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Optimal Gait Trajectory Generation and Optimal Design
for a Biped Robot Using Genetic Algorithm
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Abstract : This paper proposes a method that minimizes the consumed energy by searching the optimal locations of the mass centers
of links composing of a biped robot using Real-Coded Genetic Algorithm. Generally, in order to utilize optimization algorithms, the
system model and design variables must be defined. Firstly, the proposed model is a 6-DOF biped robot composed of seven links,
since many of the essential characteristics of the human walking motion can be captured with a seven-link planar biped walking in
the saggital plane. Next, Fourth order polynomials are used for basis functions to approximate the walking gait. The coefficients of
the fourth order polynomials are defined as design variables. In order to use the method generating the optimal gait trajectory by
searching the locations of mass centers of links, three variables are added to the total number of design variables. Real-Coded GA is
used for optimization algorithm by reason of many advantages. Simulations and the comparison of three methods to generate gait
trajectories including the GCIPM were performed. They show that the proposed method can decrease the consumed energy

remarkably and be applied during the design phase of a robot actually.
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Fig. 1. 6-DOF biped robot in the saggital plane.

F7) Tl webA tha Wapr] wid] 7 gel AREHE
Bl 226 disixn Hoick A dueEe desha w
2 B3¢ 74 2% 77 80]3 RCGA(Real-Coded
Genetic Algorithm)E AFE-E}ITH11-13].

B =5 tast 2ol TAHENT el 64HFE ©f
% wdo] 2JfHIE & 203 A EAl tiek 24
& e o, Ivadelds 32 daelg] disf 3t
et doo] o] itk AlE#H oA} GCIPME XS 37
A B A2 A el HlaE vAEdA £ 5 ok viA|
ko @ Vg AE E =Ee AES Ho] ok

1. 0| 2Y Ao

% 12 22k e o)F BHln B =FolA ALgE 7]
3ES BoF ¢zt »3e PHwate] 77 WA
Erd 4= 917 wiol14], AMsHe 2L 77le] €Ay 74
H 6 AFE o]F Zio|tt B =RoA ALRE 2dd &
A9 dlojHe & 19 Yehd itk 74 Hae dges
7133kt

2 ATFoA st B3 Sl 27kX9] AElE o
==

+ 5 tels Ade) 2oy, tE 3% dels & &

o2 A3 3 2 x| A

« o o] 9L erkE o 2 vls A
1. 6 AIRE OlF 23 2ol 2= ubxAl

gk AR AElA 6 AR ol 2R uigh 54 H

e thew 2.

o=

M(0)6+h(0,6)+G(6)=Du M

A7 M(0)© 6x6 B4 B, h(6,0)= VA melg
2ol e 6x1 ME), G(0) = Felol chet 6xl WE, 1]
u it HEQ BEAE YERNT 6x1 #Ejo]t)

Mo - Xisst - AlARE8s =2X M 10E H9S 2004.9

E 1 olF 23 2ol Eg¥<l Holy.
Table 1. physical data of biped model.
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Fig. 2. A stride and a period.
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Fig. 3. The flow chart of genetic algorithm.
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Table 2. GA parameters.

Maximum generation 3000
Population 30
Chromosome length 15
Crossover ratio 0.9

Mutation ratio 0.02
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Fig. 5. Predetermined locations of the mass centers ((a) Stick
diagram,(b)Joint torque, (c) Joint power).
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Table 3. GA parametets.

Max. generation 3000
Population 30
Chromosome length 18
Crossover ratio 09

Mutation ratio 0.02
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