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Abstract 
 

XML has emerged as the standard format for 

information exchange in Internet. However, the 

versatility of XML as a data model and the expressive 

power of XML query languages can lead to complex 

integration architectures. Moreover, XML is not 

appropriated for describing data semantics. So, 

designing a XML-based Data Integration System, 

which combines the data residing at different sources 

and provides the user with a XML mediated view of 

these data, is a difficult task. In this work, we propose 

an ontology-based framework for integration of 

geographic data. In our approach, a query posed on a 

domain ontology is rewritten into sub-queries 

submitted over multiples data sources, and the query 

result is obtained by the proper combination of data 

resulting from these sub-queries. We illustrate our 

framework by an example. 

 

1. Introduction 
 

Spatial Data Infrastructures (SDIs) provide access, 

reuse and integration of geographic information (GI) 

from multiple sources. Efficient retrieval of distributed 

GI is a key factor in planning and decision-making in a 

variety of domains. Nowadays, service providers offer 

access to geospatial data and expose basic processing 

functionality using Web services technology [7, 8, 11, 

16]. This strategy not only offers a standardized, 

flexible and transparent way to publish underlying data 

but also encapsulates details of access and retrieval 

between the application and the data. In OGC-

compliant SDIs, geospatial data are served via Web 

Feature Service (WFS). Each WFS offers a feature 

type schema (FTS), which is the XML schema of the 

feature type exported by this service. Users can query 

and update data sources through a FTS. The 

specifications provided by the Open Geospatial 

Consortium (OGC) enable syntactic interoperability 

and cataloguing of GI.  

In current SDIs, the available WFSs are typically 

registered in standard catalogue services. However, 

many problems, caused by semantic heterogeneity, still 

present challenges for GI retrieval in SDIs. To improve 

the situation, we have to establish new ways for 

advertising information resources. One possible 

approach to overcome this problem is the explication 

of knowledge by means of ontologies [15], which are 

explicit formal specifications of shared 

conceptualizations. In this sense, the idea of the 

Semantic Web is to annotate a service being offered 

via Web service interfaces with ontologies that 

describe what the service does and how it does it.  

In the geospatial area, ontologies help describing 

terms of the domain and the data WFSs provide. The 

use of ontologies to capture the WFS semantics allows 

both semantically rich and yet machine interpretable 

WFS publication, so the users can obtain more precise 

results in many tasks like WFS discovery, WFS 

integration and query answering. Current research [8, 

11] have proposed the use of ontologies for 

enhancing GI discovery and retrieval in SDIs. 

However, such researches assume that all the data 

required for answering a query can be obtained from a 

single data source. 

This paper introduces an ontology-based framework 

for integration of geographic information. Our 

approach makes the overall task of GI integration more 

user-friendly by (i) hiding the discovery process of all 

relevant WFSs; (ii) formulating the query for each 

WFS; and (iii) combining the results of these queries. 

In our context, the schema global is represented by a 

domain ontology. A query posed on a domain ontology 

is rewritten into sub-queries submitted over multiples 

data sources, and the query result is obtained by the 

proper combination of data resulting from these sub-

queries. Thus, the requester’s only task is to formulate 

one query statement using terms from the domain 



ontology, from which it is computed the user’s query 

execution plan.  

We agree with [13] that one of the most interesting 

real-world usages of ontologies is to access a set of 

existing data sources by means of a conceptual 

representation expressed in terms of an ontology. So, 

to make the semantic integration, that is, to integrate 

heterogeneous source schemas, we use the source 

descriptions provided by the ontologies. However, to 

make the proper data integration, we use XML. As 

WFSs export XML data, it seems more adequate 

focusing on XML data sources for data integration 

over the Web. Besides this, ontologies are valuable to 

infer, at query modeling time, the mediated and the 

local mappings, and also to discover, at query 

execution time, which FTSs are relevant to the user’s 

query, using a reasoning inference engine. 

The remainder of the paper is structured as follows. 

Section 2 describes the ontology-based architecture for 

GI discovery and retrieval. Section 3 describes the 

proposed framework by an example. Section 4 presents 

related work. Finally, Section 5 presents the 

conclusions. 

