways and methods to create domain ontologies. In our case we decided to start with a conceptu-

http://giv-wcs.uni-muenster.de:8080/jcr/repository/default/services/MapServerWCS/79178267/MapServerWCS_79178267.rdf
http://giv-wcs.uni-muenster.de:8080/jcr/repository/default/services/MapServerWCS/79178267/MapServerWCS_79178267.
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alization. Out of this conceptualization we build up an ontology encoded in WSML. We create the 
ontology by hand using all the concepts and relations defined in the first phase. The last step is 
the insertion of a hierarchy. Every concept has to have a superconcept. To achieve this, founda-
tional ontologies are used. Such ontologies provide common concepts and relations. It works like 
a classification. If a domain concept is linked to a foundational concept via a “subsumes” relation, 
it inherits all the properties of the superconcept. For example, we link a concept Island to geo-
graphical_unit. This implies that our Island has to have a spatial location because the concept 
geographical_unit is a subconcept of physical_object which is defined in the Dolce_Lite ontology. 
And one of the properties of a physical_object is a spatial location. The conceptualization of our 
domain ontology of Terrain is visualized in Figure 13. 

 

Figure 13: Conception of the domain ontology for terrain. 

The semantic problem of Coverages introduced in section 2.3.4.2 is obvious in this example. To 
model terrain we reuse the formerly created “geospace ontologies”

33
. Here we defined a geo-

graphical unit as the common concept of a geographical entity. A geographical unit is described 
by several qualities, called geographic qualities. One of these qualities is “terrain”. All in all, we 
link the Coverage_79178267 instance being a cov:Coverage to an instance of the domain con-
cept “terrain” and the lonLatEnvelope instance which is a ocd:BoundingBox to an instance mem-
ber of the concept “spatial_extent” being a geographic quality, too. The result is an unknown geo-
graphical unit holding only a spatial and a thematic property. 

The Web OntoBridge Service, running in the Envision portal, is doing the annotation. It enhances 
the user in the decision of the vocabularies and the relations between them. Furthermore, it pro-
duces an RDF value representing the annotation. Section 3.2 provides a detailed description and 
a user guide. Finally, we integrate the value produced by the OntoBridge into our MapServer-
WCS_79178267 service model. It is part of the sm:MapServerWCS_79178267_Effect which is a 
wsl:Effect. A wsl:Effect can be seen as the condition that holds in the state after the execution of 
the service. It is presented in Example 25 encoded as a WSML axiom for a better overview.  

axiom _annotation  

 definedBy   

  ?coverage memberOf cov#Coverage and  

  ?bb memberOf ocd#BoundingBox and  

    

?geounit[dlc#has_quality hasValue {?quality1, ?quality2}] memberOf 

geo#geographical_unit and  

  ?quality1 memberOf geo#terrain and  

  ?quality2 memberOf geo#spatial_extent and  
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  annot#domainReference(?coverage, ?quality1) and  

  annot#domainReference(?bb, ?quality2).  

Example 25: Effect of the MapServerWCS_79178267 

All in all, this concrete Effect means, that the Coverage SRTM3 provides data about the terrain in 
a given region given by a BoundingBox. 

2.4 Annotation of Environmental Models 

The environmental models are the result of the service composition process performed with the 
ENVISION platform. From a technical point of view, a service composition is itself a Web service 
with a defined set of input parameters and the produced output content. The composition is 
implemented using the Business Process Modelling Language BPEL, which supports coupling of 
Web services using simple mapping constructs for mediation between outputs and inputs. 
Restricting ourselves to such a standard approach allows for using mature workflow engines used 
to execute these compositions. Making the execution of workflows more efficient and robust by 
exploiting the semantic annotations is also subject of the research performed in ENVISION [11]. 
Regardless the selected implementation of a workflow engine, the composition itself is exposed 
as a Web service, which can be integrated in existing applications or act itself as individual 
component in another composition. The outputs of the process models to be implemented in 
Envision are always the outputs of the last components of the compositions (the workflow engine 
does only orchestrate; it doesn’t have any business logic itself). The input of the composition is 
always the sum of the input parameters required to invoke all individual services. Workflow 
engines such as the open source Apache ODE

34
 or commercial implementations from IBM, 

Oracle, or Microsoft make use of the W3C standards for message encoding (SOAP), service 
description (WSDL), and the transport protocols (HTTP). Seamless integration with standard 
geospatial applications requires compliance to the OGC standards introduced in the sections 
before. Hence, the workflow engine should expose the service composition as OGC Web service. 
Depending on the required input parameters, this could be either the SOS or the WPS. In [17] we 
discuss in detail under which circumstances to select which standard. 

The annotation of the environmental process models is thus not different from the annotation of 
individual OGC Web services. As long as the service description dynamically generated by the 
frontend to the workflow engine includes all required information (which is derived from the last 
service in the composition), the annotation procedure is similar as for the SOS or WPS. 
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3 Model annotation components 

In order to facilitate the annotation of the different services introduced in previous sections, 
various software components have been developed for M12. Section 3 presents how these 
components are integrated in the ENVISION architecture, and how to use them to follow the 
guidelines for semantic annotations (see section 2). 

3.1 Annotation workflow 

Before starting with the description of the components, this section deals with the procedure that 
users have to follow to annotate a resource. The diagram in Figure 14 depicts the chain of 
activities needed for the annotation. 

 
Figure 14: Activity diagram for the annotation workflow 
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The user selects first the resource to annotate and the ontology from the Resource portlet. When 
the “Annotate” button is clicked, both elements are sent to the Visual Annotation Editor Portlet. In 
the following step, the Ontology Query Portlet is used to search the concept in the ontology. If the 
concept is not present in the ontology, the user can try with a different query. Once the concept is 
found, the resource is annotated. If the user does not want to add more annotations, the process 
is finished and the resource is sent back to the Resource Portlet. 
 

3.2 OntoBridge Web Service 

The OntoBridge Web service is a stateful service that holds the information about the user's 
annotation environment (i.e., session) reflected on the client side. The service is responsible for 
loading, grounding, and layouting domain ontologies and answering search, browse, and complex 
natural language queries. 
The service provides a SOAP interface exposing the core functionality for the set of OntoBridge-
related [18] ENVISION portlets. At this stage, the service provides ontology grounding and “flat” 
ontology querying functionalities. In the following, we discuss its API, installation and 
configuration procedure, and present a typical usage scenario. 
 

3.2.1 OntoBridge Portlets 

At review after the first project year, we anticipate to demonstrate two portlets providing 
functionality for semantic annotation: (i) Status Portlet and (ii) the Ontology Querying Portlet 
(simple version). We briefly discuss these two portlets in the following sections. The portlets will 
“enwrap” some of the functionality of the OntoBridge Web service. On the client-side, the 
corresponding widgets will be implemented in HTML and JavaScript. This situation is depicted in 
15. 

API

Widgets
Portlets

 
Figure 15: The interplay between the OntoBridge Web service (API), portlets, and widgets. 

3.2.1.1 Status Portlet 

The Status Portlet will keep track of OntoBridge Web service log messages related to a particular 
user session and display those messages to the user. The following is an example of such “status 
display”: 
 
Retrieving RDF ...  

Attempting to p arse RDF as XML ...  

Warning: Unable to parse RDF as XML. Exception message: Data at the root level 

is invalid. Line 1, position 1.  

Attempting to parse RDF as N3 ...  
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RDF parsed successfully.  

Adding undefined concepts ...  

Attaching reasoner ...  

Collecting en tities and groundings ...  

Grounding ungrounded entities ...  

Processing groundings ...  

Initializing bag - of - words space ...  

Grounding term Spider ...  

Collected 50 groundings.  

é 

Computing centroids ...  

Initialization done (processed 45 entities).  

3.2.1.2 Ontology Querying Portlet 

The Ontology Querying Portlet will provide the basic ontology querying functionality. The user will 
be able to enter a natural-language query, select relevant concepts from the result list, and 
according to the selected concepts, select relevant domain-relation-range triples from the 
provided list. The result lists will be short and will contain only a few highest ranked items. After 
the user selected the appropriate concepts and triples, the annotation will be constructed fully 
automatically by merging them into an annotation graph in which each concept will appear only 
once. This process is depicted in Figure 16. 

 
Figure 16: The ontology querying process: the interaction between the user and the portlet. 
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3.2.2 Application Programming Interface (API) 

3.2.2.1 InitializeSession 

Description 

This method initializes a user session within an HTTP session. User sessions are used when a 
single HTTP session is expected to accommodate multiple users (e.g. clients accessing the 
service through a proxy server in a multitier architecture). If only one user is accessing the service 
in a specific HTTP session, InitializeSession does not need to be called. Instead, when invoking 
other functions, userId should be set to “http_session”. Note that in such cases, ResetSession 
should be called rather than EndSession to delete the session objects. 

Syntax 

int success = InitializeSession(string userId) 

Example 

int InitializeSession(“mIHA”) 

Parameters 

userId: The identifier of the user. The user session is identified by a combination of the HTTP 
session identifier and the user identifier (e.g. “4kbrklv4oooetx45yiyet155-mIHA”). 

Return Value 

The function returns an integer: 

 0: The call was successful. 

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 userId is null. 

 The user session is already initialized. 
 

3.2.2.2 LoadOntology (asynchronous) 

Description 

Loads an ontology from a string containing RDF (either RDF-XML or RDF-N3). The ontology is 
parsed and a reasoner is used to retrieve the full list of triples. Concepts and triples are grounded 
through the Yahoo Search Engine API. Finally, the corresponding bag-of-words space is 
computed. LoadOntology can be time-consuming and is thus an asynchronous operation.  

Syntax 

int LoadOntology(string rdf, string userId) 
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Example 

int ontologyId = LoadOntology(“@prefix x: <http://kt.ijs.si/toy#> . @prefix rdfs: 
<http://www.w3.org/2000/01/rdf-schema#> . x:Insect a rdfs:Class . x:Animal a rdfs:Class .”, 
“mIHA”) 

Parameters 

 rdf: The ontology in the RDF-XML or RDF-N3 format. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an integer: 

 Non-negative: The identifier of the grounded-ontology object that will be constructed by 
the function (indication that the construction has started). Call GetObjectState to get the 
current state of the object. 

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 rdf and/or userId is null. 

 Session not initialized. 

 Unable to parse RDF. 

 RDF is empty. 

 Unable to ground the ontology. 

 

3.2.2.3 LoadOntologyFromUrl (asynchronous) 

Description 

Loads the ontology (either RDF-XML or RDF-N3) from the specified URL. See LoadOntology for 
more details. Similarly to LoadOntology, LoadOntologyFromUrl is an asynchronous operation. 

Syntax 

int LoadOntology(string url, string userId) 

Example 

int ontologyId = LoadOntologyFromUrl(“http://vihar.ijs.si/envision/onto/toy.n3”, “mIHA”) 

Parameters 

 url: The URL of an ontology in the RDF-XML or RDF-N3 format. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an integer: 
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 Non-negative: The identifier of the grounded-ontology object that will be constructed by 
the function (indication that the construction has started). Call GetObjectState to get the 
current state of the object. 

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 rdf and/or userId is null. 

 Session not initialized. 

 Incorrect URL format. 

 Unable to retrieve the ontology. 

 Unable to parse RDF. 

 RDF is empty. 

 Unable to ground the ontology. 

 

3.2.2.4 QueryFlat (asynchronous) 

Description 

Issues a natural-language query to an ontology. It employs the “flat” algorithm based solely on 
text mining (the ontology structure is ignored). This function returns a reference to a query-result 
object created in an asynchronous fashion.  

Syntax 

int QueryFlat(int ontologyId, string query, string userId) 

Example 

int queryResultId = QueryFlat(1092186270, “butterfly”, “mIHA”) 

Parameters 

 ontologyId: The identifier of the ontology to be queried (see LoadOntology[FromUrl] on 
how to load ontologies). 

 query: The natural-language query. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an integer: 

 Non-negative: The identifier of the query-result object that will be constructed by the 
function (indication that the construction has started). Call GetObjectState to get the 
current state of the object. 

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 query and/or userId is null. 

 ontologyId is negative. 
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 Session not initialized. 

 Ontology object not initialized or of invalid type. 

 Unable to ground the query. 

 

3.2.2.5 GetQueryResultConcepts 

Description 

Returns an ordered list of concepts from a query-result object. The list is ordered according to the 
natural-language query that was used to construct the query-result object (from the most to the 
least relevant concept according to the employed ranking algorithm). 

Syntax 

ArrayList<KeyDat<double, string>> GetQueryResultConcepts(int queryResultId, int num, string 
userId) 

Example 

ArrayList<KeyDat<double, string>> concepts = GetQueryResultConcepts(1088806640, 10, 
“mIHA”) 

Parameters 

 queryResultId: The identifier of the query-result object (see Query[Flat] on how to issue 
queries). 

 num: The number of concepts to be returned. If this number is greater than the number of 
concepts in the corresponding query result or if it is set to a non-positive value, the entire 
list is returned. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an array of pairs, each pair containing a numerical value (weight) and a 
string (concept identifier). In LATINO, the return type is defined as ArrayList<KeyDat<double, 
string>>. If an exception occurs, the function returns null. 

Causes for Exceptions 

 userId is null. 

 queryResultId is negative. 

 Session not initialized. 

 Query-result object not initialized or of invalid type. 
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3.2.2.6 GetQueryResultTriples 

Description 

Returns an ordered list of domain-relation-range triples from a query-result object. The list is 
ordered according to the natural-language query that was used to construct the query-result 
object (from the most to the least relevant triple according to the employed ranking algorithm). 

