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Three verbs…
• “Search”: to find data that you think probably exists.


• “Discover”: to find data that you want but didn’t 
know exists.


• “Explore”: to find data that exists but you didn’t 
know you want.


PDS needs to support all three!
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• For Search:


• Reliable, surprise-free metadata


• For Discovery:


• Consistent metadata across missions and instruments


• A hierarchical database schema


• For Exploration:


• Detailed metadata


• Sensible granularity


• Informative browse products

What do we need?
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What do we need to 
do to support search?

(Finding data that you think probably exists)
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• What’s do users expect from our metadata?

• No surprises.

• No need for “secret knowledge”.


• Solution?

• Can we demand more from our data providers? Probably not.

• PDS Nodes will probably have to deal with these issues 

locally.

• Do we need to coordinate our metadata updates across 

Discipline Nodes?


• Note: Whenever anything goes wrong, PDS gets the blame.

Needed: Reliable Metadata
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Cassini ISS, Target Name = “Sky”
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• AEGAEON

• ALBIORIX

• ANTHE

• ATLAS

• BEBHIONN

• BERGELMIR

• BESTLA

• CALYPSO

• DAPHNIS

• DIONE

• EARTH

• ENCELADUS

• EPIMETHEUS

• ERRIAPO 
• ERRIAPUS

• FORNJOT

• GREIP


• HATI

• HELENE

• HYPERION

• HYROKKIN 
• IAPETUS

• IJIRAQ

• JANUS

• JARNSAXA

• JUPITER

• K07S4 
• KARI

• KIVIUQ

• LOGE

• METHONE

• MIMAS

• MUNDILFARI

• NARVI


• PAALIAQ

• PALLENE

• PAN

• PANDORA

• PHOEBE

• POLYDEUCES

• PROMETHEUS

• RHEA

• S12_2004 
• S13_2004 
• S14_2004 
• S18_2004 
• S8_2004 
• SATURN

• SIARNAQ

• SKADI 

• SKATHI

• SKOLL

• SKY 
• SUN

• SURTUR

• SUTTUNG 
• SUTTUNGR

• TARQEQ

• TARVOS

• TELESTO

• TETHYS

• THRYM 
• THRYMR

• TITAN

• UNK 
• YMIR

• red = misspelled.

• violet = needs correction.

• yellow = needs review and update.

• orange = not useful.

• Note: 25% of all Cassini ISS images are identified as TARGET_NAME = “SKY”.

Every Cassini ISS target name since 2004

Needed: Reliable Metadata
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• What’s do users expect from our metadata?

• No surprises.

• No need for “secret knowledge”.


• Solution?

• Can we demand more from our data providers? Probably not.

• PDS Nodes will probably have to deal with these issues 

locally.

• Do we need to coordinate our metadata updates across 

Discipline Nodes?


• Note: Whenever anything goes wrong, PDS gets the blame.

Needed: Reliable Metadata
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• What’s do users expect from our metadata?

• No surprises.

• No need for “secret knowledge”.


• Solution?

• Can we demand more from our data providers? Probably not.

• PDS Nodes will probably have to deal with these issues 

locally.

• Do we need to coordinate our metadata updates across 

Discipline Nodes?


• Note: If anything ever goes wrong, PDS will get the blame.

Needed: Reliable Metadata
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What do we need to do 
to support discovery?

(Finding data that you want but didn’t know exists)
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• Cross-mission/cross-instrument terminology is inconsistent and always 
will be.


• Example: Filter names


• Consistent metadata is especially important for dataset-level searches.


• PDS’s repeated attempts at a single “grand solution” to categorize 
instruments and datasets have all failed. 


• PDS4’s “facets” are a step in the right direction but are not sufficient.


• Solution?


• The OPUS import engine standardizes common fields across 
instruments and also defines new universal fields (e.g., wavelength).


• OPUS uses a hierarchical, object-oriented schema with multiple 
inheritance.

Needed: Consistent Metadata
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• Cross-mission/cross-instrument terminology is inconsistent and always 
will be.


• Example: Filter names


• Consistent metadata is especially important for dataset-level searches.


• PDS’s repeated attempts at a single “grand solution” to categorize 
instruments and datasets have all failed. 


• PDS4’s “facets” are a step in the right direction but are not sufficient.


• Solution?


• The OPUS import engine standardizes common fields across 
instruments and also defines new universal fields (e.g., wavelength).


• OPUS uses a hierarchical, object-oriented schema with multiple 
inheritance.

Cassini ISS

Voyager ISS HST

Needed: Consistent Metadata
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• Cross-mission/cross-instrument terminology is inconsistent and always 
will be.


• Example: Filter names


• Consistent metadata is especially important for dataset-level searches.


• PDS’s repeated attempts at a single “grand solution” to categorize 
instruments and datasets have all failed. 


• PDS4’s “facets” are a step in the right direction but are not sufficient.


• Solution?


• The OPUS import engine standardizes common fields across 
instruments and also defines new universal fields (e.g., wavelength).


• OPUS uses a hierarchical, object-oriented schema with multiple 
inheritance to represent each product.

Needed: Consistent Metadata
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General Observations 
• Observation time & duration 
• Wavelength & spectral sampling 
• Observation type (image, spectrum, cube, etc.) 
• “Planet” 
• Target name 
• Mission & instrument 
• etc…

Object-Oriented Schema

19



Images 
• Pixel dimensions 
• Dynamic range 
• Framing vs. pushbroom vs. raster 
• etc….

