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Abstract-- The Microrover Flight Experiment (MEEX) is a
N A S A OACT (Oflice of Advanced Concepts and
Technology) flight experiment which, integrated with the
Mars Pathfinder (MPE) lander and spacecraft system, landed
onMarson July 4, 1997, In the succeeding 30 sols (Tsol =
1 Martian day), the Sojourner microrover accomplished all
of its primary and extended mission objectives.  After
completion of the originally planned extended mission,
MEEX has continued to conduct a series of technology
experiments, deploy its alpha proton Xx-ray spectrometer
(APXS) on rocks and soil, and image both terrain features
and the lander.,

This mission was conducted under the constraints of a once-

per-sol  opportunity  for  command  and  telemetry
transmissions between the lander and carth operators. As
such, the MFEX rover wastequired totariry oulits mission,
including terrain navigation and contingency response, under
supervised  autonomous  control. For
locations were specified daily by human operators and the
rover safely traversed 10 these locations. »  During traverses,
the rover autonomousl y detected and avoided rock, slope, and
drop-ofl hazards, changing its path us needed before turning
back towards its goal. This capability to operate in an

unmaodeled environment, choosing actions in response 1 0

example,  goal

sensornputto accomplish requested objectives, is unique
among robotic space missions to date.

Inthis paper, the technigues implemented on MY EX far
operations and autonomous control are described and the
performance 01 this vehicle (m Mars is discussed.
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1. INTRODUCTION

On July 4, 1997, the Pathfinder spacecralt successfully
landed in the Ares Vallis region of Mars. Onsol 2, the
second Marti an day after landing, after overcoming an initial
problem lander-rover  communication,  the
sojourner” rover rolled down the rear lander ramp onto the
surface. In order carry out its mission | ll"d\’Cl‘Sillg to sites
of  scientific

with poor”

interest, the rover  design  incorporated
autonomous capa bilities not applicd in previous pranetary
exploration missions. The mission called i’ot-rover” traverses
t o be performed nearly every sol, req uiring sequence
turnaround by Earth-based operators in hours, rather than the
days necessary during  Viking, the previous U. S.-conducted

landed mission.

Thispaper provides an overviewof the rover mission
objectives, and the implementation of the rover intended to
meet  those  objectives. We
operations were conducted to carry out the mission. To
provide context for the autonomous capabilities of the
Sojourner rover, we describe the steps performed by the
human operators, defining where astonomy was used and

discuss  how day-to-day



where it was not.  Then we evaluate our experience

operating Sojourner during the first 70 sols on the surface of

Mars.

2. ROVER Mission OBIECTIVES

A's of this writing, all rover mission objectives have been
met or exceeded. These objectives included:

Cost and Schedule

The MPEX  budget, including design,  development,
implementation, and operations,  was $25M.  All critical
delivery deadlines for integration of the rover elements with
the Pathfinder mission were met, culminating in the launch
on December 4, 1996.

Muass

The mass allocation for the rover and its  lander-mounted
support equipment (tie-downs, tails, ramps, and UHE radio

link) was 16 kilograms, while the actual combined mass of

allrover elements s 15.2 kilograms. The mass of the rover
itsell is 10.5 kilograms.

Rover bupact on Pathfinder Project

The interfaces between rover and lander were simplified as
much as possible to reduce dependencies between the two
developments. For example, there was no electrical interface
between the rover and the lander. To wake up the rover
during pre-launch and cruise mission phases, a reed relay
switch in the rover was activated by o magnetic cotl
mounted on the lander petal;  activation of the switch
allowed the rover’s own batteries to power its bus.  For
telemetry processing, the rover transmits alrcady formatted
packets to the Tander, which then processes them in the same
manner as packets generated by the lander itself.

Survivability

The rover had to survive the launch, cruise, landing, and
Mars surface environments to which it would be subjected.

Surface Operations Objectives

Rover mission  successwas dc.lined primarily by  the
accomplishment of the surface operations objectives.  One
complete set of technology experiments, including soil
mechanics, matcrial adherence, and w’heel abrasion, together
with one APXS rock data collection, and an image of the
lander o assess its post-landi ng conditio n, have been defined
1o constitute 90% of mission success,  The remaining 10%
i s achicved by completing additional sets of technology
experiments, APXS data collcctions, and imaging activitics.