Syntax 

ArrayList<KeyDat<double, string>> GetQueryResultTriples(int queryResultId, int num, string 
userId) 

Example 

ArrayList<KeyDat<double, string>> triples = GetQueryResultTriples(1088806640, 10, “mIHA”) 

Parameters 

 queryResultId: The identifier of the query-result object (see Query[Flat] on how to issue 
queries). 

 num: The number of triples to be returned. If this number is greater than the number of 
triples in the corresponding query result or if it is set to a non-positive value, the entire list 
is returned. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an array of pairs, each pair containing a numerical value (weight) and a 
string (identifier of a triple). In LATINO, the return type is defined as ArrayList<KeyDat<double, 
string>>. If an exception occurs, the function returns null. 

Causes for Exceptions 

 userId is null. 

 queryResultId is negative. 

 Session not initialized. 

 Query-result object not initialized or of invalid type. 
 

3.2.2.7 GetQueryResultTriplesEx 

Description 

Returns an ordered list of domain-relation-range triples from a query-result object. The list is 
ordered according to the natural-language query that was used to construct the query-result 
object (from the most to the least relevant triple according to the employed ranking algorithm and 
according to the provided list of selected concepts) and optionally filtered according to the 
provided list of selected concepts. 
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Syntax 

ArrayList<KeyDat<double, string>> GetQueryResultTriplesEx(int queryResultId, int num, string[] 
selectedConcepts, bool extendList, string userId) 

Example 

ArrayList<KeyDat<double, string>> triples = GetQueryResultTriplesEx(1088806640, 10, new 
string[]{ “fly”,”spider” }, true, “mIHA”) 

Parameters 

 queryResultId: The identifier of the query-result object (see Query[Flat] on how to issue 
queries). 

 num: The number of triples to be returned. If num is greater than the number of suitable 
triples or if it is set to a non-positive value, the list with the maximum number of suitable 
triples is returned. 

 selectedConcepts: The list of selected concepts. This list determines the ranking and 
optionally also the filtering of the returned triples. 

 extendList: If extendList is not set, the triples that do not contain concepts from the given 
list of selected concepts are filtered out. Otherwise, all triples in the query result are 
considered as suitable candidates. In this case, the top of the list consists of triples 
containing selected concepts, while the rest of the list contains triples that do not contain 
selected concepts. Within these two classes of triples, the items are ranked according to 
the issued natural-language query and according to the employed ranking algorithm. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an array of pairs, each pair containing a numerical value (weight) and a 
string (identifier of a triple). In LATINO, the return type is defined as ArrayList<KeyDat<double, 
string>>. If an exception occurs, the function returns null. 

Causes for Exceptions 

 userId and/or selectedConcepts is null. 

 queryResultId is negative. 

 Session not initialized. 

 Query-result object not initialized or of invalid type. 
 

3.2.2.8 GetObjectState 

Description 

Returns the state of an object. Objects can be constructed in an asynchronous way (e.g. 
grounded ontologies and query results). A function responsible for constructing such an object 
(e.g. LoadOntology[FromUrl] and Query[Flat]) starts the construction process and immediately 
returns the object’s ID to the user. The user is then able to check the state of the object which can 
be either “initializing”, “initialized”, or “failed to initialize”. The user needs to make sure that an 
object has been successfully initialized before invoking functions that use the object. 
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Syntax 

int GetObjectState(int objectId, string userId) 

Example 

int state = GetObjectState(1088806640, “mIHA”) 

Parameters 

 objectId: The identifier of the object in question. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an integer: 

 0: The object is ready to use. 

 1: The object is initializing. 

 –1: The object failed to initialize. See the log for details. 

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 userId is null. 

 objectId is negative. 

 Session not initialized. 

 Object not found. 

3.2.2.9 DeleteObject 

Description 

Deletes an object. An object created in an asynchronous way stays in the system either until the 
corresponding user session ends (the user ends his session by invoking EndSession), until the 
HTTP session ends after being idle for a predefined period of time, or until the object is manually 
deleted by invoking DeleteObject. 

Syntax 

int DeleteObject(int objectId, string userId) 

Example 

int success = DeleteObject(1088806640, “mIHA”) 

Parameters 

 objectId: The identifier of the object to be deleted. 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an integer: 

 0: The object was successfully deleted. 
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 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 userId is null. 

 objectId is null. 

 Session not initialized. 

 Object not found. 
 

3.2.2.10 EndSession 

Description 

Ends a user session within the current HTTP session. User sessions are used when a single 
HTTP session is expected to accommodate multiple users (e.g. clients accessing the service 
through a proxy server in a multitier architecture). If only one user is accessing the service in a 
specific HTTP session, the user session is ended automatically when the corresponding HTTP 
session ends. Otherwise, the user is required to invoke EndSession to free resources associated 
with the user session. 

Syntax 

int EndSession(string userId) 

Example 

int success = EndSession(“mIHA”) 

Parameters 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an integer: 

 0: The user session was successfully closed. 

 –1: The session was not found (no action was taken). 

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 userId is null. 

 

3.2.2.11 ResetSession 

Description 

Deletes the objects associated with a session. This function can be invoked at any time for any 
user session to free the resources but keep the session available. More importantly, it should be 
invoked instead of EndSession if only one user is accessing the service in a specific HTTP 
session and the user ID “http_session” is used to invoke user-session functions. 
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Syntax 

int ResetSession(string userId) 

Example 

int success = ResetSession(“http_session”) 

Parameters 

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an integer: 

 0: The session objects were successfully deleted. 

 –1: The session was not found (no action was taken). 

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 userId is null. 

 

3.2.2.12 GetStatusReport 

Description 

Returns a given number of most recent log messages related to the specified user session.  

Syntax 

ArrayList<KeyDat<long, string>> GetStatusReport(int numOfLines, string userId) 

Example 

ArrayList<KeyDat<long, string>> statusReport = GetStatusReport(300, “mIHA”) 

Parameters 

 numOfLines: The number of most recent log messages to be returned (maximum 300).  

 userId: The user identifier defining the user session within the current HTTP session. 

Return Value 

The function returns an array of pairs, each pair containing an integer (sequential message 
number) and a string (message). In LATINO, the return type is defined as ArrayList<KeyDat<long, 
string>>. If an exception occurs, the function returns null. 

Causes for Exceptions 

 userId is null. 

 numOfLines is out of bounds (i.e., less than 0 or more than 300). 
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3.2.2.13 admin_testDatabaseConnection 

Description 

Checks if the cache database is accessible.  

Syntax 

int admin_TestDatabaseConnection(string adminPassword) 

Example 

int success = admin_TestDatabaseConnection(“adminPassword”) 

Parameters 

 adminPassword: The administrator password. Required to invoke functions starting with “ad-

min_”. The default administrator password is “adminPassword”. The password can be 

changed in the configuration file Web.Config. 

 

Return Value 

The function returns an integer: 

 0: The connection attempt was successful. 

 –1: The connection attempt was not successful.  

 –666: An exception occurred. See the log for details. 

Causes for Exceptions 

 adminPassword is null or incorrect. 

 

3.2.3 Installation Guide 

Prerequisites: Windows OS, IIS Web server, .NET Framework 2.0, SQL Server 
1. Copy the following files to the inetpub/wwwroot/OntoBridgeService folder: 

 App_Code/*.cs 

 Bin/Latino.dll 

 Bin/SemWeb.dll 

 Global.asax 

 OntoBridgeService.asmx 

 Web.Config 

2. Convert the folder to application. Open IIS Manager, select the OntoBridgeService folder, 

open the context menu and select Convert to Application. Click on OK in the dialog window 

that pops up. 

3. Configure access permissions on the OntoBridgeService folder so that the Web service will 

be able to maintain a log. Launch Windows Explorer and open the context menu on the On-
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toBridgeService folder. Select Properties / Security and enable the “Modify” permission for 

the user group IIS_IUSRS.  

4. At this point, the service should already be working. To test it, open the Web browser on the 

same machine and navigate to http://localhost/OntoBridgeService/OntoBridgeService.asmx . 

You should see the list of supported operations. By clicking on Service Description, you 

should get the corresponding WDSL document. 

5. Now you need to setup caching. We provide instructions for SQL Server in this document. 

Open MS SQL Server Management Studio Express and create a new database called 

SearchEngineCache. To do this, open the context menu on Databases in Object Explorer, se-

lect New Database, specify the name (i.e., “SearchEngineCache”), and press OK. 

6. Right-click on SearchEngineCache in Object Explorer and select New Query. Execute the 

following script: 

USE [SearchEngineCache]  

GO 

SET ANSI_NULLS ON 

GO 

SET QUOTED_IDENTIFIER ON 

GO 

CREATE TABLE [dbo].[Queries](  

 [Query] [nvarchar](400) COLLATE SQL_Latin1_General_CP1_CI_AS NOT 

NULL,  

 [TotalHits] [bigint] NOT NULL,  

 [ActualSize] [int] NOT NULL,  

 [ResultSetXml] [ntext] COLLATE SQL_Latin1_Genera l_CP1_CI_AS NOT 

NULL,  

 [TimeStamp] [datetime] NOT NULL,  

 CONSTRAINT [PK_Queries] PRIMARY KEY CLUSTERED  

(  

 [Query] ASC  

)WITH (PAD_INDEX  = OFF, IGNORE_DUP_KEY = OFF) ON [PRIMARY]  

) ON [PRIMARY] TEXTIMAGE_ON [PRIMARY]  

The database should now be ready. 
7. To tell the Web service the location of the database, edit the file Web.Config. Note the follow-

ing line: 

<add key="CacheConnectionString" va l-

ue="Provider=SQLNCLI;Server=. \ SQLExpress;Database=SearchEngineCache;Trusted_

Connection=Yes"/>  

You need to set this connection string appropriately. Most probably, you will need to change 
the Provider and Server attributes. You can find all the necessary information on the following 
Web site: http://www.connectionstrings.com/ . 

8. Finally, you should test if the database connection is working. To do so, navigate to the Web 

service test page and invoke admin_TestDatabaseConnection. (Note that the default adminis-

trator password is “adminPassword”.) If this function returns true, the database connection 

has been set up correctly. Otherwise, you most probably need to revise the connection string. 

In Web.Config, you can set the following configuration parameters: 

 LogFileName  

Default value: C:\Inetpub\wwwroot\OntoBridgeService\Log.txt 

http://localhost/OntoBridgeService/OntoBridgeService.asmx
http://www.connectionstrings.com/
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The OntoBridge Web service logs events and progress when its functions are being invoked. 

Most importantly, the exceptions are logged and can be examined for debugging purposes. 

 AdminPassword 

Default value: adminPassword 

The functions which have the prefix “admin_” in their names can only be invoked by specify-

ing the administrator password defined by the adminPassword parameter in Web.Config. 

 YahooApiKey  

Default value: not_set 

Ontologies and queries are grounded by using the Yahoo search API. To use the API, an ap-

plication key is required. The key can be obtained for free from Yahoo by submitting the fol-

lowing application form: https://developer.apps.yahoo.com/wsregapp/ . When filling out the 

form, the authentication method must be set to “Generic”. 

 CacheConnectionString  

Default value:  

Provider=SQLNCLI;Server=.\SQLExpress;Database= 

SearchEngineCache;Trusted_Connection = 

Yes 

The connection string specifies information about the cache data source and the means of 

connecting to it. 

 

3.2.4 Usage Guide 

The usual function-call sequence for querying an ontology is as follows: 
1. The user invokes InitializeSession to initialize a new user session. This step can be omitted 

if only one user is using the service within a specific HTTP session. 

2. The user loads a domain ontology by invoking LoadOntology or LoadOntologyFromUrl. 

The ontology is grounded through the Yahoo Search Engine API and thus prepared for query-

ing. Ontology grounding normally takes some time and is thus an asynchronous operation. 

3. While the ontology is being grounded, the user invokes GetObjectState and GetSta-

tusReport to check if the grounding is complete and to display the progress to the user, re-

spectively. 

4. When the ontology has been grounded, the user invokes QueryFlat to issue a natural-

language query to the ontology. Similarly to ontology grounding, this is an asynchronous op-

eration. 

5. While the ontology is being queried, the user invokes GetObjectState and GetStatusReport 

to check if the query result is ready and to display the progress to the user, respectively. 

6. When the query result is ready, the user invokes GetQueryResultConcepts to retrieve the 

list of matching concepts and/or GetQueryResultTriples or GetQueryResultTriplesEx to re-

trieve the list of matching triples. 

