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ABSTRACT 
The European Space Agency’s Planetary Science Archive (PSA) has the long-term 
preservation of data and knowledge from all of ESA’s planetary missions as a core focus.  
This paper will discuss the various data handling and validation procedures put in place 
to ensure the long-term usability, integrity and compatibility of our archives with as wide 
a range of data from other planetary archiving authorities as is possible.  PSA maintain 
and distribute a validation tool (PVV) allowing for syntactic validation of data and 
volumes against the Planetary Data System (PDS) archiving standards.   These standards 
are widely accepted within the planetary science community, and have therefore been 
adopted for all PSA archives to ensure cross-mission compatibility.  A local dictionary of 
keywords is maintained by PSA and used to validate all data prior to ingestion, and also 
to ensure that all the information that is required to understand and query relevant 
parameters for an instrument are present in all data delivered.  In addition, scientific 
validation tools are now being used to ensure that the quality of measurements is flagged 
correctly in data product labels.  It is hoped that the processes put in place will maximise 
the long-term usefulness of data and knowledge from all of ESA’s planetary missions. 
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INTRODUCTION 
The European Space Agency’s Planetary Science Archive (PSA) is the central repository for data 
returned by all of their planetary missions.  The long-term preservation of these data and associated 
knowledge is our core focus.  All data provided within the Planetary Science Archive are therefore 
passed through a set of rigorous procedures designed to ensure the usability of the data not only at the 
time of ingestion, but also in the long-term, after the mission has closed and direct support from 
personnel involved with the mission can no longer be guaranteed.  Currently, the PSA is hosting data 
from Mars Express, Venus Express, Giotto, Huygens, Halley (ground based data), and is handling data 
from Rosetta, SMART-1 and Chandrayaan-1 in preparation for public release. 

This paper will discuss the data handling and validation procedures put in place to ensure the long-term 
usability, integrity and compatibility of the PSA archives with as wide a range of data from other 
planetary archiving authorities as is possible.  The standards used to define data formats and construct 
data sets will be introduced, and a summary of the various validation tools used to guarantee compliance 
presented. 

ARCHIVING STANDARDS FOR PLANETARY DATA 
All PSA data are compliant with NASA’s Planetary Data System (PDS) Standards [1] for formatting 
and labeling files, including requirements for documentation and the structuring of data sets.  The PDS 
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Standards are widely accepted and understood within the planetary science community, having been 
used on data returned by the majority of previous planetary missions.  Adopting these Standards is 
therefore the first step in ensuring that the data stored in the PSA are as widely usable as possible and 
will remain so for many years to come. 

Within the PDS Standards, data are organized into volumes and data sets, collecting together 
observations of similar type, processing level, and/or from a specific mission phase or observation 
campaign.  All data products are given an ASCII label, either attached directly to the product or, more 
commonly, provided as a separate label (LBL) file with the same root name as the product being 
described.  Typically, a ‘one data product, one label’ rule is followed, and is strongly encouraged within 
the PSA.  A subset of a label file is provided in Figure 1.  This label is from an imaging camera, and it is 
clear that all information required for software to be able to correctly interpret and display the data is 
provided in ASCII format as part of the label, thus ensuring long-term usability.  

Figure 1: Sample of PDS formatted label file for an imaging camera product, including all information 
required for any standard software to interpret and open the image. 

As well as the data products themselves, the PDS Standards have strict requirements for documentation 
associated with each data set.  A collection of ASCII formatted ‘CATALOG’ files is required to provide 
fundamental information on each key aspect of the data set.  These ‘*.CAT’ files require that 
descriptions are provided of the instrument, the mission, the data set, any software delivered, and a 
number of other key data set components.  It is critical that these are carefully validated before ingestion 
as they are typically among the first files end-users will look through to understand a data set before 
undertaking any science or study with the data.  For PSA, much of the information later used to query 
for a given data set or data product is extracted from the catalog files, so it is also important to ensure 
that all such keywords and values are correctly provided prior to ingestion. 

