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Abstract
Much geospatial data is available on the web and in off-line archives, but it is complex,
heterogeneous, and incompatible. Common interfaces are the only way to enable overlays and
combinations of complex and essentially different kinds of geographic information to happen
automatically over the Internet. The OpenGIS Consortium (OGC) uses the term “Catalog” to
describe the set of service interfaces that supports organization, discovery, and access of
geospatial information. Catalog services help users or application software to find information
located anywhere within a distributed computing environment. This paper presents our
experience in a Java approach to build Catalog services guided by the OGC Catalog Services
specification, and shows the advantages provided by the use of Java to support Catalog services
on the Internet.
Introduction
Geospatial data are being collecting during more than 35 years. This collection speed increases
quickly with new technologies in high resolution satellites, GPS, data bases, new software
technologies for processing geospatial data and the increase of people and organizations which
are collecting and using this kind of data [1]. About 80% of data bases used by public
administrations have geospatial references (addresses, city distributions, cartographic
coordinates, etc) [2]. From other point of view, the geographic information production market in
Europe is about 10 billions of Euros per year [3]. Information is being collected, but the market
does not exploit it correctly. In many cases, geospatial data-consuming companies or people do
not find the data they need and they usually pay data suppliers for custom-made products.
Most of advanced countries around the world, including USA and most of the European
countries, are building their own national geospatial information infrastructures to centralize and
co-ordinate efforts for optimizing the geospatial data production process, trying to avoid the
duplicity of works in this way. According to [4], to do this it is necessary to have some tools to
classify and catalogue geospatial data from different sources, and for publishing this information
(Internet is this tool). Once catalogues have been created, end users can look for the data they
need into them. These catalogues must offer services and tools for cataloguing and searching
geospatial data. Furthermore, they must have the ability to connect to other catalogues in order to
response as well as it could be to search services. It is necessary they can inter-operate among
them. This way, the standardisation of services and information exchange is necessary to give the
opportunity of communication among different catalogues. The OpenGIS Consortium [5] (OGC)
uses the term “Catalog” to describe the set of service interfaces which support organization,
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discovery, and access of geospatial information. These services belong to the Domain Access
services which are inside the Open Exchange services. All these kinds of services are managed as
Common Applications by the OGC Technical Reference Model (see [6]).
On other hand, the Java programming language has gained quick and large acceptance as a
prominent programming language in recent years [7]. Its programming capabilities, multiplatform implementations, facilities for developing distributed applications with powerful built in
high level mechanisms of communication, its powerful standard libraries and the extensive
availability of public domain software have converted Java into one of the most suitable tools for
software development. In our days Internet and the web are, with no doubt, the preferred medium
for sharing information and one of the most powerful mechanisms to provide access to public
information where user interactivity is required in some way. In addition to the features explained
above, one of the reasons for the Java impact in the programming community has been its ability
to integrate in the web.
Efforts of standard organizations have been displaced to the Java and Internet worlds (the
OGC has prioritized Java Implementation and Web services in its latest standards). This paper
presents our experience in a Java approach to build Catalog services guided by the OGC Catalog
Services specification, and shows the advantages provided by the use of Java to support Catalog
services on the Internet.
The rest of the paper has been structured as follows. Next section presents the catalogue
architecture and its relation with the overall project. Section three shows the design of the
components which represents the geospatial information metadata managed by the Catalog. In
section four some services and tools out of the scope of the OpenGIS Catalog are presented. This
paper ends with a conclusions and future work section.
Catalogue services software architecture
A set of Internet services is being built to allow cataloguing and searching of geospatial
information through their metadata. Figure 1 presents the architecture of these services. The
OpenGIS compliant catalogue has the responsibility of offering components to satisfy search
services (to discover information and to present results) and catalogue management services (to
register and maintain the metadata into the database). The search services access to the Discovery
Services which have the ability to access to other remote OpenGIS Discovery Services.