7. If required, steps from 4 to 7 are repeated. 

8. The user invokes EndSession to dispose of the objects related to the user session. If only 

one user is using the service within a specific HTTP session, ResetSession should be in-

voked instead at this point. 

https://developer.apps.yahoo.com/wsregapp/
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The following is a C# implementation of the presented workflow: 
 
using System;  

using System.Collections.Generic;  

using System.Net;  

using System.Threading;  

 

namespace WobTestClient  

{  

    class Program  

    {  

        static void ReadStatus(OntoB ridgeService wobService, string userId, ref 

long lineNum)  

        {  

            KeyDatOfInt64String[] status = wobService.GetStatusReport(100, 

userId);  

            foreach (KeyDatOfInt64String item in status)  

            {  

                if (item.Key > li neNum) 

                {  

                    Console.WriteLine(item.Dat);  

                    lineNum = item.Key;  

                }  

            }  

        }  

 

        static void Main(string[] args)  

        {  

            // create stub  

            OntoBridge Service wobService = new OntoBridgeService();  

            CookieContainer cookie = new CookieContainer();  

            wobService.CookieContainer = cookie;  

            const string userId = "http_session";  

            // select ontology  

            Console. WriteLine("Select ontology:");  

            Console.WriteLine();  

            Console.WriteLine("1: Toy ontology");  

            Console.WriteLine();  

            Console.Write("? ");  

            int ontologyChoice;  

            try { ontologyChoice = Convert.T oInt32(Console.ReadLine().Trim()); 

}  

            catch { ontologyChoice = - 1; }  

            while (ontologyChoice < 0 || ontologyChoice > 1)  

            {  

                Console.Write("? ");  

                try { ontologyChoice = Co n-

vert.ToInt32(Console.R eadLine().Trim()); }  

                catch { ontologyChoice = - 1; }  

            }  

            int ontologyId = wobService.test_LoadToyOntology(userId);  

            long lineNum = 0;  

            while (wobService.GetObjectState(ontologyId, userId) != 0)  

            {  

                ReadStatus(wobService, userId, ref lineNum);  

                Thread.Sleep(250);  

            }  

            ReadStatus(wobService, userId, ref lineNum);  

            // issue query            
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        query:  

            Console.Write Line();  

            Console.Write("Query ? ");  

            string query = Console.ReadLine().Trim();  

            if (query == "") { wobService.ResetSession(userId); return; }  

            int searchResultId = wobService.QueryFlat(ontologyId, query, 

userId);  

            while (wobService.GetObjectState(searchResultId, userId) != 0)  

            {  

                ReadStatus(wobService, userId, ref lineNum);  

                Thread.Sleep(250);  

            }  

            ReadStatus(wobService, userId, ref lineNum);  

            KeyDatOfDoubleString[] searchResult = wo b-

Service.GetQueryResultConcepts(searchResultId, 100, userId);  

            int i = 0;  

            foreach (KeyDatOfDoubleString item in searchResult)  

            {  

                Console.WriteLine("{0}: ({1:0.0000}) {2}", ++i, item.Key, 

item.Dat);  

            }  

            // select concepts  

            Console.WriteLine();  

            Console.Write("Concepts ? ");  

            string conceptsStr = Console.ReadLine();  

            string[] conceptsParsed = conceptsStr.Split(new string[] { "," }, 

StringSplitOptions.RemoveEmptyEntries);  

            List<string> concepts = new List<string>(conceptsParsed.Length);  

            foreach (string conceptIdx in conceptsParsed)  

            {  

                try { conce pts.Add(searchResult[Convert.ToInt32(conceptIdx) -  

1].Dat); }  

                catch { }  

            }  

            if (concepts.Count == 0)  

            {  

                searchResult = wobService.GetQueryResultTriples(searchResultId, 

100, userId);  

            }  

            else  

            {  

                searchResult = wo b-

Service.GetQueryResultTriplesEx(searchResultId, 100, concepts.ToArray(), 

/*extendList=*/true, userId);  

            }  

            i = 0;  

            foreach (KeyDatOfDoubleString item in searchResult)  

            {  

                Console.WriteLine("{0}: ({1:0.0000}) {2}", ++i, item.Key, 

item.Dat);  

            }  

            // issue another query  

            goto query;  

        }  

    }  

}  
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3.3 Resource API 

3.3.1 The resource life cycle 

A resource has an associated state, which indicates what the next required steps are to make the 
resource available for the service composition. The resource’s current state is always displayed 
next to the resource name. The following table lists the possible states common for all resources 
(a more detailed listing for the individual resource types follows below).  
 

0 Undefined - No state has been associated.  

1 Inconsistent - The resource is in an inconsistent state, depending on which step this has 
happened different actions might be required.  

10 Link Only - This resource has been added as remote reference to the user collection, no 
other steps have been performed yet.  

20 Translated - If required, the resource has been translated into one or more different 
representations which are stored as different views on the same resource in the JCR.  

21 Translated (Draft) - The translation may require some intermediate steps which have to be 
performed manually by the user. The user either has to download the resource, update it, 
and upload it again. Or this step can be performed using the ENVISION portal.  

30 Annotated - The resource has been semantically annotated 

31 Annotated (Draft) - The resource has been partly annotated.  

40 Published - The resource was made accessible, the link pointing to the content in the JCR 
has been published to an open catalog 

 
Depending on the resource, different states may be valid. The following table illustrates what 
exactly the states mean for the different types of supported resources. The supported follow-up 
actions are listed in the details (with the following states in brackets). 
 

Type State Details 

Web service 10 Resource comprises only a link to the Web service description, which can 
either be an OGC GetCapabilities document or a WSDL description.  
 
Supported Actions: Translate Resource (20,1), Delete Resource 

 20 Service Description has been automatically translated using the SMT, the 
original service metadata with pointers to the translations has been 
published with SAPR.  
 
Supported Actions: Annotate Resource (31, 1), Delete Resource 

 30 Translated Service Model has been semantically annotated using WOB, 
the annotations are part of the service description. Not everything has to 
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be semantically annotated, though.  
 
Supported Actions: Publish Resource (40), Annotate Resource (31,1), 
Delete Resource 

 31 The annotations are in a draft state, and will be continued later on. The 
user has to mark them explicitly as finished to continue in the workflow.  
 
Supported Actions: Mark annotations as finished (30,1) 

 40 The service has been published to the catalog and is now usable by 
others.  
 
Supported Actions: Un-publish resource (30) 

Ontology 10 Resource links to an external ontology whose format is defined in the 
resource description.  
 
Supported Actions: Delete Resource 

 20 The ontology has been directly uploaded to the JCR, or was created 
through the ontology engineering procedure which is part of the ENVISION 
platform.  
 
Supported Actions: Delete Resource 

 40 The ontology is accessible and usable for the annotation procedure.  
 
Supported Actions: Un-publish Resource (20,10) 

Composition 20 The composition has been created with the Workflow Editor. It is 
executable (all required inputs were assigned, the mediation rules 
specified).  
 
Note: from this point on the composition is considered to be a Web service, 
hence all following states are described above.  
 
Supported Actions: Delete Resource, Annotate Resource (31,1) 

 21 The composition has been created, but the mediation rules are missing.  
 
Supported Actions: Edit Workflow (21,1), Upload Version (21,1), Mark 
Workflow as finished (20,1) 

   

3.3.2 Installation 

The back-end resource repository for the resource module is a legacy content repository 
compliant to the Java Content Repository (JCR) standard (JSR-283

35
). In ENVISION, the open 

                                            
35 http://jcp.org/en/jsr/detail?id=283 

http://jcp.org/en/jsr/detail?id=283%29
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source implementation Apache Jackrabbit
36

 is used, but commercial implementations exist as 
well. Apache Jackrabbit simply relies on a standard servlet container such as Apache Tomcat

37
. 

The downloaded release can be simply deployed, for testing a standalone server is provided.The 
API itself is a library which is used by the Resource Portlet. Hence, no dedicated installation 
procedure exists.  
The presented APIs are provided as Java libraries, which can be downloaded from the ENVISION 
open source project. In addition, they can be directly integrated into applications if Maven

38
 is 

used for the build process.  
In the following two subsections, the resource model (managing access to resources) and 
resource actions (changing the resource state, e.g. for translation) are presented.  
 

3.3.3 Resource Model API 

The resource model API manages the access to the Content Repository. In the repository, the 
actual resources (e.g. the WSDL files, Ontologies, RDF-based Service Models) are stored 
together with the “resource.xml” - file. Clients access the JCR through the ResourceController. 
For example, the method getResources() is returning all resources stored in the user’s workspace 
(using the built-in search capabilities of the JCR). ParseResource transforms the XML-file into the 
resource model using the Simple XML Framework

39
.  

 

                                            
36 http://jackrabbit.apache.org/ 
37 http://tomcat.apache.org/ 
38

 http://maven.apache.org/ 
39

 http://simple.sourceforge.net 

http://jackrabbit.apache.org/%29
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Figure 17: Relevant classes in the Resource Model API 
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3.3.4 Resource Actions API 

 

Figure 18: Class diagram of currently specified or implemented actions 

 

The actions are triggered if the user selects a resource in the resource portlet and selects one oft 
the appearing actions. The action is called through an Ajax request (using the Direct Web 
Remoting Toolkit40). Actions are Callables which are managed by a Thread Pool and can be 
asynchronous. The result is, next to an updated resource, a change of the state. This is directly 
reflected in the visualized result in the resource portlet.  

 

                                            
40

 http://directwebremoting.org/dwr/index.html 
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3.4 Resource Portlet 

The resource module itself is not semantically enabled or required to annotate Web services. It 
should be considered as the workplace where users identify resources which have to be 
annotated, and initiate the individual steps in the workflow. The resource portlet directly interacts 
with the Resource API (described below). 

3.4.1 Installation 

The resource module is a Java Portlet which can be installed and configured through the portal’s 
administration interface. For the configuration, only the URL pointing to the installation of the JCR 
has to be specified. 

3.4.2 Usage guide 

The resource module presents a selection of resources in the user collection. The resource’s 
current state is always displayed next to the resource name. 
 
The figure shows a screenshot of the current 
status of the resource portlet. The listed 
resources are initially ordered by the date they 
have been added to the user’s collection. Type 
and State (e.g. Not yet annotated) are displayed 
for every resource. The user has furthermore the 
option to assign one or more free tags to the 
resource. The search box on the top enables the 
discovery of resources, if the collection gets to 
extensive. Here the tags help to ensure 
findability. If the user selects a resource (in this 
case we clicked on the third item in the list), the 
appropriate actions appear in the bottom panel.  

 

 

 

 

 

 

3.5 Service Model Translator (SMT) 

As mentioned in section 2.1, OWS Common is an OGC standard providing aspects that are 

common to OGC Web Service (OWS) interface implementations. For example, each OWS must 

provide a GetCapabilities operation for retrieving metadata about the service abilities. But all 

OWS standards published during the last years did not comply to the W3C service standards like 

Simple Object Access Protocol (SOAP) [19] or Web Services Description Language (WSDL) 

which are necessary for service compositions based on BPEL [20]. Furthermore, Web service 

descriptions in WSDL are required for developing environmental models. 
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<resource xmlns:dc="http://purl.org/dc/elements/1.1/">  

   <dc:identifier>MyIdentifier</dc:identifier>  

   <dc:type>OGC WFS 1.1</dc:type>  

   <dc:title>Corine Landcover Data</dc:title>  

   <dc:subject>corine, landcover, urbanized</dc:subject>  

   <dc:creator>Patrick Maue</dc:creator>  

   <dc:date>2010 - 11- 04</dc:date > 

   <dc:source>http://giv - wfs.uni -

muenster.de:8080/gs/corine/wfs</dc:source>  

    

</resource>  

 

The current release of OWS Common supports SOAP bindings and contains a guideline for cre-

ating and using WSDL for OGC Web services. The Service Model Translator (SMT) is based on 

this specification. It is part of a diploma thesis developed at the University of Muenster and trans-

lates a capabilities document provided by a Web Feature Service or Sensor Observation Service 

into a RDF-based service description (POSM; see section 2.1 The Service Model) and WSDL. 

SMT creates both description representations for each provided feature type or observed proper-

ty of the corresponding Web service. For example, a WFS delivers a feature collection of roads 

and another one containing rivers; SMT will develop a service model and a WSDL document for 

both feature types.   

3.5.1 Installation 

The Service Model Translator is developed as a java library and used by the Resource Module 

for translating OGC service descriptions (SOS, WFS) into RDF and WSDL.  

3.5.2 Usage Guide 

The resource portlet, introduced in the previous section, provides a button to trigger SMT. Push-

ing it, an XML file (see Listing 24) containing some basic service descriptions such as type or 

source will be send to the SMT.  

 

 

 

 

 

 

 

 

 

Example 26: Resource-XML providing some basic informations of the Web service  

SMT creates a getCapabilities request with the service URL for the particular geospatial Web 

service type. The response will be parsed and the service name and the service URLs for all 

provided HTTP request methods (e.g. GET or POST) will be read out for each basic operation. In 

addition it picks all feature types, observed properties, coverages, or processes from the request-

ed capabilities document. For each element (data entity or processes) provided by the Web ser-

vice, a translation into the RDF and WSDL description is performed. Example 27 shows that a 

resource collection has been added to the Resource-XML after the translation process. It pro-

vides information of all translated service descriptions. One resource is identified as one of all 

data types provided by the service. It further describes the type of the resource and includes the 

file name and type (service model or WSDL file) of both service descriptions. Finally the Re-

source-XML and all created service description are packed into one ZIP file and send back to the 

resource module.  
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<resource xmlns:dc="http://purl.org/dc/elements/1.1/">  

   <dc:identifier>Corine_WFS</dc:identifier>  

   <dc:type>OGC WFS 1.1</dc:type>  

   <dc:title>Corine Landco ver Data</dc:title>  

   <dc:subject>corine, landcover, urbanized</dc:subject>  

   <dc:creator>Patrick Maué</dc:creator>  

   <dc:date>2010 - 11- 04</dc:date>  

   <dc:source>http://giv - wfs.uni - muenster.de:8080/gs/corine/wfs</dc:source>  

   <resource - collection>  

      <resource>  

         <dc:identifier>clc00_c111</dc:identifier>  

         <dc:type>ogc:wfs:featuretype</dc:type>  

         <file>  

            <path>GeoServerWebFeatureService_1943412563.rdf</path>  

            <dc:format>application/rdf+xml</dc:format>  

            <dc:type>file:posm</dc:type>  

         </file>  

         <file>  

            <path>GeoServerWebFeatureService_1943412563.wsdl</path>  

            <dc:format>application/wsdl+xml</dc:format>  

            <dc:type>file:wsdl</dc:type>  

         </file>  

      </resource>  

é 

</ResourceCollection>  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Example 27: Extract of the resource xml including the references to the translated 
resources. 

 

3.6 Semantic Annotations Proxy (SAPR) 

The Semantic Annotations Proxy is a Restful Web service running in the cloud using the Google 
Infrastructure (see http://semantic-proxy.appspot.com/). The proxy’s purpose is rather simple: it 
supports the decoupling of the semantic annotations (the links to external vocabularies or 
different service representations) and the original metadata coming from OGC web services. Its 
purpose is the semantic enablement of legacy Web services which have been running for years 
and where a change to the underlying codebase would be too difficult to accomplish.  

3.6.1 Description of the API 

The service will only respond with HTTP response codes (and associated information, e.g. the 
URL for redirection). The responses are either encoded in the original format (e.g. xml for the 
getCapabilities-request) or using JSON. 