Opcrating Range

The mission plan called for the rover to operate primarily
within 10 mecters of the lander;  this is considered the
citective limit of usefulness of the lander sterco images for
dirccting the rover and wdentifying sites of scientific interest.
If desirable destinations for the rover are identified further
from the lander (in particular during the extended mission),
then the rover may be commanded to travel as far as the
lander’s horizon,  The rover’s design allows it to drive
severalhundredmieters from the lander before passing out of’
conununications range. The software design will enable it
to respond to communications loss in one of two specified
ways: ]) stop and back up to re-establish communication,
or 2) continue execuling its seq uence, which will bring the
rover back into communications before it completes.  (If
human crrorresults in - a sequence that ends with the rover
outside of communications range, an onboard contingency
sequence will be triggered, ¢:wising the rover to drive toward
the origin of its lander-centered coordinate frame.) While
this longdistance driving is feasible duc tothe rover:s
architecture, the rover’s hardware has been qualified 1o
support up to 100" meters of traverse on the Martiansurlace.

Lifetime

The rover's prime mission has  beendesigned to allow  the
FOVET L0 accomplish its surface operations objectivesin the
first seven sols of operations. In addition , no element of the
rover’s design should preclude its operation for a full 30 so]
extended mission, during which greater risks may  be taken.
The only exhaustible resource (other than normal wear) is
the non-rechargeable  battery;  the rover IS capable of
performingits entire mission, with the exception of night
time APXS data collection, even if the batterics arc
unavailable after landing.

3. ROVER DESCRIPTION

The rover design and implementation has been described
previously in [1], {2]. [3]. [4). The MFEX rover is a six-
wheeled robotic vehicle that is 68 ¢m long by 48 cm wide,
standing 28 ¢ high when fully deployed (see Figures 1 and
2). In this configuration, it has a ground clearance of 17
cm,

The mobility subsystem consists of a 6-wheel drive, 4-
wheel stecrable, rocker-bogic  mobility  chassis. This
configuration allows the venicle to surmount obstacles 1,5
wheel  diameters  n height. The
approximately ().4 meter/minute in nominal terra in.

rover’s  speed s

The rover computer possesses a single CPU, an Intel 80C85
operating at 2 Mhz, processing 100" KIPS. Four types of
memory are incorporated into the clectronics boards: 16
Kbyte PROM, 64 Kbyte radiation haed RAM, 176 Kbyte
EFPROM, and 512 Kbyte RAM, addressable in 16 Kbyte
pages. Two d(luhle-sided boards implement all processing
andpower conditioning/distribution.



Figure 2. Major Elements of the MFEX Rover

Black-and-white  stereo cameras on the fiont of the vehicle
support hazard detection and  science/operations imaging.
The image size for cach camera is 708 x 484 pixels, with a
4 mm, wide-angle lens providing a ficld of view of 127° x
947 and a resolution of 3 mradians/pixel.  Fach camera is
mounted about 25¢m above the terrain surface. A single
color rear camera is used primarily for APXS target
documentation,

Power for operations is supplied by a Gallium  Arscnide
(GaAs) solar panel providing 15W peak; primary (non-

nonrechargeable) batteries  cnable night operations of the

APXS nstrument, provide extra power for mobility if
needed in difficult terrain, and serve as a backup in the event
of solar panel failure on landing.

A pop-up antenna is located at the edge of the solar pancl.
Communications between lander and rover is via UHE radio
modems with a raw data rate of 9600 bits per second.
Overhead for the Tink results in an effective data transfer rate
of approximately 2 Kbits per second. Maximum scparation
between rover and lander for communications is 500 meters,

To protect the onboard electronics and batteries from  the
temperature extremes of the Martian surface, they are housed
‘arm Electronics Box (WEB). The WEB is

sheet and spar construction, with solid silica acrogel
insulation. Heating of the WERB occurs as a consequence of
normal - daytime operations, and by channeling  excess
The WEB cools
overnight, then begins to warm again in the carly morning
maintains the
clectronics in the 240°C flight allowable temperature range
for the duration of the mission,

in the of face

available solar power 1o internal heaters,

when the rover powers on. This strateg

include  the  material — adherence
experiment (MAE) supplied by the Lewis Rescarch Center
(LeRC),  which measures solar pancl output; the 1.eRC
wheel abrasion experiment (WAE) on the center wheel and
bogie, which investigates the abrasiveness of the Martian
soil; and the  APXS, which determines the elemental
composition of rocks and soil (provided by the University of
Chicago and the Max Planck Institute in Mainz, Germany).
Other experiments rely on the rover's imaging, enginecring,
and navigation sensors to  generate data necessary  for

