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ABSTRACT

This paper provides an overview of the Mars La-
ser Communications Demonstration Project, a
joint project between NASA’s Goddard Space
Flight Center (GSFC), the Jet Propulsion Labora-
tory, California Institute of Technology (JPL),
and the Massachusetts Institute of Technology
Lincoln Laboratory (MIT/LL). It reviews the
strawman designs for the flight and ground seg-
ments, the critical technologies required, and the
concept of operations. It reports preliminary con-
clusions from the Mars Lasercom Study con-
ducted at MIT/LL and on additional work done at
JPL and GSFC. The lasercom flight terminal will
be flown on the Mars Telesat Orbiter (MTO) to
be launched by NASA in 2009, and will demon-
strate a technology which has the potential of
vastly improving NASA’s ability to communicate
throughout the solar system.

INTRODUCTION

In the near future the National Aeronautics and
Space Administration anticipates a significant
increase in demand for long-haul communications
services from deep space to Earth. Distances will
range from 0.1 to 40 AU, with data rate require-
ments in the 1’s to 1000’s of Mbits/second. The
near term demand is driven by NASA’s Space
Science Enterprise which wishes to deploy more
capable instruments onboard spacecraft and in-
crease the number of deep space missions. The
long term demand is driven by missions with ex-
treme communications challenges such as very
high data rates from the outer planets, supporting
sub-surface exploration, or supporting NASA’s
Human Exploration and Development of Space
Enterprise beyond Earth orbit.

NASA’s Goddard Space Flight Center, the Jet
Propulsion Laboratory, and MIT’s Lincoln Labo-
ratory are working together to demonstrate optical
communications on the 2009 Mars Telesat Or-
biter. The Mars Laser Communications (Laser-
com) Demonstration Project will demonstrate one
possible solution in meeting NASA’s future long-
haul communication needs. Lasercom sends in-
formation using beams of light and optical ele-
ments, such as telescopes and optical amplifiers,
rather than RF signals, amplifiers, and antennas.
Near-Earth lasercom systems have been demon-
strated (GeoLITE and GOLD in the U.S. and
SILEX in Europe), and the technology has the
potential to revolutionize deep space communica-
tions.

NASA sponsored a study at MIT/LL this past
year to develop the demonstration concept and
some strawman designs. The demonstration flight
terminal is being designed to provide a continu-
ous data link of between 1 and 100 Mbits/second
from Mars to Earth, depending on the instantane-
ous distance and atmospheric conditions. The
100 Mbits/second data rate will be a significant
performance increase over today’s RF systems
and will be largely due to the use of efficient sig-
naling, detection architectures, and high perform-
ance error-correcting codes that operate 0.5-0.75
dB from capacity. The demonstration is planning
to use ground terminals capable of receiving the
encoded laser beam and transmitting an uplink
beacon laser to the flight terminal, for active
tracking and pointing control of the narrow laser
beam. Critical technologies for receiving the
deep space signal include low-cost large collec-
tion apertures and low-noise photon-counting de-
tectors. The project is investigating using exist-
ing astronomical telescopes as well as building
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one high performing terminal to allow operations
close to the sun.

Lasercom will enable bandwidth-hungry instru-
ments, such as hyper-spectral imagers, synthetic
aperture radar (SAR) and instruments with high
definition in spectral, spatial or temporal modes
to be used in deep space exploration. The Mars
Laser Communications Demonstration Project
will provide much needed engineering insight by
the end of this decade.



CONCLUSION

The Mars Laser Communications Demonstra-
tion...
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