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20030112606 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA

Lithium Ion Batteries on 2003 Mars Exploration Rover

Bugga, Ratnakumar; Smart, Marshall; Whitcanack, Larry; Knight, Jennifer; Ewell, Richard; Surampudi, Rao; Puglia, Frank;

Curran, Tim; The 2002 NASA Aerospace Battery Workshop; April 2003; In English; Original contains color illustrations; No

Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as part of the entire parent document
The 2003 Mars Exploration Rovers (MER) have Li-SO2 primary batteries on the Lander to support the EDL operations,

Li-FeS2 thermal batteries on the back shell for firing pyros during cruise stage separation and Li ion rechargeable batteries

on the Rover to assist in the launch, TCM and surface operations. The Rover is about ten times bigger in size, pay load and

traversing capability than the previous Sojourner rover and will have a longer mission life with the rechargeable batteries.

Lithium ion batteries fabricated by Yardney Technical Products for the MER mission show adequate performance in the

operating range, in the MER environments, under steady state and pulse currents and, also in conjunction with a battery

charger designed and built in-house.

Derived from text
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20030111177 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Rock Size-Frequency Distributions at the Mars Exploration Rover Landing Sites: Impact Hazard and Accessibility
Golombek, M. P.; Matijevic, J. R.; DiMaggio, E. N.; Schroeder, R. D.; Lunar and Planetary Science XXXIV; 2003; In English;
Copyright; Avail: CASI; AO1, Hardcopy; Available from CASI on CD-ROM only as part of the entire parent document
The Viking and Mars Pathfinder landing sites and a wide variety of rocky locations on the Earth show size-frequency
distributions that follow an exponential when expressed in cumulative fractional area covered by rocks of a given diameter
or larger versus diameter plots. Mars lander rock distributions have been fit by an equation of the form: Fk(D) = k exp [-q(k)
D], where Fk(D) is the cumulative fractional area covered by rocks of diameter D or larger, k is the total area covered by all
rocks, and an exponential q(k) = 1.79 + 0.152/k, which governs how abruptly the area covered by rocks decreases with
increasing diameter. These distributions form a family of noncrossing curves that flatten out at small rock diameter at a total
rock abundance of 5-40%. Model rock size-frequency distributions indicate a low probability of impacting hazardous rocks
during MER landing. Rocks large enough to analyze and abrade by the rover should be plentiful within an easy Sol’s drive.
Derived from text
Frequency Distribution; Landing Sites; Rocks; Viking Mars Program; Size Distribution; Mathematical Models; Mars Roving
Vehicles; Mars Exploration

20030111172 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Selection of the Final Four Landing Sites for the Mars Exploration Rovers
Golombek, M.; Grant, J.; Parker, T.; Kass, D.; Crisp, J.; Squyres, S.; Carr, M.; Adler, M.; Zurek, R.; Haldermann, A, et al.;
Lunar and Planetary Science XXXIV; 2003; In English; Copyright; Avail: CASI; AO1, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

Engineering constraints developed for the Mars Exploration Rovers (MER), their translation into ~185 potential landing
sites and their downselection to 6 high priority science sites have been described [1, 2]. These 6 sites (Meridiani-previously
referred to as Hematite, Gusev, Isidis, Melas, Eos, and Athabasca) were evaluated in detail as to their science potential and
safety, relative to specific engineering constraints, at the 3rd MER Landing Site Workshop held March 26-28, 2002 in
Pasadena, CA. This abstract describes: (1) the evaluation of these 6 sites, (2) the removal and reprioritization of sites following
this workshop, (3) the identification of a low-wind site in Elysium, (4) the final 4 sites being considered for landing the 2 MER
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and (5) their evaluation at the 4th MER Landing Site Workshop held January 8-10, 2003 in Pasadena, CA [3].
Author
Mars Exploration; Landing Sites

20030110749 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Ten-Meter Scale Topography and Roughness of Mars Exploration Rovers Landing Sites and Martian Polar Regions
Ivanov, Anton B.; Lunar and Planetary Science XXXIV; 2003; In English; Copyright; Avail: CASI; AO1, Hardcopy; Available
from CASI on CD-ROM only as part of the entire parent document

The Mars Orbiter Camera (MOC) has been operating on board of the Mars Global Surveyor (MGS) spacecraft since 1998.
It consists of three cameras - Red and Blue Wide Angle cameras (FOV=140 deg.) and Narrow Angle camera (FOV=0.44 deg.).
The Wide Angle camera allows surface resolution down to 230 m/pixel and the Narrow Angle camera - down to 1.5 m/pixel.
This work is a continuation of the project, which we have reported previously. Since then we have refined and improved our
stereo correlation algorithm and have processed many more stereo pairs. We will discuss results of our stereo pair analysis
located in the Mars Exploration rovers (MER) landing sites and address feasibility of recovering topography from stereo pairs
(especially in the polar regions), taken during MGS ‘Relay-16" mode.
Author
Mars Surface; Topography; Mars Roving Vehicles; Surface Roughness; Mars Landing Sites

20030110724  Saint Louis Univ., MO, USA
Students Work Alongside Scientists to Test Mars Rover
Fuchs, M. P.; Green, T. J.; Levant, J. M. S.; Nunez, J. I.; Bowman, C. D.; Sherman, D. M.; Lunar and Planetary Science
XXXIV; 2003; In English; Original contains color and black and white illustrations; Copyright; Avail: CASI; AO1, Hardcopy;
Available from CASI on CD-ROM only as part of the entire parent document

NASA’s 2003-2004 Mars Exploration Rovers and associated Athena Science Payload will provide an exciting
opportunity to get students and the public involved in Mars exploration. One outreach component, the Athena Student Interns
Program, will directly engage high school students in scientific discovery on Mars by incorporating the students into the
mission s science team. The Athena Student Interns Program, based on the successful LAPIS program, was prototyped during
the FIDO rover field trials that took place in the Arizona desert and at the Jet Propulsion Laboratory (JPL) in August 2002
(http://mars.jpl.nasa.gov/mer/fido). Use of a participatory evaluation process allowed mid-course corrections to be made to the
program and provided the model for mission-related outreach.
Derived from text
Mars Exploration; Mars Surface; Roving Vehicles

20030078476
Optomechanical design of ten modular cameras for the Mars exploration Rovers
Ford, Virginia; Karlmann, Paul; Hagerott, Ed; Scherr, Larry; Proceedings of SPIE - The International Society for Optical
Engineering; 2002; ISSN 0277-786X; Volume 4771; In English; Optomechanical Design and Engineering 2002, Jul. 7-9,
2002, Seattle, WA, USA; Copyright; Avail: Other Sources

The 2003 mission to Mars includes two Rovers, which will land on the Martian surface. Each Rover carries 9 cameras
of 4 different designs. In addition, one similar camera is mounted to each lander assembly to monitor the descent and provide
information for firing the control jets during landing. This paper will discuss the mechanical systems design of the cameras,
including fabrication tolerances of the lenses, thermal issues, radiation shielding, planetary protection, detector mounting,
electronics, the modularity achieved, and how the 10 different locations were accommodated on the very tight real estate of
the Rovers and Landers.
EI
Aerospace Sciences; Cameras; Design Analysis; Lenses; Optical Equipment; Roving Vehicles

20030066805 Los Alamos National Lab., NM, USA

Development and Testing of Laser-induced Breakdown Spectroscopy for the Mars Rover Program: Elemental Analyses
at Stand-Off Distances

