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• Problem Statement
• Concept Maturity Levels (CML)
• Architecture – Team (A-Team)
• Developing a Science Story
• Science Return Diagraming (SRD)
• Science Value Matrix (SVM)
• Conclusion
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NASA Wants Focused and Compelling Proposals
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• Problem:
– NASA provided very little guidance for Pre-Phase A activities
– Science portion of competed mission proposals were not focused and compelling
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Absent: A Common Language for Concepts

• How mature is your concept?

This 
or 

that?

Trades Comments
Launch vehicle Atlas V Delta IV-Heavy Ares V Ares V considered acceptable only for sample 

return concepts launched post 2020.

Cruise propulsion SEP + GAs Chemical + GAs Propulsive only Good performance from Chemical+Gravity 
Assists (GAs). SEP+GAs warrants further 
consideration, but new optimized trajectory 
search is needed.

Capture into Saturn system Titan aerocapture 
(aerogravity assist)

Propulsive capture Aerogravity assist saves mass and also saves at 
least several months in pumpdown .

Pump-down mission design Enceladus/Titan 
GAs only

Multiple moon GAs 
only

Multiple moon 
propulsively-
leveraged GAs

REP+GAs Other options found to be too high delta-V or 
flight time.

RPS type MMRTG ARPS (advanced 
Stirling)

ARPS specific power higher, efficiency much 
higher (less Pu needed).  Guidelines allowed 
ARPS as acceptable and available option for 
flagship studies.

Orbiter implementation Enceladus Orbiter Low-Energy 
Enceladus Multiple-
Flyby (Saturn 
Orbiter)

High-Energy 
Enceladus Multiple-
Flyby (Saturn 
Orbiter)

Lander/Probe implementation Fly-Through 
Probes and 
Impactors

Rough Landers Soft Landers Orbi-Landers Priority placed on having in-situ measurements 
from surface.

Number of landers None One Three (regional 
distribution)

Five (larger-scale 
distribution and/or 
redundancy)

Lander lifetime/duration Short-lived (~2 
weeks on primary 
battery or fuel cell)

Long-lived (~1 year 
on RPS)

Lander mobility type Stationary Locally mobile (~10 
km)

Regionally mobile 
(~100 km)

Globally mobile Considered propulsive "hopper" type concepts 
for soft landers.

Legend:

Acceptable and 
evaluated in this 
study
Acceptable but not 
evaluated in this 
study
Unacceptable

Alternatives and Selections
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Science Goals, Enceladus Mission Science Assessment - 0-10, 10 best

1.  What is the heat source, what drives the plume 10 6 7 4 5 5 2 1 3 6 1

2.  What is the plume production rate, and does it vary 8 8 9 8 9 9 7 3 8 7 3
3.  What are the effects of the plume  on the structure and 
composition of Enceladus? 5 8 9 6 7 7 4 3 5 8 2
4.  What are the  interaction effects of the plume on the 
Saturnian system 3 7 7 7 6 6 8 7 8 7 7

5.  Does the composition and/or existence of the plume give 
us clues to the origin and evolution of the solar system 7 7 7 6 7 7 7 5 7 7 3

6.  Does the plume source environment provide the 
conditions necessary (or sufficient) to sustain biotic or pre-
biotic chemistry 5 8 8 6 7 8 6 5 7 8 3
7.  Are other similar bodies (Dione, Tethys, Rhea) also 
active, and if not, why not? 6 8 8 8 8 8 8 7 8 8 5

Value by Architecture, summed 52 55 45 49 50 42 31 46 51 24

Value by Architecture, weighted, summed, normalized 0.46 0.493 0.393 0.439 0.446 0.353 0.246 0.393 0.449 0.187
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CMLs: A Powerful Communication Tool
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CML 1               