Also critical to the understanding of a data set is the Experimenter to Archive Interface Control 
Document (EAICD), ESA’s equivalent to the Software Interface Specification (SIS) in NASA volumes.  
This is a required document in all data sets and should cover all aspects of the data and data sets being 
delivered to allow an end-user to complete some useful studies.  A good deal of effort is invested into 
the production and validation of these files well before a data itself is delivered for review. 
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PLANETARY ARCHIVING WITHIN ESA – BASIC CONCEPTS 
The preparation of the data in the PSA is typically the responsibility of the individual instrument teams, 
mostly located in Europe.  PSA staff support the instrument teams throughout the entire archiving 
process, defining the conventions to be followed at all ‘levels’ in the archive (volume/data set/data 
product and mission/instrument/sensor).  In this way, we can ensure there is consistency in all data from 
the same mission and for data from similar instruments, maximizing the potential for cross-instrument 
and cross-mission data usage. 

Through the development and active mission phases, control of the archive development and of the 
routine deliveries is regulated with the instrument teams via the ‘Data Archive Working Group’ 
(DAWG).  This group, coordinated by the PSA, is set up on each mission and contains all of the data 
producers and relevant science personnel required to ensure the data produced are of a good archiving 
quality and will remain useful in years to come.  DAWG meetings and teleconferences are held 
regularly, with face-to-face meetings in line with all of the Science Working Team meetings. 

Initial Archive Development 
The overall concept for archiving is documented in an official ‘Archive Plan’ put together for each of 
ESA’s planetary missions.  This is agreed and signed by all PI teams and ESA mission management.  
The Archive Plan is typically produced in line with the ‘Archive Conventions’ document that outlines 
all of the mission-wide keywords, values and concepts to be used by all instruments.  Both of these 
documents are put together by the PSA in close coordination with the lead scientist of the mission 
(Project Scientist in ESA), ensuring all top-level aspects of the archive are defined in a useful way to 
allow for inter-instrument data analyses.  It is at this stage that instrument co-operatives can also be 
highlighted.  For example, a specific mission may have a suite of instruments that are very well suited to 
work together on a given science objective.  In this case, the archive should highlight this possibility and 
all documentation, calibration, software and even data labeling for these instruments should be 
conceptualized to allow for easy cross-instrument analyses. 

Once an instrument team has the initial concept and documentation, they put together the Experimenter 
to Archive Interface Control Document (EAICD), detailing the archive for the given instrument.  This is 
subject to rigorous internal validation.  Once agreed internally, this document is placed in to the first 
step of the PSA’s review procedure. 

Independent Review Cycle 
Independent reviews are critical to ensuring that data are useful and suitable for long-term archiving.  
ESA typically follow a 3-step approach to this for their planetary missions: 
• EAICD Review: internal but independent review of the EAICD document detailing the intended 

delivery and data structures.  Normally the document is delivered with a small sample of example 
data. 

• First Delivery Review: a full-scale review of all data delivered for the first major release of data 
from a mission.  Complete data sets are submitted for review.  Scientists (potential end-users of the 
archive) are requested to assess the usability and suitability of the data sets for inclusion in the long-
term archive. 

• Final Mission Archive Review: a full-scale independent review at the close of the mission to assess 
the complete archive. 

For long missions such as Rosetta, with several fly-by phases of asteroids, Earth and Mars before finally 
reaching the comet, full independent reviews are organized for each major encounter.  

