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A Comparative Study of Evolutionary Computation Techniques for
Locomotion Control of Modular Snake-like Robots

2N A s EM TN
(Jaeyoung Jang, Soohwan Hyun, and Kisung Seo)

Abstract: Modular snake-like robots are robust for failure and have flexible locomotion for environments, but are difficult to
control. Various phase and evolutionary approaches for modular robots have been studied for many years, but there are few
comparisons among these methods. In this paper, Phase, GAps, GA and GP approaches are implemented and compared for flat,
stairs, and slope environments. In addition, simulations of the locomotion evolution for modular snake-like robot are executed in

Webots environments.

Keywords: modular robot, snake-like, locomotion, genetic algorithm, genetic programming
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Fig. 1. Shape of Roombot. (a) full view, (b)bird eye's view, (c)
front view, (d) side view.
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Fig. 5. A phase locomotion of snake-like robot.
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Table 1. Fitness values of experiments for 20 population size.

Phase GAps GP GA
Avg 1.3 1.88 2.54 2.76
EFHA} 0.0 0.50 041 0.84
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Table 2. Speed values of experiments for 20 population size.

Phase GAps GP GA
Avg 20.31 29.41 39.64 43.18
HEFHA 0.0 7.89 6.45 13.16
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Table 3. Fitness values of experiments for 30 population size.

Phase GAps GP GA
Avg 1.3 2.17 2.72 3.06
HEHA 0.0 0.38 0.49 0.84
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Table 4. Speed values of experiments for 30 population size.

Phase GAps GP GA
Avg 2031 34.01 42.59 4775
FZWz} 0.0 6.04 7.69 13.16
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Fig. 8. Locomotion of the best individual(GAps, popsize=30). Fig. 12. Locomotion of the best individual(GP, popsize=30).
GAps Popsize=30 Best A2 JEB I X2 GP Popsize=30 Best A9 #EEXY
10 i Y
¢ —— ;;1
¢ A 2ee
N A * 2E3
5 ‘/* —A- Bg4
_ ¥ R * g RES
3 »-‘___“; L s L ] u—;-;;:;::;u et ee] ::j ;:Er
% :l"; Feeyy tﬂ{g‘:—c‘uj " - =as
4 ] NI
4 AT
-5
01 2 3. 4 5. .87 8 -8 18 B S SOE R I N P S S A
cyele & step 3 cyele H step S
23 9. I A% 218 Z(GAps, popsize=30). 2313, 34 A3 18 Z(GP, popsize=30).

Fig. 9. Joints trajectory graph(GAps, popsize=30). Fig. 13. Joints trajectory graph(GP, popsize=30).
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Fig. 16. Locomotion of the best individual(GA, popsize=30).
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Fig. 17. Joints trajectory graph(GA, popsize=30).
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Fig. 19. A phase locomotion of snake-like robot(slope environ-
ment).



Journal of Institute of Control, Robotics and Systems Vol.

S AGEA A o AP FA.

Table S. Fitness values of experiments for stairs environment.

Phase GAps GP GA
Avg 0.8 2.36 1.44 2.14
E=AAE 0.0 0.65 0.06 0.69
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Table 6. Speed values of experiments for stairs environment.

Phase GAps GP GA
Avg 12.5 24.95 22.52 23.59
XFHA} 0.0 12.48 1.01 11.76

B 7 AR A A A

Table 7. Fitness values of experiments for slope environment.

Phase GAps GP GA
Avg 1.87 2.83 2.14 2.66
XEHEA} 0.0 0.37 0.07 0.25

E 8 AR AP g S
Table 8. Speed values of experiments for slope environment.
Phase GAps GP GA

Avg 214 44.25 3341 41.61
XEHA 0.0 5.70 1.15 3.89
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Fig. 30. Locomotion of the best individual(GA, stairs environ-

ment).

| ASUden)

2931 9 HA 2 XGA, AGEA).
Fig. 31. Joints trajectory graph(GA, stairs environment).
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