 

2. Architecture for GI Discovery and 

Retrieval  
 

As we said before, current research [8,11] use an 

ontology-based architecture for GI discovery and 

retrieval. Lutz’s work [11], for example, adopts a 

hybrid approach [15], where each feature type schema 

offered via WFS is described by specific application 

concepts that are built using roles and concepts from a 

shared vocabulary. As illustrated in Figure 1, the 

shared vocabulary is represented by a domain ontology 

(DO) that contains basic terms of a domain. These 

terms are combined into application ontologies (AO) 

in order to describe more complex semantics. It is 

assumed that all actors within a domain share a 

common understanding of the concepts contained in 

the domain ontology.  Mediated mappings link the 

domain ontology to the application ontologies, and 

they are used to register the feature types. Local 

mappings link each application ontology to its 

respective feature type schema. These elements are 

shown in Figure 1. 
In the approach proposed by Lutz, the requester 

formulates a query using terms from the domain 

ontology. Reasoning is used to determine whether 

existing application concepts are a match for this query 

concept. When an appropriate feature type is 

discovered, the user’s query can be used to generate a 

request to retrieve the data from its WFS. One of the 

limitations of its approach is that it does not support 

queries that require the integration of data from 

multiples WFSs.  
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Figure 1: Ontology-based architecture for discovery and 
retrieval of geographic information. 

Another drawback of Lutz’s approach is the 

difficulty to generate the application ontologies, 

required to register WFSs. The AOs are manually 

generated, as extensions of the DOs, as well as the 

mappings between the AOs and the FTSs, required for 

the retrieval of geographic data.  

In our work, we also adopt the hybrid ontology 

approach. Furthermore, we extend Lutz’s approach to 

deal with the situation where data from several data 

sources have to be combined in order to answer a 

given question. Finally, our approach provides a new 

way of registering a WFS, that is, a strategy that helps 

the semi-automatic generation of the AOs and their 

respective mappings.  

 

3. Integration Example 
 

In this section, we explain in more detail our 

approach through an example.   

Data from FUNCEME, SRH and IBGE are 

provided to the public in general through their 

respective Web sites. These datasets are generated and 

maintained in an independent way. FUNCEME, for 

example, manages information the quality of the water 

for some dams located in the metropolitan region of 

Fortaleza, while SRH manages general information 

about all dams of the State of Ceará. IBGE manages 

general information about Brazilian cities. SRH, 

FUNCEME and IBGE databases are accessed via 

feature type schemas FTS1, FTS2 and FTS3, exported 

by WFS1, WFS2 and WFS3, respectively. These WFSs 

are registered by each institution. 

Figure 2 shows the domain ontology (DO) 

DamsOnto, which describes the domain of water 

resources, providing information about rivers, dams 

constructed in these rivers and cities where the dams 



are located. 

located

retains

has

<<concept>>

River

name: xsd_String

geometry: gml_Line

water_quality: 

xsd_Integer

volume: xsd_Float

extension: xsd_Float

<<concept>>

Dam

name: xsd_String

geometry: gml_Point

year: xsd_Integer

height: xsd_Float

<<concept>>

City

name: xsd_String

geometry: gml_Polygon

population: xsd_Integer

state: xsd_String

 

Figure 2: Domain Ontology DamsOnto. 

A local data source is defined by: (i) a feature 

type schema (FTS), (ii) an ontology that semantically 

describes the FTS, called application ontology (AO), 

and (iii) a set of mappings relating them. Each WFS 

offers a FTS, which is the XML schema of the feature 

type exported by this service. Figure 3 shows the FTSs 

of our example.  

SRH – FTS1 IBGE – FTS3

city

<<complex type>>

TCity

code: xsd_Integer

name: xsd_String

state: xsd_String

<<complex type>>

TReservoir

name: xsd_String

year: xsd_Integer

engineer: xsd_String

river:xsd_string

<<complex type>>

TPlace

cod: xsd_Integer

name: xsd_String

geo: gml_Polygon

pop: xsd_Integer

area: xsd_Float

state: xsd_String

FUNCEME – FTS2

<<complex type>>

TRiver

name: xsd_String

basin: xsd_String

water_quality: xsd_Integer

geometry: gml_Line

<<complex type>>

TDam

<<complex 

type>>

TCity

code: xsd_Integer

name: xsd_String

cityriver

name: xsd_String

geometry: gml_Point

year: xsd_Integer

 
Figure 3: Feature Type Schemas. 

The distinguishing feature of our approach is that it 

uses local ontologies (LOs) to generate the AOs semi-

automatically and also for inferring their mappings 

(between AOs and LOs and between AOs and FTSs).  

The LOs also help in the definition and maintenance 

of the mediated mappings between DO and AOs. This 

way, these mappings do not need to be manually 

obtained as in [11]. Figure 4 shows the obtained local 

ontologies. 

