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T h e  Mars exploration program has as an 
overarching theme the search for and under- 

standing of life, cli- I T E C H V I E W 1 mate, and resources 
on this fascinating 

planet. The ability to move about the sur- 
face of Mars is key to making measurements 
and the gathering of the data that address 
this theme ( 1  ). In October 1992, the NASA 
Office of Space Access and Technology funded 
an experiment to demonstrate the mobile 
vehicle technologies needed for a Mars " 
surface mission (2). That experiment, the 
Microrover Flight Experiment (MFEX) or 
"Sojourner," flew on the Mars Pathfinder 
(MPF) mission, which began on 4 July 1997 
and ended 26 September 1997. 

During the 83 sols (1 sol = 1 martian day = 
24.6 hours) of the Mars Pathfinder mission, 
the MFEX rover was released from the Mars 
Pathfinder lander and ~erformed its mission 
to conduct technology experiments such as 
determining the interaction between mar- - 
tian soil and the rover wheels; navigating, 
traversing, and avoiding hazards; and gather- 
ing data on the engineering capability of the 
vehicle (thermal control, power generation 
performance, communication, and so forth). 
In addition, the rover carried an alpha pro- 
ton x-ray spectrometer (APXS), which al- 
lowed researchers to determine the composi- 
tion of soil and rock. Lastly, images of the 
lander taken by the rover were particularly 
helpful in assessing status of the mission and 
damage to components. 

The MFEX rover (Fig. 1) activities were 
directed by an operations team on Earth. 
This team. working under the constraints of 

mand the rover to drive, take pictures, per- 
form experiments, and collect and transmit 
data to the lander. The rover was required to 
carry out these tasks safely without interven- 
tion from the operations team until the next 
command opportunity on the next sol. In so 
doing, the rover used techniques for autono- 
mous control that were (among several tech- 
nologies) first demonstrated in flight on this 
mission. One such technique for autonomous 

navigation and hazard avoidance is briefly 
described below ( 3 , 4 , 5 ) .  

The "Go to Waypoint" command was the 
primary implementation of autonomous navi- 
gation on the MFEX rover. This command was 
issued by the member of the operations team 
called the "rover driver." The driver used rover 
camera images, lander stereo camera images 
taken of the rover in the terrain, and portions of 
a stereo terrain panorama to identify the rover 

- 
limited lander power and restricted antenna 
coverage at Earth, could (once per sol) com- 

path toward the final destination (such as a 
route to avoid obvious hazards along the path). 
If the rover was not already facing the next 
waypoint, it was commanded to turn toward 
the goal, until it faced the destination. These 
commands ("Go to Wavpoint," turns, and a 
command to u~date the &sition of the rover in 
the x and y coordinate frame) were sent to the 
rover as Dart of a s i d e  command seauence. " 

Upon execution of the "Go to Waypoint" 
command. the rover drove an a~~roximate . . 
straight line, adjusting its path when it de- 
tected drift off its course or encountered a 
hazard condition. During execution of a "Go 
to Waypoint" command, the rover updated 
its position relative to the lander to deter- 
mine (at a minimum) if it had reached the 
objective of the traverse. This position rela- 
tive to the lander was kept in the same x and y 
coordinate system as the commands devel- 
oped by the rover driver back on Earth. The 
update to position was performed by a form 

Fig. 1. The MFEX rover. Inset shows key components. 

of dead reckoning. En- 
coder counts were accu- 
mulated on each of the 
wheel actuators, where a 
single encoder count was 
registered each time the 
motor shaft of the actuator 
completed a revolution. 
The accumulated counts 
on each of the six wheels 
were averaged to deter- 
mine the number of mo- 
tor revolutions executed. 
Given the gearing ratio 
of 2000: 1. encoder counts 
were turned into wheel 
revolutions and thus dis- 
tance traveled. During 
turns, the rover measured 
the change in orientation 
by integrating the output 
from an onboard rate gyro. 
Distance and angle were 
then used to compute an x 
and y location. 

The rover could au- 
tonomously identify sev- 
eral types of hazards. 
Among these were prox- 
imity-detected rocks, drop- 

location and the site of interest (the goal loca- 
tion of the "Go to Waypoint" command). 
Through a graphic overlay system used with 
the stereo images, the driver specified the x and 
y coordinates of the rover location and the new 
target. These coordinates were in a coordinate 
frame (the "surface-fixed frame") that became 
f d  to the surface of Mars at the time the MPF 
lander completed sun-finding and identified 

offs, slopes, excessive tilt 
of the vehicle, a triggered contact sensor, or a 
combination thereof. If the rover detected a 
proximity hazard, the vehicle turned in place 
in increments, until the hazard was no longer 
detectable. Then the vehicle drove forward 
one-half vehicle length, after which it resumed 
normal traverse operations, heading back 
toward the goal location. At this point, the 
rover maintained no memory of the hazard 
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