
1

GIT SMART:

A Feasibility Study of a Mars Scout Vehicle

to Study Methane

Erik Kabo, Program Manager (ekabo@asdl.gatech.edu)

Kathy Goben, Chief Engineer (kgoben@asdl.gatech.edu)

Matt Daskilewicz, Zhi Deng, Ramraj Harikanth, SoYoung Kim, Kybeom Kwon, Kathleen Stokes, Daili Zhang

Aerospace Systems Design Laboratory

External Advisory Board Meeting, 2 May 2006

Guggenheim School of Aerospace Engineering

Georgia Institute of Technology

Atlanta, GA 30332-0150

http://www.asdl.gatech.edu



2

GIT SMART: A Feasibility Study of a Mars Scout Vehicle to Study MethaneKathy Goben and Erik Kabo

Methane may be evidence of life on Mars

� Methane was found in the Martian atmosphere by
� The Fourier Transform Spectrometer on CFH Telescope

� The Planetary Fourier Spectrometer on Mars Express

� Methane is a biomarker
� Martian methane may be evidence of life on Mars

� Potential sources of methane on Mars:
� Living organisms
� Volcanic activity

� Comet impact
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We need a way to determine the source of the methane

www.nada.kth.se
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Isotope ratios determine methane source

4H2 + CO2 → CH4 + 2H2O3CO + 2H2O → CH4 + 2CO2

MethanococcusMethanobacterium

� Methane comes in many isotopes

� Living organisms are less likely to metabolize heavy isotopes because of the 
increased energy required to break their molecular bonds.

� We can compare the isotope ratios of the methane found on Mars to inorganic 
reference values of these ratios. Ratios lower than the reference value would 
indicate a biological source.

Isotope ratios can be 
compared to determine 
the source of methane
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Observations suggest methane concentrations near water

H2O column 
abundance, pr. µµµµm

Mars Express data shows methane is not uniformly distributed, but is 
concentrated in certain regions, overlapping with water vapor concentrations

However, computer models predict methane to be evenly distributed 
throughout Mars’s atmosphere, both horizontally and vertically

www.esa.int
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Further studies of Martian methane must be performed

� Martian atmospheric methane needs further study

� Data needs to be validated at higher resolution

� In order to study methane, a mission will need to:

� Search for the methane
− Methane location theory and data conflict

− Mission will need long endurance, large range, and ability to search multiple altitudes

� Detect and characterize methane
− Measurement of isotope ratios requires atmospheric immersion

• Isotope ratios are small and require concentration of the methane for measurement

� Characterize atmosphere
− Measuring pressure, temperature, and wind speed will supplement methane data

Mission objective: characterize the methane in the Martian atmosphere
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Characterizing methane is perfect for a Mars Scout mission

� Mars Scout 2006

� Small, simple missions to perform basic science and technology demonstration

� Missions designed by industry and academia

� Launch by December 31, 2011

� $439 million FY06 and launch services provided

� Mars Exploration Program Analysis Group (MEPAG)

� Goal 1:  Determine whether life ever arose on Mars

� Goal 2:  Characterize the climate of Mars

� Goal 3:  Characterize the geology of Mars

� Goal 4:  Prepare for human exploration of Mars

Our project: a feasibility study for a Mars Scout mission to characterize Martian methane
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Presentation Outline

Risk 
Assessment

Cost Analysis

Entry and 
Deployment

Vehicle 
Design

Vehicle 
Selection

Platform 
Selection
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UAVs have the capabilities necessary for studying methane

Platform Capabilities

���Orbiter

����UAV

���Rover

��Lander

Atmospheric
Immersion

Multiple
Altitudes

Large
Range

Long
EndurancePlatform

Lander

Rover

Orbiter

UAV

All pictures: 
www.nasa.gov

Risk AssessmentCost AnalysisEntry and DeploymentVehicle DesignVehicle SelectionPlatform Selection
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A Matrix of Alternatives shows all options for a UAV

Flight with landings
Continuous flight,
without landings

Landings

Control altitude
and direction

Control directionControl altitudeNo controlDegree of control

HighMediumLowNone
Artificial 
intelligence

YearsMonthsDaysHoursEndurance

> 1000 km< 1000 km< 100 km< 10 kmRange

Propulsion plus windWind drivenPropulsion systemSource of thrust

Lighter than airRotational velocityForward velocitySource of lift

AlternativesFunctions Over 4600 
Concepts!
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Vehicle SelectionPlatform Selection Risk AssessmentCost AnalysisEntry and DeploymentVehicle Design
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Vehicle Generation: Fixed Wing Aircraft

