





User Interface

Although the user interface provided good situational
awareness, considerable delays were experienced, primar-
ily in the video feed from the robot. This was mainly
due to queues within the network infrastructure and de-
lays in image compression. Emu moves predictably and,
often, autonomously and was thus less affected by the
delays. However, Negotiator was much harder to control
with these delays and for much of the competition was
unable to reliably traverse the pitch-and-roll ramps at
an angle as it was very difficult to compensate for the
robot spinning and sliding down the ramps.

During the final few runs, we reverted to using the
original OCU that shipped with the robot, which uses
an analog video transmitter and thus has no perceptible
delay. Our sensor and computation package was used
to collect mapping data and victim information. This
significantly improved performance and reliability and
more than doubled the number of victims we were able
to identify with this robot.

We were presented with the Innovative User Interfaces
award for our ability to easily run both robots at the
same time with only one operator. In particular, our
ability to switch between tele-operation and assisted au-
tonomy in an intuitive fashion was recognised.

6.3 Mapping

Figure 8: The map created by Emu during the Best-in-
Class Autonomy run, each shaded square represents 1m.
The 45 mismatch in the centre of the map is not an
error — the upper and lower sections of the maze were
connected by a region that was set at 45 to the rest
of the maze. The robot’s start point was at the yellow
arrow at the left and was executing a right-wall-following
policy. The roughness of the trace was due to uneven
flooring and rubble tipping the robot from side to side.
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The mapping algorithm was effective, producing a rec-
ognizable map of the environment when projected into
a two dimensional GeoTIFF. FastSLAM has the feature
of usually either converging to a correct map or failing
catastrophically. Our mapping failures were generally
caused by the problem that the position tracking was
based on the same sensor as the map, as described in
section 4.1.

Position tracking tended to fail in situations where
rapid motion of the robot was accompanied by severe
sensor errors. Such errors were usually caused by the
robot changing its vertical position so that low obsta-
cles, such as raised sections of the floor, were no longer
observed. These problems were exacerbated by the lim-
ited processing power available to the processor-intensive
MBICP algorithm on-board the robot, which reduced
the possible frequency of position tracking updates below
the rate of the sensor updates. Aside from these specific
situations, the maps were an accurate representation of
the environment, especially on Emu, which tended to
have a smoother motion.

Figure 8 shows the map from the autonomous chal-
lenge. This challenge was particularly conducive to the
mapping algorithms as a result of the removal of the
arm to allow an unobstructed sensor view and the au-
tonomous algorithm’s uninterrupted control, which pro-
vided smoother driving than the operator.

6.4 Autonomy

The introduction of the Radio Dropout Zone in this
year’s competition allowed us to showcase the assisted
autonomy features of our robot. A representative pic-
ture of this area is shown in Figure 4. This zone consisted
of a winding passageway with short dead-end branches
and simulated an area through which there was no radio
communication. The robot entered at one end and had
to reach the other end without operator intervention. At
the other end, the operator could resume tele-operation
and score points for the victim. If the robot was able to
return to the start autonomously, this score was doubled.
Using our wall following controller, we were able to com-
plete this zone in every run, doubling our victim score
each time except for one case where Emu completed the
zone less than one minute late.

In addition to being non-straight, the Radio Dropout
Zone was also non-flat, with the floor strewn with fixed
and movable debris, the difficulty of which increased
through the competition. Apart from one case where the
robot became stuck and damaged its motor controller,
Emu’s performance was reliable and largely determin-
istic. Very few other teams were able to even attempt
the Radio Dropout Zone as it required a combination
of some rough terrain mobility (reaching the zone re-
quired descending two 0.2m steps and driving over de-



bris) and reliable autonomy. As a result, the next best
team achieved less than half our success rate.

Emu also performed very well during the Best-in-Class
Autonomy challenge. The arena was specifically set up
for this challenge with difficult narrow passageways cou-
pled with many non-vertical obstacles that required the
robot to keep a safe distance from walls. Using the wall-
following controller with adjusted safety and extra ex-
pansion distances, Emu was able to cover almost all of
the arena on its first attempt with time to spare and
produced a good quality map as shown in Figure 8.

7 Conclusion

At present, our mapping is 2D, due to limitations in
our sensing. The SwissRanger 3D imager gives us depth
information but with a narrow field of view. To gain
adequate situation awareness, the sensor head must be
scanned, which is slow and often impractical. New laser
rangefinders are now small enough and have high enough
scan rates that we can mount a scanning laser to give us
an almost completely spherical point cloud. These data
will allow our mapping software to create 3D maps.

Due to limitations in onboard computing power, po-
sition tracking and navigation are separated from map-
ping. We designed the navigation algorithms so that
they would not depend on mapping, in case communi-
cation to the OCU is lost. However, this deprives the
navigation system of much useful information. Upgrad-
ing the onboard computers will allow us to run mapping
alongside navigation and permit the implementation of
more intelligent navigation algorithms.

The current sensor head is large and heavy and re-
quires a powerful, and heavy, arm to carry it. Moving
the navigation sensors off the head would mean that the
the arm only needs to carry a few light-weight cameras.
This will allow us to design a new arm that is lighter,
has more degrees of freedom and can be used to point
the cameras into holes and hard to reach places. A more
dexterous arm may will eventually be needed for manip-
ulation.
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