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Overview

• Background
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• In 2006, Mars Global Surveyor (MGS) was lost due to spacecraft 
commanding against an invalid fault mode parameter configuration1

– Situation led to non-Earth orientation of HGA as well as rapid, fatal power drain
– Clearly parameter state must be tracked or risk invalid flight system behavior

• Mars Exploration Rovers (MER) parameter experience led to design and 
implementation of an MSL Parameter Management Tool (PMT) 

• So… What are parameters?
– Configurable system values residing in volatile and persistent memory
– E.g. Thermal and power targets, fault monitor behavior…
– Specified in dictionaries of one sort or another

• Why parameters vs. configuration tables?
– More fine tuned control, can potentially modify down to a single parameter at time
– However, they are significantly more complex to track

• What questions do we ask?
– “What is the current state of parameters as of time X” (Snapshot Query)
– “What parameter changes have occurred between time X and Y” (History Query)
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Whether

Battery Control Board (BCB) Module Parameters

Group Copies:

Parameter identifier generated from module, group copy (if present) and parameter 
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• Designed a parameter tracking web service with a back-end database
– Start of coding green lighted 3 months prior to MSL launch
– Flight software (FSW) had been in development for over 5 years by this time
– Three half time developers, all supporting other critical software development

• MSL data management, relay planning systems..

– Implemented on top of MSL Mission Processing and Control Systems (MPCS) software

• Technologies and Standards
– Coded in Java and Python
– ReST for server interactions
– ReSTlet Java web server
– Hibernate for information persistence
– HTML and Velocity templates for data visualization

• Deliveries
– Early cruise version
– Multiple surface ops versions

• Including recent ops version to deal with design issues found along the way
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Simple HTML web interface

Multiple data views configurable 
via Velocity templates





Jet Propulsion Laboratory
California Institute of Technology Challenges and Issues

• Challenges
– Flight software developed for years ahead of PMT implementation, and fully locked 

down by the time it started
• Any design issues were the problem of the PMT implementation

– Always lower priority to MSL’s data management systems
• Iterative design updates well up through Surface

• Primary Design Issues
– Lack of standards across dictionaries and downlink data leading to issues in parameter 

identification/mapping of parameter data out of telemetry
– Revision management approach in the face of out-of-order data receipt
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A snapshot at any 
time is merely a 
query for ‘most 
recent prior 
context’, with 
pointer references 
auto-resolved via 
Hibernate.  Made 
for a very fast 
query.

At each point in time where 
parameter evidence is found, a 
context revision is generated, 
including that data and pointers to 
the most recent evidence for 
every other parameter
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Lessons Learned
• While we did eventually implement a working version of the tool, 

the late start and resulting inability to affect interfaces or otherwise 
address integration issues at the design level resulted in overall 
higher than expected costs.  Design and integration of these and 
similar functions must be addressed much earlier in the mission 
development lifecycle.  

Continued Work
• Version recently implemented and released for Soil Moisture 

Active-Passive (SMAP)
• MSL updates to improve revision management and to track 

evidence of parameter “truth” using memory checksums and 
command set counters
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