Flight with landings
Continuous flight,
without landings

Landings

Control altitude
and direction

Control directionControl altitudeNo controlDegree of control

HighMediumLowNone
Artificial 
intelligence

YearsMonthsDaysHoursEndurance

> 1000 km< 1000 km< 100 km< 10 kmRange

Propulsion plus windWind drivenPropulsion systemSource of thrust

Lighter than airRotational velocityForward velocitySource of lift

AlternativesFunctions
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Vehicle SelectionPlatform Selection Risk AssessmentCost AnalysisEntry and DeploymentVehicle Design
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Vehicle Generation: Rotorcraft

Flight with landings
Continuous flight,
without landings

Landings

Control altitude
and direction

Control directionControl altitudeNo controlDegree of control

HighMediumLowNone
Artificial 
intelligence

YearsMonthsDaysHoursEndurance

> 1000 km< 1000 km< 100 km< 10 kmRange

Propulsion plus windWind drivenPropulsion systemSource of thrust

Lighter than airRotational velocityForward velocitySource of lift

AlternativesFunctions
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Vehicle Generation: Airship

Flight with landings
Continuous flight,
without landings

Landings

Control altitude
and direction

Control directionControl altitudeNo controlDegree of control

HighMediumLowNone
Artificial 
intelligence

YearsMonthsDaysHoursEndurance

> 1000 km< 1000 km< 100 km< 10 kmRange

Propulsion plus windWind drivenPropulsion systemSource of thrust

Lighter than airRotational velocityForward velocitySource of lift

AlternativesFunctions
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A Matrix of Alternatives shows all options for a UAV

Flight with landings
Continuous flight,
without landings

Landings

Control altitude
and direction

Control directionControl altitudeNo controlDegree of control

HighMediumLowNone
Artificial 
intelligence

YearsMonthsDaysHoursEndurance

> 1000 km< 1000 km< 100 km< 10 kmRange

Propulsion plus windWind drivenPropulsion systemSource of thrust

Lighter than airRotational velocityForward velocitySource of lift

AlternativesFunctions
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Models were created to size vehicles

Total Mass = 

(fixed equipment mass) +

(lifting surface area) * (lifting surface density) +

(power required) * (power density) +

(propulsion required) * (propulsion density)

� Models created based on first principles and power balance

� Made consistent assumptions across all tools to allow for comparison

Sample Vehicle Model

Propulsion Mass

Total Mass

Fixed Equipment Mass

Lifting Surface Mass

Power Mass

Vehicle SelectionPlatform Selection Risk AssessmentCost AnalysisEntry and DeploymentVehicle Design
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Monte Carlo was used to generate vehicle designs

n/an/a5 to 505 to 30Lifting Surface Aspect Ratio

n/a0 to 2000 to 2000 to 200Velocity (m/s)

1 to 101 to 101 to 101 to 10Altitude (km)

n/a0.0050.0050.005Propulsion Subsystem Density (kg/W)

0.0200.0200.1000.100Lifting Surface Density (kg/m2)

n/a0.015 to 0.250.015 to 0.250.015 to 0.25Power Subsystem Density (kg/W)

5 to 505 to 505 to 505 to 50Fixed Equipment Mass (kg)

BalloonAirshipRotorcraftFixed Wing

� Fixed equipment mass based on previous planetary missions

� Densities based on data from existing systems

Design space was 
filled with thousands 
of designs using 
Monte Carlo

Vehicle SelectionPlatform Selection

Vehicle Tool Inputs

Risk AssessmentCost AnalysisEntry and DeploymentVehicle Design
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Vehicle Downselection

M
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5.3 m constraint

2.65 m constraint

� Launch and Entry Constraints:

� Delta II 7925 is the largest launch vehicle 
available for Mars Scout missions

− Max mass to Mars: 568 kg

� Viking Heritage Aeroshell
− Max dimension: 2.65 m

• 5.3 m allowing for one fold

Only airship and balloon 
designs were able to 
meet size constraint

Vehicle SelectionPlatform Selection Risk AssessmentCost AnalysisEntry and DeploymentVehicle Design
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Qualitative analysis adds information to vehicle selection