3.6.1.1 Retrieving an annotated document 

The annotated document replaces the original metadata. We store internally all parameters which 
identify the annotated resource, if no parameters match, we redirect the request to the original 
source. For fetching an annotated GetCapabilities document of a Web Feature Service, the 
following URL has to be used: 

http://semantic-proxy.appspot.com/%29
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The following URL has to be used to retrieve the annotated WSDL file for the Web service with 
the service ID "d022cec". The original URL included the request parameter ?wsdl, which is 
commonly used to retrieve a WSDL description of a W3C-compliant Web service. 
 

Url: http://semantic-proxy.appspot.com/api/get 

Parameter: sid - a   sid, unique identifier for the Web service 
Å n parameters, the keys are service type specific. 

Methods: HTTP   GET (using other methods results in 303) 

Codes: 200 -    Request has succeeded 
303 - see other, will be returned if the source stream will not be modified, 

and the client should request the original source instead 
400 - Bad Request: if required parameter is missing 
404 - Not Found: if given service id is not registered 
405 - Method not allowed 
500 - Internal Server Error 
502 - Bad Gateway: service id registered, but failed to access upstream server 

Å  

Example: http://semantic-proxy.appspot.com/api/get?service=WFS&     
version=1.1.0&request=getCapabilities&sid=d022ce 

 

3.6.1.2 Register an annotated document 

You can upload a manually annotated XML document, either with the upload form, or with this API 
method. The XML is parsed, and the identified references are stored in the database. If the 
resource has been successfully created, the service will respond with Status Code 201 
(CREATED). 

Url: http://semantic-proxy.appspot.com/api/put 

Parameter: service_request- the URL pointing to the metadata document (including all 
parameters) 

Å uploaded_file - a document containing the annotated XML 

Methods:   HTTP POST, HTTP PUT (using other methods results in 405) 

Codes: 201 - metadata has been parsed and stored in the database (default) 
400 - Bad Request: if required parameter is missing 
405 - Method not allowed 
415 - the service type or metadata is not supported by the proxy 
500 - Internal Server Error 
502 - Bad Gateway: failed to access upstream server identified by serviceURL 

 

3.6.1.3 List all references for one service 

If all annotations for one particular service are to be retrieved, the following should be called. 

Url: http://semantic-proxy.appspot.com/api/list/references 

http://semantic-proxy.appspot.com/api/get?service=WFS&
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Parameter:   sid - a unique identifier for the Web service 

Methods:   HTTP GET  (using other methods results in 405) 

Codes: 200 - OK 
400 - Bad Request: if required parameter is missing 
404 - Not Found: if given service id is not registered 
500 - Internal Server Error 

Example: http://semantic-proxy.appspot.com/api/list/references?sid=d022cec 

 

3.6.1.4 List all registered services 

The following method has to be used to request all services currently managed by the semantic 
annotations proxy.   

Url: http://semantic-proxy.appspot.com/api/list/services 

Parameter: none 

Methods:   HTTP GET  (using other methods results in 405) 

Codes: 200 - OK 
500 - Internal Server Error 

 

 

3.6.2 Installation 

The proxy is part of the open source Sapience project (see http://purl.org/net/sapience/docs). 
SAPR is built on top of the Sapience (Semantic Annotations API), which comprises a library of 
light-weight extensions for existing applications to store and inject semantic annotations. There is 
no downloadable release of the SAPR component (besides the source code which can be 
accessed through the Website) . SAPR makes heavy use of the Google App Engine library, 
hence the deployment in another infrastructure would be tedious (but still possible). The proxy is 
and will remain a free service which can support many simultaneous requests (the free version of 
Google App Engine supports up to 45.200 requests per minute) 

3.6.3 Usage Guide 

The end user is not aware of the proxy’s existence. The result of the Service Model Translator 
includes the translations of the original service description (i.e. the OGC GetCapabilities docu-
ment) into the RDF-based service model and the WSDL description. The translations are stored 
in the user’s personal collection and are made accessible through HTTP. The resource module 
will update the original metadata to include pointers to these translations. The updated metadata 
is registered to SAPR, the resulting new link (with the updated metadata) replaces the original link 
in the user collection. 

 

http://purl.org/net/sapience/docs%29
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4 Inducing domain ontologies from text and 
streams 

Ontologies are used to organize knowledge in a structured way. Construction of ontologies has 
been traditionally performed manually using some methodology for ontology construction, which 
represented the basis for a methodology for semi-automatic ontology construction [24]. From the 
perspective of Knowledge Discovery, semi-automatic ontology construction can be defined as 
consisting of the following interrelated phases:  

1. domain understanding (what is the area we are dealing with?),  

2. data understanding (what is the available data and its relation to semi-automatic ontology 
construction?),  

3. task definition (based on the available data and its properties, define task(s) to be addressed),  

4. ontology learning (semi-automated process addressing the task(s) defined in the phase 3),  

5. ontology evaluation (estimate quality of the solutions to the addressed task(s)), and  

6. refinement with human in the loop (perform any transformation needed to improve the 
ontology and return to any of the previous steps, as desired). 

The first three phases require intensive involvement of the user and are prerequisites for the next 
three phases. While phases 4 and 5 can be automated to some extent, the last phase heavily 
relies on the user.  

Ontology induction from text and streams corresponds to the ontology learning phase from the 
above methodology, assuming we have expertise in the domain and we have collected the 
relevant textual data to be used for ontology induction. The rest of this section describes 
OntoGen Tool for semi-automatic ontology induction (Section 4.1), describes the data relevant for 
Envision that was used to illustrate the tool applicability (Section 4.2), give results of inducing 
domain ontologies from text (Section 4.3) and discusses potential usages of the induced 
ontologies in envision (Section 4.4). 

 

4.1 OntoGen Tool description 

OntoGen [22] is a tool for semi-automatic and data-driven ontology editing focusing on editing of 
topic ontologies. The tool combines text-mining techniques with an efficient user interface to 
reduce both: the time spent and complexity for the user. In this way it bridges the gap between 
complex ontology editing tools and the domain experts who are constructing the ontology and not 
necessarily having skills of ontology engineering. The two main characteristics of the system are: 

 Semi-Automatic – The system is an interactive tool that aids the user during the 
ontology construction process. It suggests concepts, relations between the concepts, and 
names for the concepts. Itautomatically assigns instances to the concepts and provides a 
good overview of the ontology to the user through concept browsing and various kind of 
visualization. At the same time the user is always in full control of the systems actions 
and can adjust all the properties of the ontology by accepting or rejecting the system’s 
suggestions or manually adjusting them. 

 Data-Driven – Most of the aid provided by the system is based on the underlying data 
provided by the user typically at the beginning of the ontology construction. The data 
reflects the structure of the domain for which the user is building an ontology. The system 
supports automatic extraction of instances (used for forming concepts) and co-
occurrences of instances (used for foring relations between the concepts) from the data. 
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4.1.1 Interaction with the ontology 

The system provides multiple views on the ontology in construction to the user. It supports a tree-
view on the ontology, as it is usually intuitive for most users and presents a natural way to 
represent a topic hierarchy. This view is exposed as a standard Windows control and as a 
visualization offering a one-glance view of the whole ontology. Each topic from the ontology is 
exposed by the set of the most informative keywords for the target topic being automatically 
extracted using text-mining techniques. Topics are further exposed with relations to other topics 
in other ontologies and through a topic-map of the documents belonging to the topic. We use the 
Document Atlas [21] tool/component to construct the topic-maps. Figure 19 shows the main parts 
of the system. 
 

 
 

Figure 19: OntoGen interface when the user is getting suggestions for the sub-concepts of 
the selected concept. The ontology is visualized in textual mode as a concept hierarchy 

(left upper part) and in graphical mode (right central part). 

 
Topic suggestions play a central part in the system. We provide unsupervised and supervised 
methods for generating suggestions. Both methods are available all the time for the user to 
invoke them and ask for a suggestion. Unsupervised learning methods automatically generate a 
list of sub-topics for a currently selected topic by using k-means clustering and latent semantic 
indexing (LSI) techniques to come up with a list of possible topics. Supervised learning methods 
on the other hand require from the user to have a rough idea about a new topic; this is identified 
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through a query returning the documents. The system automatically identifies the documents that 
correspond to the topic and the selection can be further refined by the user-computer interaction 
through an active learning loop (active learning being a machine learning technique for semi-
automatic acquisition of the knowledge from the user). 
A prototype of the system was successfully applied in case studies of several commercial 
projects from the domain of business, legislation and digital libraries. The users participating in 
the case studies were domain experts with limited experience in ontology construction. The 
feedback we got from the user was positive and we have used it to further improve the user 
interface. In particular, the system enabled the users to model ontologies which would be 
significantly more difficult/expensive to model otherwise. 

4.1.2 Collaborative editing and user profiling 

The OntoGen system also offers collaborative editing of ontologies. User can reuse topics and 
relations which were previously constructed by other domain users. The system supports the user 
by suggesting similar topics/relations from the collection of ontologies. 
 
User profiling is also used to tune the human ontology interaction based on the previous work of 
the users. This is done by recording previous choices that the user made when constructing 
ontologies and using them as an extra input to provide a personalized view on the underlying 
data and the ontology constructed so far trough “personalized word weighting schemas” (instead 
of using predefined schemas such as TFIDF) [23]. 

 

4.2 Description of data relevant for Envision  

Ontology induction from text and streams has been applied here by using OntoGen Tool on 
several datasets that were found relevant for Envision. For the purpose of ontology induction as 
discussed here, handling of data streams can be addressed by using a time window of a user-
defined size to capture the most recent data as well as some historic data. One can also consider 
on-line induction of ontology where the change in data triggers ontology revision.Two sets of text 
documents have been used as input data for OntoGen in order to build several ontologies that 
are related to Envision project: landslide case study data and the Envision project glossary. Some 
of these documents have been recommended by the case study specialists and for others we 
used web resources in order to gather a larger sample of documents.      

4.2.1 Data for the landslide case study 

We can separate the set of documents relevant for landslide in two categories: scientific articles 
and glossaries.  

Scientific articles were manually processed, so that each article was divided it into smaller, 
coherent units. This step was required because ontological concepts are represented by the units 
of text-document or by name-entities occurring in the documents. Therefore, we considered each 
paragraph on an article as a separate document. 

Glossaries contain a list of terms with the corresponding definition or description of the term. In 
our manual pre-processing of the data, each one of the terms used in specialized fields of 
knowledge and represented in glossaries was assigned to a separate document to be used as 
input to OntoGen. 

4.2.1.1 Scientific Articles 

The list of scientific articles provided by the domain expert for the landslide domain follows: 
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 L. Cascini, Applicability of landslide susceptibility and hazard zoning at different scales, 
Engineering Geology, volume 102, 2008 

 F. C. Dai, C. F. Lee, Y. Y. Ngai, Landslide risk assessment and management: an overview, 
Engineering Geology, volume 64, 2002 

 Cees J. van Westen, Enrique Castellanos, Sekhar L. Kuriakose, Spatial data for landslide 
susceptibility, hazard, and vulnerability assessment: An overview, Engineering Geology, 
volume 102, 2008 

 Guidelines for landslide susceptibility, hazard and risk zoning for land use planning, 
Engineering Geology, volume 102, 2008 

 

After dividing these articles into separate paragraphs and writing each paragraph as a separate 
document, we have obtained a total of 248 documents. To analyse the content of these 
documents we created a bag of word using Text2Bow

41
 and we obtained word frequency in all 

documents. The total number of word identified
42

 was 1099 from which we selected the most 
frequent 10 words, as illustrated in  

Table 1. It can be observed that the most frequent word is “landslide”, which appears in 228 out 

of 248 documents, followed by the words “hazard” and “assessment”. 

 

Document-
Frequency 

Word Document-
Frequency 

Word 

228 LANDSLIDE 113 RISK 

129 HAZARD 112 MAPPING 

118 ASSESSMENT 104 SUSCEPTIBILITY 

117 AREA 104 SLOPES 

115 ZONING 83 DEVELOPMENT 

 

Table 1 Document-Frequency Word Statistics for the most frequent words from landslide 
documents obtained from the relevant scientific articles provided by the domain experts.  

 

4.2.1.2 Glossary 

For the landslide domain, we have used three sources of term definitions that are provided in a 
form of glossary. In the three glossaries we have identified 29, 55 and 61 definitions respectively. 
For each definition we created a separate document. This resulted in a corpus of 145 documents 
each containing one term. 

Glossaries of terms used in landslides domain:  

                                            
41

 www.textmining.net 
42

 The used specific settings for obtaining the bag of words: en523 list of stop words, porter 
stemmer and n-gram length of 5. 
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A. Guidelines for landslide susceptibility, hazard and risk zoning for land use planning, 
Appendix A, Engineering Geology, volume 102, 2008 

B. United Nations International Strategy for Risk Reduction, UNISDR Terminology on 
Disaster Risk Reduction (2009) 

C. USGS, Landslide Hazards Program, Glossary
43

 

 

For illustration, in Table 2 we show some definitions of common terms from these glossaries. It 
can be observed that the same term is defined in more than one glossary and in such situation 
we expect that these will be grouped together in the induced topic ontology.  

 

 

Glossary A 

“Hazard. A condition with the potential for causing an undesirable consequence. The 
description of landslide hazard should include the location, volume (or area), classification and 
velocity of the potential landslides and any resultant detached material, and the probability of 

their occurrence within a given period of time.”[A] 

“Risk. A measure of the probability and severity of an adverse effect to health, property or the 

environment. Risk is often estimated by the product of probability x consequences.”[A] 

Glossary B 

“Hazard. A dangerous phenomenon, substance, human activity or condition that may cause 
loss of life, injury or other health impacts, property damage, loss of livelihoods and services, 

social and economic disruption, or environmental damage.”[B] 

 

Glossary C 

“Risk. the probability of occurrence or expected degree of loss, as a result of exposure to a 

hazard.”[C] 

 

Table 2 Example entries from the three landslide related glossaries 

 

4.2.2 Data for Envision 

During the first month of the project, the partners have defined an Envision glossary. The project 
glossary

44
 consists of definitions of common terms and acronyms used in Envision. In our 

experiments we have considered each definition as a separate document, resulting in a set of 79 
documents. Examples of such definitions are the following. 

