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Abstract. The traditional Web services architecture uses a keyword based 
search to match a query to one or more service providers. However, a world-to-
word matching to discover a service provider is too simplistic for geospatial 
data and fails to capture matches that advertise their functionality using domain-
dependent terminology. In this paper, we present DAGIS (Discovering 
Annotated Geospatial Information Services) – a semantic Web services based 
framework for geospatial domain that has graphical interface to query and 
discover services. It handles the semantic heterogeneities involved in the 
discovery phase and we propose algorithms for selecting the best service 
through QoS (Quality of Service) based semantic matching. The framework is 
capable of performing dynamic compositions on the fly through a back chaining 
algorithm. The framework is evaluated by solving queries posed by users in 
various geospatial decision making scenarios. 

1   Introduction 

Geospatial data plays a pivotal role in value-added content exchange between 
software agents or amongst people. The ability to provide additional dimensions to 
otherwise monotonic information has led to an enormous increase in the use of 
geospatial services. A rather underrated aspect behind such an escalation is the fact 
that spatially-aware data is more amenable to human cognition than strictly textual 
information. A far more appreciated aspect is that the integration of diverse data types 
with geospatial sources has yielded practical business and research benefits. Medical 
data overlapped with digital maps provides wealth of information in forecasting 
epidemics; population research centers can trace genealogical data over a region to 
discover social trends and so forth. This growing interest and activity level in the 
geospatial domain is further edified by more than 232 million hits on Google TM for 
the keyword ‘geospatial.’ Geospatial data is characterized by multitude data formats 
and data models and integration of this valuable data is crucial for the businesses and 
applications on the World Wide Web. But lack of a common unified framework for 
discovery, collection, and dissemination of geospatial data is characterized by the 
coherent heterogeneities present at both the syntactic and the semantic level. 

Web Services driven Service Oriented Architecture model provides a mechanism 
to handle the syntactic heterogeneities to an extent for geospatial data sources. The 
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current geospatial standards recommended by OGC- a flagship consortium that 
specifies standards for describing the geospatial data and services are founded on 
these principles of providing geospatial data interoperability. On the other side, 
emergence of semantic web and its associated technologies which aims to transform 
the web data sources into intelligent knowledge repositories that will use web agents 
to reason and infer information in more sophisticated manner. Semantic Web 
technologies provide strikingly similar standards for better interoperability of data and 
services with less human intervention for the World Wide Web. This prompted the 
researches from both the communities towards the vision of geospatial semantic web 
for realizing semantic interoperability of geospatial data. The recent OGC geospatial 
semantic web interoperability experiments are a major step towards this vision.  

It’s argued by researches Semantic interoperability is an important goal but hard to 
pin down due to lack of common accepted formal specifications. Kuhn [13] 
establishes that Service Signatures needs to be semantically annotated to achieve 
semantic interoperability but the challenge of annotating proper semantics for web 
services description and automatic discovery is imminent. 

In this paper, we propose DAGIS – Discovery of Annotated Geospatial 
Information Services framework for building geospatial semantic web services using 
the OWL-S Service ontology coupled with the geospatial domain specific ontology 
for automatic discovery, dynamic composition and invocation. The algorithms 
developed for this framework enables semantic matching of functional and non-
functional services during each phase of Service Orientation. In addition, our 
approach makes use of [2] since its hybrid mechanism seems to produce better results. 

There has been major work done on geospatial data interoperability. Vckovski et al. 
[7] and Goodchild et al. [8] address various interoperability issues related to spatial data 
processing of vectors and graphics, semantics, heterogeneous databases and 
representation. OGC identified that the key to solve interoperability issues are through 
the interface of software components where data and its operations are inseparable. This 
resulted in syntactic specification for geospatial data exchange through Geography 
Markup Language [9]. Operations on features in GML are implemented through web 
services [1]. Web Feature Service (WFS), Web Map Service (WMS), Web Coverage 
Service (WCS) are the core standards for Web services being developed by OGC to 
allow distributed geo-processing systems to provide complex services. 

