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Autonomous Bipedal Locomotion with Evolutionary Algorithm
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Abstract

In the research of biomechanical engineering, robotics and neurophysiology, to clarify the mechanism of human bipedal
walking is of major interest. It serves as a basis of developing several applications such as rehabilitation tools and
humanoid robots. Nevertheless, because of complexity of the neuronal system that interacts with the body dynamics
system to make walking movements, much is left unknown about the details of locomotion mechanism. Researchers
were looking for the optimal model of the neuronal system by trials and errors. In this paper, we applied Genetic
Programming to induce the model of the nervous system automatically and showed its effectiveness by simulating a

human bipedal walking with the obtained model.
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Fig. 1. Overview of 3D autonomous bipedal locomotion
model.
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Fig. 2. The three-dimensional body dynamics
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¥ 1. AA9sA 229 parameter
Table 1. Body dynamics parameters

Name Mass(kg) Moment of inertia (kgm™2) Link length (m) Center of gravity (m)
[x, v, z] [x, v, z] x ,vy, 1zl
Lower torso 85 0.0425, 0.0410, 0.0500 0.00, 0.00, 0.170 0.00, 0.00, 0.085
Upper torso 29.482 1.6193, 1.0876, 0.3785 0.00, 0.00, 0.658 0.00, 0.00, 0.333
Right thigh 6.523 0.1137, 0.1157, 0.0224 0.00, 0.25, 0.405 0.00, 0.00, 0.157
[Right calf 2.685 0.0391, 0.0392, 0.0029 0.00, 0.00, 0.415 0.00, 0.00, 0.176
Right foot 0.837 0.0033, 0.0030, 0.0007 0.00, 0.00, 0.150 0.00, 0.00, 0.050
Left thigh 6.523 0.1137, 0.1157, 0.0224 0.00, -0.25, 0.406 0.00, 0.00, 0.157
Light calf 2.685 0.0391, 0.0392, 0.0029 0.00, 0.00, 0.415 0.00, 0.00, 0.176
Light foot 0.837 0.0033, 0.0030, 0.0007 0.00, 0.00, 0.150 0.00, 0.00, 0.050
[Right upper arm 1.842 0.0133, 0.0132, 0.0022 0.00, 0.00, 0.282 0.00, 0.00, 0.145
Right forearm 1.513 0.0133, 0.0133, 0.0010 0.00, 0.00, 0.360 0.00, 0.00, 0.120
Left upper arm 1.842 0.0133, 0.0132, 0.0022 0.00, 0.00, 0.282 0.00, 0.00, 0.145
Left forearm 1513 0.0133, 0.0133, 0.0010 0.00, 0.00, 0.360 0.00, 0.00, 0.120
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E 2. GP2 $83% parameters
Table 2. Genetic Programming Parameters

Maximum generation 500
Reproduction 20%
Mutation 10%
Crossover 70%
Population size 3200
Grow method FULL
Maximum depth 10
Max mutation depth 5

fitness-proportionate

greedy overselection

After comp?\?zting 10 walking
steps

Selection method

Termination Criterion

E 3. GPY 2y wso 35 kS
Table 3. GP terminals and functions

GP Terminals And Functions
Description #num
E +,-,%, exp, log 5
g’ H (x) = 1(when x 0), O(otherwise) 1
E Max0(x) = x (when x 0), ((otherwise) 1
® | §¢1.2.,3,4,5) | Contact sensory at each side 5
a f : ly) z} Toe positions in each foot 6
i(( ;’ly) 2} Toe velocities in each foot 6
r;’ Absolute angles at each side 8
=157 Absolute angular velocities at each side 8
E. 8(xy.0) Position of center of gravity 3
»
= g'(x’ .2} Velocity of center of gravity 3
% €(1.2.3.4) Ephemeral random constant 4
ADF1 Angle sensory module 1
ADF2 Angular velocity sensory module 1
ADF3 Contact sensory module 1
B 4 ARE ¥
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