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| ntroduction

Flies and bees possess a visual system that allows them
to perform fast and reliable manoeuvers, despite the fact
that their brain has six orders of magnitude fewer neurons

than a human brain.

Observations of the visual behaviour of flies and bees
suggest that their simple nervous system uses computational

"short cuts' to achieve their goals.

Many of the strategies evolved rely on image motion
information as a significant cue for pilotage and navigation.

TheaVLS| (analog Very Large Scale
Integrated) vision chipsin this work provide an
interesting and biologically inspired solution to
the problem of realtime image processing. They
compute 1D-motion by correlating the
temporal modulation of image intensitiesin the
neighboring pixels.

Implementing neuromorphic avVL Sl circuits
resultsin a sensor that providesinteresting
possihilitiesin terms of processing speed in
autonomous robotics.

Also, avL Sl vision chips operate robustly

over large speed and illumiation ranges and
their power consumption is several orders

of magnitude lower than that of CCD imagers.
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Thisisone of thefiveaVLSI chipsused for the
robot as a motion sensor. Photoreceptor circuits
on the chip transduce the light (which isfirst

passed through alens sitting on the chip) directly

into currents. All image processing is done
on-chip.
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M ethods:

The "Koala" robot used in the experiments.

© The motion sensor ’ Center’ measures the position of
the focus of expansion, the position of the fastest
stimulus and its speed and direction.

O The motion sensors’ 1L eft’ and ' 1Right’ measure the
speed and the binary direction of the fastest stimulus.

O The motion sensors’ 2L eft’ and ' 2Right’ measure the
averaged speed of all perceived stimuli.

O The 16 IR sensors are used when the motion sensors
are ineffective and they are also used to correlate the
outputs of the motion sensors.

Ziirich

Results:

The results from the experimental setup are shown here. The robot moved in a straight line in a white featurel ess corridor passing a black and white

stimulus. During this time the data from four motion sensors and from the IR sensors were recorded.
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The direction signal (x) from the motion sensor shows mation going The direction signal (x) shows 1 direction with some exceptions
b in the backward direction 1 900 Attime=4.1, the speed signal (") of the motion sensor reacts to the
The speed signal (") fom the motion sensor reacts to the vertical stimulus moving past the rbot
joints on the wall where the corridor wall elements are stuck together
t 1 800 The two IR sensors (o) do not react since on the right side, the
The two IR sensors (o) reactto the iegular distances of the close corrdor wall and the obstacle are out of their range
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The average motion signal reacting to forward motion (x) does not react The average motion signal reacting to backward motion (*) reacts
he average motion signal reacting to backward motion (*) reacts to the. 4 900 to the stimulus moving past the robot at time=4.8, but fails to
irregulariies of the close corridor wall on the left side decay smoothly
The average motion signal reacting to forward motion (x) does not react
The two IR sensors (0) react to the irregular distances of the close 4 800
corridor wall on the left side The two IR sensors () do not react since on the right side, the
corridor wall and the obstacle are out of their range
0ggo, _ ol
go o-o 3
© o 9 8 E 600
8 ©0880%00g 8880 5 6001
o
8 00088883 8 0© £
o o° 3 soo-
o ©
o o
o 3
8 2
=] i 400F
8o 2}
©38og
og 3001
Fohrknnnnn
200
Fk oy
*
FHs, % * 100 *ry 1
T FRKL e ¥ *okkx
) OO x x R A K ERFFEERFRRRREIH O xxx kxR PRLPEBR00LLEL0LEB 88; 8 g A
1 2 3 7 8 9 10 1 2 3 7 8 9 10

5
TIME (sec)



