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First Planetary microphone on Huygens |
— Successfully retrieved the descent sounds.

 Second opportunity on Mars Polar Lander
MM Development up to FM by Greg Delo

Q

Mardi imager (Not used

Opportunity on NetLander |
— Stereo — Implementation on PanCam. |
— Development stopped with NetLander

 European Venus Explorer
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- Can you hear something on Mars ¢
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atmospheric pressure between 6 and 8 o
temperature about 240 K

—
(@)
o

L
o
T

—_
o

Attenuation Coefficient (m'1)

- --Venus

|
\S]
(=)

| | | , Adapted from Petculescu
BT T Ty & Lueptow (2007)

—_
o




- Sounds on Mars 2
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e Sound behaviour at the Martian surface is surface i
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wave.

Infrasounds
propagate well on
both Mars and
Earth
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e Sounds likely to be heard on Mars
— Aeolian tones (Curle, N., 1955)

Distance to the source

— Calibration in a Martian wind tunnel proposed to secure amplification
loop.
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. Sounds that can be recorded
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- Sounds that could be recorded
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Main Frequencies of a wind vortex as a function of its size
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Sounds spectrogram of a terrestrial dust Main frequency of a wind vortex as a
devil obtained with a pair of stereo binaural function of its size
microphones during field tests.

Delory, 2010
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- Sounds that could be recorded
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- . RuUf a ‘dust devil' (Melnik and Parrot,
?dé?t;?r(‘z%g)'\;'ama” ShELSteTH Ry 1998 Zhai et al., 2006, Farrell et al.,

2003 & 2006)



X

\

EmSounds that could be recorded
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*  lop of atmosphere
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Simulation of bolide entry acoustic counterpart in the Martian atmosphere
[Williams, J.P, 2010] and typical distributions of the largest impacts as a
function of distance during 4 weeks (to take into account the statistical
dispersion), following realistic statistical modelling. The amount of impacts

during one week is one fourth and typically 4-6 at less than 1000kg will have
energies equivalent to several tens to a few 100 kg of TNT
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“* Mars Microphone Objectives
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« Science floor
— Involvement of student teams
— First sounds recorded on Mars

— Dust Storm
« Recording of thunder ?

— Evaluation of particle impacts on EDL (depends on
accommodation)




Science Objectives
(Top-Level)

Science Matrix

Primary Scientific
Measurement
Requirements

Acoustic Environment

¥

Instrument Function-
al Requirements
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Mission Functional
Requirements

Obj. #1: Retrieve
sounds from Mars

[20-20000] Hz

Sound recording
Compression

Microphone recording op-
eration during 1 to 4 min
TBC

Obj. #2: Dust Properties

High Frequency dust im-
pacts on EDL monitoring
[20-20000] Hz

Sound recording
Compression

Microphone recording op-
eration during 1 to 4 min
TBC

Obj. #3: Wind vortex
and Dust devils proper-
ties

Vortex Wind Spectrum
[20-20000] Hz
Differential acoustic am-
plitude and phase

Stereo Sound recording
Compression

Microphone recording op-
eration during 1 to 4 min
TBC Widest possible MIC
location accommodation

Obj. #4: Electrical Ac-
tivity, Meteoritic im-
pacts

Sound measurement
[20-20000] Hz
Sound Spectrum

Sound recording
Compression Record-
ing triggered by thresh-
old event

Microphone operation dur-
ing 2 min TBC
after a triggered event

Obj. #5: Transient and
other EDL noises

Sound measurement
[20-20000] Hz

Sound recording
Compression

Microphone on during En-
try, Descent and Landing
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Proposed design mainly based on COTS

Heritage from previous versions of Mars Microphone =

« .

Sound recording chip with two channels and built-in comprs
Qualified COTS for microphone element
50g, 150 mW peak power.

- Backup TRL 9 (previous H/W)

9PIN .
Timer RAM 512 K Serial to SPL COTS mICFOphone
RS 422 9600 bps
CHANNEL 2 Serial
(OPTION) '\—¢ ﬁ IF Sensor
D 5 Multiplexer ._T
= Low power |4 Power
25 J— — Integrated
< G chip
I E L }
CHANNEL 1 ' —
MICROPHONE| | Gain CTRL | | Dig. Filter EEPROM | | Deve I () p me nt
¢ board
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i Observing profiles
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Microphonef\ NOMINAL SCENARIO EXTENDED MISSION PROPOSAL
Power (W)
ACQUISITION ON
15 min 15 min TGO PASS #1 ACOUSTIC
<> <> EVENTS \ ‘m
150 m
150 mW
[ 15 mW 15 mW
ya / 4 y7i
// /) // / //
A SOL 1 SOL 2 SOL 4 SOL 4 SOL8
Data ’ ' ’ -
in CEU (kBitf)
TGO PASS #1
Data replaced TGO PASS#2
if required
oN]  OFF ___ [ON]oFF v/ [on] //m oN | //_mp [ON] /7 ONJSLEEP[ON L//
/ / 7w
SOL 1 SOL 2 SOL 4 SOL 4 SOL8

300 mW.h during 4 days - 2700mW.h for the extended mission
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. SPL Proposed Accommodation
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MicroAres =

MarsTem

Camera FoV
55°x83°

MEtBaro

/ Microphone

CEU Sensor Elect.

Lander
Battery

MicroMIMA

MicroMETSIS

Microphone
ensor
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Institution Name |
Manpower

Institut Supérieur de
I’ Aéronautique et de I’Espace

Hardware providing institutions

Space Science Laboratory of Manpower
Berkeley
Funding partners CNES Hardware
The Planetary Society Microphone Sensor
Co-I Institutions Co-I institutes Manpower associated to science
contributions
Student Project Partners Institut Supérieur de Manpower and ground testing
I’ Aéronautique et de I’Espace facilities
Campus Spatial Paris Diderot

University of Padova
University of Aachen
Ecole Polytechnique de Louvain

Outreach partners The Planetary Society
Europlanet
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e Consortium led by ISAE, with UC Berkeley and Th

Society
Activity Level of student involvement Comment
Contribution | Witness
| E-box mechanical design Simple mechanical box

Environment test X Contribution to test setup
and reports

Ground calibration X Analysis of  acoustic
environment in Martian
chamber

Operations X Twitter, blog

Science Operations X Duplication of real data
analysis

Data analysis X Duplication of data analysis

Outreach X Younger kids mentoring
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THE MARS MICROPHONE SENSOR WAS

CONSIDERED A LOW-RISK DEVELOPMENT, BUT WAS
JUDGED BY THE SCIENCE PANEL TO LACK
SUFFICIENT SCIENTIFIC JUSTIFICATION
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8 microphone

Stay Tuned !