Cremers, D. A.; Wiens, R. C.; Arp, Z. A.; Harris, R. D.; Maurice, S.; Sixth International Conference on Mars; 2003; In English;
Original contains color and black and white illustrations; Copyright; Avail: CASI; CO1, CD-ROM; A01, Hardcopy; Available
on CD-ROM as part of the entire parent document
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One of the most fundamental pieces of information about any planetary body is the elemental composition of its surface
materials. The Viking Martian landers employed XRF (x-ray fluorescence) and the MER rovers are carrying APXS
(alpha-proton x-ray spectrometer) instruments upgraded from that used on the Pathfinder rover to supply elemental
composition information for soils and rocks to which direct contact is possible. These in- situ analyses require that the lander
or rover be in contact with the sample. In addition to in-situ instrumentation, the present generation of rovers carry instruments
that operate at stand-off distances. The Mini-TES is an example of a stand-off instrument on the MER rovers. Other examples
for future missions include infrared point spectrometers and microscopic-imagers that can operate at a distance. The main
advantage of such types of analyses is obvious: the sensing element does not need to be in contact or even adjacent to the target
sample. This opens up new sensing capabilities. For example, targets that cannot be reached by a rover due to impassable
terrain or targets positioned on a cliff face can now be accessed using stand-off analysis. In addition, the duty cycle of stand-off
analysis can be much greater than that provided by in-situ measurements because the stand-off analysis probe can be aimed
rapidly at different features of interest eliminating the need for the rover to actually move to the target. Over the past five years
we have been developing a stand-off method of elemental analysis based on atomic emission spectroscopy called laser-induced
breakdown spectroscopy (LIBS). A laser-produced spark vaporizes and excites the target material, the elements of which emit
at characteristic wavelengths. Using this method, material can be analyzed from within a radius of several tens of meters from
the instrument platform. A relatively large area can therefore be sampled from a simple lander without requiring a rover or
sampling arms. The placement of such an instrument on a rover would allow the sampling of locations distant from the landing
site. Here we give a description of the LIBS method and its advantages. We discuss recent work on determining its
characteristics for Mars exploration, including accuracy, detection limits, and suitability for determining the presence of water
ice and hydrated minerals. We also give a description of prototype instruments we have tested in field settings.

Author
Mars Exploration; Planetary Geology; Planetary Composition; Chemical Analysis, Laser-Induced Breakdown Spectroscopy

20030066722 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Mars Exploration Rover Landing Site Selection
Golombek, M.; Grant, J.; Parker, T.; Kass, D.; Crisp, J.; Squyres, S.; Adler, M.; Haldemann, H.; Carr, M.; Arvidson, A., et
al.; Sixth International Conference on Mars; 2003; In English; Copyright; Avail: CASI; C01, CD-ROM; A01, Hardcopy;
Available on CD-ROM as part of the entire parent document

Selection of the landing sites for the Mars Exploration Rovers has involved over 2 years of research and analysis effort
that has included the participation of broad sections of the planetary sciences community through a series of open landing site
workshops. The effort has included the definition of the engineering constraints based on the landing system, mapping those
engineering constraints into acceptable regions and prospective sites, the acquisition of new information from Mars Global
Surveyor and Mars Odyssey orbiters, the evaluation of science and safety criteria for the sites, and the downselection and final
site selection based on the sites science potential and safety. The final landing sites (Meridiani Planum and Gusev crater) were
selected by NASA Headquarters on April 11, 2003, prior to launch in June. This paper presents engineering requirements, and
potential landing sites for Mars Exploration Rovers.
Derived from text
Mars Exploration; Mars Landing Sites; Mars Surface; Mars Roving Vehicles; Site Selection

20030066682 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA

Pancam: A Multispectral Imaging Investigation on the NASA 2003 Mars Exploration Rover Mission

Bell, J. E, III; Squyres, S. W.; Herkenhoff, K. E.; Maki, J.; Schwochert, M.; Dingizian, A.; Brown, D.; Morris, R. V.; Arneson,

H. M.; Johnson, M. J., et al.; Sixth International Conference on Mars; 2003; In English; Original contains color illustrations;

Copyright; Avail: CASI; CO1, CD-ROM; AO1, Hardcopy; Available on CD-ROM as part of the entire parent document
One of the six science payload elements carried on each of the NASA Mars Exploration Rovers (MER; Figure 1) is the

Panoramic Camera System, or Pancam. Pancam consists of three major components: a pair of digital CCD cameras, the

Pancam Mast Assembly (PMA), and a radiometric calibration target. The PMA provides the azimuth and elevation actuation

for the cameras as well as a 1.5 meter high vantage point from which to image. The calibration target provides a set of

reference color and grayscale standards for calibration validation, and a shadow post for quantification of the direct vs. diffuse

illumination of the scene. Pancam is a multispectral, stereoscopic, panoramic imaging system, with a field of regard provided

by the PMA that extends across 360 of azimuth and from zenith to nadir, providing a complete view of the scene around the

rover in up to 12 unique wavelengths. The major characteristics of Pancam are summarized.

Derived from text
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20030066557 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Mars Exploration Rovers as Virtual Instruments for Determination of Terrain Roughness and Physical Properties
Arvidson, R. E.; Lindemann, R.; Matijevic, J.; Richter, L.; Sullivan, R.; Haldemann, A.; Anderson, R.; Snider, N.; Sixth
International Conference on Mars; 2003; In English; Original contains black and white illustrations; Copyright; Avail: CASI;
CO01, CD-ROM; A01, Hardcopy; Available on CD-ROM as part of the entire parent document

The two 2003 Mars Exploration Rovers (MERs), in combination with the Athena Payload, will be used as virtual
instrument systems to infer terrain properties during traverses, in addition to using the rover wheels to excavate trenches,
exposing subsurface materials for remote and in-situ observations. The MERs are being modeled using finite element-based
rover system transfer functions that utilize the distribution of masses associated with the vehicle, together with suspension and
wheel dynamics, to infer surface roughness and mechanical properties from traverse time series data containing vehicle yaw,
pitch, roll, encoder counts, and motor currents. These analyses will be supplemented with imaging and other Athena Payload
measurements. The approach is being validated using Sojourner data, the FIDO rover, and experiments with MER testbed
vehicles. In addition to conducting traverse science and associated analyses, trenches will be excavated by the MERSs to depths
of approximately 10-20 cm by locking all but one of the front wheels and rotating that wheel backwards so that the excavated
material is piled up on the side of the trench away from the vehicle. Soil cohesion and angle of internal friction will be
determined from the trench telemetry data. Emission spectroscopy and in-situ observations will be made using the Athena
payload before and after imaging. Trenching and observational protocols have been developed using Sojourner results; data
from the FIDO rover, including trenches dug into sand, mud cracks, and weakly indurated bedrock; and experiments with
MER testbed rovers. Particular attention will be focused on Mini-TES measurements designed to determine the abundance and
state of subsurface water (e.g. hydrated, in zeolites, residual pore ice?) predicted to be present from Odyssey GRS/NS/HEND
data.
Author
Mars Roving Vehicles; Terrain Analysis, Surface Roughness;, Mars Surface; Terrain

