
Evolving robust



evolving neural 
ontrollers whi
h operate under these


onditions, i.e. at times
ales faster than that of perfor-

man
e, and whose elements tend to 
ompensate for long

term patterns of a
tivation by keeping their average a
ti-

vation as 
lose as possible to a middle range, thus making

it diÆ
ult for a
tion relevant information to be stored in

su
h individual elements. In order to fa
ilitate under-

standing of the results and 
omparative analysis (and

for other reasons explained below) a simple task of pho-

totaxis is 
hosen. The next se
tion further dis
usses the


on
eptual and pra
ti
al motivations of this work. Se
-

tion 3 des
ribes the experimental setup and the neuron

model whi
h is a simple extension of a 
ontinuous-time

network ar
hite
ture. The results are presented in se
-

tion 4 whi
h shows that evolved 
ontrollers are highly

robust to radi
al sensor perturbations su
h as ex
hange

of sensor position and removal of one sensor. For ev-

ery single 
ase studied robots were able to perform the

desired task as long as they had at least one sensor in

the frontal half of the body. Robustness de
reases as the

allowed times
ale of os
illation is made 
loser to that of

performan
e. An analysis of the evolved strategy is also

presented in this se
tion. It is suggested that fast os-


illations are not suÆ
ient for robustness but that long-

term homeostati
 behaviour of neural a
tivation is also

ne
essary. This 
laim is supported by evolving a net-

work of fast non-homeostati
 FitzHugh-Nagumo os
illa-

tors whi
h turn out to be mu
h less robust. The �nal

se
tion dis
usses the impli
ations of these results.

2. Motivations

This is an exploratory pie
e of work aiming at generating

hypotheses. The motivations are 
on
eptual as well as

pra
ti
al.

An animal nervous system is a 
omplex network of

relational patterns of ele
tro
hemi
al a
tivity whi
h is


oupled with the rest of the organism and its



A large part of 
urrent work in understanding


entral pattern-generating 
ir
uits (CPGs) is fo-


used on their role in the generation of rhyth-

mi
 behaviour su
h as lo
omotion and respira-

tion (Marder and Bu
her, 2001). This is also true

in roboti
s (Beer et al., 1992, Fujii et al., 2001,

Ijspeert et al., 1998, Williamson, 1998). Rhythmi


neural a
tivity (not ne
essarly asso
iated with CPGs)

may also be involved in the generation of patterns of

behaviour or per
eption that are non-rhythmi
 and

happen at signi�
antly longer times
ales that those of

os
illations (Rodriguez et al., 2001). This aspe
t has

been less explored but it should be of 
onsiderable

pra
ti
al interest in roboti
s. If a system is synthe-

sized to produ
e a large s
ale pattern with a typi
al

times
ale whi
h is mu
h longer than the times
ale of

its mi
ro-
omponents, then 
ertain degree of robustness

of performan
e should be expe
ted, as, by design, no

single mi
ro-
omponent 
an take a large share in the


ontrol of the overall system { the faster mi
ro-times
ale

would not allow this { and so the system must make

use of long range synergies that tend to be highly

robust. Similar phenomena have been demonstrated in

di�erent 
ontexts, (Di Paolo, 2001, Thompson, 1996)

but apparently has not been applied in roboti
s so far.

Whether su
h robustness 
ould also happen in robots

is one of the main angles of investigation of this work.

For this purpose, a task that is not intrinsi
ally rhyth-

mi
 has been 
hosen deliberately. P19 Td
[(delib)



angle between sensors is always of 120 degrees (60 de-

grees ea
h to the body 
entral midline).

Motors 
an drive the robot ba
kwards and forwards in

a 2-D unlimited arena. Robots have a very small mass,

so that the motor output is the tangential velo
ity at the

point of the body where the motor is lo
ated. The trans-

lational movement of the whole robot is 
al
ulated using

the velo
ity of its 
enter of mass (the ve
torial average

of the motor velo
ities), and the rotational movement by


al
ulating the angular speed (the di�eren
e of the tan-

gential velo
ities divided by the body diameter). There

is no inertial resistan
e to either form of movement.

Light from point sour
es impinges on sensors with a

lo
al intensity proportional to the sour
e intensity and

the inverse square of the distan
e from sensor to sour
e.

The model in
ludes shadows on sensors produ
ed when

light is o

luded by the body (i.e., a sensor angle of a
-


eptan
e of 180 degrees). Input 
urrent from
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Figure 2: Average relative robustness (measured as propor-

tion of unperturbed
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needed to test the usefulness and limitations of this idea

and explore its relation to other not-so-distant issues

su
h as plasti
ity and adaptivity.
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