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A framework for space mission ideas
The Concept Maturity Levels

Preliminary

Trade Space Implementation

Cocktail Napkin Baseline Concept Baseline

F=Ema

Initial Feasibility
_ _ Integrated

Baseline

From: Space Mission Concept Development Using Concept Maturity Levels, Wessen et al., 2013
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Aeolus an example of a mission concept study for <\%A
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CML 1: Initial Cartoon
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Atmospheric wind speeds have never been
measured at Mars.

Meaningfulness & Uniqueness
|ldentify Knowledge Gaps

By measuring temperatures and Doppler shifts in
atmospheric spectral lines, Aeolus will determine
wind vectors and atmospheric temperatures at all
longitudes and times of day, and multiple altitudes, | .
creating the first global wind map of Mars. b Q\&"
Clobal wind Wo°

State Broad Science Objective

Telescope FOVs can sweep
through multiple altitudes in
a single orbit, by rotating
the satellite end-over-end.

One-sentence description of measurement(s)
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Aeolus an example of a mission concept study for <\%A
Mars

CML 1 CML 2
“Cocktail Napkin” Feasibility
Does any

solution

exist?
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Develop Feasible Mission Architecture vasa

CAD Visualization Propellant budget

Power Budget ADCS

Data Budget Science

Cost Link Budget

Mass Budget
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Mission Concept

Launch
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Mission Concept
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Mission Concept

Cruise NeMO LTT Aeolus

Launch 15 months 10 months Stowed
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Mission Concept
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Mission Concept
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Launch Cruise NeMO LTT Aeolus Aeolus Orbit
15 months 10 months Stowed Deploy Transfer
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Mission Concept
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Mission Concept
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Launch Cruise NeMO LTT Aeolus Aeolus Orbit Commiss. Science
15 months 10 months Stowed Deploy Transfer 3 months 24 months
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Launch Cruise NeMO LTT Aeolus Aeolus Orbit Commiss. Science
15 months 10 months Stowed Deploy Transfer 3 months 24 months
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Aeolus an example of a mission concept study for <\%4
Mars

CML 1 CML 2 CML 3
“Cocktail Napkin” Feasibility Expanded Trade
Space
Does any
solution W?aﬁ other
exist? solutions

exist?
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Divergent Phase:

Explore different mission architectures
primary vs. secondary
launch options

number of spacecrafts
et cetera

Convergent Phase:

|dentify rejection criteria & pick
architectures to pursue.

lteration:

Repeat CML 2 as needed on
selected architectures

David Mauro, KBR / NASA Ames Research Center

|Vehicles/Options

;s:lence Duration

CML 3: Expanded Trade Space

|Mission Type

|Approach Type Atmospheric Entry ‘

{Measurement

Surface Rover

R — 1

| Atmospheric | Balloon | Diigble |  UAvs | longprobe |
On-orbit m Single Variable Constellation

Primary Power Solar Battery
Direct to final orbit ‘

| Drop-off ermediate
Mars drop-off

Nuclear EP

Earth

Helio Oumde Earth SOI

Solar€P | .

Elliptical ‘

Low Mars Orbit

Inclination

Prop System

|Orbit Characteristics

0deg

Radio

lInstruments
', {occuitation)

|Mass/Size

=
iScience Pointing rotating optics

{Ops and Data
irect to Earth

Imaging Array

Rota
otating SC (fixed)

L h
3 Earth Months
Full Surface Coverage
(<1 Martian Season)

2EarthYrs
1 Martian Year
{4 Martian Seasons)

6 Earth Months 12 Earth Months 1.5 Earth ¥rs

4 Earth Yrs
1 Martian Season 1 2 Martian Season | 3 Martian Season

2 Martian Yrs

David.mauro@nasa.gov Sl

Nasa

LEGEND

Elements selected in at
least one architecture

Technical rejection
Science rejection

Programmatic rejection

} Allowable but not
| selected (white), e.g. out
| of scope




Aeolus: an example of a mission concept study for ,@%4
" Mars .