133Sum 0

101Sum −

321Sum +

0

0

0

+

00Scientific Capability

+0Feasibility

−+Control

+−Probability of Success

++0Vehicle Complexity

BalloonAirshipRotorcraftFixed Wing

B
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el
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e

� Figures of Merit:

� Vehicle Complexity

� Probability of Success

� Control

� Feasibility

� Scientific Capability

� Pugh matrices suggest that a 
balloon offers similar scientific 
capabilities with less complexity

Balloon has similar science capability with less complexity

Sample Pugh Matrix

Vehicle SelectionPlatform Selection Risk AssessmentCost AnalysisEntry and DeploymentVehicle Design
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The Balloon is the best vehicle for this mission

� The balloon meets the launch and entry system constraints

� The balloon has comparable capability with less complexity

� Fixed Wing and Rotorcraft cannot fit into aeroshell without excessive folding

� Fixed Wing, Rotorcraft, and Airship require complex propulsion, control and 
artificial intelligence with no value added

� Aerobot: lighter than air vehicle designed to explore the planets

These results warrant a more detailed study at a higher level of fidelity

Vehicle SelectionPlatform Selection Risk AssessmentCost AnalysisEntry and DeploymentVehicle Design
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Aerobot Functional Decomposition

Characterize source of Martian methane

Find methane Analyze methane Characterize atmosphere Record dataSend aerobot to Mars

Relay data to Earth

Launch

Transfer to Mars

Enter atmosphere

Deploy 

Fly in atmosphere

Produce lift

Search for methane

Cover large range

Detect methane

Use spectrometer

Power spectrometer

Power spectrometer

Use spectrometer Measure temperature

Measure winds

Power instruments

Send data to storage

Compress data

Power data handling system

Protect electronics from cold

Power antenna

Send data to orbiter

Send data to DSN

Retrieve data from DSN 

Interpret Data

Measure pressure
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Subsystem Identification

Characterize source of Martian methane

Find methane Analyze methane Characterize atmosphere Record dataSend aerobot to Mars

Relay data to Earth

Launch

Transfer to Mars

Enter atmosphere

Deploy 

Fly in atmosphere

Search for methane

Produce lift

Cover large range

Detect methane

Use spectrometer

Power spectrometer

Power spectrometer

Use spectrometer Measure temperature

Measure winds

Power instruments

Send data to storage

Compress data

Power data handling system

Protect electronics from cold

Power antenna

Send data to orbiter

Send data to DSN

Retrieve data from DSN 

Interpret Data

Measure pressure

Function not performed by aerobot

Balloon subsystem

Science subsystem

C&DH subsystem

Communication subsystem

Thermal subsystem

Power subsystem



21

GIT SMART: A Feasibility Study of a Mars Scout Vehicle to Study MethaneKathy Goben and Erik Kabo

Integrated Environment

Integration: 
Structures
& Thermal

Science 
Instruments

Mass / Volume

C&DH 
Subsystem

Comm. 
Subsystem

Power 
Subsystem

Power Required

Data 

Balloon 
Material 
Sizing

Lifting 
Gas

Gas 
Tanks & 
Inflation

Balloon 
Integration

Entry and DeploymentBalloon DesignGondola DesignVehicle SelectionPlatform Selection Cost Analysis
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Tools Created to Size Subsystems

Science Instruments

Power

Balloon
Structure

Command & Data Handling

Communications

Entry and DeploymentBalloon DesignGondola DesignVehicle SelectionPlatform Selection Cost Analysis
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Science Functions

Characterize source of Martian methane

Find methane Analyze methane Characterize atmosphere Record dataSend aerobot to Mars

Relay data to Earth

Launch

Transfer to Mars

Enter atmosphere

Deploy 

Fly in atmosphere

Search for methane

Produce lift

Cover large range

Detect methane

Use spectrometer

Power spectrometer

Power spectrometer

Use spectrometer Measure temperature

Measure winds

Power instruments

Send data to storage

Compress data

Power data handling system

Protect electronics from cold

Power antenna

Send data to orbiter

Send data to DSN

Retrieve data from DSN 

Interpret Data

Measure pressure

Function not performed by aerobot

Balloon subsystem

Science subsystem

C&DH subsystem

Communication subsystem

Thermal subsystem

Power subsystem

Detect methane

Use spectrometer

Use spectrometer Measure temperature

Measure winds

Measure pressure
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Why 2 QCL spectrometers and atmospheric package?
� Minimum required instruments to fulfill mission