20030065170 NASA Langley Research Center, Hampton, VA, USA
Mars Exploration Rover Six-Degree-Of-Freedom Entry Trajectory Analysis
Desai, Prasun N.; Schoenenberger, Mark; Cheatwood, F. M.; [2003]; In English; AAS/AIAA Astrodynamics Specalits
Conference, 3-7 Aug. 2003, Big Sky, MT, USA
Report No.(s): AAS Paper 03-642; Copyright; Avail: CASI; A03, Hardcopy

The Mars Exploration Rover mission will be the next opportunity for surface exploration of Mars in January 2004. Two
rovers will be delivered to the surface of Mars using the same entry, descent, and landing scenario that was developed and
successfully implemented by Mars Pathfinder. This investigation describes the trajectory analysis that was performed for the
hypersonic portion of the MER entry. In this analysis, a six-degree-of-freedom trajectory simulation of the entry is performed
to determine the entry characteristics of the capsules. In addition, a Monte Carlo analysis is also performed to statistically
assess the robustness of the entry design to off-nominal conditions to assure that all entry requirements are satisfied. The results
show that the attitude at peak heating and parachute deployment are well within entry limits. In addition, the parachute
deployment dynamics pressure and Mach number are also well within the design requirements.
Author
Degrees of Freedom; Trajectory Analysis; Atmospheric Entry; Mars Roving Vehicles; Mars Exploration; NASA Space
Programs

20030034825 Massachusetts Univ., Amherst, MA, USA
Self-Directed Cooperative Planetary Rovers
Zilberstein, Shlomo; Morris, Robert, Technical Monitor; April 2003; In English
Contract(s)/Grant(s): NAG2-1463; No Copyright; Avail: CASI; A02, Hardcopy

The project is concerned with the development of decision-theoretic techniques to optimize the scientific return of
planetary rovers. Planetary rovers are small unmanned vehicles equipped with cameras and a variety of sensors used for
scientific experiments. They must operate under tight constraints over such resources as operation time, power, storage
capacity, and communication bandwidth. Moreover, the limited computational resources of the rover limit the complexity of
on-line planning and scheduling. We have developed a comprehensive solution to this problem that involves high-level tools
to describe a mission; a compiler that maps a mission description and additional probabilistic models of the components of
the rover into a Markov decision problem; and algorithms for solving the rover control problem that are sensitive to the limited
computational resources and high-level of uncertainty in this domain.
Author
Roving Vehicles; Space Exploration; Autonomy; Networks; Decision Theory
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20030034817 Massachusetts Univ., Amherst, MA, USA
Reinforcement Learning for Weakly-Coupled MDPs and an Application to Planetary Rover Control
Bernstein, Daniel S.; Zilberstein, Shlomo; [2003]; In English
Contract(s)/Grant(s): NAG2-1463; NAG2-1394; NSF IRI-96-24992; NSF 1IS-99-07331; No Copyright; Avail: CASI; A02,
Hardcopy

Weakly-coupled Markov decision processes can be decomposed into subprocesses that interact only through a small set
of bottleneck states. We study a hierarchical reinforcement learning algorithm designed to take advantage of this particular
type of decomposability. To test our algorithm, we use a decision-making problem faced by autonomous planetary rovers. In
this problem, a Mars rover must decide which activities to perform and when to traverse between science sites in order to make
the best use of its limited resources. In our experiments, the hierarchical algorithm performs better than Q-learning in the early
stages of learning, but unlike Q-learning it converges to a suboptimal policy. This suggests that it may be advantageous to use
the hierarchical algorithm when training time is limited.
Author
Decision Making, Markov Processes; Mars Surface; Roving Vehicles

20030034662 Massachusetts Univ., Amherst, MA, USA
Decision-Theoretic Control of Planetary Rovers
Zilberstein, Shlomo; Washington, Richard; Bernstein, Daniel S.; Mouaddib, Abdel-Illah; Morris, Robert, Technical Monitor;
[2003]; In English; Original contains black and white illustrations
Contract(s)/Grant(s): NAG2-1463; Copyright; Avail: CASI; A03, Hardcopy

Planetary rovers are small unmanned vehicles equipped with cameras and a variety of sensors used for scientific
experiments. They must operate under tight constraints over such resources as operation time, power, storage capacity, and
communication bandwidth. Moreover, the limited computational resources of the rover limit the complexity of on-line
planning and scheduling. We describe two decision-theoretic approaches to maximize the productivity of planetary rovers: one
based on adaptive planning and the other on hierarchical reinforcement learning. Both approaches map the problem into a
Markov decision problem and attempt to solve a large part of the problem off-line, exploiting the structure of the plan and
independence between plan components. We examine the advantages and limitations of these techniques and their scalability.
Author
Roving Vehicles; Unmanned Ground Vehicles; Decision Theory; Markov Processes; Mathematical Models;, Control Theory

20030014741 NASA Ames Research Center, Moffett Field, CA USA
The Mars Exploration Rover/Collaborative Information Portal
Walton, Joan; Filman, Robert E.; Schreiner, John; Koga, Dennis, Technical Monitor; Oct. 31, 2002; In English; 10th
International Conference on Human-Computer Interaction, 22-27 Jun. 2003, Crete, Greece; Copyright; Avail: CASI; A02,
Hardcopy; Distribution as joint owner in the copyright

Astrology has long argued that the alignment of the planets governs human affairs. Science usually scoffs at this. There
is, however, an important exception: sending spacecraft for planetary exploration. In late May and early June, 2003, Mars will
be in position for Earth launch. Two Mars Exploration Rovers (MER) will rocket towards the red planet. The rovers will
perform a series of geological and meteorological experiments, seeking to examine geological evidence for water and
conditions once favorable for life. Back on earth, a small army of surface operations staff will work to keep the rovers running,
sending directions for each day’s operations and receiving the files encoding the outputs of the Rover’s six instruments. (Mars
is twenty light minutes from Earth. The rovers must be robots.) The fundamental purpose of the project is, after all, Science.
Scientists have experiments they want to run. Ideally, scientists want to be immediately notified when the data products of their
experiments have been received, so that they can examine their data and (collaboratively) deduce results. Mars is an
unpredictable environment. We may issue commands to the rovers but there is considerable uncertainty in how the commands
will be executed and whether what the rovers sense will be worthy of further pursuit. The steps of what is, to a scientist,
conceptually an individual experiment may be scattered over a large number of activities. While the scientific staff has an
overall strategic idea of what it would like to accomplish, activities are planned daily. The data and surprises of the previous
day need to be integrated into the negotiations for the next day’s activities, all synchronized to a schedule of transmission
windows . Negotiations is the operative term, as different scientists want the resources to run possibly incompatible
experiments. Many meetings plan each day’s activities.
Author
Mars Exploration; Space Exploration; Roving Vehicles; Geology
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20030012639 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA USA
Visible to Short Wavelength Infrared Spectroscopy on Rovers: Why We Need it on Mars and What We Need to do on
Earth
Blaney, D. L.; Mars Infrared Spectroscopy: From Theory and the Laboratory To Field Observations; 2002; In English; No
Copyright; Abstract Only; Available from CASI only as part of the entire parent document

The next stage of Mars exploration will include the use of rovers to seek out specific mineralogies. Understanding the
mineralogical diversity of the locale will be used to determining which targets should be investigated with the full suite of in
situ capability on the rover. Visible to Short Wavelength Infrared (VSWIR) spectroscopy is critical in evaluating the
mineralogical diversity and to validate the global remote sensing data sets to be collected by Mars Express and the Mars
Reconnaissance Orbiter. However, spectroscopy on mobile platforms present challenges in both the design of instruments and
in the efficient operation of the instrument and mission. Field-testing and validation on Earth can be used to develop instrument
requirements analysis tools needed for used on Mars.
Author
Infrared Spectroscopy; Roving Vehicles; Mars Surface; Mars Exploration; Design Analysis; Mars Landing Sites; Data
Processing