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Figure 1: Internet services architecture
Several components and tools provide these services. Maybe, the most relevant one is the
Catalog (Figure 2 describes its architecture). Basically, the Catalog kernel implements the
services described by the OpenGIS Catalog Services specification proposed in the Coarse-Grain
Structural Model [8]. It has three kinds of functions: one for Catalog management (named
Catalog Manager), another for recovering the stored information through their metadata
description (named Access Service) and the third one to search within the catalogue and present
the metadata found (named Discovery Service). These services access to three different
databases: metadata, Controlled keywords and Knowledge representation. The first one is the
most important because it stores the metadata which describes the geospatial information
according with different standards. The Catalog Manager Service has the responsibility of create
and maintenance this information, while Discovery Service searches on it using restrictions fixed
by other application or the user. The controlled keywords database stores sets of terms
representing concepts in a subject domain and relations among them. They are used to facilitate
the mapping between a selected vocabulary and a large collection of datasets, offering an
indexing capability which increases the performance of catalogue queries based on controlled
sections. This process of classification is assisted by recognised authorities and organisations
which provide essential indices and lists. Some examples of these lists are: "Discipline" and
"Parameter Type" controlled lists provided by CEO [11]; "NASA Master Directory" (see [13])
proposed by FGDC as a standard thematic thesaurus; or "ADL Feature Type Thesaurus" (see
[14]) to indicate the nature of a geographic place. Anyway, it is also possible to develop a special
Controlled List for more specific subject domains not considered yet in previous lists. One
example could be the development we have made to classify the geospatial data generated by the
Ebro River Basin Organisation in Spain (http://oph.chebro.es).
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Figure 2: Catalogue architecture
Knowledge representation database stores information about special relations among terms
which depends on the context where the geospatial information is related to. One example of
these special relations could be the case of Political Units Organisation of Spain. This way, it is
possible to classify datasets according to Political Unit they cover. This Political Units
Organisation could also be used to increase the capability of the Discovery Service because it
could be used to expand the queries. For example, in order to find spatial references of a political
unit, such as a village, the query may be expanded with the knowledge of political subdivisions
such as the subdivision of a country in regions, a region in villages, etc. Data at the level of
village may be not available, but data of superior levels which include the village may be
sufficient to answer the question.
There are three different types of interface to access to the Catalog kernel services. The first
one is the OpenGIS Catalog Interface which allows others OpenGIS compliant catalogues to
access to it. The second one is the RMI server interface. This interface offers the possibility of
install our catalogue component as a RMI server in a particular installation, out of the scope of
OpenGIS. Finally, the third one permits to include the component inside an application, not
working like a server. These two interfaces offer a supra set of services, which permits to
increase the functionality offered by the OpenGIS catalogues.
Metadata support
There are several standards or pre-standards in the market identifying the metadata elements that
describe consistently a specific geospatial data resource. Some examples of these standards are
American CSDGM of FGDC [9], ISO/TC 211 committee draft ISO CD 15046 (see [10]), CEORecommendations on Metadata [11], and European CEN/TC 287 prENV 12657 (see [12]).
However, most of these standards share a common core of elements distributed in different ways.
The metadata object model we have designed (Figure 3 shows a subset of it) follows basically
the FGDC standard (CSDGM), with some additional features such as language of metadata
element descriptions. Although we must take in mind that there is still no commitment about
what metadata standard is going to 100% succeed in the future. Therefore our focus is not to
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implement exactly a unique standard but to be compliant with different standards. To be
compliant does not mean create a new standard consisting of an increasingly number of metadata
elements covering all possibilities but to make efforts on providing translation services from/to
different standards.

Figure 3: Metadata Object Model
The persistence of the metadata model in the database has been done using an Oracle 8i
relational database server. This engine by means of its spatial package offers interesting utilities
for geospatial data management. This object model has been completed with a text field
containing all the sections not included directly in the previous schema but available in the
cataloguing process (for example: importing an XML file with metadata according to FGDC
standard). The Entity Relation schema gives persistence to the core elements which are
considered to be the more likely to be searched, and other sections interesting for geospatial data
identification and description. On the other hand, the text field allows us to give support to all the
sections of the rest of the standard used to create the metadata without having to worry about
creating a new column for every text-descriptive metadata element.