� Each spectrometer can provide different functions

� Other instruments needlessly increased mass and power requirements

� Redundancy and decreased risk

Science Instruments Subsystem

Needs:
� Small mass

� Small volume

� Low power requirements

� Sensitivity

Sized Subsystem:

Components:

•2 QCL spectrometers

•1 Atmospheric package

•1 Thermometer

•1 Pressure Transducer

•1 Anemometer

•3 Accelerometers

Specifications:

•Mass:  0.53 kg

•Volume:  0.002 m3

•Power:  6.6 W (day), 0.6 W (night)

•Data/day:  6.2 Mbits

Spectrometer320152.4Gas Chromatography/Mass Spectrometer

32030.24Tunable Diode Laser Spectrometer

32030.25Quantum Cascade Laser Spectrometer

Data (bits)Power (W)Mass (kg)Methane Detection Devices

251658244.20.4Cameras (1 wide angle and 1 narrow angle)

720.60.03Atmospheric Package

3205.42.1Thermal Emission Spectrometer

Data (bits)Power (W)Mass (kg)Other Instruments of Interest

Entry and DeploymentBalloon DesignGondola DesignVehicle SelectionPlatform Selection Cost Analysis
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Command and Data Handling Functions

Characterize source of Martian methane

Find methane Analyze methane Characterize atmosphere Record dataSend aerobot to Mars

Relay data to Earth

Launch

Transfer to Mars

Enter atmosphere

Deploy 

Fly in atmosphere

Search for methane

Produce lift

Cover large range

Detect methane

Use spectrometer

Power spectrometer

Power spectrometer

Use spectrometer Measure temperature

Measure winds

Power instruments

Send data to storage

Compress data

Power data handling system

Protect electronics from cold

Power antenna

Send data to orbiter

Send data to DSN

Retrieve data from DSN 

Interpret Data

Measure pressure

Function not performed by aerobot

Balloon subsystem

Science subsystem

C&DH subsystem

Communication subsystem

Thermal subsystem

Power subsystem

Send data to storage

Compress data
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Why RAD6000?
� Flown on past missions

− Mars Exploration Rovers

− Mars Pathfinder

− Mars Odyssey

� LOW RISK

� Sufficient capability to perform mission

Command & Data Handling Subsystem

Needs:
� Historical precedence

� Small mass

� Small volume

� Low power requirements

� Processing ability

Rad-hard variant of PowerPC 750Boeing Company

RH3000Harris Corporation

RG1750GEC-Plessey

SPARC V8Sun Microsystems

PowerPC 603eHoneywell Aerospace

RH32Honeywell Aerospace

Rad-hard variant of Intel PentiumSandia National Laboratories

RAD6000BAE Systems

RAD750BAE Systems

CPU OptionsCompany

Entry and DeploymentBalloon DesignGondola DesignVehicle SelectionPlatform Selection Cost Analysis

Specifications:

•Mass:  3 kg

•Volume:  0.0023 m3

•High Power:  7.5 W

•Low Power:  3.1 W

•Dose:  < 1 Mrad

Components:

•RAD6000 CPU

•Backup RAD6000

•256 MB flash memory

•Data acquisition board

Sized Subsystem: h
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RAD6000 Processor
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Communication Functions

Characterize source of Martian methane

Find methane Analyze methane Characterize atmosphere Record dataSend aerobot to Mars

Relay data to Earth

Launch

Transfer to Mars

Enter atmosphere

Deploy 

Fly in atmosphere

Search for methane

Produce lift

Cover large range

Detect methane

Use spectrometer

Power spectrometer

Power spectrometer

Use spectrometer Measure temperature

Measure winds

Power instruments

Send data to storage

Compress data

Power data handling system

Protect electronics from cold

Power antenna

Send data to orbiter

Send data to DSN

Retrieve data from DSN 

Interpret Data

Measure pressure

Function not performed by aerobot

Balloon subsystem

Science subsystem

C&DH subsystem

Communication subsystem

Thermal subsystem

Power subsystem

Send data to orbiter
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Communication Subsystem

Needs:
� Historical precedence

� Small mass

� Small volume

� Low power requirements

� Electra compatibility

Why communicate to orbiter instead of Earth?
� Aerobot control and science data are not time critical

