


environment constructed from planes with different slopes. Time to Completion

The floor, ceiling and walls were constructed in the same The time taken to complete the circuit of beacons reflects
way to simulate a confusing environment similar to a mine several aspects of the perception and control tasks. To

or collapsed building where attitude cues are very limited. complete the traversal in a short time the participant must
The outdoor environment was a simulated desert region  select relatively direct and flat routes to reduce the time
filled with hills, ravines, and obstacles but with some cues spent in traversal while avoiding costly delays associated
for attitude awareness. The training environment was a with rollovers. As shown in Figure 5, participants in the
simplified combination of indoor and outdoor GRYV condition were significantly faster; =7.031, p =
environments. .014, than those using a fixed camera with a separated

The camera view was achieved by attaching a viewpoint attitude display.

to the simulation corresponding to a fixed camera or a
gravity referenced camera mounted on a ground vehicle.
For fixed camerghorizontal (roll) and vertical (pitch) linear
scales were overlaid on the bottom left corner of the screen
to indicate the roll angle and pitch angle.

Strategy and Time Spent Backing

Another measure of situational awareness and ability to
control the robot is the degree to which participants were
able to plan and choose successful paths through rough
terrain. One measure of this capability is the percentage of
time that is spent backing-up the robot to recover from
unsuccessful path choices. On this measure, as well,
participants using the GRV display showed superior
performance, £4~6.11, p=.021, with significantly less
time spent backing up and choosing new routes (Figure 6).

Procedure

26 participants divided into equal groups took part in the
experiment. One group controlled simulated robots with a
fixed camera and separate attitude indicator. The other
group controlled simulated robots with a GRV display.
Demographic information was collected at the start of the 1600
experiment. The participant was then allowed 10 minutes of
practice in the training environment. After the practice
session the participant was randomly assigned to either the
indoor or outdoor environment. Upon completion in that
environment the participant repeated the task in the other
environment. Participants were allowed up to 20 minutes in
the outdoor and 30 minutes in the indoor environments.
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In each session, the participant followed instructions 800
displayed on the screen to move the robot from the current
beacon to the next designated beacon. After each session,
the subject was given the posttest questionnaire.
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The average confidence levels for judging robot pose varied

little between indication (pitch, roll, dangerous, or rollover)

or group (fixed camera, GRV). As shown in Figure 4 only o
the perception of likelihood of rollover seemed to favor the

GRYV although this difference failed to reach significance.

Figure 5. Task Times
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Maintaining Stability

The extremity of roll was also lower for participants
using the gravity-referenced view as found by a repeated
measures ANOVA for roll normalized for task time,
F1’24:6.35, p2019

CONCLUSIONS
In the introduction we hypothesized that a gravity-
referenced view would provide the most usable integration
of attitude and scene information for teleoperation over
uneven terrains. The results of our experiment bear this
out.

1) A mixed viewpoint gravity-referenced view can make
operators more situationally aware of a vehicle’s
attitude.

A mixed viewpoint gravity-referenced view indicates roll
angle through the slope of the robot’s body that forms an
integral part of the navigational view. When attitude
information is made available on a separated display it is
more difficult for the operator to incorporate this
information in navigation and planning. Our results not
only replicate Heath-Pastore’s (1994) finding that gravity-
referenced views can lead to better estimation of roll but

displays nor gravity-referenced views are needed for
situational awareness. In naturalistic observations such as
McGovern’s (1991) survey of accidents, mishaps due to
loss of situational awareness are relatively infrequent
although operationally significant.

We consider gravity-referenced views to be only one of a
growing number of techniques needed to make human
interaction with mobile robots easier and more fruitful.
Robots should probably be equipped with safeguards to
prevent them from falling into holes, exploration and
mapping utilities to keep us from getting lost, camera
control and perceptual routines to scan the environment,
and a host of other assists that will continue to take us
further from direct teleoperation and toward cooperative
exploration.
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