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Biped robot gait pattern generation using frequency feature of
human's gait torque analysis
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Abstract

This paper proposes a method of adaptively generating a gait pattern of biped robot. The gait synthesis is based on
human’s gait pattern analysis. The proposed method can easily be applied to generate the natural and stable gait
pattern of any biped robot. To analyze the human’s gait pattern, sequential images of the human’s gait on the
sagittal plane are acquired from which the gait control values are extracted. The gait pattern of biped robot on the
sagittal plane is adaptively generated by a genetic algorithm using the human's gait control values. However, gait
trajectories of the biped robot on the sagittal plane are not enough to construct the complete gait pattern because the
biped robot moves on 3-dimension space. Therefore, the gait pattern on the frontal plane, generated from Zero
Moment Point (ZMP), is added to the gait one acquired on the sagittal plane. Consequently, the natural and stable
walking pattern for the biped robot is obtained.

Key Words : biped robot, gait pattern frequency feature, human gait, Genetic Algorithm
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Fig. 15 Extraction of human walking parameters.
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Fig. 16 Rotational angles of individual human joints.

106

t
1 8 15 22 29 36 43 50 57 64 71 x0.01429)

28 17 Az 4 gl &=
Fig. 17 Velocities of individual human joints.

t
(x0.01429)

1 8

15 22 29 36 43 50 57 64 7
a8 18 A7) 7 B FEE,
Fig. 18 Accelerations of individual human joints.
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Table 1 Feature values of the experimentee’s links.

Link M (kg)  Llm)  d(m)  r(kgm?)
1 3.355 048735 0.192 0.137
2 55 0.41895 0.237 0.101
3 37.29 0.8037 0503 5925
4 55 0.4189% 0.181 0.101
5 3.355 0.48735 0.295 0.137
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Fig. 19 Calculated torques of individual human joints.
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Fig. 20 Human's torque in the frequency domain.
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Table 2 Feature values of the robot links.

Link M (kg) L, (m) di(m)  L(kgm?)
1 0.164 0.115 0.034 0.00082
2 0.144 0.085 0.043 0.0006
3 0.422 0.11 0.091 0.0035
4 0.144 0.085 0.032 0.0006
5 0.164 0.115 0.053 0.00082
% 3 GA B
Table 3 GA parameters.
Maximum generation (GN,, ) 300
Population size 11
Crossover probability 0.6
Mutation probability 0.1
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Fig. 21 Torques of individual robot’s joints acquired
using the GA.

t
(x0.01429)

1 8
3 22 GAE HEob] g olHuPT Y 7+ BHAGM Y
Z} = 35}
Fig. 22 Rotation angles of individual robot’s joints
acquired using the GA.
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Fig. 23 6}, Of the biped robot after optimization
process.
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Fig. 25 Pictures of robot’s walking in (a) sagittal and (b)
frontal plane.
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Fig 26 Trajectories of robot’s joint angles acquired from
ZMP trajectory and inverse Kinematics analysis.
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Fig. 27 Torques of robot's joints acquired from ZMP
trajectory and inverse kinematics analysis.
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