� Communications system is much smaller, lighter, and uses less 
power

Sized System:

Specifications:

•Mass:  2.4 kg

•Volume:  0.0025 m3

•Transmitting power:  45.5 W

•Receiving power:  6 W

•Frequency range:  400 to 500 MHz

•Data rate:  128 kbps

•Communication window:  2 minutes

Components:

•UHF transceiver

•Monopole antenna
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Monopole Antenna
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TM−271A, TM−D700A, TM−G707A, 
TM−V708A

Kenwood

FT− 1802M, FT− 2800M, FT− 7800R, 
FT− 8800R, FT− 8900R 

Yaesu

TX518M, TX618MAvalon RF

C/TT− 505, C/TT− 508, C/TT− 510L3 Communications 
Cincinnati Electronics

UHF Transceiver OptionsCompany

Why C/TT−505?

� Flown on past missions

− Mars Exploration Rovers

� LOW RISK

� Electra compatible

Entry and DeploymentBalloon DesignGondola DesignVehicle SelectionPlatform Selection Cost Analysis

Communications Options
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Power Functions

Characterize source of Martian methane

Find methane Analyze methane Characterize atmosphere Record dataSend aerobot to Mars

Relay data to Earth

Launch

Transfer to Mars

Enter atmosphere

Deploy 

Fly in atmosphere

Search for methane

Produce lift

Cover large range

Detect methane

Use spectrometer

Power spectrometer

Power spectrometer

Use spectrometer Measure temperature

Measure winds

Power instruments

Send data to storage

Compress data

Power data handling system

Protect electronics from cold

Power antenna

Send data to orbiter

Send data to DSN

Retrieve data from DSN 

Interpret Data

Measure pressure

Function not performed by aerobot

Balloon subsystem

Science subsystem

C&DH subsystem

Communication subsystem

Thermal subsystem

Power subsystem

Power spectrometer

Power spectrometer

Power instruments

Power data handling system

Power antenna
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Power Subsystem

Power Generation Options:Needs:
• Historical precedence

• Small mass

• Small volume

• Long mission life (renewable power source)

80100 to 130110 to 16030 to 5060 to 12045 to 80Energy Density (Wh/kg)

Reusable AlkalineLithium-ion-polymerLithium-ionLead-acidNickel-Metal-HydrideNickel-Cadmium

Power Storage Options:

LimitedVery limitedUnlimitedFuel Availability

2755 to 2025 to 300Specific Performance (W/kg)

Fuel CellRadioisotopeSolar ArrayCharacteristic

Why solar arrays and Li-Ion batteries?
• Solar arrays provide renewable power

• Solar arrays have high specific performance

• GaAs arrays used on Mars Exploration Rovers

• Li-Ion provides extremely high energy density

Entry and DeploymentBalloon DesignGondola DesignVehicle SelectionPlatform Selection Cost Analysis

Sized System:

Specifications:

•Mass:  2.4 kg

•Average power:  3.43 W

•Generated power:   77.4 W

•Solar array area:  2.72 m2

•Battery capacity:  3.5 Ahr

Components:

•Triple junction gallium arsenide solar cells

•Lithium Ion rechargeable batteries

•Power control unit

•Regulators/Converters

•Wiring
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Triple Junction
GaAs Solar Cell
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Gondola Design Summary

Design Budgets

77.4 W (average)11.6 kgTOTAL

−−1.70Structure

3.7 (day)
0.9 (night)

3.43Power 

−−0.23Thermal

45.5 (transmitting)
6 (receiving)

2.40Communications

7.5 (day)
3.1 (night)

3.00Command &Data Handling

6.6 (day)
0.6 (night)

0.53Science Instruments

Power Required (W)Mass (kg)Subsystem

Gondola Dimensions:

•Diameter:  0.4 m

•Packaged Height:  1.1 m 

•Deployed Height:  2.2 m

•Volume:  0.1382 m3

•Mass:  11.6 kg

Gondola Mass Growth

Entry and DeploymentBalloon DesignGondola DesignVehicle SelectionPlatform Selection Cost Analysis

Notional Gondola

www.ae.gatech.edu



32

GIT SMART: A Feasibility Study of a Mars Scout Vehicle to Study MethaneKathy Goben and Erik Kabo