Cassini Mission 
• Rev number 
• Observation ID 
• Spacecraft clock range 
• Prime instrument 
• etc….Occultation Profiles 

• Time sampling 
• Stellar vs. radio 
• Star name 
• etc….

New Horizons Mission 
• Mission phase name 
• Compression mode ID 
• etc….

General Observations 
• Observation time & duration 
• Wavelength & spectral sampling 
• Observation type (image, spectrum, cube, etc.) 
• “Planet” 
• Target name 
• Mission & instrument 
• etc…

Object-Oriented Schema
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FILTER_NAME 
INSTRUMENT_MODE 
OBSERVATION_ID

General Observations 
• Observation time & duration 
• Wavelength & spectral sampling 
• Observation type (image, spectrum, cube, etc.) 
• “Planet” 
• Target name 
• Mission & instrument 
• etc…

Cassini Image

Object-Oriented Schema
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Search: Images of Jupiter

28



Images 
• Pixel dimensions 
• Dynamic range 
• Framing vs. pushbroom vs. raster 
• etc….

Cassini Mission 
• Rev number 
• Observation ID 
• Spacecraft clock range 
• Prime instrument 
• etc….Occultation Profiles 

• Time sampling 
• Stellar vs. radio 
• Star name 
• etc….

New Horizons Mission 
• Mission phase name 
• Compression mode ID 
• etc….

Cassini ISS Images 
• Filter name 
• Instrument mode 
• Gain mode ID 
• etc….

NH LORRI Images 
• Readout mode 
• etc….

General Observations 
• Observation time & duration 
• Wavelength & spectral sampling 
• Observation type (image, spectrum, cube, etc.) 
• “Planet” 
• Target name 
• Mission & instrument 
• etc…
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• This approach provides the best of both worlds:


• High-level search is available across all data sets.


• All instrument- and mission-specific parameters are 
available once a search has been narrowed down to a 
single dataset.


• The transition between dataset-level search and 
product-level search is seamless.


• The “flat” tables delivered to PDS require serious 
modification in order to support this approach.


• …raising the question: Will the PDS4 registry really be 
able to support data discovery the way we would like?

Object-Oriented Schema
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What do we need to do 
to support exploration?

(Finding data that exists but you didn’t know you want)
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The problem:


• Non-mapping instrument teams 
rarely provide metadata suitable for 
robust geometric searches.


• Information may be provided for the 
center of the field of view, or 
perhaps for the four corners.


• Quantities like sub-spacecraft 
latitude and longitude do not tell you 
where the instrument was pointed.


• Robust geometric search requires a 
comprehensive sampling of the field 
of view.

+

Needed: Detailed Metadata
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The problem:


• Non-mapping instrument teams 
rarely provide metadata suitable for 
robust geometric searches.


• Information may be provided for the 
center of the field of view, or 
perhaps for the four corners.


• Quantities like sub-spacecraft 
latitude and longitude do not tell you 
where the instrument was pointed.


• Robust geometric search requires a 
comprehensive sampling of the field 
of view.

Needed: Detailed Metadata
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• PDS4 organization:

• Bundle (e.g., all Cassini images) ⤵

• Collection (e.g., raw or calibrated or browse) ⤵

• Product (e.g., image1 or image2 or image3) 


• Better for discovery and exploration:

• Bundle (e.g., all Cassini images) ⤵

• “Observation” (e.g., image1 or image2 or image3) ⤵ 
• Product (e.g., raw or calibrated or browse)


• “Observation” = a selectable unit of data.

• In OPUS, users search for observations. Only after a query is complete 

do they decide what kinds of products to download.

• The PDS organization around products rather than observations clouds 

our thinking and interferes with the user experience.

• The PDS4 mechanism for defining associations between products 

helps but is not sufficient.

Needed: Sensible Granularity
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• Well-crafted browse products:


• should make it possible to review thousands of data 
products quickly.


• are critical to supporting discovery and (especially) 
exploration.


• are not easy!

OPUS

Needed: Informative Browse Products
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• Well-crafted browse products:


• should make it possible to review thousands of data 
products quickly.


• are critical to supporting discovery and (especially) 
exploration.


• are not easy!

OPUSImage Atlas 
(same size browser window)

Needed: Informative Browse Products
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• Well-crafted browse products:


• should make it possible to review thousands of data 
products quickly.


• are critical to supporting discovery and (especially) 
exploration.


• are not easy!

Cassini CIRS 
footprints


Cassini ISS, 
RED filter


Cassini UVIS 
time series 

Cassini VIMS 
Visual/IR,   

Titan clouds

Needed: Informative Browse Products
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Needed: Informative Browse Products
Dirty Laundry: Our previews of VIMS solar occultation data products… still need some work
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• OPUS supports Search, Discovery and Exploration across key outer 
planets data sets.


• Team-delivered metadata can be very unreliable and difficult to repair.

• To enable cross-mission, cross-instrument search capabilities, we need 

to:

• identify inevitable inconsistencies in terminology and define “universal” 

quantities to supplement them.

• implement our databases as hierarchical, “object-oriented” schemas 

rather than as “flat” tables.

• We probably cannot expect missions and instrument teams to provide the 

detailed, geometric metadata that are needed for serious exploration.

• Discipline Nodes have an important role to play here.


• The most sensible “searchable unit” of data is not necessarily the product.

• High-quality, informative browse products are a critical and under-

appreciated component of data discovery and exploration.

• Coming next: Data exploration can be and should be fun.

Ten Years of OPUS: Lessons Learned
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