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The ever-increasing volume and diversity of helio-
spheric data sets along with newly emerging informa-
tion technology standards make it desirable and possi-
ble to develop a distributed data environment for he-
liospheric data sets that is user-friendly. Preliminary
design concepts from the ad-hoc Virtual Heliospheric
Observatory (VHO) team will be presented. The cur-
rent configurations envision the development of only a
very thin layer of middleware that will provide a uni-
form search capability to locate the desired data sets.
The data retrieval would take place directly between
the data provider and the user. Possible functionalities
and requirements on the middleware and on the partic-
ipating data providers will be discussed.
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The European Grid of Solar Observations is the Euro-
pean contribution to the deployment of a virtual solar
observatory. The project is funded under the Informa-
tion Society Technologies (IST) thematic programme of
the BEuropean Commission’s Fifth Framework. EGSO
started in March 2002 and will last until March 2005.
The project is categorized as a computer science ef-
fort. Evidently, a fair amount of issues it addresses
are general to grid projects. Nevertheless, EGSO is
also of benefit to the application domains, including
solar physics, space weather, climate physics and as-
trophysics. With EGSO, researchers as well as the
general public can access and combine solar data from
distributed archives in an integrated virtual solar re-
Users express queries based on various search
parameters. The search possibilities of EGSO extend
the search possibilities of traditional data access sys-
tems. For instance, users can formulate a query to

source.
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search for simultaneous observations of a specific solar
event in a given number of wavelengths. In other words,
users can search for observations on the basis of events
and phenomena, rather than just time and location.
The software architecture consists of three collaborat-
a consumer, a broker and a provider.
The first component, the consumer, organizes the end

ing components:

user interaction and controls requests submitted to the
grid. The consumer is thus in charge of tasks such as re-
quest handling, request composition, data visualization
and data caching. The second component, the provider,
is dedicated to data providing and processing. It links
the grid to individual data providers and data centers.
The third component, the broker, collects information
about providers and allows consumers to perform the
searches on the grid. Bach component can exist in mul-
tiple instances. This follows a basic grid concept: The
failure or unavailability of a single component will not
generate a failure of the whole system, as other systems
will take over the processing of requests. The architec-
ture relies on a global data model for the semantics.
The data model is in some way the brains of the grid. It
provides a description of the information entities avail-
able within the grid, as well as a description of their
relationships. EGSO is now in the development phase.
A demonstration (www.egso.org/demo) is provided to
get an idea about how the system will function once the
project is completed. The demonstration focuses on re-
trieving data needed to determine the energy released
in the solar atmosphere during the impulsive phase of
flares. It allows finding simultaneous observations in
the visible, UV, Soft X-rays, hard X-rays, gamma-rays,
and radio. The types of observations that can be spec-
ified are images at high space and time resolutions as
well as integrated emission and spectra from a yet lim-
ited set of instruments, including the NASA spacecraft
TRACE, SOHO, RHESSI, and the ground-based obser-
vatories Phoenix-2 in Switzerland and Meudon Obser-
vatory in France

URL: http://www.egso.org
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Under the auspices of NASA we are developing the
Solid Earth Research Virtual Observatory (SERVO).
The initial focus of the observatory is spaced-based
ground-based sensor data (GPS,
seismicity), simulation data, and published/historical
fault measurements, coupled with earthquake fault and

observational data,

tectonic modeling and pattern recognition software.
This observatory will enable investigators to seamlessly
merge multiple data sets and models, and create new
queries. In the SERVO framework, simulation data
will be archived together with analysis/animation tools
and the original simulation code. Observational data,
which is heterogeneous and distributed in nature, will
be accessible through cooperative federated databases.
SERVO will include tools for visualization, datamin-
ing and pattern recognition,
web services (portal) based Problem Solving Environ-
ment (PSE). SERVO couples distributed data sources,
applications, and hardware resources through an XML-
based Web Services framework. Users access the ser-
vices (and thus distributed resources) through Web
browser-based Problem Solving Environment clients.
The Web services approach defines standard, program-
ming language-independent application programming
interfaces, so non-browser client applications may also
be built. Initial application codes in SERVO are Ge-
OoFEST, a parallel 3D finite element code, Virtual Cal-
ifornia, a boundary element code to simulate fault in-

with data fusion into a

teractions, PARK, a boundary element code for study-
ing unstable slip on faults, and two pattern recogniz-
ers RDAHMM, which uses a modification of Hidden

Markov Models to analyze time series data, and PDPC,
which looks for anomalies in seismicity data.