Reviews are typically face-to-face meetings, with reviewers having access to the data four to six weeks 
prior to the meeting.  These are very resource-intensive activities, but are invaluable to ensuring the 
quality of the data being archived. 
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PSA VERIFICATION AND VALIDATION PROCEDURES 
All data delivered to the PSA are subjected to a set of rigorous validation procedures.  These are 
completed at all stages of a mission, from the first delivery through the ‘routine’ archiving phase (i.e. 
after the first delivery review when the pipeline for data production is frozen) until the final delivery is 
ingested and the mission archive is frozen.  The basic procedure followed for all data deliveries and 
ingestions is: 
• PVV Syntax validation: the PVV tool is run on all data sets and volumes.  This ensures syntax and 

the presence of all required keywords.  No data can be ingested without full PVV compliance. 

• PVS: for most data set, the PSA Validation System (PVS) tool is run.  This completes more 
qualitative checks and ensures keyword values are consistent with the data themselves. 

• Manual Checks: a series of spot-checks are made on all data deliveries to ensure data can be read 
and are useable.  For stand-alone data sets, these checks are made on all file types in a data set (i.e. 
data, documentation, geometry, calibration etc.).  For teams delivering data incrementally to the 
same data set, spot-checks on the new data are all that is required after the initial delivery and 
ingestion.  The manual checks required of course vary greatly between the different instruments 
delivering data. 

The validation procedure relies upon requirements drawn from all archive documentation, with the 
Archive Plan and Archive Conventions at the top level, and the instrument EAICD and Review Reports 
providing lower-level requirements.  These are input into the system primarily via the ‘PSA Dictionary’ 
and are then verified automatically by the PSA Volume Verifier (PVV) and PSA Validation System 
(PVS) tools. 

PSA Dictionary and the PDT 
As already discussed, the PDS Standards are based around a ‘Data Dictionary’ containing a set of 
keywords that can be used to provide all of the information in the label and catalog file that are required 
to access and analyse the data being prepared for archive.  PSA maintain their own ‘PSA Data 
Dictionary’, built up from the PDS version and appending many of their own ‘local data dictionaries’ to 
specify information pertinent only to individual ESA missions. 

Figure 2: The PSA Dictionary Tool (PDT) used for maintaining and updating the dictionary 

The PSA Dictionary also allows for ‘labels’ to be defined at all levels within the archive.  These specify 
the required keywords for all labels belonging to a given archive, mission, instrument or sensor.  For 
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example, a ‘PSA_LABEL’ is defined at the highest level listing the keywords that are required in all 
data sets before they can go into the PSA.  At the other end of the scale, labels are defined for individual 
sensors from a given instrument, such as the Ion Mass Analyzer (IMA) sensor from the ASPERA-3 
instrument on Mars Express.  This label will list all those keywords required for data products from that 
sensor.  If a team produces a data product label without one of these required keywords, the PVV 
software will throw an error and the team will be unable to deliver the data.  This allows us to ensure 
that all critical keywords are provided for each instrument, and also that at the first-level, all data labels 
in a given data set will be identical. 

In order to maintain and update this dictionary, a web-based tool has been developed (Figure 2), 
allowing for new values to be added to keywords (where permitted by the PDS Standards), new 
keywords to be created - especially important for mission-specific elements, and also allows for 
checking of keyword lengths and standard value types within the dictionary. 

Maintenance of the dictionary is a major job, and it has been found that the PSA and PDS dictionaries 
have diverged as missions developed and new requirements arose on both sides.  PSA staff therefore 
work in close collaboration with the PDS as values are added to the dictionary, and regular merging of 
the PDS Dictionary with the PSA Dictionary is required to ensure compliance with both the PSA and 
PDS. 

PVV and PVS 
Compliance with the conventions and requirements on each mission / instrument, and with the PDS 
Standards is verified using the PVV validation tool developed by the PSA and distributed to all data 
providers, allowing them to syntactically validate their data at all phases in development of their 
pipelines, and before each delivery to the PSA. 

