
ANIMAL BEHAVIOR 

Even a Robot Cricket Always 
'C-1s Her IIT--:- ! 

EDINBURGH-Female crickets have an im- 
pressive knack for tracking down a mate. By 
listening for the "call songsn of the male-- 
the familiar chiiing sound we associate with 
cricketg-the female moves almost unerr- 
ingly toward her goal, ignoring other sounds 
and all obstacles in her path. Animal psy- 
chologists don't follow quite as smooth a 
path, however. They run into rrll obstacle in 
the form of a question this behavior poses: Is 

Each ear is halfway down one of the wicket's 
front legs, and an acoustic channel l i  dm 
ears through the legs and body. Soads pass 
through the channel &om one ear to the 
other so that the sound received at each. esr 
can be compared and the l&t sound id-- 
tified, giving the cricket directional guid- 
ance about the source of the d. The 
cricket's rigid body provides an inflexible 
channeltocarrysopm$S,andthisfixed~ 

the cricket malung decisions about what she tic system means the cricket's hearing is sen- 
is doing, or is she just responding automati- sitive to only onesound~uency-thesag 
al ly  to a stimulus? 

Psychologist Barbra Webb of the Uni- 
versity of Edinburgh, U.K., believes the ap- 
parently complex behavior is due to reflexive 
responses-that a relatively simple physical/ 
neural mechanism is responsible for lading a 
female cricket toward the calling song of the 
closest male of her species. Webb hibs a lot of 
experience testing such theories using com- 
puter m&ls, but that involves second- 
guessing the physics and idealizing the envi- 
ronment. "The equations p w  need to do 

pitch of its own species. 
But cricket song has many more v d a  

than just pitch. The song is split up into 
"syllablesn-short tones that repeat at regu- 
lar intervals. Crickets emit these syllables in 
short bursts or "chirps." How this s t r u m  
helps a female cricket track down a mate has 
remained something of a mystery, but it was 
thought that the repetition - - 
rates of both syllables and 
chirps were important. 

Webb speculated that the 
sound propagation in a c~nplex  envi- 
ronment are absolutely hid-" she 
says. Instead, she decided to try some- 
thing different: a robot. "The same 
problems occur in undemding  per- 
ception in a robot and understanding 

in an animal," says Webb , 
'They are encountering exacdy the 
same difficulty of taking infomtation 
from the environment, doing some- 
thing with it, and then acting success- 
fullyat the other end." 

- 

Webb's unorthodox merhod proved I 
to be inspired. Not only did she suc- 
ceed in reproduciw the cricketlike 

wheeled robot made from plastic building 
blocks with microphones for ears. The com- 
~arison of loudness bv the two "ears" was 
k e d  out by a dedicaied circuit, while elec- 
tronic neurons took the simals from the mi- 
crophones, summed the" chirp data, and 
st~pped the left or right wheel to make the 
robot turn. The robot was equipped with in- 
frared and touch-bumper sensors so it could 
avoid obstacles. 

When the call song of the right sort of 
male cricket was played through a loud- 
speaker, the robot was very s u d  at 
reaching it. Its movements were efficient, 
and they had many of the zig-zag charac- 
teristics of real cricket motion. When the 
syllabic structure of the song was changed, 
the robot became less efficient at finding 
the source, again consistent with cricket 
behavior. 

While this was the behavior Webb hoped 
to find, she had not expected the robot to 
display other cricketlike behaviors. For ex- 
ample, when two identical complete songs 
were played through different speakers, the 
robot simply "chosen one speaker, almost as 
if it were the only one playing, When the 
song was split, however, with syllables being 

played alternately from 

behavior ske had predicted, but she h&@bg -. Barbara Webb's robot er)oket be- 
also identified intraing behaviors haves much I'ke Its biological counterpart (inset). 
that were not progrGmd into the 
system, emerging only during testing. 'She 
has r edy  put forward anew hypothesis about 
how crickets mlght work. . . . Now biologists 
can go and start new experiments tb test 
this," says Holk Cruse, head of the Depart- 
ment of Biological Cybernetics at the Uni- 
versitv of Bielefeld in Germanv. 

~ekking a mate involves k o  different 
tasks for a cricket: idendying the right call 
song, then moving toward it. Webb's theory 
is that a mechanism in the cricket allows her 
to recognize the song and simultaneously 
track its source. It is generally accepted 
among researchers that the position of a 
cricket's two ears helps it disthgukh louder 
and softer signals coming from each side. 

repetition of syllables provides the material 
for a "summing" procedure in the cricket's 
brain. The intensity received by each ear is 
tallied during each syllable, AfcRI:several syl- 
lables, the tally in m e  ear may reach a 
threshold, causing a set of neurons to begin 
firing, which causes the cricket to turn in 
the direction ofthe flring ear. The -titian 
rate of syllables is imporpant because the 
summed tallies decay if they're not rein- 
forced: Too slow a repetition rate means the 
neurons would never reach the threshold; 
too high and both sets of neurons would be 
fi ing and the cricket would not know which 
i t o - .  

Webb implemented this theory in a 
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each speaker, the ro- I bot-again like a 
aicket-would mow 
to a point between the 

1 ,  speakers before even- 
tually choosing one. 

Cruse believes that 
,, because the robot's 

behavior so closely 
matches that of crickets, Webb's wurk malm 
sense and her approach will pint reruearchers 
in new directions. " m i s  sham] you ean get 
complicated behavior b d  on quite simple 
reaction-based systems," he says. But mt ev- 
erpne is sa certain that this will tell us much 
about actual biological systems. Neurobio- 
logical behaviorist Ronald Hoy of Cornell 
University in Ithaca, New York* for instance, 
says he believes Webb has made too many 
assumptions to be able to extraplate to real 
crickets, and that there is room for more neu- 
ral processing, or decision-making, than she 
allows. "I'm not sure that this is going to 
change the way I look at processing, al- 
though I'm ce&ly going to look at it more 
closely," says Hoy. 

Although Webb admits that the success 
of the robot model does not prove that the 
cricket uses the same perceptual mecha- 
nisas, it does at least show that it could. 
Despite "red-worldn conditions-including 
noise, slipping motors, obstacla, and ech- 
-the robot cricket still gets her mate. 

4-y Bitins 