URL: http://www.servogrid.org
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The successful definition and implementation of a
Virtual Observatory (VO) framework to be the future
Sun-Earth Connection (SEC) / Solar-Terrestrial data
environment will enable a distributed and modular im-
plementation but nonetheless increasingly integrated
and transparent data view by end users. All impor-
tant SEC science data must be easily accessible and
scientifically usable, both for specialized studies and
across the boundaries of missions and traditional disci-
plines. The systematic long-term preservation, access
and usability of data must be ensured. The SEC Ac-
tive Archive (SECAA) center in the Space Physics Data
Facility (SPDF), in close coordination with the Na-
tional Space Science Data Center (NSSDC), operates
uniquely important multi-mission data services and ac-
tive archiving activities. Services such as CDAWeb, SS-
CWeb, OMNIWeb, various FTP data access and dis-
play capabilities, and new interfaces to translation-
software tools supporting the Common Data Format
(CDF) must be extended to function within and ac-
tively support the VO framework for this SEC thrust to
be ultimately successful. In this presentation, we will
briefly review the importance of our existing unique ca-
pabilities, our understanding of the VO thrust in SEC
and the role we see for multi-mission services of this
nature within a VO paradigm and in support of fu-
ture missions and programs such as Living With a Star
(LWS). We will discuss the technical evolution of our
present services towards full accessability and continu-
ing growth in scope and functionality to the SEC com-
munity as webservices. We will lay out our long-term
understanding and vision for our services and activi-
ties, including the role and importance of acquisition
and other information services to the broad needs of
future data management. We will define the issues and
directions we now see as critical and approaches to meet
these challenges.

URL: http://spdf.gsfc.nasa.gov
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Data access protocols on which many emerging data
systems are being based are often tightly coupled with
the semantics of the discipline for which the system is
being developed. This greatly facilitates interoperabil-
ity within the data system, but it also generally re-
sults in substantial constrains on interoperability with
data systems in other disciplines or, for disciplines with
a very large range of data types, on interoperability
within the discipline itself. In order to build a data
access protocol that may be used by a broad range of
disciplines, the Open source Project for a Network Data
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Access Protocol (OPeNDAP) has approached the prob-
lem by focusing on the syntax of the data rather than
on their semantics. In particular, the OPeNDAP data
access protocol consists of a rigid prescription for the
syntax of the data and a mechanism for the communica-
tion of the data semantics, but no constraint on seman-
tic content. In this way, the protocol becomes a base
on which discipline data systems may be layered - the
developers of a discipline data system may specify the
form in which the semantic information is to be com-
municated while using syntactic machinery that is com-
mon to other discipline data systems. The advantage
is two-fold. First, discipline data systems are interop-
erable at the syntactic level and, often with little addi-
tional effort can be made interoperable at the semantic
level. Second, a larger group participates in developing
the underlying protocol than would if it were useful by
only one discipline. A by-product of this approach is
that it is also much easier to make ones data accessi-
ble via the system than if rigid constraints were placed
on semantic content. The result has been the adoption
of the protocol for use in oceanographic, meteorologi-
cal, and solar/terrestrial data systems with OPeNDAP
servers now at over 50 institutions worldwide.

URL: http://opendap.org
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Planetary exploration and space physics approach
data management in very different ways. In this talk
we will compare the approaches in these two disciplines
with emphasis on how each has dealt with the problems
of locating and accessing distributed data. We also
will outline the data management challenges each will
face in the next decade. Sixteen years ago the NASA
Solar System Exploration Division founded the Plane-
tary Data System (PDS) to coordinate the data activ-
ities of planetary missions, provide the scientific com-
munity with access to planetary data and preserve the
data from planetary missions for future analysis. PDS
is organized into “nodes” by scientific sub-disciplines
(Atmospheres, Geoscience, Plasma Interactions, Rings
and Small Bodies) and experimental technique (Imag-
ing and Radio Science). In addition the Navigation and
Ancillary Information Facility (NAIF) addresses data
issues involving navigation and instrument pointing.
All planetary data from NASA missions are prepared
to the same metadata standards that include a com-
mon data dictionary. Initially access to the data was
by sub-discipline although within a sub-discipline the
access was to all missions and instrument types. More
recently planetary science has become more interdisci-
plinary and now PDS is moving toward a system that
supports cross discipline access. Data are available ei-
ther on online or on hard media (CDROM or DVD). In
recent years space physics data access has been orga-
nized by missions. Some missions support data systems
through which all of the data from the mission can be
accessed while for others the data are available from
individual principal investigator sites. In general the
space physics missions support an open data policy and
much of the data is available online. There are no disci-
pline wide metadata standards. Different missions sup-
port different data dictionaries, schemas and interfaces.
The data come in a variety of formats. In the near fu-
ture both planetary science and space physics will be
challenged with massive volumes of data from new mis-
sions (approximately 1015 bytes). In both disciplines
the need for comparative research across missions or
sub-disciplines is becoming more common. Both will
have to support data structures that allow users to
readily locate, access, and use data from distributed
and diverse sources. Both disciplines must address the
issue of how to distribute these massive data sets to the
science community. Distributable media (DVD) are too
expensive due to their limited storage capacity and the
network bandwidth is unlikely to be able to support
online distribution.
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The IRIS Data Management System has long sup-
ported distributed data centers as a method of provid-
ing scientific researchers access to data from seismolog-
ical networks around the world. For nearly a decade,
the NetDC system used email as the method through
which users could access data centers located around
the globe in a seamless fashion. More recently the IRIS
DMC has partnered with the University of South Car-
olina to develop a new method through which a vir-
tual data center can be created. The Common Object
Request Broker Architecture (CORBA) technology is
an industry standard distributed computing architec-
ture. Traditionally used by major corporations, IRIS
has developed a Data Handling Interface (DHI) system
that is capable of connecting services at participating
data centers (servers) to applications running on end-
users computing platforms (clients). For seismology we
have identified three services. 1) A network service
that provides information about geophysical observato-
ries around the world such as where the sensors exist,
what types of information are recorded on the sensors,
and calibration information that allows proper use of
the data, 2) an event service that allows applications
to access information about earthquakes and seismolog-
ical events and 3) waveform services that allow users
to gain access to seismograms or time series data from
other geophysical sensors. Seismological Data Centers
operate the servers thereby allowing a variety of client
applications to directly access the information at these
data centers. Currently IRIS, the U. of South Carolina,
UC Berkeley, and a European Data Center (ORFEUS)
have been involved in the DHI project. This talk will
highlight some of the DHI enabled clients that allow
geophysical information to be directly transferred to
the clients. Since the data center servers appear with
the same interface specification (Interface Definition
Language) a client that can talk to one DHI server can
talk to any DHI enabled server. This ability allows one
to construct a virtual network of data centers giving
one the illusion of a single virtual observatory. Some
of the features that will be discussed include direct con-
nections to MatLab and the ability to access globally
distributed sensor data in real time.