                                            
43

 Available online at http://landslides.usgs.gov/learning/glossary.php#a (last accessed 
25.10.2010) 
44

 Available online at http://ifgipedia.uni-muenster.de/ENVISION-glossary 

http://landslides.usgs.gov/learning/glossary.php#a
http://ifgipedia.uni-muenster.de/ENVISION-glossary
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 Model as a service - Model made available as a Web service. It is a composition which 
the user can interact with. Also, it is a framework that provides the capability to do 
modeling in a Web browser. 

 Service process enhancement - In the context of this deliverable process enhancement 
refers to the provision of appropriate extensions to the process specification so as to 
support process adaptation  

 BPEL - Business Process Execution Language  

4.3 Results of inducing domain ontologies from text 

In this section we discuss the ontologies that resulted from using OntoGen on the set of 
documents described in Section 4.2. The main steps in building these ontologies are the following: 

1. Concept visualizing, for identifying the main groups of concepts, based on the density as 
shown by the Document Atlas tool for visualization of the document corpus that is 
incorporated in OntoGen. 

2. Setting the number of concept to be suggested based on the concept visualization. 

3. Adding some of the suggested concepts to the current ontology. 

4. Analysing the documents corresponding to a concept and adding new documents that 
are related to the concept, or removing the documents considered irrelevant. 

5. Analysing descriptive and distinctive keywords of the concept for finding suggestive name 
of the concept. 

6. Repeating the steps 1-5 for each new concept added to the ontology, until no new 
relevant concepts are found. 

Figure 20 shows an illustrative example of applying these steps. Based on the visualization of a 
document collection (step 1), the user decides to request suggestion for three concepts (step 2) 
and adds them to the topic ontology (step 3). Next, the user performs analysis of the concept’s 
documents (step 4, the details are not show in the illustration) and finally analyses descriptive and 
distinctive keywords describing the concept (step 5). In order to make sub-concepts of the added 
three concepts, steps 1 to 5 are recursively repeated on each of the concepts. The stopping 
criteria depends on the user judging that some concept does not require further splitting into sub-
concepts, as its documents are homogeneous and not further meaningful sub-concepts were 
suggested by the tool or simply the number of documents in the concept it small.  
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Figure 20: Steps followed for building the ontologies 

4.3.1 Landslide ontologies 

For the landslide domain we have built two ontologies, the first one using the set of 145 
documents obtained from glossaries and the second one using the 393 documents obtained both 
from glossaries and scientific articles. For both ontologies we have identified three main groups of 
concepts (three concepts were formed at the topmost level of the ontology). As it can be 
observed in Figure 21, two bigger and one smaller (top left) groups of documents with high 
density can be seem suggesting three concepts. Visualization of the corpus formed from 
glossaries and scientific articles in Figure 22 suggest at least three groups of documents – two 
smaller in the top part of visualization and one bigger (boomerang shaped). Notice that each 
document is visualized by a yellow cross.  

The grouping of documents and suggesting concepts results from clustering the set of documents 
based on their similarity (the lighter zones represent the higher density of documents). The total 
number of concepts identified for the two ontologies are 17 and 28 respectively. The letter 
ontology has a bigger number of concepts, since it was generated based on a larger number of 
documents, containing more information. 
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Figure 21: Concept visualization for the corpus representing the glossaries 
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Figure 22: Concept visualization for the corpus representing the glossaries and scientific 
articles 

 

The first ontology, illustrated in Figure 23 has three concepts descending from the root and they 
are: (risk, hazard, losses), (landslide, earth, maps), (probability, timely, water). Each of the 
concepts has a number of documents that is representing it. The whole set of documents is 
divided based on their similarity in three subsets from which other new sub-concepts can be 
suggested. The keywords for the three main concepts are represented in Table 3. Based on these 
keywords, the user can define a more representative name for the concept created. With the 
default settings of OntoGen the name of a new concept is represented by the first three 
keywords.  
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Concept Keywords SVM Keywords 

risk, 
hazard, 
losses 

risk, hazard, losses, management, 
disaster, assessment, damage, 
disaster_risk, exposure, vulnerability 

risk, hazard, losses, management, 
assessment, environmental, land, 
vulnerability, structures, impacts 

landslide, 
earth, maps 

landslide, rocks, earth, soils, maps, 
surface, deposited, ground, water, 
sloping 

landslide, earth, rocks, soils, maps, 
deposited, ground, sloping, area, surface 

probability, 
timely, 
water 

probability, disaster, risk, water, 
emerging, systems, timely, 
responses, development, planning 

probability, timely, water, emerging, 
systems, development, climate, 
economically, consequences, responses 

Table 3 Concepts and keywords for first ontology 

 

 

Figure 23: Ontology obtained using the glossaries 

 

The second ontology is illustrated in Figure 24 and it also has three concepts descending from 
the root. They are: (water, debris, earth), (zoning, susceptibility, mapping), (landslide_risk, losses). 
We consider these concepts as being more suggestive and more different between each other, 
compared to those form the first ontology. We can observe that the first concept may refer to the 
physical phenomenon of landslides, the second concept to the process of building maps for 
landslides representation and the third one could refer to the risk management in case of 
occurrence of a landslide event. The keywords for the three main concepts are represented in 
Table 4. 
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Concept Keywords SVM Keywords 

water, debris, 
earth 

water, debris, earth, soils, rock, 
material, slides, mass, movement, 
flows 

water, debris, earth, material, 
movement, slides, weather, stress, 
include, stream 

zoning, 
susceptibility, 
mapping 

zoning, susceptibility, mapping, 
landslide, hazard, data, area, 
landslide_zoning, hazard_zoning, 
levels 

zoning, susceptibility, mapping, rainfall, 
hazard, landslide_zoning, soils, data, 
landslide_susceptibility, 
susceptibility_hazard 

landslide_risk, 
losses 

risk, landslide, disasters, losses, 
slopes, landslide_risk, elements, 
vulnerability, risk_assessment, 
assessment 

risk, losses, slopes, landslide, 
probability, elements, landslide_risk, 
disasters, systems, assessment 

Table 4 Concepts and keywords for second ontology 

 

 

Figure 24: Ontology obtained using both glossaries and the scientific articles 
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4.3.2 Envision ontologies 

An illustration of concept visualisation for the documents representing the Envision glossary can 
be found in Figure . We can see that the situation here is less clear than in the landslide data 
where three groups were visible. Here we can notice several groups of documents representing 
the main concepts, suggesting that having 4 or 5 concepts as the top level may be suitable. 
Therefore we decided to build two ontologies for this set of documents, each ontology having a 
different number of concepts suggested at 1

st
 level, 5 and 4 respectively. These two ontologies 

are shown in Figure 26 and Figure 27.  

 

 

Figure 25: Concept visualization for the set of documents representing Envision Glossary 
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Figure 26: Envision Ontology - Starting with 5 suggested concepts at the 1st level 

 

 

Figure 27: Envision Ontology - Starting with 4 suggested concepts at the 1st level 
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4.4 Potential usage of the constructed ontologies in Envision 

In Envision the data will be automatically annotated by some ontology concepts to provide 
semantic information and help in chaining the web services. So far, we have shown potential 
usage of semi-automatic ontology creation from the domain specific data for the general Envision 
domain and for one of the Envision case studies. The domain experts were shown preliminary 
results of our efforts on which they have provided positive feedback and more data to enable 
obtaining a richer ontology. 

We expect that the presented results of a bottom-up approach to ontology induction would help 
the domain experts to identify some new concepts to be added to the ontology they are 
constructing in a top-down manner. In addition, the main task of the Envision portal should be 
kept in mind in order to guide the ontology construction, so that the concepts in the ontology are 
useful for better performing of the task. 
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5 Conclusion 

The purpose of this deliverable was to present our research on semantic annotation of Web 
services and domain ontology building. The annotation guidelines are the result of the work 
carried out at UoM, partly based on previous experience in the SWING project. While we are not 
trying to define a universal methodology, we believe that the choices made to define the 
procedure of semantic annotation are the right ones to achieve a practical solution for the 
ENVISION infrastructure. 

A set of software components are described in the third section as part of the effort of integrating 
annotation technologies into the ENVISION platform. The Ontobridge Web Service provided by 
JSI is the only application that has been adapted from an existing one: Visual OntoBridge. The 
rest are new developments that will contribute to the realization of the annotation methodology 
presented in this paper. 

The discussion on inducing domain ontologies from text and streams sets the basis to work on an 
assisted process of domain ontology building. Looking forward to future implementations, the 
application of this research work will be integrated into the ENVISION infrastructure and 
presented in D4.3. 

D4.3 will include an extended revision of the ontologies introduced in this document as well as a 
working example of an annotated environmental model. For the current report, we focused more 
on describing how to add semantic references in Web service representations, since our proposal 
for environmental models is based on service compositions. For each use case, simple domain 
ontologies will be presented as result of the application of ontology building methods that are 
being currently developed. 
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7 APPENDIX 

7.1 Procedure-Oriented Service Model (n3 format) 

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#>.  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#>.  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#>.  

@prefix : <htt p://www.wsmo.org/ns/posm/0.2#>.  

 

:Service a rdfs:Class .  

 

:hasOperation a rdf:Property ;  

 rdfs:domain :Service ;  

 rdfs:range :Oper ation .  

 

:Operation a rdfs:Class .  

 

:hasInput a rdf:Property ;  

 rdfs:domain :Operation ;  

 rdfs:range :MessagePart .  

 

:hasOutput a rdf:Property ;  

 rdfs:domain :Operation ;  

 rdfs:range :MessagePart .  

 

:hasInputFault a rdf:Property ;  

 rdfs:domain :Operation ;  

 rdfs:range :MessagePart .  

 

:hasOutputFault a rdf:Property ;  

 rdfs:domain :Operation ;  

 rdfs:range :MessagePart .  

 

:MessagePart a rdfs:Class .  

 

:hasMessagePart a rdf:Property ;  

 rdfs:domain :MessagePart ;  

 rdfs:range :MessagePart .  

 

:MessageContent a rdfs :Class ;  

 rdfs:subClassOf :MessagePart .  

7.2 Developed OGC Web Service ontology (n3 format) 

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix : <http://purl.org/ifgi/ows/0.2#> .  

@prefix wsl: <http://www.wsmo.org/ns/wsmo - lite#> .  

@prefix posm: <http://www.wsmo.org/ns/posm/0.2#> .  

@prefix dc: <http://purl.org/dc/elements/1.1/> .  

@prefix sawsdl: <http://www.w3.org/ns/sawsdl#> .  

@prefix dolc e: <http://purl.org/net/wsml/dolceDnS#> .  

 

 

:OGCWebService a rdfs:Class ;  



 

 Copyright  ENVISION Consortium 2009-2012 Page 82 / 99 

 

 rdfs:subClassOf wsl:FunctionalClassificationRoot .  

 

:GetCapabilities a rdfs:Class ;  

 rdfs:subClassOf posm:Operation .  

 

:GetCapabilitiesOutput a rdfs:Class ;  

 rdfs:subClassOf posm:Me ssagePart .  

 

:GetCapabilitiesInput a rdfs:Class ;  

 rdfs:subClassOf posm:MessagePart .  

 

:ServiceDescription a rdfs:Class ;  

 rdfs:subClassOf dolce:information_object .  

 

:DefaultGetCapabilities a :GetCapabilities ;  

 posm:hasOutput :DefaultGetCapabilitiesOutpu t ;  

 posm:hasInput :DefaultGetCapabilitiesInput .  

 

:DefaultGetCapabilitiesOutput a :GetCapabilitiesOutput ;  

 sawsdl:modelReference :ServiceDescription .  

 

:DefaultGetCapabilitiesInput a :GetCapabilitiesInput ;  

 sawsdl:modelReference xsd:string .  

