| WE
will carry the Mars Microphone to the Red Planet on each of four identical landers. France's Centre
Nationsl d'Etudes Spatiales (CNES) leads the international consartium planning the mission,
NetLander s the first planelary mission fo focus on the interior of Mars and the farge-scale
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cirewlation of its atmosphere.  Image: CNES

by Greg Delory

twas December 3, 1999, and scientisls, engineers,

students, and reporters were gathered around a

multitude of monitors and displays awaiting the
first transmussion from NASAs Mars Polar Lander
(MPLY. The gathering at the University of California,
Los Angeles Science Operations Center—organized by
MPL science Principal Investigator David Paige—was
buzzing with anticipation for the imminent landing of
MPL in the high southern latitudes of Mars.

The MPL mission was particularly thrilling for
Planetary Society members, whose support had helped
the Society, along with the University of California,
Berkeley Space Sciences Laboratory, develop a
microphone on the lander to record sound on the Mars
surface for the first time.

The Mars Microphone had captured the world’s
attention, and the microphone team (Greg Delory,
Janet Luhmann, Dave Curtis, Forrest Mozer, Henry
Primbsch, and The Planetary Society’s Louis Friedman)
was caught up in the excitement. We waited for the
first radio transmissions from MPL with greater antici-
pation than many of us had experienced on other space
Missions,

We were in for a long wait. After the craft fired s
descent motors and began its landing sequence to the
Red Planet, all contact with MPL ceased. Investigations
into the MPL program revealed a number of possible
causes of the failure. Most were spelled out in the
Thomas Young report, which documented problems
with the landing system in particular, Ultimately, we
must acknowledge that space exploration is a risky
business.
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A Second Chance (Times 4)

Ohr first chance to listen to sounds from another world
had apparently come and gone, However, within a
month after MPL was officially declared a loss, we on
the Mars Microphone team were contacted by scientists
involved in Netlander, an ambitious European mission
designed to send four identical landers to the Martian
surface in 2007. The Centre National d Etudes Spatiales
(CNES), the French space agency leading the mission,
was overseeing the selection of instruments for the
landers. The scientists who contacted us were con-
vinced that if we submitted a proposal for a microphone
system, it had a good chance of being accepted by UNES.
Indeed, with the support of several NetLander scientists,
in January of 2000, our team became part of the Net-
Lander mission. The Mars Microphone will fly again,

Netlander is an exciting mission, and each of the
four landers is teemimyg with a variety of instruments.
The first three landers will disperse over distances of
100 kilometers (roughly 60 miles), while the fourth
will land somewhere in the opposite hemisphere, This
will allow the seismometer experiment to “image” the
internal structure of the planet, possibly down to the
core. A complete weather station package on each lan-
der will form a global network to study Martian winds
and temperatures, and ground-penetrating radar will
search for water beneath the surface.

These investigations are even more ImMpressive con-
sidering they are being shoehorned into a remarkably
smiall lander less than a meter across and about one-
third of a meter high, plus they will have an operational
lifetime in excess of one Earth year, These require-
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ments translate into even tougher engineering chal-
lenges than we faced for the MPL mission—tempering
pur excitement at this new opportunity with a sense
that we should be careful what we wish for,

While commodities like instrument mass had previ-
pusly been measured in sizable fractions of kilograms,
the mass marging on NetLander are forcing us to
count every gram. The Mars Microphone on MPL
was already an engineenng marvel, containing a
microphone, onboard sound processor, and rugged
memory chips, all in a package about 1 centimeter
{a letle less than hall an inch) thick, 5 centimeters
(2 inches) on each side, and less than 50 grams
(2 cunces) in mass. On NetLander, our microphone
instrument must now occupy about 75 percent of that
same volume and weigh a mere 30 grams (1 ounce).

With new challenges come new opportunitics, CNES
officials and our European colleagues have welcomed
our participation m almost every facet of the design and
implementation of the NetLander mission, thus allowing
us to optimally accommodate the microphone instru-
ments on nearly every level, This is in stark contrast 1o
our experience on MPL. At that time, we were fortu-
nate to hitch a ride at the last minute thanks to the gen-
crosity of our Russian colleagues who constructed the
Light Detection and Ranging (LIDAR) experiment,
Literally bolted on the side of the LIDAR, the ongmal
Mars Microphone had to “fool” the MPL flight com-
puter into thinking that it was producing LIDAR data
for the data to be accepted and transmitted to Earth.
Also, the microphone’s position on the main Jander
plattorm was partly obscured behind a solar panel.