Onbowrd — experiments

analysis.

q. SURFACE OPERATIONS SCENARIO

The rover operations team prepares one command sequence
per sol (one Martian day). The design of cach sequence is
based on a combination of 1) the rover state assessment
provided by the Rover Engineering Analysis Team, 2) the
science and - technology — experiment  requests from  the
Experiment Operations Team, and 3) the feasibility of the
requested operations given the trafficability of the Martian
terrain and the safety of the vehicle,  The uplink team
destgns a sequence to fulfill as many of the science and
technology requests as possible while maintaining the health
of the rover.

On a given sol, there is usually only one opportunity to

uplink  rover and lander  command SCUENCes. This
opportunity corresponds to carly- to mid-morning of the

Martian day.

Telemetry is commonly downlinked during three periods per
sol. “The first downlink occurs just prior to the morning
uplink.  The mission operations team has a short time to



with both an accurate indication of where it is (including
where it is pointing) and where to find its destination.

Proximity hazard detection is performed using the forward
cameras and five laser stripers.
traverse, the rover stops and exccutes a sensing cycle. The
rover captures an image both with and without a laser active,
Selected scanlines from ecach mage are dificrenced to locate
the laser spot in the scene.  (Figure 3 shows the infrared
laser stripe as seen by the rover during surface operations.)
If the terrain is flat and level, the laser spot with be visible
in a known position along the scanline.  Deviations from
flat and level ground will cause the laser spot to slide along
the scanline, indicating a rock or depression.  If the spot
cannot be found in the difference image, a significant drop-
off may cxist. Repeating this process for 5 lasers and four
sets of scanlines per difference image generates a set of 20
terrain height measurements.
adjacent measurements can indicate a rock or hole; sufficient

Height differences between

height  diflerence  between  the  lowest  and  highest
measurements in the set indicates a sicep slope.  False

hazard detections can occur if the camera view of a laser spot
is blocked by a craggy surface, so ignoring small numbers
of data drop-outs is possible by modifying parameter
settings in appropriate terrains.  During outdoor testing, as

well as operations on Mars, the rover has commonly been
directed to accept up to three data drop-outs  before initiating
hazard avoidance behavior.

Figure 3. Image of laser stripe from front left rover camera

The geometry of the laser stripes has been arranged so that
obstactes can be detected to the sides of the rover traverse
direction at sufficient range to validate the rover’s turning
circle. This means that the rover will nominally maintatn
cnough free space around itsell to allow for avoiding
obstacles detected ahead of it by turning in place and driving
forward. This avoids the necessity to drive backwards, since

the rover has no proximity hazard detection to the rear.  If

the density of hazards in the terrain is too high to permit the
vehicle to maintain a clear turning circle, a “thread the
needle” approach can be cnabled by parameter  sctting
adjustment.  This techoique permits the rover to drive
between obstacles that are just further apart than a vehicle
width. If the rover traverses a specified distance without
finding a clear arca in which to navigate (i.c., finds itself in
a box canyon), it will back up straight to the point at which
the “thread the needle” behavior was triggered, and then try
another direction.

Every seven centimeters of

We have implemented several navigation safety features to
protect the rover during waypoint traverses:

To ensure that the rover does not inadvertently  traverse
beyond communications range, it stops periodically (about
once per vehicle length of traverse) to perform a “heartbeat”
If the lander responds, the rover
resumes its traverse. Otherwise, the rover retreats 30 ¢m,

communtcations test.

turns 45 degrees, and attempts to reestablish contact with the
lander.

‘The Tander itself is a potentially serious hazard to the rover.
Cleats on the rover’s wheels can catch airbag material,
possibly permanently entangling the vehicle. A scttable
parameter permits the human operators to specify just how
close to the lander the rover is allowed to go.  This virtual
hazard is triggered only if the rover is within the hazud
radius and driving towards the Tander. 1f the rover is inside
the danger zone, but driving away from the lander, it will
pereeive no hazard. Again, depending on parameter settings,
the rover will either autonomously avoid the lander, or abort
the remaining traverse.

Contactsensors are located o11 bumpers onthe front and rear
of the rover solar panel, and on the lower front body of the
rover. Additional contact sensors are incorporated into the
APXS deployment mechanism, which is located at the rear
of the rover. If an obstacie in the tover's path is notdetected
by the proximity hazard detection system, triggering any of
the bumper contactsensors with either abortthe tri-eise or
cause the rover to back up, turn, and avoid the hazard.

