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results automatically for examination by the user. For most crea-
tures we use the distance moved in 6 seconds as an evaluation 
metric. A 30 second evaluation is used for the crawler and the fish in 
order to be able to test their tracking ability. An evaluation of 200 
controllers thus requires 1200 seconds of simulation for most 
creatures. This can take from l hour for the cart creature to 6 
hours for the walker creature (on a Sun SPARC IPC). 

The crawler and the fish were designed to perform tracking. Their 
purpose in life is to always swim or crawl towards the follow 
point. They perceive this follow point only through their binary 
eye sensors. The joint connecting link L4 to L3 in the fish hás a 
passive angular spring and damper. This joint and link L4 serve as 
the caudal fin of the fish, a necessary feature for efficient swim-
ming. The crawler and the fish are creatures that form a dynami-
cal system with their SANs that is capable of tracking an object 
successfully. They can do só with binary eyes and have never 
been given any information on how to move forward, turn, or 
associate eye information with turning. Figure 10 shows an exam-
ple of the pursuit motion of the fish. 

 

 

 

 

 

 

  

FIGURE 10. The fish chasing a point being 
dragged along a spline curve. 

6.1    Variety of Solutions 
The most novel modes of locomotion were discovered for very 
simple creatures, such as those having only two or three links. 
The cart creature, shown in Figure 11, is perhaps the best exam-
ple. The creature derives its name from 'cartwheel' because it was 
originally designed with the hope it could move by performing 
cartwheels. Performing cartwheels is indeed one of the physi-
cally-feasible modes of locomotion discovered. The creature is 
also capable of four other unique and valid gaits, however. AH 5 
modes are shown in Figure 12. These modes were found in a run of 
1000 controller evaluations. Several modes looked promising, but 
were unable to fully sustain periodic locomotion initially. These 
motions were easily fixed to yield proper periodic locomotion using 
the fine-tuning phase as described in the previous sec-tion. 

A simple two-link chain is also capable of remarkable motions. It is 
important to note that one of the links is heavier than the other, 
which is necessary to avoid some situations where the chain is 
unable to locomote because of its symmetry. One SAN moves the 
creature forward using a flapping motion that lifts the joint vertex 
upwards and forwards in small hops. Another performs repeated 
'jumps' onto its back. Yet another manages to get the links into a 
position such that it can do a big aerial jump. It 'falis' upon land-
ing, but manages to get up to perform another jump, forming a 
repetitive motion. 

More complex figures such as the bounder and the walker pro-
duce gaits more familiar to us. The bounder hás gaits moving in 
small hops, big hops, shuffling, and others which are difficult to 
describe succinctly. The walker moves by performing shuffles, 
hops, and taking alternating steps. For many objects, the gaits 
 

 

produced are dependent upon the coefficient of friction. This is par-
ticularly the case for the three-link and four-link chain creatures. 

Many of the solutions not ranking among the best in terms of the 
evaluation metric can also be interesting. Some creatures fali over 
but can still succeed in moving forward while on their back. Others 
move a bit and then become fixed, apart from a repeated twitching 
motion of leg. This is also the case for creatures that fali over into a 
state from which they cannot get up. These often repetitively 
twitch their legs in a sryle reminiscent of an upside-down insect. 

There are limits to the complexity of motion that can be expected to 
emerge by evaluating randomly-generated controllers. It would be 
futile, for example, to expect to use our method directly to find a SAN 
to control a reasonable model of a human body in performing a high-
jump. As we will discuss shortly, however, we believe that more 
complex controllers might be achievable through an evolu-tionary 
approach. 

6.2    Robustness of Solutions 
SANs are also an interesting control structure because they can 
provide robust control. Figure 13 shows a bounder moving over 
rough terrain using a SAN that was chosen for its performance over 
flat terrain. A measure of robustness could be included in the 
search procedure of phase l by performing ali the evaluations over 
terrain of the desired roughness. We believe the robustness is a 
property related to the inherent simplicity of SAN controllers. 

 
FIGURE 13. The bounder creature climbing a hill 

The robustness hás limits because the creatures as presently con-
structed have no means of detecting the upcoming terrain. As such, 
they are functioning in a manner equivalent to a person walking 
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