The Mars Microphone will be integrated into the
NetLander science package in a much more advanta-
reous manner-—aeach lander will have not one but two
microphones mounted on the vehicle’s panoramic
camera, or “PanCam.” built by the German Space
Agency (DLR). These will be raised along with the
PanCam about (1,5 meter above the main lander deck
and so record sounds in different directions as the
camera head scans the horizon, Our ability to operate
the microphone instrument during the mission will
also be greatly enhanced, as we will have a dedicated
interface to the NetLander’s main flight computer,
which 1s being designed with our data and contral
requirements in mind.

3-D Sound
Including two microphones on each NetLander more
than simply doubles the amount of data that will be
returned from the experiment. In the same way that
stereo cameras can produce three-dimensional (3-13)
images using binocular vision, stereo microphones
will add a depth to sound sources that simulates real-
life conditions—thanks to recent advances in the study
of how humans perceive and process sound signals
received by the ears (see sidebar, page 7).

The abality of humans 1o localize a sound source is
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The Mars Microphong
is buili maostly from
off-the-shelf parts, in-
cluding a microphong
simtilar to those used
i hearing aids and &
microprocessor chip
uzed in speach recog-
nitlon devices, This
engineering marvel
descends from a long
lime of robust minia-
turized devices, sev-
eral of which were
used for astronaut
communications
during the Apollo
Moan landings.
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remarkable; in man

which most of us are familiar, The possibihties for
apphication to the microphone instrument on Metlander
are-compelling. A model could be developed for the
microphong-camera combination bs on the huma
head-car structure, allowin tand how
arnplitude, ph . in some =5, Trequ FAre
alled binanral micy an mlize altered with the direction of incoming sound w

e mimic how the ears respond o sounds in our envi- Based on this mnformation, the sound dsta acguired

ronment. University- and NASA-funded research has by the microphone ¢

vencrated detatled mathematical models that describe and plaved back over stereo headphon

the amplitude and timing of sound waves deteeted by complete, three-dimensional auditory experience

the eardrums, as well as the effect the shape of the rdings in the

head and ears hs ' s provides

Such models can digitally reprocess almost any
recordi : g riving from a
multitude of directions when plaved back over stan-
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will extend our virtual presence on the Red Planet
that much further.

Extraterrestrial Acoustics

As our approach to recording sounds on Mars
has advanced wiath NetLander, so has our under-
standing of the theoretical properties of these
sounds, The presence of the original Mars Micro-
phone on the MPL mission may have encouraged
the development of a new Deld: extraterrestrial
acoustics. Students and researchers from several
umiversities have begun a detailed investigation
into the nature of sound propagation in the cold
rarefied atmosphere of Mars,

The Tield ol extraterrestrial acoustics has re-
ceived attention from one of the largest profies-
sional sound research organizations in the world,
It June 2000, the Acoustical Society of America
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Hellas, June 10 Hellas, July 31 Hellas, Sepiember 24

Although dust storms happen all year long on Mars, they occur more
aften [n certain seasons. The largest global dust events kick up during
Mars' southern spring and summer. Throwghout the month of Jume
2001, scientists paid particular attertion to the planet’s local and

regional dust storms In anticipation of capturing—for the first fime—

8 high spatial and time-resolution abservations of the beginning of 2
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On August 29, 2000, Mars Glebal Surveyor observed this dust starm near Mars” north pole. The image Is part of MOC's daily global map—a
law-resolution, two-color view of Mars acquired from pole to pale during every orbit. In this image, the storm is moving as a frond, outward
from a central fet, about 900 kifomefers (560 mites) from the north pofe’s seasonal frost cap, wisible af dghf.  Image: JPLANASAIMSSS

sounds heard from NerLander will be obtained during climate and aimosphere. For manned exploration, we

zent, and landing phases of the mission, can imagine helmets equipped with dual microphones,
il rd the entry of the providing HI" Lhn" "-'in.rli.'in ‘;l.]rﬁi - an l.:nhu.n\'_".:d
: quent bounces auditor
of the lander as airbags cushion its touchdown; feed from activities like hammeri
iring equipment could someday prove ©
An Ear to the Future - f erews working on Mars
Despite the Nirst Mars Microphone's meeting its demise ]] h.]‘ ‘e to content ourselves with the bin-
on MPL, this novel, exciti i
will again fly
opportunity, and -..|[|1|_'.sz s
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‘planefwide storm, Their ohservations revealed that fast year's aiobal
dust storm was acmaﬂra et of smaller dust events that occurred
simultaneonsly. These images of Mars' Hoelfas and Tharsis regions
sitow the evolution of the stratespherie vel of dust thal rose up from

the individual storms.
Imape: JPLNASAMESS




