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CML Scale is Based on the Structure 
of the TRL Scale 
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CMLs: A Powerful Communication Tool JPL Innovation Foundry 
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Early CMLs Provide the Greatest Value to 
Mission Architects 
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• Mission concept development has limited 
guidance prior to Phase A 

• As such, CML Matrix and checklists have their 
largest utility during CML 1 – 4 
- At the start of Pre-Phase A, there is no NASA guidance 
- At the end of Pre-Phase A (CML 5) guidance is provided 

by: 
• NASA’s Announcement of Opportunity (Competed Projects) 
• NASA’s Procedural Requirements 7120.5E (Assigned Projects) 
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• CML Matrix contains   
- 7 Columns (CML 1 – 7) 
- 24 Rows (attributes) 

• Science rows (2) 
• Technical rows (13) 
• Management rows (5) 
• Cost row (1) 
• “Other” rows (3) 

• Rows organized by the 
way NASA holds 
technical reviews 
- Science Review 
- TMCO Review 

 
 

CML Matrix is the Key 
for Measuring Maturity 
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The Science Rows of the CML Matrix 
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• Strengths: 
- Provides a systematic approach for measuring a mission 

concept’s maturity in Pre-Phase A 
- Provides study team guidance about where to allocate 

their limited resources for the biggest benefit 
- Assessment is quick and repeatable 
 

• Weaknesses: 
- Does not measure the quality of the items produced, just 

their level of completeness 
- No attempt to weight relative value of one attribute over 

another 
- Study teams are too optimistic as self-assessors 

 
 

Strengths and Weakness of CML Checklists 
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CML Assessment Process is Continuously  
Being Evaluated 
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• Comparing results provides 
the ability to “tune” the 
checklists 
- If a particular attribute is all 

“red” and “yellow,” 1) study 
teams need training in that 
area or 2) attribute should be 
moved one CML later 

- Results are compared with 
results from an all-day JPL 
review prior to the start of 
Step 1  
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How CMLs are Used at JPL to Advance 
Concept Design Maturity 

• JPL’s A-Team (CML 1 – 3) 
– Idea generation, feasibility assessment, architecture trade 

space evaluation, science traceability, technology 
infusion, and strategic evaluation  

 

• JPL’s Team X (CML 4) 
– Initiated in 1995 and pioneered the collaborative 

engineering capability within NASA 
– Conducted over 1000 studies 
– Collaborative design sessions to generate a specific 

mission design, spacecraft design, mission cost range 
and associated risks 
 

• JPL’s Proposal Effort (CML 5 – 6) 
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Future Plans 

• CMLs are not the entire answer to measuring 
concept maturity 

• Other factors that can impact concept maturity are: 
– Complexity 
– Design Maturity 
– Technology Readiness 

• JPL has begun work on identifying factors that are 
known in Pre-Phase A that can measure a concept’s 
complexity 
– Initial results indicate that a concept’s complexity level can be 

used to predict future cost growth 
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Conclusion 

• CMLs are catching on at: 
– JPL 
– NASA Planetary Science Directorate 

• (based on application during Planetary Science Decadal Survey) 

• Many uses 
– communication tool 
– evaluating and sorting concepts 
– identifying areas that need strengthening 
– input to estimating cost uncertainty 

• Will improve concept robustness prior to moving 
into Project Formulation 
– Most compelling science identified for a given cost class 
– Detailed trade space exploration has been performed 
– Mission concepts are complete (no omissions) 
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