If a specified waypoint destination 1s not reached within the
time allotted 1in the command, the command will time out,
setting an error flag.  This prevents the rover from
continuing unproductive attempts to achieve an unrcachable
goal. Depending on the parameter settings in the sequence,
any remaining traverse commands will be skipped (since the
rover is not where it was expected o be), or the rover will
continue on to the next specified location, which may be
reachable.

The “Fi nd Rock™ command allows the rover to zeroinona
rock target at the end of a traverse, autonomously correcting
for possible deadreckoning error. The usual strategy to
reach aspecific rock for APXS data collection is to first
traverse 1o the vicinity ol'the target via onc or more “Go to
Waypoint” commands. once there, the 1-over is commanded
to execcute a “Turn Toward™ the expected rock focation, so
that the rover is now facing in the direction the rock is most
likely to be found. (The “Go to Waypoint” command docs
not specify the final heading of the rover at the endof a
traverse.) The rover then executes a 't ind Rocek™ command
specifying coordinates beyond the rock’s actual position.
The “Find Rock™ executes in the Stime way ax a “G() to
Waypoint,” except that the [irst time a rock hazard is found
during its traverse, the rover will siop, then turninplace
while using its hazard detection sensors to determine t h e



extent of the object, and finally turn to face the center of the
rock.

To provide full flexibility 1ot rovercontrol, Tow™” level
motion commands arc available.  The “Move™ command
directs the rover 10 drive forward or backward with fixed
w'heel steering angles for aspecified number of centimeters.
Variations of the *
specify relative turns, turns o absolute heading, and turns to

Turn™ command allow  operators 10

face a particular coordinate location in the “surface-fixed
frame.”  Additionally, selected hazard detection capabilities
can be disabled during “Go to Waypoint”™ commands if a
specific circumstance so indicates.

Contingency Scenario Responses

Earth to  Lander Command Loss--The Mars Pathfinder
mission planners prepared for the possibility of loss of
communications with the spacecraft  immediately after
landing. (Fortunately, to dale, we have experienced nolong
term loss 01 communications during the mission.} If a two-
way 10ss of communications had occurred, then no surface
mission would have been possible (or any results of such a
mission would never be known).  H(mever, if only the
recetver on the lander had failed, then telemetry from the
spacecraft would sti 11be received on the ground;
opportunity to command tnhe spacecraft (anda rover) would
have been lost.In order o performausclul mission under
such a “command loss” scenario, n Back up mission 1 .0ad
(BML.) was designed and uphinked to the spacecraflt during
the ctuise mission phase.  The BMI, includes a set of
command seq uences for both the lander and the rover I e
BMIL.wouldhave been activated after sufficient time (2 sols)
had clapsed since the lander lastreceived any sequences from
the Earth. The Tander would then have released sequences to
the rov er to stand v p, deploy down the lander ramp, axd
perform surface operations. The lander would have

only the

transmitted tetemetry, With the hope that it will be received
by the IDSN.

Since, in this sccnario, the
receive new sequences, it would continue to operate in a
nominal mode.  The BMIL. would have allowed some
coordination of lander and rover activities during the caly
part of the mission.  For the first few sols, untl dead
reckoning crroraccumulated o signific ant revers, the landet
should have been able to point is camerato image the rover
at its end-of-day location.
BMI. would no longer be useful (i.e., when the rover's
location was effectively unknown), the rover would have
been allowed to transition toitsownonboard contingency
sequence.

rover would still regutarly

When rover sequences in the

Backup M ission | .oad sequences were loaded onboard the
Pathfinder lander to  support  command-loss  scenarios
triggered at any tired between landing and sol 60. With the
successful completion of both the lander and rover primary

misstons, there is no longer significant utility in @ genetic
mission performed viaa set o1 “canned”™ command sequences.