Balloon Functions

Characterize source of Martian methane

Find methane Analyze methane Characterize atmosphere Record dataSend aerobot to Mars

Relay data to Earth

Launch

Transfer to Mars

Enter atmosphere

Deploy 

Fly in atmosphere

Search for methane

Produce lift

Cover large range

Detect methane

Use spectrometer

Power spectrometer

Power spectrometer

Use spectrometer Measure temperature

Measure winds

Power instruments

Send data to storage

Compress data

Power data handling system

Protect electronics from cold

Power antenna

Send data to orbiter

Send data to DSN

Retrieve data from DSN 

Interpret Data

Measure pressure

Function not performed by aerobot

Balloon subsystem

Science subsystem

C&DH subsystem

Communication subsystem

Thermal subsystem

Power subsystem

Fly in atmosphere

Search for methane

Produce lift

Cover large range
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Balloon Subsystem

Alternatives

Natural

Superpressure

Cylindrical

−−

Spherical

Zero−pressure

Balloon Structure

Balloon Type

Balloon Type and Structure:
Why superpressure?

• Long endurance

• Can be designed to remain at safe 
altitude to avoid terrain

• Not as risky as zero-pressure, which 
rises and fallsWhy natural shape?

� Best possible stress distribution

Type and structure needs:
• Low risk

• Low mass

• Long mission life

75

14

Inflation System Mass

(not including tanks) (kg)

53

23

Leakage Rate

(cc-mm/m2-24hr-atm)

0.00781

0.00821

Lifting 
Potential 
(kg/m3)

NoHelium

YesHydrogen

Possibility of

Explosion?
Gas

Lifting Gas:

Why hydrogen?
• Required inflation/storage 

system offers significant mass 
reduction over He

• Lower leakage rate

• Lighter weight

Lifting gas needs:
• High lifting potential

• Low leakage rate

• Low inflation system 
mass

Entry and DeploymentBalloon DesignGondola DesignVehicle Selection Cost Analysis Risk Assessment
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Balloon Subsystem Continued

172131.42Kapton 50 HN Polymide

9012.51.37Tedlar PVF

241131.4Mylar OB12AF

182101.4Vectra coextrudable

82.7250.918Sclairfilm mpp-1

Ultimate Stress (MPa)Thickness (µm)Density (g/cc)Material

Envelope Material: Why a vectra-kevlar
coextrusion?

• Vectra has 
extraordinary gas 
retention

• Kevlar provides 
resistance to tear 
propagation

• Kevlar does not 
degrade when  
exposed to UV

Material needs:
• Low density

• High strength

• High gas retention

• UV resistant

2.6428402.381.40Vectran

2.6458003.711.56Zylon

2.6530003.440.97Spectra 2000

2.8130002.081.44Kevlar (aramid)

Ultimate Load (kN)Ultimate Strength (MPa)Tenacity (N/tex)Density (g/cc)Material

Why zylon?
• Best tenacity

Load tape and tether 
criteria needs:

• Low density

• High strength

Load Tape and Tether Material:

Material Leakage Trade Study

Entry and DeploymentBalloon DesignGondola DesignVehicle Selection Cost Analysis Risk Assessment

Material Density Trade Study
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Balloon Design Summary

6 tanks
Mass of each tank:  1.35 kg
Radius of each tank:  0.1 m
Height of each tank:  0.55 m

Lifting gas tanks

14 kgInflation system mass

HydrogenLifting gas

ZylonTether material

80Number of gores

Vectra-Kevlar compositeEnvelope material

ZylonLoad tape material

SuperpressureBalloon type

Balloon Summary

Final Balloon Design

Entry and DeploymentBalloon DesignGondola DesignVehicle Selection Cost Analysis Risk Assessment



36

GIT SMART: A Feasibility Study of a Mars Scout Vehicle to Study MethaneKathy Goben and Erik Kabo

Aerobot Design Summary

� 4 Aerobots
� Each designed to fly at a different altitude:  6, 7, 8, and 9 km

� Identical gondolas

6 km

7 km

8 km

9 km

2 m between ticks

Diameter Comparison of All 4 Balloons

Aerobot Summary

Altitude

TOTAL
MASS

(kg)

Volume
(m3)

Gondola/
Tether Mass

(kg)

Inflation
Mass
(kg)

Tank
Mass
(kg)

Gas
Mass
(kg)

Balloon
Mass
(kg)

− −

15400

12700

10500

8600

45150565523265TOTAL MASS (kg)

12812.61414.86.679.79 km

11712.61414.06.069.98 km

10712.61413.45.461.67 km

9912.61412.94.954.26 km

451 kg meets the launch vehicle 
constraint of 568 kg!