 

7.3 WSDL description for SOS 

<wsdl:definitions targetNamespace="http://www.opengis.net/sos.wsdl" 

xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" 

xmlns:xsd="http://www.w3.org/2001/XMLSchema" 

xmlns:http="http://schemas.xmlsoap.org/wsdl/http/" 

xmlns:sos="http://www.opengis.n et/sos/1.0" 

xmlns:om="http://www.opengis.net/om/1.0" 

xmlns:sml="http://www.opengis.net/sensorML/1.0.1" 

xmlns:tns="http://www.opengis.net/sos.wsdl" 

xmlns:ows="http://www.opengis.net/ows/1.1" 

xmlns:mime="http://schemas.xmlsoap.org/wsdl/mime/">  

   <wsdl:types > 

      <xsd:schema targetNamespace="http://www.opengis.net/sos.wsdl">  

         <xsd:import namespace="http://www.opengis.net/sos/1.0" schemaLoc a-

tion="http://sosades.brgm.fr:80/SOService?xsd=11"/>  

         <xsd:import namespace="http://www.opengis.net/om/1 .0" schemaLoc a-

tion="http://sosades.brgm.fr:80/SOService?xsd=3"/>  

         <xsd:import namespace="http://www.opengis.net/ows/1.1" schemaLoc a-

tion="http://sosades.brgm.fr:80/SOService?xsd=2"/>  

         <xsd:import namespace="http://www.opengis.net/sensorML/1. 0.1" sch e-

maLocation="http://sosades.brgm.fr:80/SOService?xsd=12"/>  

      </xsd:schema>  

   </wsdl:types>  

   <wsdl:message name="GetCapabilitiesRequest">  

      <wsdl:part name="request" element="sos:Capabilities"/>  

   </wsdl:message>  

   <wsdl:message name="G etCapabilitiesResponse">  

      <wsdl:part name="response" element="sos:Capabilities"/>  

   </wsdl:message>  

   <wsdl:message name="DescribeSensorRequest">  

      <wsdl:part name="request" element="sos:DescribeSensor"/>  

   </wsdl:message>  
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   <wsdl:message name ="DescribeSensorResponse">  

      <wsdl:part name="response" element="sml:SensorML"/>  

   </wsdl:message>  

   <wsdl:message name="GetObservationRequest">  

      <wsdl:part name="request" element="sos:GetObservation"/>  

   </wsdl:message>  

   <wsdl:message name=" GetObservationResponse">  

      <wsdl:part name="response" element="om:Observation"/>  

   </wsdl:message>  

   <wsdl:message name="ServiceException">  

      <wsdl:part name="exception" element="ows:ExceptionReport"/>  

   </wsdl:message>  

   <wsdl:message name="Ge tCapabilitiesRequestRPC">  

      <wsdl:part name="request" type="xsd:string"/>  

      <wsdl:part name="service" type="xsd:string"/>  

      <wsdl:part name="version" type="xsd:string"/>  

   </wsdl:message>  

   <wsdl:message name="GetObservationRPC">  

      <wsdl: part name="request" type="xsd:string"/>  

      <wsdl:part name="service" type="xsd:string"/>  

      <wsdl:part name="version" type="xsd:string"/>  

      <wsdl:part name="responseFormat" type="xsd:string"/>  

      <wsdl:part name="offering" type="xsd:anyURI"/>  

      <wsdl:part name="observedProperty" type="xsd:anyURI"/>  

   </wsdl:message>  

   <wsdl:message name="DescribeSensorRPC">  

      <wsdl:part name="procedure" type="xsd:anyURI"/>  

      <wsdl:part name="request" type="xsd:string"/>  

      <wsdl:part name="serv ice" type="xsd:string"/>  

      <wsdl:part name="version" type="xsd:string"/>  

      <wsdl:part name="outputFormat" type="xsd:string"/>  

   </wsdl:message>  

   <wsdl:portType name="sosPortType">  

      <wsdl:operation name="GetCapabilities">  

         <wsdl:inpu t name="GetCapabilitiesRequest" me s-

sage="tns:GetCapabilitiesRequest"/>  

         <wsdl:output name="GetCapabilitiesResponse" me s-

sage="tns:GetCapabilitiesResponse"/>  

         <wsdl:fault name="ExceptionReport" message="tns:ServiceException"/>  

      </wsdl:op eration>  

      <wsdl:operation name="DescribeSensor">  

         <wsdl:input name="DescribeSensorRequest" me s-

sage="tns:DescribeSensorRequest"/>  

         <wsdl:output name="DescribeSensorResponse" me s-

sage="tns:DescribeSensorResponse"/>  

         <wsdl:fault na me="ExceptionReport" message="tns:ServiceException"/>  

      </wsdl:operation>  

      <wsdl:operation name="GetObservation">  

         <wsdl:input name="GetObservationRequest" me s-

sage="tns:GetObservationRequest"/>  

         <wsdl:output name="GetObservationRes ponse" me s-

sage="tns:GetObservationResponse"/>  

         <wsdl:fault name="ExceptionReport" message="tns:ServiceException"/>  

      </wsdl:operation>  

   </wsdl:portType>  

   <wsdl:portType name="sosPortTypeRPC">  

      <wsdl:operation name="GetCapabilitiesRPC">  

         <wsdl:input name="GetCapabilitiesRPCRequest" me s-

sage="tns:GetCapabilitiesRequestRPC"/>  
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         <wsdl:output name="GetCapabilitiesRPCResponse" me s-

sage="tns:GetCapabilitiesResponse"/>  

         <wsdl:fault name="ExceptionReport" message="tns:Servic eException"/>  

      </wsdl:operation>  

      <wsdl:operation name="GetObservationRPC">  

         <wsdl:input name="Request" message="tns:GetObservationRPC"/>  

         <wsdl:output name="GetObservationRPCOutput" me s-

sage="tns:GetObservationResponse"/>  

         <wsdl:fault name="ExceptionReport" message="tns:ServiceException"/>  

      </wsdl:operation>  

      <wsdl:operation name="DescribeSensorRPC">  

         <wsdl:input name="DescribeSensorRPCRequest" me s-

sage="tns:DescribeSensorRPC"/>  

         <wsdl:output name=" DescribeSensorRPCResponse" me s-

sage="tns:DescribeSensorResponse"/>  

         <wsdl:fault name="ExceptionReport" message="tns:ServiceException"/>  

      </wsdl:operation>  

   </wsdl:portType>  

   <wsdl:binding name="BRGMSOSforADES_1132570119_HTTPGET" 

type="tns:s osPortTypeRPC">  

      <http:binding verb="GET"/>  

      <wsdl:operation name="GetCapabilitiesRPC">  

         <http:operation location="?request=GetCapabilities"/>  

         <wsdl:input name="GetCapabilitiesRPCRequest">  

            <http:urlEncoded/>  

         </wsdl:input>  

         <wsdl:output name="GetCapabilitiesRPCResponse">  

            <mime:mimeXml/>  

         </wsdl:output>  

         <wsdl:fault name="ExceptionReport"/>  

      </wsdl:operation>  

      <wsdl:operation name="GetObservationRPC">  

         <http: operation location="?request=GetObservation"/>  

         <wsdl:input name="Request">  

            <http:urlEncoded/>  

         </wsdl:input>  

         <wsdl:output name="GetObservationRPCOutput">  

            <mime:mimeXml/>  

         </wsdl:output>  

         <wsdl:fault name="ExceptionReport"/>  

      </wsdl:operation>  

      <wsdl:operation name="DescribeSensorRPC">  

         <http:operation location="?request=DescribeSensor"/>  

         <wsdl:input name="DescribeSensorRPCRequest">  

            <http:urlEncoded/>  

         </wsdl:input>  

         <wsdl:output name="DescribeSensorRPCResponse">  

            <mime:mimeXml/>  

         </wsdl:output>  

         <wsdl:fault name="ExceptionReport"/>  

      </wsdl:operation>  

   </wsdl:binding>  

   <wsdl:binding name="BRGMSOSforADES_1 132570119_HTTPPOST" 

type="tns:sosPortType">  

      <http:binding verb="POST"/>  

      <wsdl:operation name="GetCapabilities">  

         <http:operation location="sos/http/"/>  

         <wsdl:input name="GetCapabilitiesRequest">  

            <mime:mimeXml/>  
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         </wsdl:input>  

         <wsdl:output name="GetCapabilitiesResponse">  

            <mime:mimeXml/>  

         </wsdl:output>  

         <wsdl:fault name="ExceptionReport"/>  

      </wsdl:operation>  

      <wsdl:operation name="GetObservation">  

         <http:o peration location="sos/http/"/>  

         <wsdl:input name="GetObservationRequest">  

            <mime:mimeXml/>  

         </wsdl:input>  

         <wsdl:output name="GetObservationResponse">  

            <mime:mimeXml/>  

         </wsdl:output>  

         <wsdl:fa ult name="ExceptionReport"/>  

      </wsdl:operation>  

      <wsdl:operation name="DescribeSensor">  

         <http:operation location="sos/http/"/>  

         <wsdl:input name="DescribeSensorRequest">  

            <mime:mimeXml/>  

         </wsdl:input>  

         <wsdl:output name="DescribeSensorResponse">  

            <mime:mimeXml/>  

         </wsdl:output>  

         <wsdl:fault name="ExceptionReport"/>  

      </wsdl:operation>  

   </wsdl:binding>  

   <wsdl:service name="BRGMSOSforADES_1132570119">  

      <wsdl:port na me="BRGMSOSforADES_1132570119_HTTPGETPort" bin d-

ing="tns:BRGMSOSforADES_1132570119_HTTPGET">  

         <http:address location="http://sosades.brgm.fr/REST/sos"/>  

      </wsdl:port>  

      <wsdl:port name="BRGMSOSforADES_1132570119_HTTPPOSTPort" bin d-

ing="tns:B RGMSOSforADES_1132570119_HTTPPOST"> 

         <http:address location="http://sosades.brgm.fr/SOService"/>  

      </wsdl:port>  

   </wsdl:service>  

</wsdl:definitions>  

 
 

7.4 Procedure-Oriented Service Model for SOS (n3 format) 

@prefix sm: < [path_to_JavaContentRepos itory]/ BRGMSOSforADES_1132570119.rdf#> .  

@prefix wsl: <http://www.wsmo.org/ns/wsmo - lite#> .  

@prefix sawsdl: <http://www.w3.org/ns/sawsdl#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix sos: <http://purl.org/ifgi/sos#> .  

@prefix posm: <http:/ /www.wsmo.org/ns/posm/0.2#> .  

@prefix ows: <http://purl.org/ifgi/ows/0.2#> .  

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix om: <http://purl.org/ifgi/om#> .  

@prefix swe: <http:// purl.org/ifgi/swe#> .  

@prefix dc: <http ://purl.org/dc/elements/1.1/> .  

 

sm:BRGMSOSforADES_1132570119 a posm:Service ;  

 dc:title "BRGMSOSforADES_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  
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 rdfs:seeAlso 

<http://sosades.brgm.fr/REST/sos?service=sos&request=GetCa pabilities> , 

<[path_to_JavaContentRepository]/ BRGMSOSforADES_1132570119.wsdl> ;  

 wsl:functionalClassification sos:SensorObservationService ;  

 posm:hasOperation ows:DefaultGetCapabilities , 

sos:DefaultDescribeSensor , sm:GetObservation .  

 

sm:GetObservation  a sos:GetObservation ;  

 dc:title "GetObservation_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 posm:hasInput sm:GetObservation_Request ;  

 posm:hasOutput sm:GetObservation_Response .  

 

sm:GetObservation_Request a sos:GetObservationInput ;  

 dc:title "GetObservati onRequest_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 sawsdl:modelReference xsd:string .  

 

sm:GetObservation_Response a sos:GetObservationOutput ;  

 dc:title "GetObservationResponse_urn:ogc:def:phenomenon:OGC:1.0:depth" 

;  

 sawsdl:modelReference sm:Observation_1 132570119 .  

 

sm:BRGMSOSforADES_1132570119_Effect a wsl:Effect ;  

 dc:title "Effect_urn:ogc:def:phenomenon:OGC:1.0:depth" .  

 

sm:Observation_1132570119 a rdfs:Class ;  

 dc:title "Observation_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 rdfs:subClassOf om:Observati on .  

 

sm:observedProperty_1132570119 a rdf:Property ;  

 dc:title "observedProperty_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 rdfs:subPropertyOf om:observedProperty ;  

 rdfs:domain sm:Observation_1132570119 ;  

 rdfs:range sm:Phenomenon_1132570119 .  

 

sm:Phenomen on_1132570119 a rdfs:Class ;  

 dc:title "urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 rdfs:subClassOf swe:Phenomenon .  

 
 

7.5 Application ontology representing data model for SOS (n3 
format) 

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix : <http://purl.org/ifgi/om#> .  

@prefix dc: <http://purl.org/dc/elements/1.1/> .  

@prefix gml: <http://purl.org/ifgi/gml#> .  

@prefix swe: <http://purl.org/if gi/swe#> .  

@prefix sml: <http://purl.org/ifgi/sml#> .  

@prefix wlo_dom : <http://purl.org/ifgi/ wlo_dom #> .  

 

# http://purl.org/dc/elements/1.1/publisher: "(a)IfGI, University of 

Muenster"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/element s/1.1/date: "2010 - 11-

10"^^<http://www.w3.org/2001/XMLSchema#string>  
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# http://purl.org/dc/elements/1.1/rights: 

"http://creativecommons.org/licenses/by/3.0/"^^<http://www.w3.org/2001/XMLSchem

a#string>  

# http://purl.org/dc/elements/1.1/type: 

"Ontology"^^<http ://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/title: "OGC Observation & 

Measurements"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/description: "Taken from the XML 

schema"^^<http://www.w3.org/2001/XM LSchema#string>  

# http://purl.org/dc/elements/1.1/source: 

"http://schemas.opengis.net/om/1.0.0/observation.xsd"^^<http://www.w3.org/2001/

XMLSchema#string>  

 

:ObservationCollection a rdfs:Class ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

:member a rdf:Property  ;  

 rdfs:domain :ObservationCollection .  

 

:Observation a rdfs:Class ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

:metadata a rdf:Property ;  

 rdfs:domain :Observation .  

 

:samplingTime a rdf:Property ;  

 rdfs:domain :Observation .  

 

:resultTime a rdf:Property ;  

 rdfs:domain :Observation .  

 

:procedure a rdf:Property ;  

 rdfs:domain :Observation .  

 

:resultQuality a rdf:Property ;  

 rdfs:domain :Observation .  

 

:observedProperty a rdf:Property ;  

 rdfs:domain :Observation .  

 

:featureOfInterest a rdf:Property ;  

 rdfs:doma in :Observation .  

 

:parameter a rdf:Property ;  

 rdfs:domain :Observation .  

 

:result a rdf:Property ;  

 rdfs:domain :Observation .  

 

:ProcessProperty a rdfs:Class ;  

 dc:description "The procedure is the description of a process used to 

generate the result.  A t this level we do not distinguish between sensor -

observations, estimations made by an observer, or algorithms, simulations, 

computations and complex processing chains."^^xsd:string .  

 

:process a rdf:Property ;  

 rdfs:domain :ProcessProperty .  

 

:AnyOrRefere nce a rdfs:Class ;  
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 dc:description "Placeholder type Used in a few places where ISO 19139 

metadata classes are used, which will become available with GML 

3.2"^^xsd:string .  

 

:any a rdf:Property ;  

 rdfs:domain :AnyOrReference .  

 

gml:associationAttributeGrou p a rdf:Property ;  

 rdfs:domain :AnyOrReference .  