Lander to Rover Commiand Loss--Neither the BMILL or
nomnal rover command sequences would have been effective
commanding  the  rover i the UHFE
communications link between the rover and lander had failed
on or after landing. In response to this possible scenario,
the rover team developed a Contingency Mission  Load
(CML.) which was placed into the rover’s non-volatile
memory before delivery of the rover to Kennedy Space
Center for launch preparation.

means  of

If thefailure of e lander/l(nw link had been bi-directional,
then the only telemetry documenting rover activities would
have been lander imaging of rover travel-ws. However, if
only the command link between the rover and lander had
failed, downlink of rover telemetry would still have been
possible, although coordination of activities between the
two spacecra [t would no longer be feasible, The rover
software was designed 1o activate a Contingency sequence if
the rover fails to receive a complete command sequence for
approximately two sols.  The particular sequence to be
triggered depends onthe mission phase of the rover (i.e.,
prelaunch,  cruise,  prerelease,  predeploy,  primary,  or
extended). Forexample, if the roverwere still (m the lander
petalwhen the contingency mission activated, the triggered
seq uence would cawse it to stand up, then transition to the
nextphase for driving downthe r-drop.
alrcady  performing opcrations

I the rover were
when  the
communications link failed, the activated sequence would
continue surface operations, attempting to circumnavigate
the lander at a range of approximately 5 meters, while
finding rocks, taking APXS measurements, performing
M AL, WAE, and soil experiments, and imaging.  liach
telemetry  frame  generated by the would  be
transmitted twice.  Without handshaki ng, the lander has no
mechanism to determine into what hind of rover packet to
reassemble  the  telemetry, so all telemetry  would be
classificd as “unrecognized ro ver packets” and forwarded t o

surface

sequence

the ground for reconstruction. 17 communications were
1 eestabl ished, the rover would r esume normal operation
immediately when a command sequence was successfully
recei ved from the lander.

A\ has been the case with the Backup Mission Load, the
need forthe Contingency Mission Load has decreased with
the continued success of the rover’s mission on Mars. On
sol 80, the primary contingency command sequence was
replaced wi 1b a new load, which is essentially a multi-sol
safing seq uen ce. If the rover fails to recetve anew command
sequence alter se veral days in contingency maode, it will then
transition to the extended mission  phase
seq uence, which will cowse it to attempt to drive toward the

contingency

lander, under the assumption that the rover may have driven
out of communications range or into a communications null
region.



7. PERFORMANCE oN MARS

The overal | performance of Sojourner on Mars tias exceeded
both design goals and expectations, as witnessed by the
successful accomplishment of all rover mission objectives,
and the continuation of the rove r’s activities beyond even the
planned extended missionduration. As of sol 85, 16 distinct
sites (9 rocks, “/ soil locations) had been analyzed by the
APXS:over 120 MAE and 9 WAE experiments had been
performed; and more than 500 images ca ptured. The rover
had traversed over 1 00 meters total integr ated distance, nearly
circumnavigating the lander (Figure 4) and averaging 2.7
meters per traverse day (Figure 5). (Several sols incl uded no
traverses, often due to cither scheduled or unscheduled loss of
uplink opportunities between Barthand the lander. ) The
rover’s traverse capabilitics have allowed us 1 0 both view
features at higher resolution thanwould be possible from the
lander’s camera, and image features that cannot be seen at all
from the lander’s vantage point (See FiguresGand 7).

%
—~
z

s

The autonomous navigation performance of therover on
Mars has generally been equal to or betier than the
performancee  observed thetesthed 1<L)\"c1” during
Operations Readiness Tests on Earth,

using

Due to the nearly obstacle-free nature of the terrain ill the
immediate vicinity of the lander ramp (see Figure ‘8), initial
rover traverses were commanded as 1~)~v-level moves, with
no “Go to Waypoint” commands used. We also wished to
avoid rehicinee on waypo int traverses unti | we had evalu ated
both the rover's dead reckoning performance in the Martian
tertain, and the abii ity of the laser/camerahazard detection
subsystem to detect the [aser steipes under Mars ill umi nati on
andalbedo condi ions,”

Rover camera i mages captured with hazard detection t asers
poweredon{ec.g.,Figurc 3) confirmed the visibility of the
stripes. The first “Go to Waypoint” command was executed
onsoll 2,

Figure 4. Rover traverses during first 85 sols
(grid spacing is 1 meter)
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Figure 6. Closeup rover image of the rock “Chimp”
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Figure 7. Sand dunes behind the “Rock Garden™ visible only from the rover