URL: http://www.iris.washington.edu/DHI
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The Super Dual Auroral Radar Network (Super-
DARN) is an international network of High Frequency
Radars that operate in the Northern and Southern Po-
lar regions in the study of Ionospheric Plasma Convec-
tion. Through the SuperDARN web-site hosted at APL
(http://superdarn.jhuapl.edu), the network has devel-
oped a set of sophisticated, Internet based, data access
and analysis tools. The network has also successfully
developed real-time data streaming from the Northern
Hemisphere radar chain and acts as a space-weather
Recent work has
involved incorporating measurements from a variety of
other instruments into the system. The techniques de-
veloped for the SuperDARN project can easily be ex-
tended to the wider Space Physics Community.

URL: http://superdarn.jhuapl.edu
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We report progress in the development of the Mis-
sion Independent Data Layer MIDL, a mechanism
for accessing multi-mission magnetospheric and helio-
spheric datasets. The desire of the space physics com-
munity and the LWS program to do Sun-to-Earth in-
tegrated science has initiated renewed interest in more
capable data systems which can provide simplified ac-
cess to multiple datasets which are in different formats
and from different missions. The first step towards in-
tegrated data access is the discovery of data from differ-
ent datasets, and this aspect of a possible space physics
virtual observatory is being addressed by several other
projects. The second step in data interoperability is the
merging of actual data as discovered by a search engine,
and because MIDL provides this capability, it comple-
ments other search engine mechanisms. Currently, the
MIDL web site (http://sd-www.jhuapl.edu/MIDL) pro-
vides visual browsing and direct access to energetic par-
ticle data, magnetic field data, and plasma data for
6 missions: ISEE-1, ISEE-2, AMPTE-CCE, Geotail-
EPIC, IMP-8, and Cassini. MIDL uses the concept
of a data interface to achieve interoperability among
datasets with different formats. Details on implement-
ing a data interface for different missions will be dis-
cussed, as will the relationship of MIDL to other virtual
observatory efforts in space physics.

URL: http://sd-www.jhuapl.edu/MIDL
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As the volume and diversity of science data sets con-
tinues to expand, the ability to share and correlate data
across distributed heterogeneous repositories remains a
serious challenge. An architectural data grid frame-
work has been developed by the Object Oriented Data
Technology (OODT) project to address this challenge
and has been successfully deployed in several diverse
scientific domains. Characterized by separate technol-
ogy and data architectures, this framework was used by
NASA’s Planetary Data System (PDS) to develop the
PDS-D distribution infrastructure to provide timely de-
livery of 2001 Mars Odyssey data to the science commu-
nity as soon as the data were released from the Odyssey
project. PDS-D is now being extended to address the
huge data volume increases expected for the Mars Re-
connaissance Orbiter (MRO). Based on the success of
PDS-D, the Space Physics Archive Search and Extract
(SPASE) effort is considering the framework to support
a data search and retrieval system for the Space Physics
science community. Further demonstrating its flexibil-
ity, the framework is also currently being used by the
National Cancer Institute’s Early Detection Research
Network to establish a virtual specimen database by
connecting together data from multiple cancer research
centers across the country. This paper will highlight
achievements and lessons learned from several of the de-
ployments, identify new scientific, technical, and pro-
grammatic challenges, and describe how the OODT ar-
chitectural framework is evolving to meet those chal-
lenges.
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