UHF Rx/Tx

Instruments
3 Antenna

Propulsion System

Solar
Arrays

L-band Radio

(&DH System

X-band Reflectarray
& LGA Antennas [x4]

SHS Stack & Telescopes

CML 1 CML 2 CML 3 CML 4
“Cocktail Napkin® Feasibility Expanded Trade Point Design

Does any Space What is a good

solution What other approach, given our

exist? solutions circumstances?
exist?
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CML 4: Point Design n%ﬁ

. . . Thermal analysis
Science Traceability Matrix % _

Mission Architecture
Driving environmental parameters
Launch vehicle
Delta-V calculations
Orbital solution
Radiation Analysis
Mission ops
|dentify required tech development
Spacecraft CAD model
Power Analysis
Thermal Analysis
Better Cost Estimate
Refined Schedule
Risks Matrix & Mitigation

MY

10 min

DSN: 45 min =
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£
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£
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CML 4: Point Design ~<Esp
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Delta-V calculations i |
Orbital solution RESS
Radiation Analysis Lemaits
Mission ops
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Spacecraft CAD model
Power Analysis
Thermal Analysis

Better Cost Estimate

Refined Schedule

Risks Matrix & Mitigation

Dally 5/C Activities

Iy S/ Actvitiva
orhits per doy)




CML 4: Point Design N<A\%A

Science Traceability Matrix
Mission Architecture Refined orbit design
Driving environmental parameters
Launch vehicle
Delta-V calculations

Orbital solution Orbit precesses

over all local

Radiation Analysis times within 2
months

Mission ops
Identify required tech development
Spacecraft CAD model e

Power Analysis £3 5448 Global spatial
_ SRS S SRS coverage every
Thermal Analysis " 10 days

2OEDY

1 .‘)‘:{ ‘
Better Cost Estimate %

Refined Schedule
Risks Matrix & Mitigation
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Science Traceability Matrix
Mission Architecture
Driving environmental parameters
Launch vehicle
Delta-V calculations
Orbital solution
Radiation Analysis
Mission ops
|dentify required tech development
Spacecraft CAD model
Power Analysis
Thermal Analysis
Better Cost Estimate
Refined Schedule
Risks Matrix & Mitigation

David Mauro, KBR / NASA Ames Research Center

CML 4: Point Design

vasa

Refined Flight system capabilities
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@*‘ Maturation of a Concept from CML 1 to CML 4

Telescope FOVs can sweep
through multiple altitudes in
a single orbit, by rotating
the satellite end-over-end,
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| essons learned

Team Dynamics
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Practical tips and best practices

Ready for In Blockers

TRIAGE — Work Progress

-
ot
.--'."' g S0

Y Payload
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Mission  ropulsion
Design

——

« Scrum Wall
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Meeting Ground Rules
Check out smartphone/tablet/pc at the door unless working session

Prepare meeting in advance:
« Agenda & expected outcome
 Assign preliminary work

Brainstorming: use diverse options
Action Items: assign & review
Do meetings only if needed
e Scrum Wall
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Practical tips and best practices NasA

Meeting Ground Rules
Check out smartphone/tablet/pc at the door unless working session

Prepare meeting in advance:
« Agenda & expected outcome
 Assign preliminary work

Brainstorming: use diverse options

Action Items: assign & review

Do meetings only if needed

e Scrum Wall

* Include Cost & Schedule early in the process

* No to “NO” and the power of positive language

=) - Awareness of Team Dynamics & Life
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Spacecraft Telecomm Sub-System
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CanTER
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Spacecraft Telecomm Sub-System

~

Command

Downlink Telemetry
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Command b b
Link Margin = ~o dB received - ~o dB required

Downlink Telemetry
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Command b b
Link Margin = ~o dB received - ~o dB required

* Aim to a value of 6dB or 10 dB for early concept

Downlink Telemetry

. E—I; dB required is a function of channel coding/modulation. It is the
ﬁ]reshold value of energy in order for the bit to be received.