The main drawbacks of our approach are the 

requirement of local ontologies and the semi-automatic 

creation of the semantic mappings between DO and 

LOs (Figure 5).  

 

IBGE_LOnto LO

FUNCEME_LOnto Local Ontology

SRH_LOnto Local Ontology

city

<<concept>>

SRH_Reservoir

name: xsd_String

year: xsd_Integer

engineer: xsd_String

river: xsd_String

<<concept>>

SRH_City

code: xsd_Integer

name: xsd_String

state: xsd_String

<<concept>>

IBGE_Place

cod: xsd_Integer

name: xsd_String

geo: gml_Polygon

pop: xsd_Integer

area: xsd_float

state: xsd_String

<<concept>>

FUNCEME_River

name: xsd_String

basin: xsd_String

water_quality: xsd_Integer

geometry: gml_Line

<<concept>>

FUNCEME_Dam

<<concept>>

FUNCEME_City

code: xsd_Integer

name: xsd_String

cityriver

name: xsd_String

geometry: gml_Point

year: xsd_Integer

 Figure 4: Local Ontologies. 

GCAs between DamsOnto & 
{SRH_LOnto, FUNCEME_LOnto, IBGE_LOnto} 

Dam ≡ SRH_Reservoir ⊔ FUNCEME_Dam 
City ≡ SRH_City ⊔ FUNCEME_City ⊔ IBGE_Place 
River ≡ FUNCEME_River 

PCAs between DamsOnto & SRH_LOnto 
Dam ⊒ SRH_Reservoir 
Dam.name ⊒ SRH_Reservoir.name 
Dam.year ⊒ SRH_Reservoir.year 
Dam.located ⊒ SRH_Reservoir.city 
City ⊒ SRH_City 
City.name ⊒ SRH_City.name 
City.state ⊒ SRH_City.state 
River ⊒ SRH_Reservoir 
River.name ⊒ SRH_Reservoir.river 

PCAs between DamsOnto & FUNCEME_LOnto 
Dam ⊒ FUNCEME_Dam 
Dam.name ⊒ FUNCEME_Dam.name 
Dam.geometry  FUNCEME_Dam.geometry 
Dam.year ⊒ FUNCEME_Dam.year 
Dam.retains ⊒ FUNCEME_Dam.river 
Dam.located ⊒ FUNCEME_Dam.city 
City ⊒ FUNCEME_City 
City.name ⊒ FUNCEME_City.name 
River ⊒ FUNCEME_River 
River.name ⊒ FUNCEME_River.name 
River.geometry ⊒ FUNCEME_River.geometry 
River.water_quality ⊒ FUNCEME_River.water_quality 
River.has ⊒ FUNCEME_River. river 

PCAs between DamsOnto & IBGE_LOnto 
City  IBGE_Place 
City.name ⊒ IBGE_Place.name 
City.geometry ⊒ IBGE_Place.geo 
City.population ⊒ IBGE_Place.pop 
City.state ⊒ IBGE_Place.state 

 

Figure 5: Semantic mappings between DO and LOs. 

 



We specify the semantic correspondences using an 

extension of the mapping formalism proposed in [14]. 

The semantic correspondences are specified 

declaratively by a set of Correspondence Assertions 

(CAs). In this context, CAs are special types of 

integrity constraints used to specify that the semantic 

of the elements of a certain ontology corresponds to 

the semantic of the elements of another ontology. The 

CAs can be divided in two groups: (i) GCA (Global 

Correspondence Assertions) and (ii) PCA (Path 

Correspondence Assertions). Informally, a GCA is a 

declarative expression that represents the way we can 

generate the instances of the concepts belonging to a 

target ontology from the instances of the concepts 

belonging to one or more source ontologies, and a 

PCA is a declarative expression that relates the 

properties of a target ontology to the properties of a 

source ontology. 

Figure 6 shows the obtained AOs and their 

Matching Assertions (MAs), which are semantic links 

that allow identifying common instances of concepts 

from different AOs that match with the same concept of 

DO. These MAs are automatically derived from the 

mappings between DO and AOs, shown in Figure 7. 

Figure 8 shows the local mappings between AOs and 

FTSs, used to transform data from a source to another. 

