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Abstract Based on the fact that a human being walks naturally and stably with consuming a
minimum energy, this paper proposes a new method of generating a natural gait of 5-link biped robot
like human by analyzing a COG(Center Of Gravity) trajectory of human’s gait. In order to generate
a natural gait pattern for 5-link biped robot, it considers the COG trajectory measured from human’s
gait images on the sagittal and frontal plane. Although the human and 5-link biped robot are similar
in the side of the kinematical structure, numbers of their DOFs(Degree Of Freedom) are different.
Therefore, torques of the human's joints cannot are applied to robot’s ones directly. In this paper, the
proposed method generates the gait pattern of the 5-link biped robot from the GA algorithm which
utilize human’s ZMP trajectory and torques of all joints. Since the gait pattern of the 5-link biped
robot model is generated from human’s ones, the proposed method creates the natural gait pattern of
the biped robot that minimizes an energy consumption like human. In the side of visuality and energy
efficiency, the superiority of the proposed method have been improved by comparative experiments
with a general method that uses a inverse kinematics.

Key words : 5-link biped robot, gait pattern, COG(Center Of Gravity), ZMP{(Zero Moment Point)
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A HEolae] Ha HElg ols 7“2_% TES}‘:}
=2 A& sagittal plane®} frontal plane?] 23 # 31
& AFeaA oFRE] Ad2YT THLR UA
2ol By e A%
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g2 HIYPAHEL HEHoZ FHHIF
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5.1 3% o|F2XRe HYmE 44
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E£2Ro B3 HEHS FH}) YT YL 17
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BANA Y AP A4S RHse T FHelA
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AozBE AZE AAHY Y RAPHT A
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HAox Mz zEHARA= FAEY AdxHY A
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e AdE TEA el de(selection)® Wl (cross-
over), E@Wol(mutation) Aie T3 AsEA "ol
AL 71 A SHFFE o] &t OF AdE 9
3 AEE A=o] AAdste Aitelth wule F BEA
g HA3 2t A= ALE AT 299
ol Ry Al e Yoz WEAvle dake 43n.
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6. 5-link biped robot model0ff =28t A

EW FYl , 2 g4 CCD WX]EQ
FHEHIPX -VGA 210) 258 3_ T 120=Hder A
o B3 FAs F5SEG 48 doiM dgaAs
Aol Nk o2 AR FAE 49 S E 2]
Aotst dmelEel A% 5-link Biped Robot Simu-
lator(5-LBRS}S Pentium PColA VC++E 33}
BASE S As%7hRe frontal planediA Al&E Qzk
o] ZMP #A3&# sagittal planedAl Al&3 Bd 3AE
£ olg3lgich dwrEQ Ry AEHe A vy B
oA AlE dmzlEd) o8} AR ny g8e
217} 5-link ol&R2E Rdd] g3t} AlZbE¢l SH
oAl E&HQ SAc)A vl Hrpsig)

¥ 28 5499 9A &

Link | 3;(Kyg) L,(m) dim) | I(Kg-m?)
1 5.159 047531 0.174 0.152
2 7.115 0.39341 0.209 0.121
3 38 452 0.80128 0.497 6.047
4 7.115 0.39341 0.169 0.152
| 5 5.159 0.47531 0.287 0.121

6.1 1zZiel B8 QIXQ| & U ZMP A&
a8 8a)st 2ol AT By AAE FEI: U
o] ZMP #4& 47) 9131 5-LBRSE A8t Allel

w2 Q179 74 #ge] weel Azt mWE 917He
COGH €ale BHAh 5-link o2 R o
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AL Qe & 20 FHY 3 539 74 link
o S4zke YIS 177] By F 2 wde) 90
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(c) Torque3 (d) Torqued
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(e) Torques (f) Torque total

38 17 3 9960 Az 23] A
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Link | M(Kg) L;(m) d;(m) I(Kg - m?)
1 0.164 0.115 0.032 0.00082
2 0144 0.085 0.053 0.00060
3 0.422 0.110 0.091 0.00350
4 0.144 0.085 0.032 0.00060
5 0.164 0.115 0.053 0.00082
4§43 dudE ALY
Maximum generation{GNmax) 300
Population Size 50
Crossover probability 0.98
Mutation Probability 0.05
Resolution of a joint angle
6, b, Oy 0, b5
2" (11bits)| 27 (7bits) | 2 (6bits) | 27 (7bits) |2 (11bits)
9("'
—h — R B g -
o5l T -HeE g T
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0sl T G- Hee gy
o 7L
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Glract
S p-=9F gy
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a9 20 BA] A7 Ay} 25 HAY FALE
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g7t | =2A H3E HAE dEg Kol = wd
o 229 A Axe= HHstd g MY Azt
Sz AL 4 4 gtk 28 20 5-link o)|ERYR
2do] sHgn zre IRHY {ARE HAFu
Utk Ak GaelEe) o Y B A7t
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a8 21(a)= B3 A3 Ekel XE4A¢] 5-link 9]

= A oM
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0.45 [— 0.04]
0.02]

0.30 p=
0
0.15 — 0.02
-0.04
T O R B | I B B B |
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(b) ZMP trajectory in
lateral plane

(a) ZMP trajectory in
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(¢) COG & ZMP trajectory
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t = 0.0 (sec) t = 0.28 (sec) t = 056 (sec)

t = 0.84 (sec) t =112 (sec) t= 14 (sec)

2% 22 sagittal planed?] 23 B3 AJEF ol AAk

t = 0.0 (sec) t = 0.28 (sec) t = 0.56 (sec)

t =084 (sec) t =112 (sec) t = 1.4 (sec)

Edol 2 &8 A 36 A A 2350002

® 5 AQR= 5 link o]E2Re] BRI B3 o=

'S Bt

Joint Aol Wy 57178
1 0.015550] 0.018682]
2 0.009256] 0.011756]
3 0.002178] 0.005804]
4 0.001346] 0.003730]
5 0.000942] 0.001754]

Total 0.019232] 0.022148]
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