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Introduction

• Traditionally, Mission Operation Systems (MOSs) 
have been developed through adaptation of 
previous missions
 Leads to problems with completeness, traceability, and 

understanding
• JPL extending a model-based systems engineering 

(MBSE) approach to MOS design
 MBSE a paradigm to address needs for complex system 

design
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How Do We Currently Build Our Mission Operations System?

• Document-based approach is a time-proven 
method
 Mission Operations System Engineer (MOSE) 

analyzes a new mission’s objectives, high-level 
requirements, architecture, and constraints
 Selects a heritage mission’s MOS for adaptation
 Analyzes heritage design for differences, lacks, and 

unneeded capabilities, and creates a draft design for 
a new mission.

• Leads to designs that look like this:







Top challenges encountered by MOSE’s:



complete
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Document-Based MOS Design vs. Model-Based MOS Design

Developing and Verifying Requirements
– Identifying the right set of requirements for your specific 

MOS (vs. inheritance from previous missions with edits)
» Derived from scenario analysis, and mapped clearly to design 

elements and ops processes for verification
– Requirements change often during the development life 

cycle, even at the V&V stage
» Typical requirements management system provides hierarchical 

linkage, but lacks ability to interrogate the source and resulting 
design connections

» Respond to changes earlier, verify earlier, mitigate costly fixes 
later in development



Figure 3. A Typical Flight-Ground Trade Example.
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Document-Based MOS Design vs. Model-Based MOS Design

Transition from Development to Flight Operations:
•The MOSE wants to leave a system in place for the Flight 
Ops Team which will allow the team to easily:
 Align ground plans with changes in flight system operation
 Asses change impacts

•The use of a model provides a team with:
 The big picture view
 A clearer understanding of system states at all stages
 Metrics to help identify if a process is incomplete
 Training capabilities for future operators – nominal and off-nominal situations 

can be simulated in the model



Persistence of a model throughout the entire mission life cycle is key
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What Have We Built?

• OpsRev
 A subset of the MOS 2.0 initiative developing a next-

generation operations system
 MOS 2.0 is planned to incorporate a number of models in its 

tool suite, while also encapsulating operations practices

• MOSE and GDSE Development Procedures 
Model
 Text-to-model conversion
 Ambiguity and conflicts aligned
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Future Work

• GDS Model to Match OpsRev model
• Connection of the MOSE and GDSE system engineering 

procedures to the OpsRev model, streamlining system 
engineering workflow.
 Also more detail to be added, capture of research resources, 

“tips and tricks”, lessons learned, and historical contacts
• Mars 2020 and Europa Clipper missions intend to use 

architecture-driven model-based systems engineering 
for both flight system and ground system development.
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