FAZAL TR A23 B A4E (20069 49Y)
Journal of the Korean Society of Precision Engineering, Vol. 23, No. 4, April 2006

FHA SLE|FE O/ ST o|FEY =X Ak 2

Trajectory Optimization for Biped Robots
Walking Up-and-Down Stairs based on Genetic Algorithms

Kweon Soo Jeon', Ohung Kwon” and Jong Hyeon Park®

ABSTRACT

In this paper, we propose an optimal trajectory for biped robots to move up-and-down stairs using a genetic
algorithm and a computed-torque control for biped robots to be dynamically stable. First, a Real-Coded Genetic
Algorithm (RCGA) which of operators are composed of reproduction, crossover and mutation is used to minimize the
total energy. Constraints are divided into equalities and inequalities: Equality constraints consist of a position condition
at the start and end of a step period and repeatability conditions related to each joint angle and angular velocity.
Inequality constraints include collision avoidance conditions of a swing leg at the face and edge of a stair, knee joint
conditions with respect to the avoidance of the kinematic singularity, and the zero moment point condition with respect
to the stability into the going direction. In order to approximate a gait, each joint angle trajectory is defined as a 4-th
order polynomial of which coefficients are chromosomes. The effectiveness of the proposed optimal trajectory is shown
in computer simulations with a 6-dof biped robot that consists of seven links in the sagittal plane. The trajectory is more
efficient than that generated by the modified GCIPM. And various trajectories generated by the proposed GA method are
analyzed in a viewpoint of the consumption energy: walking on even ground, ascending stairs, and descending stairs.
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Fig. 1 6 DOF biped robot model
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Table 1 Parameters of the biped robot used

Link No. Length (m) Mass (kg)
Link 1 0.1 1.0
Link 2 0.4 5.0
Link 3 0.4 4.0
Link 4 0.5 6.0
Link 5 0.4 4.0
Link 6 0.4 5.0
Link 7 0.1 1.0




AAF - ALF - 438 AT A 23 W A4 E

Table 2 Parameters used in the genetic algorithm

Parameter Values
Maximum Generations 5,000
Population 30
Chromosome Length 14
Crossover Ratio 0.9
Mutation Ratio 0.02
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Table 3 Parameters used in computer simulations
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Fig. 4 Cost functions of inequality constraints when the
biped robot ascends a stair
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