The rest of the paper is organized as follows. Section 2 presents the DAGIS 
architecture, its automatic discovery mechanism, dynamic composition algorithms 
and the invocation mechanism. Section 3 presents QoS based service selection. 
Finally, section 4 presents complex queries.  

2    DAGIS Framework 

Integration of geospatial and non-geospatial information tasks involves separate data 
sources and service providers. Executing the tasks with minimal human intervention 
is the motivation behind our proposed architecture. The implementation of the 
architecture -- called DAGIS -- focuses on devising improved query mechanisms 
through automated reasoning using a domain specific ontology. We have built 
DAGIS as a prototype application that is useful for finding information for local 



270 A. Alam et al. 

businesses over a geographical region. We have identified the major phases in 
developing this framework. These phases are discussed in the following sections. 

DAGIS provides an immediate advantage over other web 2.0 and GIS based map 
solutions. The latter products have limitations when the following types of queries are 
encountered: “Find Movie Theaters between Richardson, TX and Irving, TX”. This 
geospatial query is commonly posed by users looking for local information around the 
geographical regions of interest. Current solutions do not recognize the semantics of 
the geospatial operator “between” in this query. We posed this query on Google Maps 
and observed that it is oblivious to the presence of such operators. 

2.1   DAGIS System Architecture    

DAGIS system architecture is described in this section. Functionality of each of the 
components is addressed through a running example.  We distinguish the layers that 
constitute an end-to-end query execution and result display. The major layers are the 
presentation layer, semantic middleware layer and the ontology data layer. DAGIS 
Framework has major components at each of this layer. 

DAGIS Query Browser Portlet: In the presentation side, the DAGIS query browser 
portal gets the user query. We have developed a Java™ portlet that provides the 
required interface for the query. 

DAGIS Agent: DAGIS agent, placed at the semantic middleware layer, fetches the 
query parameters from the user. We can deploy multiple DAGIS agents in this layer. 
In our current application we describe the behavior of a single DAGIS agent. This 
agent communicates with the DAGIS Matchmaker using OWL-S (formerly known as 
DAML-S) [5] service ontology language. It automatically constructs an OWL-S query 
for the given user query. 

DAGIS Matchmaker: DAGIS Matchmaker is the component that performs semantic 
matching between the submitted queries and the semantic web service providers 
present in the registry. It performs both functional and non functional based selection 
and service discovery. 

DAGIS Composer: DAGIS Composer dynamically builds service chain to solve the 
user query when there is no single service provider available to match user query 
requirements. This dynamic composition is done automatically and the composed 
service URI is returned back to the Matchmaker.  

OWL-S Registry: The semantic web services are stored in this registry, which acts like 
a catalogue of useful services. 

WSDL Registry: The WSDL registry is any standard UDDI or public web services 
registry such as www.x-methods.net and www.salcentral.com.  

WSDL2OWLS Converter: This converter converts the WSDL service description file 
to OWL-S file. The XSLT conversions are currently done manually, but in the future 
there would be full fledged automatic conversion package. 

Figure 1 shows how the aforementioned components fit into the DAGIS 
framework. Initially a user requests for service through a query browser (i.e., portlet). 
DAGIS agent receives the query and forwards it to a matchmaker. The matchmaker 
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inquires the OWL-S registry to determine a match. The matchmaker is responsible for 
talking to the domain ontologies through a common OWL-S API and performing the 
semantic interpretation of the terms. Figure 1 also shows the separation of layers 
based on their functional requirements. The presentation layer allows the client to 
actually input the query. Then we have the middleware layer that allows 
interchangeable components to provide meta-service related functionality such as 
service search and reasoning. It is important that the middleware layer is not tied to a 
special platform or architecture. It should be abstracted in a way so that other layers 
do not have dependency on the underlying details of the middleware components. 
This abstract also encourages extensibility by swapping in and out modules to fit 
one’s needs. The third layer consists of the ontologies including the service and 
domain ontologies. We describe the workflow of the DAGIS architecture in more 
details in the following sections. 