20030006804
Design Concept for a Nuclear Reactor-Powered Mars Rover
Elliott, John O.; Lipinski, Ronald J.; Poston, David I.; AIP Conference Proceedings; January 28, 2003; ISSN 0094-243X;
Volume 654, no. 1; In English; SPACE TECHNOLOGY and APPLICATIONS INT.FORUM-STAIF 2003: Conf.on
Thermophysics in Microgravity; Commercial/Civil Next Generation Space Transportation; Human Space Exploration, 2-5
February 2003, Albuquerque, New Mexico, USA; Copyright

A study was recently carried out by a team from JPL and the DOE to investigate the utility of a DOE-developed 3 kWe
surface fission power system for Mars missions. The team was originally tasked to perform a study to evaluate the usefulness
and feasibility of incorporation of such a power system into a landed mission. In the course of the study it became clear that
the application of such a power system was enabling to a wide variety of potential missions. Of these, two missions were
developed, one for a stationary lander and one for a reactor-powered rover. This paper discusses the design of the rover
mission, which was developed around the concept of incorporating the fission power system directly into a large rover chassis
to provide high power, long range traverse capability. The rover design is based on a minimum extrapolation of technology,
and adapts existing concepts developed at JPL for the 2009 Mars Science Laboratory (MSL) rover, lander and EDL systems.
The small size of the reactor allowed its incorporation directly into an existing large MSL rover chassis design, allowing direct
use of MSL aeroshell and pallet lander elements, beefed up to support the significantly greater mass involved in the nuclear
power system and its associated shielding. This paper describes the unique design challenges encountered in the development
of this mission architecture and incorporation of the fission power system in the rover, and presents a detailed description of
the final design of this innovative concept for providing long range, long duration mobility on Mars. [copyright] 2003
American Institute of Physics
Author (AIP)
Mars Missions;, Mars Surface; Mass; Nuclear Power Reactors; Nuclear Reactors; Radiation Protection; Research Projects;
Roving Vehicles

20030006784
Active Heat Rejection System on Mars Exploration Rover -- Design Changes from Mars Pathfinder
Ganapathi, Gani B.; Birur, Gajanana C.; Tsuyuki, Glenn T.; McGrath, Paul L.; Patzold, Jack D.; AIP Conference Proceedings;
January 28, 2003; ISSN 0094-243X; Volume 654, no. 1; In English; SPACE TECHNOLOGY and APPLICATIONS
INT.FORUM-STAIF 2003: Conf.on Thermophysics in Microgravity; Commercial/Civil Next Generation Space
Transportation; Human Space Exploration, 2-5 February 2003, Albuquerque, New Mexico, USA; Copyright

The active Heat Rejection System designed for Mars Pathfinder was modified for the Mars Exploration Rover (Mars ‘03)
mission and will be used to remove excess heat from the Rover electronics during the cruise part of the mission. The Integrated
Pump Assembly design from MPF remained essentially intact; changes were primarily made to reduce weight. However, the
cooling loop was significantly redesigned to service totally different requirements for the MER rovers. In addition, the vent
design was readdressed to alleviate potentially excessive nutation as was induced on the MPF spacecraft in the process of
dumping the CFC-11 overboard prior to Entry/Descent/Landing. The current vent design was based on a better understanding
of the flow characteristics during the blowdown process. This paper addresses some of the key design changes. This paper also



addresses lessons learned from the performance testing, and potential changes to improve the HRS performance (e.g.
temperature oscillations). [copyright] 2003 American Institute of Physics

Author (AIP)

Cooling;, Mars (Planet); Mars Exploration;, Mars Missions;, Mars Pathfinder; Roving Vehicles;, Systems Engineering;
Temperature Control; Ventilation

20030006783
Development of a Thermal Control Architecture for the Mars Exploration Rovers
Novak, Keith S.; Phillips, Charles J.; Birur, Gajanana C.; Sunada, Eric T.; Pauken, Michael T.; AIP Conference Proceedings;
January 28, 2003; ISSN 0094-243X; Volume 654, no. 1; In English; SPACE TECHNOLOGY and APPLICATIONS
INT.FORUM-STAIF 2003: Conf.on Thermophysics in Microgravity; Commercial/Civil Next Generation Space
Transportation; Human Space Exploration, 2-5 February 2003, Albuquerque, New Mexico, USA; Copyright

In May and June of 2003, the National Aeronautics and Space Administration (NASA) will launch two roving science
vehicles on their way to Mars. They will land on Mars in January and February of 2004 and carry out 90-Sol missions. This
paper addresses the thermal design architecture of the Mars Exploration Rover (MER) developed for Mars surface operations.
The surface atmosphere temperature on Mars can vary from O[deg]C in the heat of the day to -100[deg]C in the early morning,
prior to sunrise. Heater usage at night must be minimized in order to conserve battery energy. The desire to minimize nighttime
heater energy led to a design in which all temperature sensitive electronics and the battery were placed inside a well-insulated
(carbon-opacified aerogel lined) Warm Electronics Box (WEB). In addition, radioisotope heater units (RHU’s, non-electric
heat sources) were mounted on the battery and electronics inside the WEB. During the Martian day, the electronics inside the
WEB dissipate a large amount of energy (over 710 W*hrs). This heat energy raises the internal temperatures inside the WEB.
Hardware items that have similar temperature limits were conductively coupled together to share heat and concentrate thermal
mass. Thermal mass helped to minimize temperature increases in the hot case (with maximum internal dissipation) and
minimize temperature decreases in the cold case (with minimum internal dissipation). In order to prevent the battery from
exceeding its maximum allowable flight temperature, wax-actuated passive thermal switches were placed between the battery
and an external radiator. This paper discusses the design philosophies and system requirements that resulted in a successful
Mars rover thermal design. [copyright] 2003 American Institute of Physics
Author (AIP)
Control Theory;, Launch Vehicles; Mars (Planet); Mars Exploration; NASA Programs; Packaging, Roving Vehicles;
Temperature Control

20020091882 NASA Ames Research Center, Moffett Field, CA USA
Instrument Deployment for Mars Rovers
Pedersen, Liam; Bualat, Maria; Kunz, C.; Lee, Susan; Sargent, Randy; Washington, Rich; Wright, Anne; Clancy, Daniel,
Technical Monitor; Sep. 17, 2002; In English; IEEE 2003 International Conference on Robotics and Automation, 12-17 May
2003, Taiwan, Province of China; No Copyright; Avail: CASI; A02, Hardcopy

Future Mars rovers, such as the planned 2009 MSL rover, require sufficient autonomy to robustly approach rock targets
and place an instrument in contact with them. It took the 1997 Sojourner Mars rover between 3 and 5 communications cycles
to accomplish this. This paper describes the technologies being developed and integrated onto the NASA Ames K9 prototype
Mars rover to both accomplish this in one cycle, and to extend the complexity and duration of operations that a Mars rover
can accomplish without intervention from mission control.
Author
Deployment; Mars Surface; Roving Vehicles; Technology Utilization; Mars (Planet); Systems Engineering

20020091830 QSS Group, Inc., Moffett Field, CA USA
Science Target Assessment for Mars Rover Instrument Deployment
Pedersen, Liam; Clancy, Daniel, Technical Monitor; Sep. 17, 2002; In English; 2002 IEEE/RSJ International Conference on
Intelligent Robots and Systems, 30 Sep. - 4 Oct. 2002, Switzerland; No Copyright; Avail: CASI; A02, Hardcopy

This paper introduces the system being developed at NASA Ames Research Center, intended for the Mars ‘09 Smart
Lander, to robustly place sensors or tools against rocks in a single communications cycle. Science targets must be assessed
prior to instrument placement in order to segment them from the background and determine where, if possible, to position the
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instrument. An initial result of this research effort is a novel Bayesian based method for segmenting rocks from the ground
using 3D data.