The PVV checks the data set structure, the syntactic requirements of all labels and catalog files, and a 
number for other PDS requirements such as line lengths for ASCII files, and date and time formats.  The 
tool can also be used to create the standard INDEX and BROWSE_INDEX files that provide a list of all 
data and browse products in a data set.  All instrument teams are required to run the PVV on their data 
sets before delivering to the PSA.  The verification of a delivery can be completed on a complete 
standalone data set, on a ‘release’ constituting an incremental delivery of data to an existing data set, or 
on a ‘revision’ of any file(s) already existing in the archive.  The PVV runs from the command line, and 
a screenshot from this is provided in Figure 3 (left). 

Figure 3: The PVV (left) and PVS (right) validation tools 

A further more qualitative validation step is completed on many data sets at the PSA aiming to ensure 
correctness, completeness and cross correlation of all information, label and data content, within a data 
set.  This is completed by the PSA Validation System (PVS), running within IDL and provided a report 
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that can be visualized via a website (Figure 3, right).  This is an internal PSA tool and there are no plans 
for distribution.  The nature of the criteria being validated means that the output requires a degree of 
intelligence to interpret, and not all errors need fixing.  In most cases, the critical aspects of the report 
can be included in an ERRATA.TXT file in a data set to flag issues that an end-user should be aware of 
when using the data. 

USER INTERFACES 
After validation is complete, data are imported and ingested into the PSA and are provided to the end-
user via three interfaces (Figure 4), all linked to from the PSA website (http://www.rssd.esa.int/PSA):  
• Advanced Search: complex searches of various parameters are possible with this interface. 

• Map-based: for Mars Express, data from two instruments (HRSC and OMEGA) are available via a 
map-based interface.  Work is ongoing for map interfaces for other instruments and missions. 

• FTP Access: all public data are available for direct ftp download from the website. 

Figure 4: The Advanced Search (left), Map-based (centre) and FTP (right) user interfaces 

Linking the Dictionary to the Advanced UI 
All parameters that can be queried in the Advanced Search Interface must be available for ingestion into 
the PSA database, either from a data product label or associated file in the data set.  The Advanced User 
Interface definition for a given instrument and required queries must therefore be determined quite early 
in the data preparation in order to ensure that all parameters are included in the relevant labels defined 
within the PSA Dictionary. 

FUTURE INTERNATIONALISATION OF THE STANDARDS (IPDA) 
The PSA work very closely with experts at NASA’s PDS as the Standards continue to develop.  In order 
to ensure cross-compatibility of data with other archiving authorities around the world, a group of 
archiving experts from all major countries involved in planetary exploration gathered together to form 
the International Planetary Data Alliance (IPDA).  One of the main objectives of this group is to try to 
develop data and archives that are inter-operable.  The validation of data to allow for this 
interoperability will be a future requirement in addition to the standard validations already incorporated 
in the set-up of the PSA and discussed in this paper. 

SUMMARY AND CONCLUSIONS 
In order to ensure long-term usability, compatibility and to maintain the scientific integrity of the data in 
the long-term, effort must be put in at a very early stage in data preparation and be maintained 
throughout the entire mission lifetime.  PSA personnel provide support to ESA’s instrument teams as 
they develop their data, and validation of data and documentation is completed at many levels and in 
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several stages.  Independent external reviews of data by scientists are of critical importance to ensure the 
scientific quality and usability of data.   

A rigorous set of syntactic and qualitative validation steps are completed on all data delivered to the 
PSA.  This is done by the PVV and PVS tools and via a number of manual checks that vary depending 
upon the data being validated.  In order for these tools and checks to work a robust infrastructure is 
needed, with labels, keywords and keyword values carefully defined within a PSA Dictionary. 

In close collaboration with NASA and the PDS, the Archiving Standards for planetary data are being 
internationalized and streamlined.  These activities form part of PSA’s involvement in the International 
Planetary Data Alliance (IPDA). 

It is hoped that the validation system set-up and used by the PSA will allow for all of ESA’s planetary 
data to be available and useful to the community for many years after the mission has ended, and that 
they will be as compatible with as many other planetary archive data as possible. 
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