 

Fig. 1. DAGIS system architecture 

2.2   Geospatial Ontology Development Phase 

In our work, we have developed geospatial service ontology to describe concepts used 
by geospatial web services. The concepts defined in our ontology were developed in 
accordance with OGC Web Services Specification Architecture. The QoS ontology 
developed is described along with QoS selection process. Figure 2 shows the snapshot 
of our geospatial ontology developed for DAGIS. The businesses are categorized 
under the geocoder results class. City, Latitude, Map, State, Zip code are also 
subclasses of this class. The different kinds of geospatial web services are categorized 
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under the main class OGCSemanticWebServices. These subclasses are Feature 
Handling Services and Mapping Services. Web Feature Service like Gazetteer Service 
is part of Feature Handling Service. Coverage Portrayal Service, Feature Portrayal 
Service, Web Map Services are subclasses of Mapping Services.  

2.3   Automatic Semantic Query Profile Generation 

After the user submits the query, it is disambiguated using our developed ontology; 
subsequently, an OWL-S service profile is automatically generated. In the next step 
the query profile is used by the DAGIS Agent for service discovery and selection of 
the service providers that will solve this query.  

The DAGIS Agent uses this semantic profile for selecting the appropriate service 
provider from the matchmaker agent. The following figure shows a snapshot of the 
profile for a simple query: ‘Find Movie Theaters within 30 miles of zip code 75080’.  
The profile of this OWL-S file has input ZipCode, distance 30 miles and output 
required is movie theaters. Figure 3 shows the query profile generated by DAGIS 
agent in response to the user query.  

 

Fig. 2. Snapshot of geospatial service ontology 

2.4   Geospatial Service Selection and Discovery 

The service selection based on the functional and non-functional requirements of the 
generated query profile is used by the DAGIS Matchmaker agent for selecting the 
appropriate service providers. The Matchmaker in our framework does capability 
based reasoning using the Pellet OWL-DL reasoner. Our implementation of the 
Matchmaker for this framework is developed by extending the OWL-S MX 
Matchmaker [2]. It is Java™-based and uses Pellet for logic based filtering. It also 
uses loss-of-information, extended Jacquard, and Jensen-Shannon information 
divergence based similarity metrics for complementary approximate matching. We 
extend this hybrid matchmaker to handle service selection based on QoS. There are 
different degrees of matches based on the similarity.  The similarity criteria form a  
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<profile:Profile rdf:about="#QueryProfile"> 
<profile:hasInput> 
<process:Input rdf:ID="ZipCode"> 
<process:parameterType 

rdf:datatype="http://www.w3.org/2001/XMLSchema#anyURI">http://127.
0.0.1/Ontology/OGCServiceontology.owl#ZipCode</process:parameterTyp
e>

</process:Input> 
</profile:hasInput> 
<profile:hasOutput> 
<process:Output rdf:ID="Movie Theaters"> 
<process:parameterType 

rdf:datatype="http://www.w3.org/2001/XMLSchema#anyURI" 
>http://127.0.0.1/Ontology/OGCServiceontology.owl#MovieTheaters</

process:parameterType> 
</process:Output> 
</profile:hasOutput> 
</profile>  

Fig. 3. Generated query profile 

lattice based on how relaxed the similarity is. EXACT match is least relaxed and 
FAIL is most relaxed. 

3   QoS Based Service Selection 

The QoS based automatic service selection plays a crucial role in the matchmaking 
process when there is more than one registered service provider providing similar 
functionalities. In our proposed system, trust calculations are established through 
capability based matching of the QoS parameters. QoS parameters are the 
nonfunctional attributes that aid in the dynamic service discovery and selection. This 
facilitates the dynamic computation of the trust for the service provider and selection 
can be made for a suitably trusted service by the client. 

