
THE NASA PLANETARY DATA SYSTEM: 
PAST, PRESENT, AND FUTURE 

Ray Arvidson 
Washington University in Saint Louis 

6/8/15 

1 



Back in the Day….1978 
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Archiving was not part of our mindset                      First use of interactive image processing with Apple 
 



We Began to Recognize Limitations….Haphazard Archive 
Deliveries Without Proper Documentation 
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• Need more than large centralized archives 
 
• Chartered Committee on Data Management 
     and Computation (CODMAC) of the NAC/NRC Space 
     Science Board (SSB) with three reports in 1980’s before 
     disbanding to look at how to do a better job 

 

From “Raiders of the Lost Ark” 
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1982 

Bernstein et al.  

Guiding Principles for Archiving 
 
• Management and not technology limitations 
     are the major impediments to successful archives 
• Highest quality archives are those housed with 
     scientists who use the data and with oversight  
     by those individuals 
• Successful archives must have instrument and other  
     data providers deliver well documented  
     archives in standard form 
• Formats and archive structure should be designed 
     for use by scientists and strike balance between  
     flexibility and economies of non-changing structures 
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1986 

Arvidson et al.  

Guiding Principles for Distributed Archives 
 
• Develop distributed archive centers focused on 
     locations where scientists use the data and can 
     provide archive oversight 
• Continue to involve centralized archives for 
     permanent storage 
• Effective management and not technology limitations 
     will be limiting factors in development of successful  
     archives  



PDS Approach….Distributed Data Archives 
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Discipline Nodes selected via  
peer-reviewed proposals 



PDS Community Involvement 

7 



8 

Structured Archive Development 

• Lessons learned 
from archiving 
experience have 
helped 
formulation of 
standard practices 
for interfacing 
with missions 
related to archive 
production. 

Distribution to Users 

Operations (data production and delivery to archive) 

End to End Testing 

Peer Review 

Archive Plans / Product Design 

Data Archive Working Group (project, instruments, archivists) Lessons 
learned from 
archiving 
experience 
have helped 
formulation 
of standard 
practices for 
interfacing 
with missions 
related to 
archive 
production. 
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PDS Geosciences Node as an Example 
Discipline Node 
 
• Focus on Mercury, Venus, Earth’s Moon, 
     Mars 
• Directed by scientist who uses the archives 
• Extensive cooperation with other Nodes 
• Active in PDS-wide standards development 
• Participants in international development of 
     standards 
• Close coordination with missions for archive 
     planning, validation, and delivery 

 



Growth of Geosciences Node Archives and Downloads 
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~168 terabytes 

~5  terabytes/month 



Geosciences Node  Infrastructure 
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        Orbital Data Explorers 
 
• Forms and map-based searches 
• Feature-based searches, e.g., by crater name 
• Cross PDS Node searches 
• Granular level searches 
• Custom archives for delivery 
• Representational State Interface (REST) 
      included to allow users to design their own  
      interfaces to archives  
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 Search for MESSENGER MASCS (UV to IR Spectrometer) and MLA Data (laser altimeter) From the Geosciences 
Node and MDIS-NAC Image Data From the Imaging Node for Cahokia Vallis 
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Lunar ODE to Find and Generate Binned Data LRO LOLA (laser altimeter) Data Covering Aristarchus  

Custom-Binned Data LOLA Orbits Over Crater 
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   Analysts’ Notebooks 
 
• Developed to ensure 
      proper documentation of  
      daily activities, linking plans,  
      sequences, data products, 
      and contexts for observations 
• A digital play-back of the mission 
 

 
  



Analyst’s Notebook Systems View 
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MSL Curiosity Analyst’s Notebook Example Search for Observations  
                          Associated With “Mammoth” Target 
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MSL Curiosity Analyst’s Notebook Search Results for “Mammoth” Target 



    PDS4 Information Model - Modern, Streamlined Approach 
The information model defines objects, attributes, and relationships in the archive at a conceptual level. 
There are four fundamental objects. Science data are described as Array or Table objects.  

Fundamental 
Object 

Examples  Examples of Attributes Examples of Relationships Notes 

Array 2-dimensional 
image 

Number of lines, number of 
pixels per line, bits per pixel, 
data type, display direction 

An image has pixels (array 
elements); a pixel has data 
type, byte order, units. 

Arrays are defined with 2 
to 16 dimensions. 

Table Spectrum Number of rows, number of 
columns 

A table has columns; a 
column has size, data type, 
start location, definition. 

Binary and ASCII text 
tables are defined. Text 
tables may have fixed-
width or variable-width 
columns (i.e. CSV). 

Parsable byte 
stream 

ASCII text file Parsing standard (e.g. ASCII, 
XML, SPICE) 

A science observation is 
associated with a SPICE 
kernel. 

Parsable byte streams are 
text files that can be read 
using standard rules. 

Encoded byte 
stream 

PDF document, 
JPEG image 

Encoding standard (e.g. PDF, 
JPEG, PNG), size, description 

A science observation is 
associated with a calibration 
document in a PDF file. 

Encoded byte streams 
require software to read 
them. Only standard 
encodings are allowed. 
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PDS4 Archive Components 
Everything in a PDS4 archive is a product, including 
data, documents, calibration files, browse images, etc. 
 
A data product is a science observation, such as an 
image or a spectrum, and its label. 
 
A collection is a group of data products, such as the set 
of all Mars InSight Lander HP3 calibrated temperature 
data. 
 
A bundle is a group of collections, such as all InSight 
HP3 temperature data collections (raw, calibrated and 
derived).  
 
 

Bundle 

Collection Collection Collection 
Science 

Data 

Label 

Product 
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XML labels and schema 
(Extensible Mark-up 
Language) 



New kid on the block – NASA’s 2020 Mars 
Rover Mission 
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Mars 2020 New Challenge…Cache Documentation 
and Linking to Curated Returned Samples 
• Use rover-based time as key variable to link tables of context 

observations, drilling site, core sample, cluster-drop location to actual 
samples returned to Earth 

• Track samples through the Curatorial Facility 
• Requires major effort on end to end tracking from planned 

observations, to sequence implementations and results, to data 
products, in addition to providing linkages among all observations and 
locations 
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What is Around the Corner…….. 
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• Immersive 3D visualization in your 
     office or laboratory environment 
• Faster internet speeds 
• What else? 

Microsoft’s Hololens Prototype for Planning Curiosity observations 



              International Planetary Data Alliance 
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IPDA member agencies 
Italian Space Agency 
National Centre for Space Studies (CNES – France) 
China National Space Agency 
German Aerospace Center 
European Space Agency 
Space Research Institute (Russia) 
Indian Space Research Organisation 
Japanese Aerospace Exploration Agency 
National Air and Space Administration 
United Kingdom Space Agency 



               Stick to your guiding principle 

 
 
 

Best archives are those sited at locations where scientists use the data 
and where scientific oversight is a key management element 
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