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ABSTRACT 
There are several meteorological databases available through the 
Internet. They are, however, heterogeneous in access methods, 
data formats, available items etc., so that client applications are 
needed to be tightly linked to particular databases. Our project 
aims to provide client applications consistent accesses to such 
heterogeneous databases by developing an intelligent broker that 
can hide the heterogeneity and virtually integrate distributed 
databases based on metadata described using ontology for 
meteorological terms. The intelligent broker analyzes various 
requests by clients and responds to them obtaining information 
needed from the virtually integrated databases.   

Categories and Subject Descriptors 
H.2.5 [Database Management]: Heterogeneous Databases 

General Terms 
Design 
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1. INTRODUCTION 
1.1 Motivation 
Agricultural applications need several different types of data sets 
because agriculture is a complex system affected by many 
conditions. The databases needed for the applications are usually 
maintained and managed by different organizations such as 
research institutes, weather networks, farmers’ unions and private 
sector organizations, and are located in different places. Moreover, 
even among databases with similar contents, e.g. metrological 
databases, they are heterogeneous in access method, data formats, 
available items, time resolutions etc., so that client applications 
are needed to be tightly linked to particular databases. The goal of 
our project is to provide an environment that such heterogeneous 
distributed databases can be flexibly, seamlessly and virtually 
integrated responding to various requests from client application. 
For the similar purpose, we have already developed a data broker 
named MetBroker [1, 2, 3] that can provide client applications 
consistent access to heterogeneous weather databases. The broker, 
however, is not flexible to handle newly added metrological items. 

In this study, we attempted to develop a more flexible intelligent 
data broker that has inference capability to handle database 
heterogeneity based on ontology, again targeting metrological 
databases as the first step. 

1.2 Existing Solutions 
An existing solution for this issue is to create some wrapper 
application for each database and to make it communicate in 
SOAP/XML format. SOAP/XML technology has a big role to 
connect heterogeneous world. Indeed, this technology hides 
heterogeneity of access method, but there is still an issue left. 
That is, SOAP/XML can’t hide semantic heterogeneity. Each 
wrapper application needs to translate its local vocabulary into the 
global one. Besides, this translation is conducted statically. This 
static link prevents clients from flexibly obtaining dataset. 

1.3 Solutions by Ontology 
We employed RDF/OWL technology to solve this issue. This 
technology helps local metadata connect to other metadata outside 
and realize a semantically integrated database. Intelligent Data 
Broker is a challenge to provide clients with access to this 
virtually integrated database. 

2. INTELLIGENT DATA BROKER 
2.1 System Implementation 
The system implementation is still in the process of developing. 
This prototype version is coded in Java language, and the main 
part of the inference engine utilizes Jena2 [4] provided by 
Hewlett-Packard Development Company, LP. Intelligent Data 
Broker is composed of one basic vocabulary file and as many 
item definition files and station metadata files as targeted 
databases. The basic vocabulary file is an OWL file which has all 
standard weather items and other metadata description vocabulary 
to describe weather stations1. Each of the item definition file is an 
OWL file which has the local vocabulary that is used in each 
database. And each of the station metadata file is an RDF file 
which describes all the weather stations included in a particular 
database. 

                                                                 
1  The basic vocabulary file is available on the internet 

http://www.agmodel.org/MetBroker.owl
 

http://www.agmodel.org/MetBroker.owl


2.2 How Does Intelligent Data Broker Work? 
There are three typical cases in the responses of the Intelligent 
Data Broker to the requests from clients. 

2.2.1 Single station access 
The simplest case is that clients ask some weather items from a 
specified weather station. In this case, after Intelligent Data 
Broker receives the request, the inference engine attempts to find 
the equivalent items of the weather station. After finding the local 
items, it queries for data to the database by using the local item 
and returns the data to clients (Figure 1). 

 

2.2.2 Spatial access 
This is the case that clients ask some weather items for the 
weather stations located in a specified geographical area. In this 
case, after Intelligent Data Broker receives the request, it refers to 
the station metadata files to find weather stations in the requested 
area. Then, the inference engine attempts to find the equivalent 
items of each weather station. After finding the weather items, the 
process after finding the weather item goes likewise (Figure 2). 

 

2.2.3 Access with data summarization 
This is the case that clients allow Intelligent Data Broker to 
summarize data. The inference engine attempts to find the 

equivalent item considering possible summarization of original 
data in order to fit the data to the requests from the client. That is, 
when the same time resolution of data observation is not available, 
the inference engine attempts to find shorter time resolution items 
to create the data of the requested time resolution by data 
summarization. The process after finding the weather items goes 
likewise (Figure 3). 

 

3. DISCUSSION 
Through the experience of creating this prototype, we realized 
two of the advantages of the RDF/OWL technology. First, the 
technology can secure scalability in building a large scale virtual 
database by integrating heterogeneous databases. Second, it can 
make it easy to develop a system flexibly adjustable to various 
clients request.  

The present system can handle only metrological databases. To 
make this prototype more practical in agricultural decision 
making, we need to bind various databases, e.g. crop growth 
databases and soil databases into our system in addition to 
meteorological databases.  
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Figure 1. Single Station Access 

Figure 2. Spatial Access 
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