IBGEOnto AO

FUNCEMEOnto Application Ontology

SRHOnto Application Ontology

<<concept>>

IBGE_City

name: xsd_String

geometry: gml_Polygon

population: xsd_Integer

state: xsd_String

locatedretains

<<concept>>

FUNCEME_River

name: xsd_String

geometry: gml_Line

water_quality: xsd_Integer

<<concept>>

FUNCEME_Dam

name: xsd_String

geometry: gml_Point

year: xsd_Integer

<<concept>>

FUNCEME_City

name: xsd_String

located

<<concept>>

SRH_Dam

name: xsd_String

year: xsd_Integer

<<concept>>

SRH_City

name: xsd_String

state: xsd_String

has

<<concept>>

SRH_River

name: xsd_String

retains

MA1: SRH_Dam{name}≡ FUNCEME_Dam{name}

MA2: SRH_City{name}≡ FUNCEME_City{name}

MA3: SRH_City{name}≡ IBGE_City{name}

MA4:FUNCEME_City{name}≡ IBGE_City{name}

MA5: SRH_River{name}≡ FUNCEME_River{name}

Figure 6: Application Ontologies and Matching Assertions. 

GCAs between DamsOnto &  {SRHOnto, FUNCEMEOnto,  

Dam ≡ SRH_Dam ⊔ FUNCEME_Dam  
City ≡ SRH_City ⊔ FUNCEME_City ⊔ IBGE_City 
River ≡ SRH_River  ⊔ FUNCEME_River 

IBGEOnto} 

Figure 7: Mediated mappings between DO and AOs. 

PCAs between SRHOnto & FTS1 
SRH_Dam.name ≡ TReservoir/name 
SRH_Dam.year ≡ TReservoir/year 
SRH_Dam.located ≡ TReservoir/city 
SRH_City.name ≡ TCity/name 
SRH_City.state ≡ TCity/state 
SRH_River.name ≡ TReservoir/river 

PCAs between IBGEOnto & FTS3 
IBGE_City.name ≡ TPlace/name 
IBGE_City.geometry ≡ TPlace/geo 
IBGE_City.population ≡ TPlace/pop 
IBGE_City.state ≡ TPlace/state 

PCAs between FUNCEMEOnto & FTS2 
FUNCEME_Dam.name ≡ TDam/name 
FUNCEME_Dam.geometry ≡ TDam/geometry 
FUNCEME_Dam.year ≡ TDam/year 
FUNCEME_Dam.retains ≡ TDam/river 
FUNCEME_Dam.located ≡ TCity/city 
FUNCEME_City.name ≡ TCity/name 
FUNCEME_River.name ≡ TRiver/name 
FUNCEME_River.geometry ≡ TRiver/geometry 
FUNCEME_River.water_quality ≡ TRiver/water_quality 
FUNCEME_River.has ≡ TRiver/river 

 
 

Figure 8: Local mappings between AOs and FTSs. 

For helping in the task of writing a query, a 

Graphical User Interface (GUI) can be developed. 

Consider the query Q that asks the names of all dams 

built after the year 2000 and that are located in cities 

with population greater than one million habitants. 

Furthermore, it selects some other information about 

dams, their rivers and cities where they are located. 

This query is posed over DamsOnto.  

The GUI provides users with a number of concepts 

that correspond to the feature types that are defined in 

DO. After selecting one of these concepts, the user can 

build a query statement by choosing one or several 

roles that are associated with this concept and that 

represent the feature type’s properties. He can also 

define query constraints, that is, define filters to the 

query. The query in DL syntax [2]  is:  

Q≡Dam⊓∃year.{>2000}⊓ located.(∃population.{>1000000}) 

Our strategy consists in discovering which 

application concepts match with the query Q, in order 

to extract the maximum of information from the local 

sources. Our approach is based on semantic 

matchmaking between application concepts, that 

formally describe the feature types, and domain 

concepts, that formally describe the user’s query. This 

is possible by applying a terminological reasoner like 

RACER or Pellet that work with DL concepts. 

A reasoning engine is used to find out which of the 

application concepts are equal to or subsumed by the 

base concept of the user’s query. The application 

concepts that can properly answer the query are called 

relevant concepts. A hierarchy graph of the relevant 



concepts is generated (Figure 9) at query modeling 

time. It shows the taxonomic relationships between the 

base concept and the relevant concepts. It will be used 

in the process of rewriting the query.  

Dam

FUNCEME_DamSRH_Dam

Primary Relevant 

Concepts

Secondary 

Relevant Concepts

Base Concept

FUNCEME_River IBGE_City

MA4MA3MA5

 

Figure 9: Graph of relevant concepts’ hierarchy for Q. 