Entry and DeploymentBalloon DesignGondola DesignVehicle Selection Cost Analysis Risk Assessment
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GIT SMART aerobot is comparable to Martian aerobot baselines

15151617976854Stress Level (N/m)

9223821440Max Diff. Press (Pa)

212011.57.7Area Dens (g/m2)

Vec/KevMy/Kv/PENylon-6MylarMaterial

6/7/8/96.562 to 4Altitude (km)

54.2/61.6/69.9/79.755.315.330.5Balloon Mass (kg)

12.6159.328.5Payload (kg)

8.6/10.5/12.7/15.410.535.5Volume (m3/103)

15.4/16.4/17.5/18.627.21813.2x43Diameter (m)

NaturalSphereSphereCylinderShape

GIT SMARTMABSMAPMars '96System

Entry and DeploymentBalloon DesignGondola DesignVehicle Selection Cost Analysis Risk Assessment
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� Constraint:  total launch mass must be less than launch vehicle limit (1022 kg)
� Delta II 7925 is largest launch vehicle available for scout missions

� Aerial deployment was selected to reduce risk of tangling/tearing that could occur during ground deployment
� Entry and deployment system includes:

� Transfer vehicle
� Heat shield

� Backshell

� Parachute

Entry and Deployment Systems

451Total aerobot mass
(including tanks)

822Total Launch Mass

17Parachute

82Backshell

67Heat shield

205Transfer vehicle

Weight (kg)Component

822 kg is under the 1022 kg limit!
Aerobot Aerial Deployment

Entry and Deployment Tool

Balloon DesignGondola DesignVehicle Selection Cost Analysis Risk AssessmentEntry and Deployment
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� Constraint:  cost must be less than Mars Scout budget
� $439 million (FY06)

� Cost tools
� Spacecraft/Vehicle Level Cost Model (SVLCM)

� Advanced Missions Cost Model (AMCM)

Cost estimates within budget

AIAA Reference55.0Launch Cost

AMCM483.9Life Cycle Cost

LCC minus Launch Cost428.9Principal Investigator Cost

SVLCM56.1Production Cost

SVLCM162.7Design, Development, Testing 
& Evaluation Cost

ModelCost ($mil FY06)Cost Type

Actual Principal Investigator Cost = $428.9 million (FY06)
Cost Tool

Balloon DesignGondola DesignVehicle Selection Cost Analysis Risk AssessmentEntry and Deployment
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Risk Mitigation Plan

~100%Transmitting data from orbiter to DSN

UnknownTransmitting data from UAV to orbiter

UnknownAll other subsystems operate

UnknownScience instruments operate

UnknownLocating the methane

UnknownDeployment

83%Entry

71%Transit to Mars

94%Launch

Probability of SuccessMission Events

Criteria:
� A design that performs mission at an acceptable 

level of risk

� Lowest level of risk possible

Risk Assessment:

� Goal:  mitigate all unknown and high risk 
events in our control

� Risk Mitigation Plan:
� Incorporate redundancy

− Four balloons

− Four altitudes

− Two CPUs

− Two spectrometers

� Reliable, proven hardware
− All subsystem hardware (except spectrometers) 

successfully flown on previous Mars missions

� Simplicity

� Largest risk:  deployment
� Perform more research concerning envelope 

material properties and packing

Balloon DesignGondola DesignVehicle Selection Cost Analysis Risk AssessmentEntry and Deployment
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� UAV is only platform that fulfills all required capabilities

� Aerobot is most feasible UAV 
� Simplicity of design and operation

� Easily fits inside aeroshell

� Offers competitive science capability with fewer cost, risk, and operations disadvantages

� Fixed wing, rotorcraft, and airship are more complex and do not offer any advantageous 
capabilities over aerobot

� Four aerobots simultaneously performing the mission increases probability of success

� Risk mitigation incorporated into aerobot design

� Feasibility study is successful in identifying aerobot as best vehicle for methane 
characterization mission

Aerobot is the best vehicle for methane characterization mission

Our feasibility study successfully identified an aerobot as the 
best vehicle for a methane characterization mission


