





bar plots of the number of trials successfully completed (out of a total of 25) as a. the relative bearing error is
varied (left), and turn angle error is varied (right).

Fig: A sample pinched network (failure
case)

Failures mainly occurred in pinched networks. One of the topologies on
which our algorithm fails is shown in Figure below. Here, 4; 5; 6; 7 are
articulation points. Their computed motion commands are all in the
direction towards the center of the network. But none of them can
execute the movements as they have neighbors on the other side that
will get disconnected if they execute the move. This happens in pinched
networks where two large biconnected components are connected by
one or more edges. Since our algorithm dictates that only one node
move at a time, and it move such that it does not break any edges, the
algorithm terminates with no more moves. Using potential forces to
move not just one node at a time, but whole components could
alleviate this. Our main concern with taking this approach is that
moving multiple nodes might by itself lead to disruption of links, and
moving robots together in “formation” is non-trivial.

Robot Experiments
We performed experiments with the iRobot Create platform. Each

Create is fitted with an e-box running Linux running Player. The e-box is a standard micro-ITX form factor box with a
VIA chipset. It has an 800 MHz processor with 256MB shared memory and a CF card for storage. We use an
EMP-8602 802.11 a/b/g high power miniPCl card with a indoor rubber duck omni directional antenna. We raised
the antenna about three feet off the ground for better signal decay. Each box also has a Telos mote.

Relative bearing is computed between robots by sampling the signal strength in the local neighborhood and
computing the gradient. This is done by the robot sampling in a pattern as shown in the figure above (left). The
robot then travels a small distance (the step size of our algorithm) and samples the received signal strength a given

number of times (100 in our
experiments). The robot returns to
its original position by reversing. It
then turns in place 45
anticlockwise and repeats. It does
this eight times until it returns to
the original spot.

Shown in the figure on the right is
the effect of step distance on the
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bearing error. As seen, the error decreases as we increase the step distance. The experiments are shown for two
radios — zigbee and wifi.
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Figure: 5-node network before (left) and after (right)

We tested our algorithm on the five node topology as shown in the figure above. The figure on the left shows the
topology before and the one on the right shows the topology after our algorithm ran and achieved biconnectivity.
Shown in the table below are the angular errors for two trials. The average bearing errors in trials 1 and 2 of the 5
node experiment were 19.93 and 17.37 degrees respectively.

Trial 1 Trial 2
Edge | Actual | Measured | Bearing | Measured bearing
angle angle(T1) | error(T1) | angle(T2) | error(T2)

25.1°
12.4°
4.7°
6.2°
37.2°
18.6°

94.9°
147 .4°

49.7°
—36.2°
112.8°
—18.6°

12.3°
30.2°
13.8°
18.2°
19.3°
25.8°

103.7°
104.8°
58.8°
—11.8°
—130.7°
25.8°

3-4 120°
3-2 135°
3-1 45°
4-3 —30°
4-5 —150°
5-4 0°

MAS 05.5 Accomplishments

« Developed algorithm to achieve biconnectivity from a connected robot network using mobility and relative
bearing

o Algorithm accepts coarse bearing input
o |deal case shown to be minimal in the number of moves

o Coarse relative bearing can be obtained by RSS measurements from commodity radios

MAS 05.6 Future Directions
Extensive experiments to further substantiate our work and devise new algorithms for indoor and cluttered
settings.

MAS 05.7 External Research Partnerships
Prakhar Goyal, an undergraduate intern from Indian Institute of Technology-Bombay spent Summer 2008 in
Sukhatme’s lab assisting in the experiments.
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