 

<http://ifgipedia.uni - muenster.de/envision - simple - use - case#_effect> a 

wsl:Effect ;  

 rdf:value "?p memberOf swe#Phenomenon and  

 ?o memberOf om#Observation and  

 ?o[om#observedProperty hasValue ?p] and  

 ?s ensor memberOf wlo _dom: WaterlevelSensor and  

 ?quality memberOf wlo _dom: Waterlevel and  

 ?observable memberOf wlo _dom: GroundWater and  

 ?observable[obs#isObservedBy hasValue ?sensor, dlc#hasQuality hasVa l-

ue ?quality] and  

 ?observation memberOf wlo _dom: WaterlevelObservation and  

 ?observation[obs#isPerformedBy hasValue ?sensor] and  

 annot#domainReference( ?p, ?quality) and  

 annot#domainReference( ?o, ?observation) ."^^xsd:string .  

 

   

 

7.6 WSDL description for WPS 

<?xml version="1.0" encoding="UTF - 8"?>  

<wsdl:de finitions xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" 

xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:tns="http://www.envision -

project.eu/jcr/bob/WPSModel" xmlns:wps="http://www.opengis.net/wps/1.0.0" 

xmlns:ows="http://www.opengis.net/ows/1.1" 

xmlns:m ime="http://schemas.xmlsoap.org/wsdl/mime/" 

xmlns:http="http://schemas.xmlsoap.org/wsdl/http/" targe t-

Namespace="http://www.envision - project.eu/jcr/bob/WPSModel">  

 <wsdl:types>  

  <xsd:schema targetNamespace="http://www.envision -

project.eu/jcr/bob/WPSModel">  

   <xsd:import namespace="http://www.opengis.net/ows/1.1" 

schemaLocation="http://schemas.opengis.net/ows/1.1.0/owsExceptionReport.xsd"/>  

   <xsd:import 

namespace="http://www.opengis.net/wps/1.0.0" schemaLoc a-

tion="http://schemas.opengis.net/wps/1.0.0/wpsAl l.xsd"/>  

  </xsd:schema>  

 </wsdl:types>  

 <wsdl:message name="GetCapabilitiesRequest">  

  <wsdl:part name="request" element="wps:GetCapabilities"/>  

 </wsdl:message>  

 <wsdl:message name="GetCapabilitiesResponse">  

  <wsdl:part name="reponse" element="wps:Capab ilities"/>  

 </wsdl:message>  

 <wsdl:message name="DescribeProcessRequest">  

  <wsdl:part name="request" element="wps:DescribeProcess"/>  

 </wsdl:message>  

 <wsdl:message name="DescribeProcessResponse">  
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  <wsdl:part name="response" element="wps:ProcessDescripti ons"/>  

 </wsdl:message>  

 <wsdl:message name="ExecuteRequest">  

  <wsdl:part name="request" element="wps:Execute"/>  

 </wsdl:message>  

 <wsdl:message name="ExecuteResponse">  

  <wsdl:part name="response" element="wps:ExecuteResponse"/>  

 </wsdl:message>  

 <wsdl:m essage name="GetCapabilitiesRequestRPC">  

  <wsdl:part name="request" type="xsd:string"/>  

  <wsdl:part name="service" type="xsd:string"/>  

 </wsdl:message>  

 <wsdl:message name="DescribeProcessRequestRPC">  

  <wsdl:part name="request" type="xsd:string"/>  

  <wsdl:part name="service" type="xsd:string"/>  

  <wsdl:part name="identifier" type="xsd:string"/>  

 </wsdl:message>  

 <wsdl:portType name="PortType">  

  <wsdl:operation name="GetCapabilities">  

   <wsdl:input name="GetCapabilitiesInput" me s-

sage="tns:GetCapabilitie sRequest"/>  

   <wsdl:output name="GetCapabilitiesOutput" me s-

sage="tns:GetCapabilitiesResponse"/>  

  </wsdl:operation>  

  <wsdl:operation name="DescribeProcess">  

   <wsdl:input name="DescribeProcessInput" me s-

sage="tns:DescribeProcessRequest"/>  

   <wsdl:output  name="DescribeProcessOutput" me s-

sage="tns:DescribeProcessResponse"/>  

  </wsdl:operation>  

  <wsdl:operation name="Execute">  

   <wsdl:input name="ExecuteInput" me s-

sage="tns:ExecuteRequest"  sawsdl:modelReference= ò[path to JavaContentReposit o-

ry]/ DroughtClassi fierAlgorithm.rdf #ExecuteRequestò/>  

   <wsdl:output name="ExecuteOutput" me s-

sage="tns:ExecuteResponse"  sawsdl:modelReference=ò[path to JavaContentReposit o-

ry] /DroughtClassifierAlgorithm.rdf #ExecuteResponseò/>  

  </wsdl:operation>  

 

 </wsdl:portType>  

 <wsdl:po rtType name="PortTypeRPC">  

  <wsdl:operation name="GetCapabilitiesRPC">  

   <wsdl:input name="GetCapabilitiesInputRPC" me s-

sage="tns:GetCapabilitiesRequestRPC"/>  

   <wsdl:output name="GetCapabilitiesOutputRPC" me s-

sage="tns:GetCapabilitiesResponse"/>  

  </wsdl :operation>  

  <wsdl:operation name="DescribeProcessRPC">  

   <wsdl:input name="DescribeProcessInputRPC" me s-

sage="tns:DescribeProcessRequestRPC"/>  

   <wsdl:output name="DescribeProcessOutputRPC" me s-

sage="tns:DescribeProcessResponse"/>  

  </wsdl:operation>  

 </ wsdl:portType>  

 <wsdl:binding name="HTTPGETBinding" type="tns:PortTypeRPC">  

  <http:binding verb="GET"/>  

  <wsdl:operation name="GetCapabilitiesRPC">  

   <http:operation location="?request=GetCapabilities"/>  

   <wsdl:input name="GetCapabilitiesInputRPC">  
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    <http:urlEncoded/>  

   </wsdl:input>  

   <wsdl:output name="GetCapabilitiesOutputRPC">  

    <mime:mimeXml/>  

   </wsdl:output>  

  </wsdl:operation>  

  <wsdl:operation name="DescribeProcessRPC">  

   <http:operation location="?request=DescribeProcess"/>  

   <wsdl: input name="DescribeProcessInputRPC">  

    <http:urlEncoded/>  

   </wsdl:input>  

   <wsdl:output name="DescribeProcessOutputRPC">  

    <mime:mimeXml/>  

   </wsdl:output>  

  </wsdl:operation>  

 </wsdl:binding>  

 <wsdl:binding name="HTTPPOSTBinding" type="tns:PortTy pe">  

  <http:binding verb="POST"/>  

  <wsdl:operation name="GetCapabilities">  

   <http:operation location="wps/http/"/>  

   <wsdl:input name="GetCapabilitiesInput">  

    <mime:mimeXml/>  

   </wsdl:input>  

   <wsdl:output name="GetCapabilitiesOutput">  

    <mime: mimeXml/>  

   </wsdl:output>  

  </wsdl:operation>  

  <wsdl:operation name="Execute">  

   <http:operation location="wps/http/"/>  

   <wsdl:input name="ExecuteInput">  

    <mime:mimeXml/>  

   </wsdl:input>  

   <wsdl:output name="ExecuteOutput">  

    <mime:mimeXml/>  

   </wsdl:output>  

  </wsdl:operation>  

  <wsdl:operation name="DescribeProcess">  

   <http:operation location="wps/http/"/>  

   <wsdl:input name="DescribeProcessInput">  

    <mime:mimeXml/>  

   </wsdl:input>  

   <wsdl:output name="DescribeProcessOutput">  

    <mime:mimeXml/>  

   </wsdl:output>  

  </wsdl:operation>  

 </wsdl:binding>  

 <wsdl:service name="WPS">  

  <wsdl:port name="HTTPGETBindingPort" bin d-

ing="tns:HTTPGETBinding">  

   <http:address location="http://giv - wfs.uni -

muenster.de:80/wps/WebProcessingService"/>  

  </ wsdl:port>  

  <wsdl:port name="HTTPPOSTBindingPort" bin d-

ing="tns:HTTPPOSTBinding">  

   <http:address location="http://giv - wfs.uni -

muenster.de:80/wps/WebProcessingService"/>  

  </wsdl:port>  

 </wsdl:service>  

</wsdl:definitions>  
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7.7 Procedure-Oriented Service Model for WPS (n3 format) 

@prefix sm: < [path_to_JavaContentRepository]/ 52nWPS_- 398451138.rdf#>.  

@prefix wsl: <http://www.wsmo.org/ns/wsmo - lite#> .  

@prefix sawsdl: <http://www.w3.org/ns/sawsdl#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix posm:  <http://www.wsmo.org/ns/posm/0.2#> .  

@prefix ows: <http://purl.org/ifgi/ows/0.2#> .  

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix gml: <http://purl.org/ifgi/gml/0.2#> .  

@prefix  dc: <http://purl.org/dc/elements/1.1/> .  

@prefix wps: <http://purl.org/ifgi/wps#> .  

@prefix om: <http://purl.org/ifgi/om#> .  

@prefix swe: <http://purl.org/ifgi/swe#> .  

 

sm:52n_WPS_- 398451138 a posm:Service;  

 dc:title "52n_WPS_de.ifgi.envision.wps.DroughtC lassifierAlgorithm";  

 rdfs:seeAlso "http://giv - wps.uni - muenster.de:8080/52n - wps- webapp- 2.0 -

RC6-

SNAPSHOT/WebProcessingService?Request=GetCapabilities&Service=WPS"^^xsd:string,  

  " [path_to_JavaContentRepository]/ 52nWPS_-

398451138.wsdl"^^xsd:string;  

  wsl:fun ctionalClassification wps:WebProcessingService;  

 posm:hasOperation ows:DefaultGetCapabilities, wps:DefaultDecribeProcess 

, sm:Execute.  

 

sm:Execute a wps:Execute ;  

 dc:title "Execute_de.ifgi.envision.wps.DroughtClassifierAlgorithm" ;  

 posm:hasInput sm:Execu teRequest ;  

 posm:hasOutput sm:ExecuteResponse .  

 

sm:ExecuteRequest a wps:ExecuteInput ;  

 dc:title "Execu t-

eRequest_de.ifgi.envision.wps.DroughtClassifierAlgorithm" ;  

 sawsdl:modelReference sm:FeatureType_1943412563 , 

sm:FeatureType_1943412564, sm:Observati on_1132570119.  

 

sm:ExecuteResponse a wps:ExecuteOutput ;  

 dc:title "ExecuteR e-

sponse_de.ifgi.envision.wps.DroughtClassifierAlgorithm" ;  

 sawsdl:modelReference sm:FeatureType_1943412563 , 

sm:FeatureType_1943412564.  

  

sm:52n_WPS_- 398451138_Condition a wsl:Con dition ;  

 dc:title "Condition_de.ifgi.envision.wps.DroughtClassifierAlgorithm" .  

 

sm:52n_WPS_- 398451138_Effect a wsl:Effect ;  

 dc:title "Effect_de.ifgi.envision.wps.DroughtClassifierAlgorithm" .  

 

  

## Feature Type "clc00_c111"  

sm:FeatureType_1943412563 a r dfs:Class ;  

 dc:title "Feature_clc00_c111" ;  

 rdfs:subClassOf gml:AbstractFeature .  
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sm:code_00 a rdfs:Class ;  

 dc:title "code_00" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:id a rdfs:Class ;  

 dc:title "id" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:re mark a rdfs:Class ;  

 dc:title "remark" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:area_ha a rdfs:Class ;  

 dc:title "area_ha" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:shape_leng a rdfs:Class ;  

 dc:title "shape_leng" ;  

 rdfs:subClassOf gml:FeaturePrope rty .  

 

sm:shape_area a rdfs:Class ;  

 dc:title "shape_area" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:the_geom a rdfs:Class ;  

 dc:title "the_geom" ;  

 rdfs:subClassOf gml:GeometryProperty .  

  

 

## Feature Type "clc00_c112"   

sm:FeatureType_1943412564 a rdfs :Class ;  

 dc:title "Feature_clc00_c112" ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

sm:code_00 a rdfs:Class ;  

 dc:title "code_00" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:id a rdfs:Class ;  

 dc:title "id" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:remar k a rdfs:Class ;  

 dc:title "remark" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:area_ha a rdfs:Class ;  

 dc:title "area_ha" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:shape_leng a rdfs:Class ;  

 dc:title "shape_leng" ;  

 rdfs:subClassOf gml:FeatureProperty  .  

 

sm:shape_area a rdfs:Class ;  

 dc:title "shape_area" ;  

 rdfs:subClassOf gml:FeatureProperty .  
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sm:the_geom a rdfs:Class ;  

 dc:title "the_geom" ;  

 rdfs:subClassOf gml:GeometryProperty .  

  

## Observation  

sm:Observation_1132570119 a rdfs:Class ;  

 dc:title "Observation_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 rdfs:subClassOf om:Observation .  

 

sm:observedProperty_1132570119 a rdf:Property ;  

 dc:title "observedProperty_urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 rdfs:subPropertyOf om:observedProperty ;  

 rdfs:doma in sm:Observation_1132570119 ;  

 rdfs:range sm:Phenomenon_1132570119 .  

 

sm:Phenomenon_1132570119 a rdfs:Class ;  

 dc:title "urn:ogc:def:phenomenon:OGC:1.0:depth" ;  

 rdfs:subClassOf swe:Phenomenon .  

 

 

7.8 Coverage data model (n3 format) 

@prefix rdf: <http://www.w 3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix : <http://purl.org/ifgi/cov#> .  

@prefix gml: <http://purl.org/ifgi/gml#> .  

@prefix dc: <http://purl.org/dc /elements/1.1/> .  

@prefix swe: <http://purl.org/ifgi/swe#> .  