Author

Mars Surface; Roving Vehicles; Targets; Instrument Orientation

20020083006 NASA Ames Research Center, Moffett Field, CA USA
Rovers for Mars Polar Exploration
Stoker, Carol; DeVincenzi, Donald, Technical Monitor; [1998]; In English; Conference on Mars Polar Processes, 18-22 Oct.
1998, Houston, TX, USA; No Copyright; Avail: Other Sources; Abstract Only

Mobility is a generic capability needed for Mars exploration. Requirements for mobility range from those to get
observations of individual rocks all the way to getting high resolution observations of regional areas. Table 1 shows the
required-range of mobility to achieve various tasks. The Pathfinder mission and field experiments simulating rover missions
[1,2,3,4,5] provide guidance as to rover capabilities that can reasonably be expected in the next decade. Rover mobility can
be accomplished in a variety of ways, the most common being wheels or tracks and legged-walkers. Wheeled vehicles can
traverse over rocks smaller than 1/2 wheel diameter, and with path planning to avoid larger rocks, can traverse terrains
comparable to those seen on Mars in the Viking and Pathfinder landing sites. Slopes of 45 deg can be easily negotiated by
wheeled rovers. Walking vehicles can negotiate even more complex terrain but requires computation capability to select each
leg placement. Extremely complex terrain was traversed by the Nomad II walker which descended into (and most of the way
out of) an active volcanic caldera (Mount Spur, AK) in 1995, although a slope failure eventually resulted in broken legs. The
traverse range of a rover is limited by its science objectives, performance capabilities, and operational lifetime. The speed of
rover traverse is a relative minor factor. With a different communication system, and no stops for science experiments,
Sojourner could probably have traveled a kilometer. But, achieving land speed records is not a major objective of a science
mission. Achieving science objectives requires targeting particular objects and studying them in detail, and the associated
operational requirements will likely limit rover traverse range significantly. Traversing from target to target requires relatively
few command cycles provided the traverse is over a short enough distance that it can be adequately planned. An operational
goal of 100 m traverse per command cycle, arriving at a predetermined target, seems achievable. Investigating science targets
requiring manipulator or instrument placement and sample collection will likely take several command cycles per target.
Mission simulations [6] have demonstrated that traverse dI stances of 100-300 m, with detailed investigation of 5-10 targets
take 50-100 command cycles, not unlike the Pathfinder experience in spite of the use of larger, faster, more capable rovers.
Significant advances in rover autonomy will be needed to improve this Situation and it is not clear how much improvement
will be brought to flight programs in the next decade. Dust accumulation on solar panels degrades power over time and,
without dust removal, rover operational lifetimes may be limited to 90 sols.
Derived from text
Roving Vehicles; Mars Exploration;, Mobility, Trajectory Planning;, Mars Pathfinder

20020078203 NASA Ames Research Center, Moffett Field, CA USA
Contingency Planning for Planetary Rovers
Dearden, Richard; Meuleau, Nicolas; Ramakrishnan, Sailesh; Smith, David; Washington, Rich; Clancy, Daniel, Technical
Monitor; [2002]; In English; 3rd International NASA Workshop on Planning and Scheduling for Space, 27-29 Oct. 2002,
Houston, TX, USA; No Copyright; Avail: CASI; A02, Hardcopy

There has been considerable work in Al on planning under uncertainty. But this work generally assumes an extremely
simple model of action that does not consider continuous time and resources. These assumptions are not reasonable for a Mars
rover, which must cope with uncertainty about the duration of tasks, the power required, the data storage necessary, along with
its position and orientation. In this paper, we outline an approach to generating contingency plans when the sources of
uncertainty involve continuous quantities such as time and resources. The approach involves first constructing a ‘seed’ plan,
and then incrementally adding contingent branches to this plan in order to improve utility. The challenge is to figure out the
best places to insert contingency branches. This requires an estimate of how much utility could be gained by building a
contingent branch at any given place in the seed plan. Computing this utility exactly is intractable, but we outline an
approximation method that back propagates utility distributions through a graph structure similar to that of a plan graph.
Author
Contingency,; Roving Vehicles; Mars Surface; Planning; Approximation
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20020070287 NASA Ames Research Center, Moffett Field, CA USA
Autonomous Rovers for Human Exploration of Mars
Bresina, John; Dorais, Gregory; Golden, Keith; Washington, Richard; Lau, Sonie, Technical Monitor; [1998]; In English; No
Copyright; Avail: Other Sources; Abstract Only

Autonomous rovers are a critical element for the success of human exploration of Mars. The robotic tasks required for
human presence on Mars are beyond the ability of current rovers; these tasks include emplacement and maintenance of a
habitat, fuel production facility, and power generator, landing-site scouting, and mining. These tasks are required before and
also during human presence; the ability of rovers to offload work from the human explorers will enable the humans to
accomplish their mission. The capacity for these tasks will be realized by significant advancement toward full rover autonomy
and, in particular, by overcoming current rover mission limitations in the areas of robust operation, resource utilization, and
failure recovery. The Pathfinder mission demonstrated the potential for robotic Mars exploration, but at the same time
indicated clearly the need for more rover autonomy. The highly interactive, ground-intensive control with significant
downtime limited the effectiveness of the Sojourner rover. Advances in rover offer increased rover productivity without risk
to rover safety. We are developing an integrated on-board executive architecture that incorporates robust operation, resource
utilization, and failure recovery. This work draws from our experience with the architecture for the Deep Space One autonomy
experiment, with enhancements in the area of ensuring robust operation in the face of unpredictable, complex environments,
such as what a rover encounters on Mars. Our ultimate goal is to provide a complete agent architecture for rover autonomy.
The complete architecture will include long-range mission and path planning, self-diagnosis and fault recovery, and continual
monitoring and adjustment of execution resources. The architecture will enable robust operation over long ranges of time and
distance, performing complex tasks in a planned and opportunistic manner, and serving as an intelligent, capable tool for
human explorers.
Author
Diagnosis, Ground Based Control; Interactive Control; Mars Exploration; Robotics, Roving Vehicles; Trajectory Planning

20020061268 NASA Ames Research Center, Moffett Field, CA USA
Testing Planetary Rovers: Technologies, Perspectives, and Lessons Learned
Thomas, Hans; Lau, Sonie, Technical Monitor; [1998]; In English; IEEE Conference on Robotics and Automation, 16 May
1998, Leuven, Belgium; No Copyright; Avail: Other Sources; Abstract Only