Our architecture is based on agent-based trust framework where the different QoS 
parameters characterized under various dimensions for describing the quality are 
captured in the client profile and the providers’ profiles. The proposed geospatial 
services ordering metric (GSOM) for QoS evaluation and for establishing trust is 
described in the following section. 

3.1   QoS Ontology 

Our QoS ontology is developed in line with the upper and middle ontologies as 
described in [11]. This facilitates modular development and can easily be extended for 
our geospatial domain concepts defined in the geospatial ontology. The main concepts 
in the QoS ontology are:  

• Quality: Representing the measurable nonfunctional concept of a service. 
• QAttribute: The value of a quality concept is determined by the type of QAttributes 

that constitute that concept. 
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• QMeasurement: This described the measurement of quality which can be 
subjective or objective 

• QRelationship: For describing relationship between two or more quality concepts. 

During the service discovery phase, the query profile of the user is submitted to the 
matchmaker for determining the functional matches from the set of published 
services. The Matchmaker returns a set of functionally similar services if the query to 
be solved involves single service provider; otherwise, it returns a dynamically 
composed service. To incorporate the QoS based selection, we add a step to this 
service discovery process. The new algorithm operates as follows. 

1. Service providers publish profiles to Matchmaker  
2. User submits query and corresponding semantic query profile is generated 
3. Find semantically similar services for the queBry using the functional 

parameters – that is, the input and output parameters  
4. If there is no such service from step 3, dynamically compose complex 

service using the services registered using DAGIS composer algorithm  
5. Sort the functionally similar semantic services using the GQoS Algorithm  
6. Return the URI of the best service from step 5 to user 

We will describe the approach developed by us for performing the step 5 of the 
above service discovery algorithm. The QoS selection differs when we have a 
dynamic composition. In that case, it involves computing the aggregate QoS values of 
the services dynamically, which is one of our contributions in this paper. 

3.2   QoS Selection Algorithm 

Interaction Model: The environment is comprised of registered service providers S1, 
S2 … Sj, users U1, U2 … Ui, matchmakers M1, M2 … Mk. In our interaction model  
we assume only one matchmaker. We employ special monitoring services that get  
user reports on QoS relevance feedback called trust monitors TM1, TM2 ... TMl. 

 

Fig. 4. Interaction model 

Service providers publish their QoS values (sq1, p1), (sq2, p2) …where (sqi, pi) are 
vector pairs of concepts and their values. Users provide QoS requirements for every 
query as (uq1,r1), (uq2,r2) , … where (uqi ,ri ) are vector pairs of  concepts and user 
required values (see Figure 4). During feedback loop, users submit their feedbacks as 
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U1j, U2j, U3j where j is index for the service provider j selected during each query 
iteration process.  

In the first phase, for each registered service provider j in the functional match set 
F of the query Q, a Gval is evaluated using the advertised QoS parameters. The QoS 
similarity matching algorithm is illustrated in Figure 5. All the service providers are 
initially set with Gval = 0 and the target concept matches between query and service 
provider concept are set to 3.  In step 1 for every service Sj a functional set F is 
returned from the Matchmaker. The aggregated difference in the user expected and 
provided values is stored in diff, which was initially set to 0. For every quality 
concept qi in Vector uq, if there is a concept match (exact, subsumes etc.) with a 
concept in sqj, ConceptMatch is incremented. The diff is updated for this match. In 
step 7 we check if there are at least target number of matches for meeting the user 
requirement; then we compute the Gval as average diff in step 8. Step 9 ensures that as 
Gval is updated through propagation algorithm (discussed next), when it goes above 
the threshold T, service sj is considered to be untrustworthy and removed from set F. 
Step 11 returns the F in ascending order of Gval. 

