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Control Gait Pattern of Biped Robot based on Human’s
Sagittal Plane Gait Energy
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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, as proved by the

experiments.
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Table 1. Feature values of the experimentee’s links.

Link M (kg)  L,(m) d(m) I (kgm?)
1 4.575 0.493 0.194 0.192
2 7.5 0.424 0.240 0.141
3 50.85 0.813 0.509 8.271
4 7.5 0.424 0.184 0.141
5 4.575 0.493 0.299 0.192
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Fig. 10. Calculated torques of individual human joints.
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Table?2. Skewness and kurtosis of a human having the parameters
given in Table 1.

Skewness -0.199416

Kurtosis 1.814267
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Fig. 11. Biped robot used in the experiments.
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Table 3. Feature values of the robot links.

Link 3 (kg)  L;(m) d,(m) I (kgm?)
1 0.14 0.1128 0.034 0.0605
2 0.08 0.0806 0.042 0.0442
3 0.53 0.1100 0.089 0.05
4 0.08 0.0806 0.039 0.0442
5 0.14 0.1128 0.079 0.0605
X 4.GAWHS
Table4. GA parameters.
Maximum generation (G, ) 300
Population size 11
Crossover probability 0.6
Mutation probability 0.1
1; ¥ torque,
;
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Fig. 12. Torques of individual robot’s joints acquired using the
SPEA.
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Fig. 13. Rotation angles of individual robot’s joints acquired using
the SPEA.
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Table 5. Skewness and kurtosis of the robot before and after apply-
ing the optimization process.

Robot(before) Robot(after)
Skewness -0.293941 -0.198208
Kurtosis 2.041238 1.807961
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Fig. 14. 6, of the biped robot after optimization process.
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Fig. 1S. Pictures of robot’s walking in (a) sagittal and (b) frontal
plane.
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Fig. 16. Torques of robot’s joints acquired from ZMP trajectory

and Inverse kinematics analysis.
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Table6. Skewness and kurtosis of the robot joints acquired from
ZMP trajectory and Inverse kinematics analysis.
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