* BPSK modulation with no channel coding has a Eb/No required ~ 9.6 dB for
example
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Command

Downlink
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Command b b
Link Margin = ~o dB received - ~o dB required

Downlink Telemetry

Eb

G
N_odB received = EIRP + Losses + T datarateyg + 228.6

Space Loss dB = 147.55 — 20log(Range, m) — 20log(Freq, Hz)
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Downlink

Parameter DSN 34 meters
Downlink Frequency 8450.00
Slant Range
acraft Radio StanfordQOne

Antenna Gain ]| 10.00

Transmitter power 5.00
Cable Loss ] -1.00

EIRP = W RF Out dB + Antenna Gain dB — Cable Loss d B iy SEIEE - 15.99

Space Loss dB = 147.55 — 20log(Range, m) — 20log(Freq, Hz )=

Free Space Loss ) -223.03
ing loss ] -3.00
Atmospheric Loss ) -1.00
i -1.00
Total Path Losses (dB) ] -223.03

Rx Losses

Receiver G/T

Link Margin = %dB received - z—de required m—

Required Eb/No for BPSK } 9.60
Modulation BPSK
Data Rate 100.00
Implementation Loss 1.00
Received Eb/No 20.76
Margin 10.16



CML 1
“Cocktail Napkin”
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CML 2 CML 3 CML 4
Feasibility Expanded Trade Point Design
Does any Space What is a good
solution What other approach, given our
exist? solutions circumstances?

exist?
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Summary & Conclusion

Prapellant Budpet " '
-:Amrisualimian| W AV =g feme g A
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Power Budget f ’

| Orbital Mechanic I‘\

ADCS

o Risks & Tech Dev

CML 1 CML 2 CML 3 CML 4 Dot Budger o o ~— — e
“Cocktail Napkin” Feasibility Expanded Trade Point Design I: L -
. 5 e e u | Ll Bt )
DOGS any Space What IS a QOOd cost : AN i = “:J %.m = EIRF + Losses{Space, poinling, cebles) + ‘I_- — datarate;g + 2286
solution What other approach, given our :
exist? solutions

. circumstances? _
exist?

* Mealing Ground Rules

+ Chack aul smarlphonafabletpe at the door unless warking Ses5i0n
+ Prepara maeling in advance:
+ Agenda & expected outcome

Science & - k st Dynamics + Assign preliminary work
\ + Brainstorming: use diverse oplions
' + Action ltems: assign & review
Frog W!iﬂO;' * Do meetings only if needed
- Constraints

* Scrum Wall
* Include Cost & Schedule early in the process

\ife * Mo to “NO" and the power of positive language
mp - Awareness of Team Dynamics & Life
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Summary & Conclusion
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i Cost e e S| Lk Bt
Does any Wﬁaptaocteher What IS a QOOd : 5, ] = % :%i:rt.'.? = EIRF + Losses{Space, poinling, cables) + % — datarate;g + 2286
solution ! approach, given our e :
exist? solutions

. circumstances? _
exist?

* Meeting Ground Rules g
+ Chack out smartphone/tablet/pe at the door unless working session

+ Prepara maeling in advance:
+ Agenda & expected outcome
st Dynamics + Assign preliminary work
) + Brainstorming: use diverse oplions

Uplink Command

Link Margin = H‘ dB received - :‘"’ dB required

Downlink Telemetry
+ Action ltems: assign & review

* Do meetings only if needed

Eb G
No dB received = EIRP + Losses + 'lf - datarateyp + 228.6

« Scrum Wall B
+ Include Cost & Schedule early in the process 3 h——- Space Loss dB = 147,55 — 20log(Range, m) — 20log(Freq, Hz)
\ife * Mo o “*NQ" and the power of positive language

mp - Awareness of Team Dynamics & Life
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