In the second phase we use the user feedback to update the advertised GQoS 
parameters of the selected service Si as follows. For every query Q posed by Ui , Cij is 
the conformance value vector submitted by Ui for Sj to TMl. The satisfaction of the 
user on each QoS parameter he had specified is measured qualitatively through Cij on 
a fuzzy scale. This is used to get the weighted expectation vector (Uij * Cij) of a user. 
The feedback vector is used to update the Pi of Service Si in step 4 in QoS 
propagation algorithm (Not reported here). In our model, user reports are considered 
to be credible only for authenticated users of the system, who log on to the system for 
service discovery. We assume that the service providers that publish their service 
descriptions to the matchmaker do not cancel their registration during the interaction 
for at least a certain number of iterations. The current model sets a hard number on 
the lower bound of the provider availability period to determine untrustworthy 
providers. The period is defined in terms of the number of iterations a provider was 
available for the Matchmaker. Right now this number is 10, but in the future we will 
maintain logs of the interactions to capture these cancellation scenarios also. 

4   Complex Queries Using DAGIS  

The scenario described in section 2.1 is a relatively simple one that involves selection 
of a single service provider. Real world scenarios often involve complex queries that 
necessitate dynamic composition of different service providers. To explain the 
complexities further, we restate the example from section 2.1. Consider the following 
query “Find movie theaters within 30 miles of Richardson?”. 

We use the DAGIS visual interface to drive the user query, thereby bypassing the 
need to parse natural language based queries. Based on the client query profile a 
search is performed in service registry to discover matching OWL-S profiles. Since 
there is no service that takes city as input and returns movie theaters within a certain 
radius, the matchmaker resorts to decomposing the query into multiple atomic 
processes using DAGIS decomposer algorithm. Decomposing the query into two 
atomic parts results in a successful Web service execution since there is a profile that  
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User Query List UQ = {(uq1, r1), (uq2, r2) …. (uqn, rn)} 
TargetMatch = 3 
Gval = 0 for all services 
findSimilarityMatch()
1. ∀Sj in Functional Match Set F 
2. diff = 0.0 
3. ∀qi:qi=quality concept in uq 
4. If qi matches with a concept in sqj
5.     conceptmatch = conceptmatch +1 
6. diff += |pj–ri|
7. If concept match >= TargetMatch 
8.     Gval = diff/conceptmatch 
9. If Gval > T 
10.    remove Sj from F. 
11. Return F sorted by ascending order   of Gval scores. 

 

Fig. 5. QoS similarity match algorithm 

outputs zip-codes given a city and there is a second profile that outputs movie theaters 
given a zip-code. The Compose Sequencer component constructs the composite 
service. 

4.1   DAGIS Composition and Sequencing Algorithm 

The composer and sequencer algorithms in this section are based on the Recursive 
Back Chaining algorithm proposed in [12]. To construct the service chain, our 
algorithm is recursively called for each likely service available in the service registry. 
A service is selected only if its output is equivalent to desired output of the requesting 
client. We also have a sequencer algorithm that provides composite process chaining 
for non-atomic processes. This algorithm uses a trivial bind function to create a 
mapping between input and output parameters of two processes (a hash map can be 
used to represent the mapping data structure in the actual implementation).   

4.2   Service Invocation 

In this phase, the DAGIS Agent has the selected service provider’s OWL-S URI from 
the discovery process and invokes the service provider. In this scenario, the selected 
service has an Atomic Process – GetTheaterProcess. As the service provider agent 
also uses the same domain ontology as the DAGIS Agent for semantic annotations of 
its services. This is the major benefit of sharing the semantic concepts using a unified 
ontology framework. The DAGIS agent does the invocation of the service through 
OWL-S grounding. The OWL-S grounding then uses WSDL grounding to invoke the 
Web Service using AXIS in our framework. The OWL-S API used in this system 
provides the execution engine and monitoring environment to monitor the process 
execution and for exception handling. 
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