Rovers are a vital component of NASA'’s strategy for manned and unmanned exploration of space. For the past five years,
the Intelligent Mechanisms Group at the NASA Ames Research Center has conducted a vigorous program of field testing of
rovers from both technology and science team productivity perspective. In this talk, I will give an overview of the the last two
years of the test program, focusing on tests conducted in the Painted Desert of Arizona, the Atacama desert in Chile, and on
IMG participation in the Mars Pathfinder mission. An overview of autonomy, manipulation, and user interface technologies
developed in response to these missions will be presented, and lesson’s learned in these missions and their impact on future
flight missions will be presented. I will close with some perspectives on how the testing program has affected current rover
systems.
Author
Roving Vehicles; Manned Mars Missions; Planetary Surfaces

20020052585 NASA Ames Research Center, Moffett Field, CA USA
Mars Rovers: Past, Present, and Future
Bualat, Maria; Lau, Sonie, Technical Monitor; [2001]; In English; AIAA Dinner Meeting, 19 Jul. 2001, Moffett Field, CA,
USA; No Copyright; Avail: CASI; A03, Hardcopy

This viewgraph presentation provides information on the exploration of Mars through the use of rover vehicles. Mars is
considered an interesting planet because it is the most like Earth of all known planets, and it may have or have had water on
or below its surface. There are many different engineering design challenges for roving vehicles intended for Mars. These
include: communications time delay, narrow communications bandwidth, extreme temperatures, rough and rocky terrain, the
lack of a global positioning system, and dust. The Sojourner Rover specifications are provided including wheel diameter and
instruments. There are prototypes being tested at NASA’s Ames Research Center of the next generation Mars rovers.
CASI
Roving Vehicles; Mars Exploration; Mars (Planet); Research Vehicles; Systems Engineering
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20020046334 Hawaii Univ., Honolulu, HI USA
A Rover’s-Eye View in the Thermal Infrared: Spectral Adjacency Effects
Horton, K. A.; Moersch, J. E.; Lucey, P. G.; Ruff, S. W.; Lunar and Planetary Science XXXIII; April 2002; In English;
CD-ROM contains the entire conference proceedings presented in PDF format
Contract(s)/Grant(s): NAGS5-10635; No Copyright; Abstract Only: Available from CASI only as part of the entire parent
document

Due to the unique perspective of thermal infrared spectral measurements of geologic targets taken obliquely from a
planetary rover or fixed lander, we have conducted several series of experiments designed to explore the various interferences
which may arise from the local environment. Additional information is contained in the original extended abstract.
Derived from Text
Spectrum Analysis; Infrared Radiation; Infrared Spectra; Planetary Surfaces

20020045783 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA USA

Downselection of Landing Sites for the Mars Exploration Rovers

Golombek, M.; Grant, J.; Parker, T.; Schofield, T.; Kass, D.; Knocke, P.; Roncoli, R.; Bridges, N.; Anderson, S.; Crisp, J., et

al.; Lunar and Planetary Science XXXIII; April 2002; In English; CD-ROM contains the entire conference proceedings

presented in PDF format; No Copyright; Abstract Only: Available from CASI only as part of the entire parent document
Six landing sites that show evidence for processes involving water have been selected from a possible 185 for the Mars

Exploration Rovers. These sites are being imaged by orbiting spacecraft and evaluated for science potential and safety before

selection of two in May 2002. Additional information is contained in the original extended abstract.

Derived from Text

Mars Landing Sites; Mars Exploration

20020011683 NASA Ames Research Center, Moffett Field, CA USA
VIPER: Virtual Intelligent Planetary Exploration Rover
Edwards, Laurence; Flueckiger, Lorenzo; Nguyen, Laurent; Washington, Richard; [2001]; In English; No Copyright; Avail:
CASI; A02, Hardcopy

Simulation and visualization of rover behavior are critical capabilities for scientists and rover operators to construct, test,
and validate plans for commanding a remote rover. The VIPER system links these capabilities. using a high-fidelity
virtual-reality (VR) environment. a kinematically accurate simulator, and a flexible plan executive to allow users to simulate
and visualize possible execution outcomes of a plan under development. This work is part of a larger vision of a
science-centered rover control environment, where a scientist may inspect and explore the environment via VR tools, specify
science goals, and visualize the expected and actual behavior of the remote rover. The VIPER system is constructed from three
generic systems, linked together via a minimal amount of customization into the integrated system. The complete system
points out the power of combining plan execution, simulation, and visualization for envisioning rover behavior; it also
demonstrates the utility of developing generic technologies. which can be combined in novel and useful ways.
Author
Virtual Reality; Computerized Simulation; Roving Vehicles

20020004189 NASA Ames Research Center, Moffett Field, CA USA
A Framework for Distributed Rover Control and Three Sample Applications
McGuire, Steve; [2001]; In English; No Copyright; Avail: CASI; AO1, Hardcopy

In order to develop quality control software for multiple robots, a common interface is required. By developing
components in a modular fashion with well-defined boundaries, roboticists can write code to program a generic rover, and only
require very simple modifications to run on any robot with a properly implemented framework. The proposed framework
advances a Generic Rover that could be any rover, from Real World Interface’s All Terrain Robot Vehicle Jr. series to the
Fido-class rovers from the Jet Propulsion Laboratory to any other research robot. Using these generic hardware interfaces,
software designers and engineers can concentrate on the actual code, and not have to worry about hardware details. In addition
to the hardware support framework, three sample applications have been developed to demonstrate the flexibility and
extensibility of the framework.
Author
Distributed Parameter Systems; Roving Vehicles; Software Development Tools; Human-Computer Interface
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20020002861 Research Inst. for Advanced Computer Science, Moffett Field, CA USA
Particle Filters for Real-Time Fault Detection in Planetary Rovers
Dearden, Richard; Clancy, Dan; Koga, Dennis, Technical Monitor; [2001]; In English; ESA Workshop on On-Board
Autonomy; No Copyright; Avail: CASI; A02, Hardcopy

Planetary rovers provide a considerable challenge for robotic systems in that they must operate for long periods
autonomously, or with relatively little intervention. To achieve this, they need to have on-board fault detection and diagnosis
capabilities in order to determine the actual state of the vehicle, and decide what actions are safe to perform. Traditional
model-based diagnosis techniques are not suitable for rovers due to the tight coupling between the vehicle’s performance and
its environment. Hybrid diagnosis using particle filters is presented as an alternative, and its strengths and weakeners are
examined. We also present some extensions to particle filters that are designed to make them more suitable for use in diagnosis
problems.
Author
Fault Detection; Robotics; Roving Vehicles

20010114481 NASA Ames Research Center, Moffett Field, CA USA
Rovers as Geological Helpers for Planetary Surface Exploration
Stoker, Carol; DeVincenzi, Donald, Technical Monitor; [2000]; In English, 13 Nov. 2000, Reno, NV, USA; No Copyright;
Avail: Other Sources; Abstract Only