First of all, the reasoner is used to find out the 

application concepts that match the base concept of the 

query, that is, the Primary Relevant Concepts. As 

show in Figure 9, Dam is the base concept of Q and its 

primary relevant concepts are SRH_Dam and 

FUNCEME_Dam. Then for each Primary Relevant 

Concept, we verify if its AO provides all information 

required in Q. If not, the reasoner tries to find out in 

other AOs which related concepts can provide the 

remaining information (using the matching assertions) 

that is, the Secondary Relevant Concepts. This is a 

recursive step. 

SRHOnto does not provide all the information to the 

query. We analyze the concepts that are related to 

SRHOnto by matching assertions, which are 

FUNCEME_River, FUNCEME_City and IBGE_City (see 

Figure 6). The concepts FUNCEME_River and 

IBGE_City can provide the remaining information, so 

they are selected to compose the hierarchy of concepts 

under concept SRH_Dam using MA5 and MA3, 

respectively (Figure 9). FUNCEMEOnto also does not 

provide all the information to the query. Analyzing the 

matching assertions (Figure 6), we verify that 

IBGE_City is the only concept that supports this 

information, so it is selected to compose the hierarchy 

under concept FUNCEME_Dam using MA4 (Figure 9). 

Thus, framework computes a hierarchy graph of 

relevant concepts, constituted by primary and 

secondary relevant concepts. Then, using the obtained 

graph, it computes the workflow execution plan Q’, 

which represents the rewriting of the query Q, posed 

over the domain ontology into a query Q’, posed over 
the FTSs. This plan can be executed over the XML 

sources, and the final result is returned to the user. In 

our example, the following execution plan workflow is 

obtained: 

 

Q’ ≡ ((Q1’(FTS1) Ĵ MA5 Q2’(FTS2)) Ĵ MA3 Q3’(FTS3))  

       Ü (Q4’(FTS2) Ĵ MA4 Q5’(FTS3)) 
 

4. Related Work 
 

In the last years, the problem of effectively 

designing data integration solutions has been addressed 

by several research and development projects [10].  

Data Integration Systems (DISs) with a mediator-

wrapper exist since several years. But these earlier 

systems are based on either relational or object-

oriented models, which have not evolved to the 

standard format of the Web. Recent works use an 

ontology-based or an XML-based approach for 

designing a DIS.  

XML-based approaches consist in using XML as 

the global schema language [7, 12]. Nowadays, the 

popularity of XML as a data exchange format makes it 

a good candidate to be the language of the mediated 

schema in data integration applications. The majority 

of the current data base systems offer tools to export or 

view its content as XML. However, the versatility of 

XML as a data model and the expressive power of 

XML query languages can lead to a complex 

integration architecture. Firstly, we have to design the 

XML mediated view and then discover the mappings 

between the XML mediated view schema and the 

XML source schemas. Nevertheless, this is a hard task, 

as the development and maintaining of these mappings 

are still very labor intensive, because XML is not 

enough to describe data. As the meaning of the data to 

be integrated is weak, it is not possible to automate the 

mapping generation process. So, we need semantic 

information about the local sources to be integrated.  

Some ontology-based approaches consist in using 

ontologies for explicit description of the information 

sources semantics [5, 9]. For example, OWL can be 

used as a more abstract modeling layer, on the top of 

data sources, described by an XML schema. 

Furthermore, some ontology-based approaches use 

ontologies as the global schema language [4, 1, 9]. In 

this case, a query posed in terms of an ontology is 

reformulated into a query over the mediated view 

schema. The main reason to build an ontology-based 

DIS is to provide high-level services to the clients of 

the information system [13].  

 

5. Conclusions 
 

SDIs provide access, reuse and integration of 

geographic information from multiple sources. In 

OGC-compliant SDIs, geospatial data are served via 

WFS. However, designing a mediated system that 

makes correctly the data integration is a difficult task. 



In this paper, we proposed an ontology-based 

framework for integrating geographic data provided by 

multiple WFSs. We used the source descriptions 

provided by the ontologies to make the semantic 

integration, and XML to make the proper data 

integration. We think that ontologies are valuable for 

raising the level of abstraction to automate the 

construction of the mediated mappings, used in the 

discovery of the query relevant concepts, and the local 

mappings, used in the query rewriting process.  

As a future work, we intend to investigate how to 

generate the application ontologies and respective 

mappings. 
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