The implementation of the controlled keywords we have built is based on the concept of
thesaurus, and allows the definition of relationships among terms such as hierarchy, equivalence
(such as synonyms), association and national language support. Another reason to choose Oracle
8i database server has been its support for thesaurus in the database. Oracle 8i provides a
thesaurus package, named CTX_THES, which enables controlled keywords management.
Additional Services and Tools
Out of the OpenGIS Consortium Catalog specification, a set of libraries and tools has been
developed to enable internal catalogue management tasks. Maybe the most relevant of them are
the next ones:
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Figure 4: Metadata Edition
• Metadata Edition tool, as its own name indicates, enables edition and visualisation of
metadata entries for local purposes in our catalogue. Figure 4 shows the tab windows
aspect of this tool.

Figure 5: Controlled Keywords Management
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• Controlled Keywords management tool permits the management of thesaurus supported
by our Controlled Keywords database. The main functions of this tool are:
Creation/Deletion/Modification of thesauri; Edition/Visualisation of terms in a
hierarchical structure; and Import/Export from/to text files in different formats. In the
future, metadata suppliers will be given the chance to introduce their own Controlled
Keyword list over our Web Server. Figure 5 shows this tool.

Figure 6: XML Import/Export
• XML Import/Export tool (see Figure 6) enables translation between XML files (plain
text files) conforming to CSDGM (of FGDC) and our metadata object model. As we
mentioned in section 3, the way to intercommunicate metadata was through XML file
format conforming to standards. In the future, conversion to other possible standards
(ISO TC211, CEN/TC 287) will also be available.
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Figure 7: Metadata generation
• The Metadata generation tool (see Figure 7) enables the semi-automatic generation of
metadata by means of analysis of a geospatial information data source. An example to
understand the utility of this software is a component for obtaining descriptive data from
an ESRI shape file usually used by ArcView. Other utilities of this tool are the
extraction of metadata from Arc-Info files (although the arrival of Arc-Info 8 has not got
much sense); or the analysis of the relational structure of a tabular source (Excel,
Access, Oracle, ...) in order to obtain automatically the "Entity And Attribute section" of
CSDGM.
Conclusions
This paper has presented our experience in a Java approach to build Catalog services guided by
the OpenGIS Consortium Catalog Services specification. The use of Java to support catalogue
services on the Internet is making our labour easier for different reasons. First of all, we have the
classic benefits of using Java such as multi-platform execution and integration into web pages. In
the same way, as same software can be used over different platforms, if the size of the catalogue
information grows or the use of the web server increases, it is possible to use bigger machines,
even with different operative systems, without any change in the software. This way, the use of a
database server such as Oracle, with versions for different types of machines, completes this
machine growth possibility. Furthermore, Oracle 8i offers utilities enabling the inclusion of Java
programs into the database server. This Java integration in the database is a good chance for
making the search services faster since it reduces the communication process between the
catalogue server and the database.
One of the most relevant problems we have found is the un-standardised world or proliferation
of geospatial metadata standards. It has been necessary to prepare our components to be adapted
to new standards, and new versions of the current ones, easily.
The process to build the Catalog has begun with the development of the services, and goes to
adjust to the OpenGIS Interface Specification. This permits to delay the implementation of the
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interface allowing the incorporation of latest modifications of the OpenGIS specification.
Moreover, this developing policy provides the possibility of showing cataloguing functionality
earlier in the building process.
Currently, components are evolving to be in compliance with OpenGIS Coarse-Grain
Structural Model interface. Next step should be to offer Discovery Services as a CORBA server
which could be accessed by other OpenGIS Catalogs or other web applications.
Finally, we will extend metadata management capacity to support new standards, and new
versions of the current ones as soon as they appear or are required.
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