Rovers can be used to perform field science on other planetary surfaces and in hostile and dangerous environments on
Earth. Rovers are mobility systems for carrying instrumentation to investigate targets of interest and can perform geologic
exploration on a distant planet (e.g. Mars) autonomously with periodic command from Earth. For nearby sites (such as the
Moon or sites on Earth) rovers can be teleoperated with excellent capabilities. In future human exploration, robotic rovers will
assist human explorers as scouts, tool and instrument carriers, and a traverse ‘buddy’. Rovers can be wheeled vehicles, like
the Mars Pathfinder Sojourner, or can walk on legs, like the Dante vehicle that was deployed into a volcanic caldera on Mt.
Spurr, Alaska. Wheeled rovers can generally traverse slopes as high as 35 degrees, can avoid hazards too big to roll over, and
can carry a wide range of instrumentation. More challenging terrain and steeper slopes can be negotiated by walkers.
Limitations on rover performance result primarily from the bandwidth and frequency with which data are transmitted, and the
accuracy with which the rover can navigate to a new position. Based on communication strategies, power availability, and
navigation approach planned or demonstrated for Mars missions to date, rovers on Mars will probably traverse only a few
meters per day. Collecting samples, especially if it involves accurate instrument placement, will be a slow process. Using live
teleoperation (such as operating a rover on the Moon from Earth) rovers have traversed more than 1 km in an 8 hour period
while also performing science operations, and can be moved much faster when the goal is simply to make the distance. I will
review the results of field experiments with planetary surface rovers, concentrating on their successful and problematic
performance aspects. This paper will be accompanied by a working demonstration of a prototype planetary surface rover.
Author
Roving Vehicles; Planetary Surfaces; Geology

20010089410 Smithsonian Institution, Washington, DC USA
A Rover Deployed Ground Penetrating Radar on Mars
Grant, J. A.; Campbell, B. A.; Schutz, A. E.; Conference on the Geophysical Detection of Subsurface Water on Mars; August
2001; In English
Contract(s)/Grant(s): NAG5-9658; No Copyright; Abstract Only; Available from CASI only as part of the entire parent
document

Radar is a fundamental tool capable of addressing a variety of geological problems on Mars via collection of data suitable
for interpreting variations in surface morphology and reflectivity. Surface-deployed ground penetrating radar (GPR) can help
further constrain the geology and structure of the near surface of Mars by directly measuring the range and character of in situ
radar properties. In recognition of this potential, a miniaturized, easily modified GPR is being developed for possible
deployment on a future Mars rover and will enable definition of radar stratigraphy at high spatial resolution to depths of 10-20
meters. Ongoing development of a Mars impulse GPR with industry partners at Geophysical Survey Systems, Inc., focuses
on design and testing of a prototype transducer array (with both high frequency bistatic and low frequency monostatic
components) in parallel with fabrication of a low power, mass, and volume control unit. The operational depth of 10-20 meters
is geared towards definition of stratigraphy, subsurface blocks, and structure at the decimeter to meter scale that is critical for
establishing the geologic setting of the rover. GPR data can also be used to infer the degree of any post-depositional pedogenic
alteration or weathering that has subsequently taken place, thereby enabling assessment of pristine versus secondary

11


http://www.sti.nasa.gov/cprice.pdf

morphology at the landing site. As is the case for most remote sensing instruments, a GPR may not detect water
unambiguously. Nevertheless, any local, near-surface occurrence of liquid water will lead to large, easily detected dielectric
contrasts. Moreover, definition of stratigraphy and setting will help in evaluating the history of aqueous activity and where any
water might occur and be accessible. Most importantly perhaps, GPR can provide critical context for other rover and orbital
instruments/data sets. Hence, GPR deployment along well positioned transects in the vicinity of a lander should enable 3-D
mapping of stratigraphy and could serve to guide direct subsurface sampling. Additional information is contained in the
original extended abstract.

Author

Ground Penetrating Radar; Roving Vehicles; Electronic Transducers; Remote Sensing; Mars Exploration

20010045056 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA USA

Preliminary Engineering Constraints and Potential Landing Sites for the Mars Exploration Rovers

Golombek, M. P.; Parker, T.; Schofield, T.; Kass, D.; Crisp, J.; Haldemann, A.; Knocke, P.; Roncoli, R.; Lee, W.; Adler, M.,

et al.; Lunar and Planetary Science XXXII; 2001; In English; CD-ROM contains the entire conference proceedings presented

in PDF format; No Copyright; Abstract Only: Available from CASI only as part of the entire parent document
Preliminary engineering constraints on Mars Exploration Rover landing sites are derived, mapped into remote sensing

criteria, and used to identify potential landing sites. High-priority sites via an open request to the science community and future

plans are described. Additional information is contained in the original extended abstract.

Derived from Text

Landing Sites; Mars Exploration; Roving Vehicles; Mars Surface

20010045045 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA USA

FIDO Prototype Mars Rover Field Trials, May 2000, Black Rock Summit, Nevada

Seelos, F. P.; Arvidson, R. E.; Squyres, S. W.; Baumgartner, E. T.; Schenker, P. S.; Jolliff, B. L.; Niebur, C. S.; Larsen, K. W.;

Snider, N. O.; Lunar and Planetary Science XXXII; 2001; In English; CD-ROM contains the entire conference proceedings

presented in PDF format; No Copyright; Abstract Only: Available from CASI only as part of the entire parent document
Results of May 2000 field testing of the FIDO prototype Mars rover are summarized. Tests included remote science

operations and simulated aspects of the Athena payload for 2003 MER (Mars Exploration Rovers). Additional information is

contained in the original extended abstract.

Derived from Text

Field Tests; Environmental Tests;, Performance Tests; Prototypes; Roving Vehicles

20010023135 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA USA
Exploring Mars with Balloons and Inflatable Rovers
Jones, Jack A.; Cutts, James A.; Kerzhanovich, Viktor V.; Yavrouian, Andre; Hall, Jeffrey L.; Raque, Steven; Fairbrother,
Debbie A.; Concepts and Approaches for Mars Exploration; July 2000, Part 1; In English; No Copyright; Avail: CASI; AO1,
Hardcopy

Until now, the exploration of Mars has taken place with global coverage of the planet by satellites in orbit or with landers
providing very detailed coverage of extremely limited local areas. New developments in inflatable technology, however, now
offer the possibility of in situ surface and atmospheric global studies of Mars using very lightweight rovers and balloons that
can travel hundreds or even thousands of kilometers relatively quickly and safely. Both systems are currently being tested at
JPL; preliminary results show great promise. One of the balloon technologies offers the additional bonus of being able to land
payloads on Mars much more gently than parachutes, yet with considerably less mass.
Derived from text
Roving Vehicles; Inflatable Structures; Mars Exploration; Balloons

20010023042 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA USA
FIDO Field Trials in Preparation for Mars Rover Exploration and Discovery and Sample Return Missions
Arvidson, R. E.; Baumgartner, E. T.; Schenker, P.; Squyres, S. W.; Concepts and Approaches for Mars Exploration; July 2000,
Part 1; In English; No Copyright; Avail: CASI; AO1, Hardcopy

The Mars 2003 Mission may include a rover to acquire remote sensing and in-situ measurements of surface materials,
including rock surfaces that have been cleared of dust and coatings by use of an abrasion tool. Mars Sample Return Missions
for 2005 and beyond may include rovers with remote sensing and in-situ measurement capabilities. Further, these mobility
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platforms may have systems to drill into rocks and collect cores, acquire soil samples, and place the rock and soil samples
in ascent vehicles. The point of this abstract is to document that these operations have already been shown to be tractable based
on continuing field trials of the FIDO Mars prototype rover.

