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Data Management: Interoperability and Semantics for Heterogeneous
Earthquake Science Data

In earthquake science and geoscience, scientists typically have their own interpretations
and analyses of the raw data from different sources (observations, simulations, etc.).
Individual databases are distributed and different data schemas are designed. In order
to break the barriers and useful to access the tremendous amount of heterogeneous
geoscience data, a semantic metadata management system and wrappers for web
services are required to support effective information retrieval and web-based search for
data of interest to specific scientists. In this work, we design and build a semantic based
system to provide interoperability for heterogeneous data, different applications and
database systems, and user-defined packages — for the earthquake science domain.
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BRIEF DESCRIPTION OF DEMONSTRATION

The goal of this project is to support interoperability for heterogeneous geoscience data and experiments/simulations using that data.
The nature of data in the earthquake science domain is full of variety and the interpretations of it differ from resource to resource, and
scientist to scientist. Therefore, the semantic representation of the data and those interpretations are essential to enable to access to
such federated databases and the integration of those data. To this end, we employ domain ontologies and ontology-interconnection
capabilities to support interoperability. Such ontologies are also used to support information discovery and recommendation for users
(scientists, students, etc.).

UNIQUE OR DISTINGUISHING CHARACTERISTICS RELATIVE TO STATE-OF-THE-ART

metadata services — dynamic and intelligence-based-updating ontologies.
o federated database system — ontology-based management of data for interoperability.
e data assimilation — assimilation of remotely sensed data from earth-based sensors, satellites, GPS, etc.

o data mining — schema integration and data interpretation based on semantics (concept, event mining).
e web services - information exchange among different platforms and applications and invocation of remote applications.

APPLICATIONS

¢ Automated interpretation, integration, and update of metadata of federated databases, including dynamic creation of the domain
ontologies.

¢ Semantics-based information indexing approach for next-generation consumer information presentations in areas such as
communication, education and entertainment.

RECENT HIGHLIGHTS, LEVEL OF DEVELOPMENT, UPCOMING MILESTONES

¢ Aninitial domain ontology has been developed and three databases created.

o Federated databases of earthquake science are created for the testbed. One of the databases contains processed data of
California faults and the sources are journal articles in the field of paleoseismology; another contains data of California layers; the
other contains the integrated data from California Geographical Survey.

o A simple basic search with wildcard search engine was developed and a prototype of the ontology-based recommendation system
has been constructed. Initially, the web services client stubs are implemented and used for earthquake simulations.

e The user-friendly, easily-accessed, and browse-based authorized interfaces are implemented to manage the databases, and
provide access at different levels of abstraction.

¢ The semantic metadata management system has been designed based on the Classified Interrelated Object Model. This system
prototype is under development.
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UNDERLYING TECHNOLOGIES

A subset of Semantic Data Model, the Classified Interrelated Object Model, serves as the core of the semantics wrapping process.
Rule-based reasoning agents accommodate data-mining, learning and updating capabilities for metadata management.
Compatibility is assured with web languages and technologies such as XML, XML Schema, RDF, DAML+OIL, and GML.

Web Services are used for light-weighted protocols and universal data formats.

Topic mining is being developed to perform event-based detection and tracking.

The integration and representation of multi-modal data is accommodated by agent-based combination/merge routines.

Real time dynamic data acquisition (e.g. GPS data, satellite data, and on-site observation data) is supported.

Data assimilation and 3-dimensional graphic based simulation technologies are employed to convey information to and from
scientists and users.
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