A \

and smooth terrain near lander

Figure 8. Initial rover traverse

Our overall expel-icncc with rover navigation was that while was approximately 13 deg rec s/sol of traverse, The result of
the dead reckoning performance was poor, hazard detection i geqd reckoning performance was that when autonomous
and avoidance worked wel i. Consistent with carl ier ground traverse was enabled, the “c () to Waypoint” commands did
testing. position error wasroughly 5- 10% of distance not always lead the rover to the expected location, hijt he

traveled, and average drill of the heading reference subsystem rover nevertheless  successfully  avoided  non-traversable



hazards. In one instance, the rover “thrcaded the needle™
between two hazards which were barely more than a rover
width apart.  This led the rover into a region near the rock
Wedge (Figure 9). Subsequent attemipts 1o use low-level
“Move™ and “Turn™ commands to exit the region required
several sols 1o finally move away from Wedge and into the
vicinity of the aptly-named “Rock Garden.”  (Low-level
commands ncar Wedge often resulted in abbreviated traverses
duc to tilt or articulation hazard conditions triggered when
the rover rode up onto nearby rocks.  Misregistration of as
little as 10 centimeters of the stereo-derived terrain database
and the end-of-day images of the rover contributed o the
problem of encountering rather than avoiding obstacles.)

Further complicating traverse operations was the occasional
spurius measurem ents obtained from ot two out of three
onboard accelerometers used o determine the  vehicle’s
oricntation.  On some these

intermittently generate spurious values in eiror by tens of

sols accelerometers would

degrees. (This behavior of the accelerometers had not been

observed prior to landing, either (m the flight rover or the
ground testunit.) While the rover’s sensor polling  software

7

B> S F oS el |
Figure 9. Sojourner to the leftof
>art of the “Rock Garden™ is visible in the upperright of the image.

routinely filtered out single false values, these erroncous
readings sometimes persisted long enough to trigger a tilt
The
accelerometers could be disabled to prevent unwarranted
responses to nonexistent hazards;  but this meant that the
rover would be unlikely to recognize a true tilt threat if it
arose.

hazard and bring the sol’s traverse to a  halt.

have needed to disable the
aceelerometers under exactly the terrain conditions when they
would be most useful,

In some cases, we
Selecting the appropriate state for
the accelerometers became part of the planning process of
cach rover traverse.

Despite same dilficulties in operating the rover, Sojourner
demonstrated its ability to drive in the terrain of the landing
site. Rover “movies™ were regutarly  constructed by
capturing a series of images using the lander camera pointed
where the rover was expected to drive at a particular time of
day.  An excerpt from one of these movies is shown in
Figure 10, clearly indicating the rover's capability to
negotiate a rock nearly a wheel diameter in height.

~
e

the rock “Wedge” (m Sol 35.




8. CONCIUSIONS

Unlike  spacecraft — developed  for  previous  planctary
exploration missions, Sojourner operates  in 4 pon-
deterministic environment, in which tack stepmay yield
uncxpected results due 1 0o unk nown terrain condition s.
Although modest in capability and complexity, t h e
microrover is unique among robotic missions to date in its
ability to operate in an unmodeled environment and choose
actions based on sensor input to accomplish req uested
objectives.  As such, Sojourner is probably the most
autononious deep space probe yet launched.

Figure I (). Rover traverse over rock on Sol 24

The autonomous navigation capabilitiecs of the Sojourncr
rover have proven sufficient to reachthe silts of inter-cst at
the Pathfinder landing site. Traverses in the smoother arcas
within the site has been straightfor wind; navigationthrough
the rockier arcas, most notably the regiondubbed the “Rock
Garden,” has been more problemmatic, requiring severalsols
to cover a few meters of obstacle-strewn terrain. While
ome ) clearly duc to
limitationsin the implementation  of  autononious
navigation onboard the vehicle, much can be attributed (o
the caution of the rover team in enabling the rover’sfull

some  of the observed di fficulties are



suite of hazard avoidance features during spectfic traverses.
This caution is understandable, given that cach rover traverse
mherently puts the vehicle at risk, and the consequence of a
poorly commanded traverse may be the premature end of the
mission.

Future planned rover missions, such as the Mars Surveyor
Program 2001 mission, w il 1 not have the tux ury of
accomplishing their objectives w’bile maintaining such a
conservative approach to risk.  In these missions, the rover
will be required (o traverse approximately 100" meters per sol
in order t o reach sites of scientific inter est and collect
samples foreventualreturnto Earth.  This is equivalent to
performing all of the traverses (¢ the Sojourner rover during
the entire Pathfinder surface mission to datcinasingle sol.
W'bile such long distance traverses will clearly entail a
significantincrease in required autonomous capability for
future rovers, Sojourner has already proventhefeasibility
and value of mobile robots for planctary surface exploration.
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