Derived from text

Mars Sample Return Missions;, Mars Surface; Roving Vehicles

20010020520 NASA Ames Research Center, Moffett Field, CA USA
Field Experiments with Planetary Surface Rovers: Lessons for Mars Mission Architecture
Stoker, Carol; Concepts and Approaches for Mars Exploration; July 2000, Part 2; In English; No Copyright; Avail: CASI; A01,
Hardcopy

Over the last decade, a variety of field experiments have been performed that simulate operations of a rover on Mars.
These, in combination with the Pathfinder experience, lead to a realistic assessment of rover mission capabilities and to
recommendations for rover technology and mission architecture to improve the science return of Mars exploration. A table
summarizes field experiments that represent a range of possible mission designs and operational strategies. The experiments
varied by the type and quality of imaging systems and other instrumentation, the use of orbital and aerial imaging and
spectroscopy, the communcation bandwidth and command strategy, and the distance traveled. All mission simulations were
blind field tests operated by science teams whose interpretations were compared to field ground truth providing an assessment
of the accuracy of remote science interpretations and a better understanding of where improvements are needed.
Author
Mars Missions; Mars Exploration; Mission Planning; Roving Vehicles; Simulation

20010019295 NASA Ames Research Center, Moffett Field, CA USA
Potential Mars Exploration Rover Landing Sites West and South of Apollinaris Patera
Gulick, Virginia C.; First Landing Site Workshop for the 2003 Mars Exploration Rovers; 2001; In English; No Copyright;
Abstract Only; Available from CASI only as part of the entire parent document

Apollinaris provides an exceptional site for astrobiological, geological, and climatalogical purposes. Fluvial (including
ground water sapping) and associated processes were likely pervasive from the late Noachian, through the Hesperian, and into
the Amazonian. Long-lived and large scale hydrothermal systems were certainly present throughout much if not all of this
period. Thermal springs likely persisted for long periods. Water from the highlands via Ma’adim Valles and other smaller
valley networks deposited highland-derived material in the area. In short, Apollinaris provides an excellent variety of rock
types and ages and may preserve evidence of biologic or pre-biologic processes in associated thermal spring deposits.
Derived from text
Mars Exploration; Mars Volcanoes; Landing Sites; Roving Vehicles

20010019285 NASA Johnson Space Center, Houston, TX USA
The TES Hematite-Rich Region in Sinus Meridiani: A Proposed Landing Site for the 2003 Rover
Christensen, Philip R.; Bandfield, Joshua; Hamilton, Victoria; Ruff, Steven; Morris, Richard; Lane, Melissa; Malin, Michael,
et al.; First Landing Site Workshop for the 2003 Mars Exploration Rovers; 2001; In English; No Copyright; Abstract Only;
Available from CASI only as part of the entire parent document

The Thermal Emission Spectrometer (TES) instrument on the Mars Global Surveyor (MGS) mission has identified an
accumulation of crystalline hematite (alpha-Fe203) that covers an area with very sharp boundaries approximately 350 by 750
km in size centered near 2 S latitude between 0 and 8 W longitude (Sinus Meridiani). The depth and shape of the hematite
fundamental bands in the TES spectra show that the hematite is relatively coarse grained (greater than 5-10 micrometers). The
spectrally-derived areal abundance of hematite varies with particle size from approximately 10% for particles greater than 30
micrometers in diameter to 40-60% for unpacked 10 micrometer powders. The hematite in Sinus Meridiani is thus distinct
from the fine-grained (diameter less than 5-10 micrometers), red, crystalline hematite considered, on the basis of visible and
near-IR data, to be a minor spectral component in Martian bright regions. A global map of the hematite abundance has been
constructed using TES data from the MGS mapping mission.
Derived from text
Landing Sites; Spectrometers;, Thermal Emission; Roving Vehicles; Hematite; Mars Surface
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20010019278 Lunar and Planetary Inst., Houston, TX USA
First Landing Site Workshop for the 2003 Mars Exploration Rovers
2001; In English; 1st Landing Site Workshop for the 2003 Mars Exploration Rovers, 24-25 Jan. 2001, Mountain View, CA,
USA
Contract(s)/Grant(s): NASW-4574
Report No.(s): LPI-Contrib-1079; No Copyright; Avail: CASI; A0S, Hardcopy; Abstracts Only
This volume contains abstracts that have been accepted for presentation at the First Landing Site Workshop for the 2003
Mars Exploration Rovers, January 24-25, 2001.
Author
Mars Exploration; Roving Vehicles; Landing Sites; Mars (Planet); Mars Surface; Conferences

20010018838 Stanford Univ., Stanford, CA USA
Development and Demonstration of a Self-Calibrating Pseudolite Array for Task Level Control of a Planetary Rover
Rock, Stephen M.; LeMaster, Edward A.; January 2001; In English
Contract(s)/Grant(s): NAG2-1330; No Copyright; Avail: CASI; A03, Hardcopy

Pseudolites can extend the availability of GPS-type positioning systems to a wide range of applications not possible with
satellite-only GPS. One such application is Mars exploration, where the centimeter-level accuracy and high repeatability of
CDGPS would make it attractive for rover positioning during autonomous exploration, sample collection, and habitat
construction if it were available. Pseudolites distributed on the surface would allow multiple rovers and/or astronauts to share
a common navigational reference. This would help enable cooperation for complicated science tasks, reducing the need for
instructions from Earth and increasing the likelihood of mission success. Conventional GPS Pseudolite arrays require that the
devices be pre-calibrated through a Survey of their locations, typically to sub-centimeter accuracy. This is a problematic task
for robots on the surface of another planet. By using the GPS signals that the Pseudolites broadcast, however, it is possible
to have the array self-survey its own relative locations, creating a SelfCalibrating Pseudolite Array (SCPA). This requires the
use of GPS transceivers instead of standard pseudolites. Surveying can be done either at carrier- or code-phase levels. An
overview of SCPA capabilities, system requirements, and self-calibration algorithms is presented in another work. The
Aerospace Robotics Laboratory at StatifOid has developed a fully operational prototype SCPA. The array is able to determine
the range between any two transceivers with either code- or carrier-phase accuracy, and uses this inter-transceiver ranging to
determine the at-ray geometry. This paper presents results from field tests conducted at Stanford University demonstrating the
accuracy of inter-transceiver ranging and its viability and utility for array localization, and shows how transceiver motion may
be utilized to refine the array estimate by accurately determining carrier-phase integers and line biases. It also summarizes the
overall system requirements and architecture, and describes the hardware and software used in the prototype system.
Author
Global Positioning System; Robotics;, Roving Vehicles; Transmitter Receivers

20010003945 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA USA
Loop Heat Pipe Applications for Thermal Control of Martian Landers/Rovers
Birur, Gaj; Rodriquez, Jose; Nikitkin, Michael; [1999]; In English; 10th 10th Spacecraft Thermal Control Technology
Workshop, 24-26 Feb. 1999, El Segundo, CA, USA; No Copyright; Avail: CASI; A03, Hardcopy

In early nineties Mars was designated as the planet to be explored. The present results of Mars program include the
following: Background of Mars program. Thermal control design for Martian spacecraft. Loop heat pipe for Lander and Rover.
Test results. and LHP applications for future Martian Lander and Rover.
Derived from text
Temperature Control; Heat Pipes; Mars Exploration

20000112987 NASA Ames Research Center, Moffett Field, CA USA
The Athena Mars Rover Science Payload
Squyes, S. W.; Arvidson, R.; Bell, J. F., III; Carr, M.; Christensen, P.; DesMarais, D.; Economou, T.; Gorevan, S.;
Klingelhoefer, G.; Haskin, L., et al.; Mars Surveyor 2001 Landing Site Workshop; [1998]; In English; No Copyright; Avail:
CASI; AO1, Hardcopy

The Mars Surveyor missions that will be launched in April of 2001 will include a highly capable rover that is a successor
to 