 

# http://purl.org/dc/elements/1.1/publisher: "(a)IfGI, University of Mue n-

ster"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/date: "24 - 11-

2010"^^<http://www.w3.org /2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/rights: 

"http://creativecommons.org/licenses/by/3.0/"^^<http://www.w3.org/2001/XMLSchem

a#string>  

# http://purl.org/dc/elements/1.1/type: "Ontol o-

gy"^^<http://www.w3.org/2001/XMLSchema#string>  

# http: //purl.org/dc/elements/1.1/title: "OGC GML Coverage for WCS 

2.0"^^<http://www.w3.org/2001/XMLSchema#string>  

 

:Coverages a rdfs:Class ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

:Coverage a rdfs:Class ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

:CoveragePropert y a rdfs:Class ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

:Range a rdfs:Class ;  

 rdfs:subClassOf :CoverageProperty .  

 

:CoverageFunction a rdfs:Class ;  

 rdfs:subClassOf :CoverageProperty .  
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:Field a rdfs:Class ;  

 rdfs:subClassOf :CoverageProperty .  

 

:Interpo lationMethod a rdfs:Class ;  

 rdfs:subClassOf :CoverageProperty .  

 

:coverageMember a rdf:Property ;  

 rdfs:domain :Coverages ;  

 rdfs:range :Coverage ;  

 rdfs:subPropertyOf rdfs:member .  

 

:hasMappingRule a rdf:Property ;  

 rdfs:domain :CoverageFunction ;  

 rdfs: range xsd:string .  

 

:dataRecordProperty a rdf:Property ;  

 rdfs:domain :Range ;  

 rdfs:range swe:DataRecord .  

 

:interpolationMethod a rdf:Property ;  

 rdfs:domain :Field ;  

 rdfs:range :InterpolationMethod .  

 

:interpolationMethodId a rdf:Property ;  

 rdfs:domai n :InterpolationMethod ;  

 rdfs:range xsd:string .  

 

7.9 GML data model (n3 format) 

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix : <http://purl.org/ifgi/gml#> .  

@prefix dc: <http://purl.org/dc/elements/1.1/> .  

 

# http://purl.org/dc/elements/1.1/publisher: "(a)IfGI, University of Mue n-

ster"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/date: "24 - 11-

2010"^^ <http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/rights: 

"http://creativecommons.org/licenses/by/3.0/"^^<http://www.w3.org/2001/XMLSchem

a#string>  

# http://purl.org/dc/elements/1.1/type: "Ontol o-

gy"^^<http://www.w3.org/2001/XMLSche ma#string>  

# http://purl.org/dc/elements/1.1/title: "OGC Geography Markup La n-

guage"^^<http://www.w3.org/2001/XMLSchema#string>  

 

:AbstractGML a rdfs:Class .  

 

:AbstractFeature a rdfs:Class ;  

 rdfs:subClassOf :AbstractGML .  

 

:AbstractGeometry a rdfs:Class ;  

 rdfs:subClassOf :AbstractGML .  

 

:FeatureProperty a rdfs:Class ;  

 rdfs:subClassOf :AbstractGML .  
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:GeometryProperty a rdfs:Class ;  

 rdfs:subClassOf :FeatureProperty .  

 

:FeatureCollection a rdfs:Class ;  

 rdfs:subClassOf :AbstractGML .  

 

:Envelope a rdfs:Class  ;  

 dc:description "deprecated -  use ocd#BoundingBox"^^xsd:string .  

 

:AbstractTimeObject a rdfs:Class ;  

 rdfs:subClassOf :AbstractGML ;  

 dc:description "deprecated -  use ocd#AbstractTimeObject"^^xsd:string .  

 

:Definition a rdfs:Class ;  

 rdfs:subClassOf :Ab stractGML .  

 

:Polygon a rdfs:Class ;  

 rdfs:subClassOf :AbstractGeometry .  

 

:id a rdf:Property ;  

 rdfs:domain :AbstractGML ;  

 rdfs:range xsd:ID .  

 

:hasProperty a rdf:Property ;  

 rdfs:domain :AbstractFeature ;  

 rdfs:range :FeatureProperty .  

 

:boundedBy a rdf :Property ;  

 rdfs:domain :AbstractFeature ;  

 rdfs:range :Envelope ;  

 dc:description "deprecated -  use ocd#BoundingBox"^^xsd:string .  

 

:hasValue a rdf:Property ;  

 rdfs:domain :FeatureProperty ;  

 rdfs:range xsd:anyType .  

 

:upperCorner a rdf:Property ;  

 rdfs: domain :Envelope ;  

 rdfs:range rdfs:Literal ;  

 dc:description "deprecated"^^xsd:string .  

 

:lowerCorner a rdf:Property ;  

 rdfs:domain :Envelope ;  

 rdfs:range rdfs:Literal ;  

 dc:description "deprecated"^^xsd:string .  

 

:hasGeometry a rdf:Property ;  

 rdfs:doma in :GeometryProperty ;  

 rdfs:range :AbstractGeometry ;  

 rdfs:subPropertyOf :hasValue .  

 

:featureMember a rdf:Property ;  

 rdfs:domain :FeatureCollection ;  

 rdfs:range :AbstractFeature ;  

 rdfs:subPropertyOf rdfs:member .  
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7.10 POSM for feature type clc00_c112 (n3 format) 

@prefix sm: 

<[path_to_JavaContentRepository]/ GeoServerWebFeatureService_1943412564.rdf#> .  

@prefix wsl: <http://www.wsmo.org/ns/wsmo - lite#> .  

@prefix sawsdl: <http://www.w3.org/ns/sawsdl#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@pref ix wfs: <http://purl.org/ifgi/wfs#> .  

@prefix posm: <http://www.wsmo.org/ns/posm/0.2#> .  

@prefix ows: <http://purl.org/ifgi/ows/0.2#> .  

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix gml: <http://purl.org/ifgi/gml/0.2#> .  

@prefix dc: <http://purl.org/dc/elements/1.1/> .  

 

 

sm:GeoServerWebFeatureService_1943412564 a posm:Service ;  

 dc:title "GeoServerWebFeatureService_clc00_c112" ;  

 rdfs:seeAlso <http://giv - wfs.uni -

muenster.de:8080/ gs/corine/wfs?service=wfs&request=GetCapabilities> , 

<[path_to_JavaContentRepository]/ GeoServerWebFeatureService_1943412564.wsdl> ;  

 wsl:functionalClassification wfs:WebFeatureService ;  

 posm:hasOperation ows:DefaultGetCapabilities , 

wfs:DefaultDescribeFea tureType , sm:GetFeature .  

 

sm:GetFeature a wfs:GetFeature ;  

 dc:title "GetFeature_clc00_c112" ;  

 posm:hasInput sm:GetFeatureRequest ;  

 posm:hasOutput sm:GetFeatureResponse .  

 

sm:GetFeatureRequest a wfs:GetFeatureInput ;  

 dc:title "GetFeatureRequest_clc00_ c112" ;  

 sawsdl:modelReference xsd:string .  

 

sm:GetFeatureResponse a wfs:GetFeatureOutput ;  

 dc:title "GetFeatureResponse_clc00_c112" ;  

 sawsdl:modelReference sm:FeatureType_1943412564 .  

 

sm:GeoServerWebFeatureService_1943412564_Effect a wsl:Effect ;  

 dc:t itle "Effect_clc00_c112" .  

 

sm:FeatureType_1943412564 a rdfs:Class ;  

 dc:title "Feature_clc00_c112" ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

sm:code_00 a rdfs:Class ;  

 dc:title "code_00" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:id a rdfs:Class ;  

 dc:t itle "id" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:remark a rdfs:Class ;  

 dc:title "remark" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:area_ha a rdfs:Class ;  

 dc:title "area_ha" ;  
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 rdfs:subClassOf gml:FeatureProperty .  

 

sm:shape_leng a rdfs:Class ;  

 dc:title "shape_leng" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:shape_area a rdfs:Class ;  

 dc:title "shape_area" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:the_geom a rdfs:Class ;  

 dc:title "the_geom" ;  

 rdfs:subClassOf gml:GeometryProperty .  

 

7.11 Domain ontology for urbanized area features (n3 format) 

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix : <http://ifgipedia.uni - muenste r.de/envision - simple - use - case#> .  

@prefix dc: <http://purl.org/dc/elements/1.1/> .  

@prefix dolce: <http://purl.org/ifgi/dolce#> .  

@prefix geospace: <http://purl.org/net/wsml/geospace#> .  

 

# http://purl.org/dc/elements/1.1/publisher: "IfGI, University of Mu en-

ster"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/type: "Domain Ontol o-

gy"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/title: "Ontology describing landcover of an 

urbanized area"^^<http://w ww.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/description: "more or less a simple formal i-

zation of the Corine landcover catalogue by Henry M i-

chels"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/source: 

"" ^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/subject: "urbanized area, landcover, d o-

main"^^<http://www.w3.org/2001/XMLSchema#string>  

# http://purl.org/dc/elements/1.1/date: "06 - 12-

2010"^^<http://www.w3.org/2001/XMLSchema#st ring>  

 

:UrbanizedArea a rdfs:Class ;  

 rdfs:subClassOf geospace:landcover_unit .  

 

:ContinousUrbanizedArea a rdfs:Class ;  

 rdfs:subClassOf :UrbanizedArea .  

 

:DiscontinousUrbanizedArea a rdfs:Class ;  

 rdfs:subClassOf :UrbanizedArea .  

 

:LeisureUnit a rdfs:Clas s ;  

 rdfs:subClassOf :ContinousUrbanizedArea , :DiscontinousUrbanizedArea .  

 

:CommercialUnit a rdfs:Class ;  

 rdfs:subClassOf :ContinousUrbanizedArea , :DiscontinousUrbanizedArea .  

 

:IndustrialUnit a rdfs:Class ;  

 rdfs:subClassOf :ContinousUrbanizedArea , : DiscontinousUrbanizedArea .  



 

 Copyright  ENVISION Consortium 2009-2012 Page 98 / 99 

 

 

:GreenUrbanUnit a rdfs:Class ;  

 rdfs:subClassOf :ContinousUrbanizedArea , :DiscontinousUrbanizedArea .  

 

:TransportUnit a rdfs:Class ;  

 rdfs:subClassOf :ContinousUrbanizedArea , :DiscontinousUrbanizedArea .  

 

:ConstructionUnit a rdfs:Class ;  

 rdfs:subClassOf :ContinousUrbanizedArea , :DiscontinousUrbanizedArea .  

 

:DumpUnit a rdfs:Class ;  

 rdfs:subClassOf :ContinousUrbanizedArea , :DiscontinousUrbanizedArea .  

 

:MineUnit a rdfs:Class ;  

 rdfs:subClassOf :ContinousUrbanizedArea , :Dis continousUrbanizedArea .  

 

:RoadNetwork a rdfs:Class ;  

 rdfs:subClassOf :TransportUnit .  

 

:RailNetwork a rdfs:Class ;  

 rdfs:subClassOf :TransportUnit .  

 

:Port a rdfs:Class ;  

 rdfs:subClassOf :TransportUnit .  

7.12 POSM for feature type clc00_c111 (n3 format) 

@prefix sm: 

<[path_to_JavaContentRepository]/ GeoServerWebFeatureService_1943412563.rdf#> .  

@prefix wsl: <http://www.wsmo.org/ns/wsmo - lite#> .  

@prefix sawsdl: <http://www.w3.org/ns/sawsdl#> .  

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  

@prefix wfs: <http ://purl.org/ifgi/wfs#> .  

@prefix posm: <http://www.wsmo.org/ns/posm/0.2#> .  

@prefix ows: <http://purl.org/ifgi/ows/0.2#> .  

@prefix rdf: <http://www.w3.org/1999/02/22 - rdf - syntax - ns#> .  

@prefix rdfs: <http://www.w3.org/2000/01/rdf - schema#> .  

@prefix gml: <ht tp://purl.org/ifgi/gml/0.2#> .  

@prefix dc: <http://purl.org/dc/elements/1.1/> .  

 

 

sm:GeoServerWebFeatureService_1943412563 a posm:Service ;  

 dc:title "GeoServerWebFeatureService_clc00_c111" ;  

 rdfs:seeAlso <http://giv - wfs.uni -

muenster.de:8080/gs/corine/wfs ?service=wfs&request=GetCapabilities> , 

<[path_to_JavaContentRepository]/ GeoServerWebFeatureService_1943412563.wsdl> ;  

 wsl:functionalClassification wfs:WebFeatureService ;  

 posm:hasOperation ows:DefaultGetCapabilities , 

wfs:DefaultDescribeFeatureType , sm :GetFeature .  

 

sm:GetFeature a wfs:GetFeature ;  

 dc:title "GetFeature_clc00_c111" ;  

 posm:hasInput sm:GetFeatureRequest ;  

 posm:hasOutput sm:GetFeatureResponse .  

 

sm:GetFeatureRequest a wfs:GetFeatureInput ;  

 dc:title "GetFeatureRequest_clc00_c111" ;  

 sawsdl:modelReference xsd:string .  
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sm:GetFeatureResponse a wfs:GetFeatureOutput ;  

 dc:title "GetFeatureResponse_clc00_c111" ;  

 sawsdl:modelReference sm:FeatureType_1943412563 .  

 

sm:GeoServerWebFeatureService_1943412563_Effect a wsl:Effect ;  

 dc:title "Effect_ clc00_c111" .  

 

sm:FeatureType_1943412563 a rdfs:Class ;  

 dc:title "Feature_clc00_c111" ;  

 rdfs:subClassOf gml:AbstractFeature .  

 

sm:code_00 a rdfs:Class ;  

 dc:title "code_00" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:id a rdfs:Class ;  

 dc:title "id" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:remark a rdfs:Class ;  

 dc:title "remark" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:area_ha a rdfs:Class ;  

 dc:title "area_ha" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:shape_leng a rdfs:Class ;  

 dc:title "sha pe_leng" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:shape_area a rdfs:Class ;  

 dc:title "shape_area" ;  

 rdfs:subClassOf gml:FeatureProperty .  

 

sm:the_geom a rdfs:Class ;  

 dc:title "the_geom" ;  

 rdfs:subClassOf gml:GeometryProperty .  


