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Data/Information in Astronomy

• Basic data
– digital images, spectra, time series,                           

catalogs, tables

• Simulations
– models (results, computer codes,                       

computational services)

– virtual observations

• Analysis and interpretation
– journals, e-preprints

– reprocessed and enhanced data

• ~several PB worldwide, with 1-2 
year doubling rate

not discoverable 

through text-based 

search engines
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Astronomical Data and the Virtual 

Observatory

• The VO provides standard protocols for obtaining 
data from distributed collections.
– Metadata about collections, stored in registries, based on 

Dublin Core, shared/coordinated through OAI-PMH

– Metadata about data objects (catalogs, images, spectra, 
theoretical models and simulations)

– Metadata about applications, libraries, computational 
resources

• The VO is NOT a centralized repository.

• The Virtual Observatory enables research by greatly 
enhancing access to data and computing resources.  
The VO makes it easy to locate, retrieve, and analyze 
data from archives and catalogs worldwide. 
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With VO
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The Key to the VO: Interoperability

• Metadata standards

• Data discovery

• Data requests

• Data delivery

• Database queries

• Distributed applications; web services

• Distributed storage; replication

• Authentication and authorization

Data from NASA missions and most major 
observatories is archived and accessible, but we 
have a major gap…
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The Data Preservation Problem

• Research communities publish peer-reviewed journal 

papers that describe highly processed data.

• Text and graphics are now being preserved, but the 

digital data behind the graphics are “homeless”

• The research cannot be verified and the results 

cannot be easily compared to other data in order to 

broaden impact.

• Public funds invested in scientific research do not 

have maximum return on investment.  Essential 

legacy datasets are being lost.
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Approach

• Integrate digital data management into the 

publication process (data capture, review, metadata 

tagging and validation, storage).

• Exploit emerging information technology standards 

for managing distributed data collections, including 

digital journals.

• Provide multiple access methods to digital data to 

maximize visibility and re-use.

• Build on information management and curation 

experience in the university libraries and their 

institutional commitments for long-term preservation.
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Astronomy Digital Image Library
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ADIL

query
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ADIL

query
ADIL is great, but…

• Data capture and 

curation is separate 

from manuscript 

processing

• Data access is not 

integrated into the 

journals
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Storyboard
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Storyboard

Hubble Space Telescope 

image.

Most distant cluster of 

galaxies known.

What more can I find out?
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Storyboard

Where is this?

What is the image scale?

Where is north?

How bright is the star?

How bright is the galaxy?

What else is known about 

this region?

Can I trust the data 

analysis in this paper?
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Storyboard

Save file

Copy to my VOSpace

Display and compare        
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Journal…      Archive…
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Is there any 

X-ray 

emission from 

this cluster of 

galaxies?
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Data Storage Appliance
• Metadata database

• Digital data objects

• Ancillary information

Data Storage Appliance
• Metadata database

• Digital data objects

• Ancillary information

Data Storage Appliance
• Metadata database

• Digital data objects

• Ancillary information

replication services VOSpace

Publication & 

Editorial Process
• Data capture

• Metadata capture & validation

• Links

• Identifiers

Data Access
• VO portals

• Journal portals

• Other after-market distributors

• Registry

• Logging

Library
• Curation

• Preservation

Components
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A prototype project

• Implement end-to-end prototype using astronomy 
scholarly publications as a test-bed.

• Understand operational costs and develop long-term 
business plan for preservation of peer-reviewed 
journal content and associated supporting data.

• Develop associated policies affecting data 
accessibility (e.g., move toward requiring digital data 
availability as requirement for publication).

• Utilize commodity open-source technologies and 
partner with Virtual Observatory to maximize return 
on investment, flexibility, adaptability.

• Long-term:  evaluate impact on citations and 
productivity resulting from having ready access to 
digital data.
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A prototype project

• Tasks (partners)
– Metadata definition (VO, library)

– Content management tool evaluation/selection 
(Fedora) (VO, library)

– Physical storage and replication (VO, library, 
publisher)

– Publication process revisions and testing 
(publisher, editorial staff)

– Policy development (editorial staff, professional 
society)

– Business model development (publisher, 
professional society)
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A prototype project

• Initial work underway
– IMLS grant

– Microsoft grant

– NVO collaboration

• Hoping to do future work in context of NSF 
Datanet program
– Pending support for Data Conservancy project led 

by S. Choudhury (JHU)
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Impact of digital data preservation

• Data re-use

• Increasing the discovery space

• Optimization of public investment in science

• Creation of a research legacy

• Integrity in scientific publication



12 May 2008 R. Hanisch /CIC-CLIC Purdue University 28



12 May 2008 R. Hanisch /CIC-CLIC Purdue University 29

Good metadata



12 May 2008 R. Hanisch /CIC-CLIC Purdue University 30

Pretty good metadata
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Poor metadata
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Poor metadata

Currently have more than 

10,000 resources like this 

needing metadata curation 

and service validation



12 May 2008 R. Hanisch /CIC-CLIC Purdue University 33

Metadata granularity

• Desire to capture “fine-grained” metadata

– Rich data discovery

– Automated workflow

– Automated serialization, class construction

• But, is this feasible?

– Astronomical databases can contain dozens of 

tables and thousands of attributes

– They should be documented, but often are not

– Dynamic access vs. cache
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Implications, challenges

• Fielded metadata is important for data 

discovery and access in disciplines whose 

content is not text-based

• Curation effort is substantial, requires domain 

expertise, and is ongoing

• Level of detail required is not yet clear

• Are ontologies necessary?

• New role:  data scientist

– IS + domain expertise

– Supports data center and library