Cocktail Napkin

CML 2               

Initial Feasibility

CML 3               

Trade Space

CML 4               

Point Design

CML 5

Baseline Concept 

CML 6

Integrated Concept

CML 7

Preliminary Implementation 
Baseline

CML 8

Integrated Baseline



The Architecture Team (A-Team) Focuses 
on Early Formulation
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Concept baseline 
engineered, costed, 

benchmarked

CML 1

Salient kernel 
documented

Fundamental 
feasibility of one 

approach validated 
quantitatively

CML 2 CML 3 CML 4

A few design 
options 

synthesized

Baseline 
validated, ready 
to be advocated

CML 5

Collaborative Engineering Support

Trade space understood

• Open trade space

• Frame key questions

• Analyze drivers

• Derive and assess 
“partials”

Focused Team

• Specify value 
framework

• Assess potential 
tradeoffs

• Prioritize promising 
directions

= Idea

= Concept Prototype

= Point Design 

= Funding gate
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Challenges with Past Science Proposals
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• There are a number of traps that PI(s) fall into that lead to Science 
Investigation Section and Science Traceability Matrix (STM) weaknesses:

- PI(s) generate the STM by themselves without input from others

- Science Investigation Section is written as if it’s a science paper rather than selling the 
concept to the science reviewers

- Mission concept includes too many objectives and is not focused

- Proposal centers on an instrument in a new environment rather than top-down science



The Science Story
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• Science at CML 1:  The Science Story and Traceability
- “Why is this important?”
- Link the proposal’s science goal to NASA goals
- Identify the “undiscovered country”

• Science at CML 2:  Science Return Diagram
- Remove science objectives that are out of scope or violate the laws of physics
- Generate the science return gradient (e.g., state-of-art, enhancement, enabling, 

breakthrough)
- Develop “boundary objects” – graphics that help a science team understand their 

concept

• Science at CML 3: Payload and Mission Specifications
- Develop science “seeds” (payload option sets) with architecture implementation 

“prototypes”
- Science “seeds” cover the architecture trade space
- Develop a science value matrix (SVM) – science objectives vs architecture



A Science Return Diagram Highlights the 
Science Trade Space
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1. Map desired science 
investigations into 
“STM taxonomy” and 
prioritize

Investigations

Hypotheses

Predictions

3. Next, examine 
implementation 
impact (e.g., on cost, 
technology, risk 
drivers, etc.)

Science Goals

Objectives

Best 
Practices

2. For each objective, identify 
science return gradients &
drivers (e.g., resolution, 
coverage, etc.)

Opportunity Cost Cap

SRD “Waterlines”
Desired Baseline Science
Desired Threshold Science

SECESA 2016 Madrid, Spain



The Science Story (cont.)
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• Science at CML 1:  The Science Story and Traceability
- “Why is this important?”
- Link the science goal to NASA goals
- Identify the “undiscovered country”

• Science at CML 2:  Science Return Diagram
- Remove science objectives that are out of scope or violate the laws of physics
- Generate the science return gradient
- Develop “boundary objects” – graphics that help a science team understand their 

concept

• Science at CML 3: Payload and Mission Specifications
- Develop science “seeds” (payload option sets) with architecture implementation 

“prototypes”
- Science “seeds” cover the architecture trade space
- Develop a science value matrix (SVM) – science objectives vs architecture



Science Value Matrix Helps Identify 
Compelling Architectures
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• The science value matrix:
- Identifies and priorities each 

science objective numerically and 
evaluates how well it can be 
achieved with each architecture

- Provides a quantitative metric to 
examine the relative science return 
of each architecture

- Forms the science component of 
the mission concept 
science/cost/risk trade space 
assessment



Conclusion
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• A-Team studies provide a proven way for Earth, Planetary and Astrophysics 
Program Directorates to:
– Generate new and innovative mission concepts
– Establish early concept feasibility
– Explore and understand critical elements of the concept’s trade space

• Science Return Diagram and Science Value Matrix allow early concept 
formulation teams to:
– Bound the science in mission concepts
– Focus on compelling science objectives
– Efficiently explore the architecture trade space to identify compelling science missions 

that fit within acceptable cost and risk
• 150 studies completed in 5 years is a testament of the value of A-Team studies 

to the science community, JPL and NASA
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