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Motion Generation of Multi Degrees of Freedom Robot with Dynamical Consistency
Using Motion Reduction
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This paper proposes a motion pattern generator using dimensional reduction. A human motion pattern
is measured by a motion capture system, and it is projected onto a low dimensional space based on principal
component analysis. The low dimensional motion pattern is modified, so that the high dimensional motion pattern
satisfies the motion condition, the dynamical consistency and the joint angle or torque limitation. The proposed
method is applied to the motion pattern generation of the planar bipedal robot. The moon-walk performed by a
human is transformed to the robot motion pattern. The ground contact states of foot links and a kinematic closed
loop condition are given as the motion condition, and a floor reaction force condition is given for the dynamical

consistency.

Key Words: Motion Generation , Multi Degrees of Freedom Robot , Motion Reduction , Human Movement

1. 0000

gobooooooboooooooooooobobOobooDn
ooooboooooooooooooooooooboobOoo
oooooooboooooooobooobooboOoooooooboo
oboobOoooooboboooooooboooobobobooDo
goboooboobooooooooobouoboooooooboooao
Dariush0 [1]0 000000000000 OOOOOOOOO
0000000000000 00000000O00Pollard O [2]
uoooobobooooooboboooooobooooobooboo
goooooobooobobooooboooooooobooboooo
oboobOooboobOoboobOoobooboboobobobobOoOoDo
Bloo0ooU0ooUooUooooUooUooUoooo
gooooooooobooooooboooboboooooobooboo
ooooooocooooboooooooooooooobooboo
O000O0OOYamaneO 4000000000000 OCOODO
0000000000000 D000O0Suleiman(b)000000
oooooooocooooooooboooooooooobooobooo
0000000000000 TsaiD [6) 00000000000
goboooooooooboooboo0oobOo0oOnoKanoun
O [70000000000o0o0o0oooUoOoooooo
udooooooooooooooooboooooobobooo
0000000000000000Saab0 [8O0O000O00OO
oooooobooooooooooooooboooooboobooo
ooooobooocoooooooooOooboooooobooboOoo
oooooooooobooooooooooboooooboboo
oooooooooooboooooboooobooobooOooboOoOoo
ooooooboooooboooooooooooobooboOoo
goooooooooooooboooooboboooooooboo
000000U00o0o0oU00oU0oO0obOoUoOUOO Yoouooo
uoooooboobooooooboooooooooooooboooOoo
oooogooooooboooooooboooooooooboboo
oooooboooooobooooooOobooOooooooobooo
oooboooooooooboobobooooobooooooboobooo
ooooooboooooooooooobooooooboboo
oooooobooooooooooooooooooobooboo
ooooobooocoooboooooooobooooboooboobooo
oooooooooooooooboooooooobooboooo
goboooobooobooobooooboocoooo

OO0 900 2000000000000000000O0OOO

gooooooooboooooooooooooboooooooo
uboboboboboocoobooobooouobooobouoboooooo
gooooooooooooooboooooooooboooboooo
gooooooooooooooooooboooooooooo
goboooooooooooooooooboooooboooooo
gobooboobobobobobobooobooboobooooo
ooooooooooooooooooooboobooboooo
gooooobooocooooooobooooooooboooooo
goooooooooooooooooobooooobobooooo
ooooooooooooooooboooOooooooooooo
uooooboooooocoooooooboooooobooboooo
oooo

2. OO0OOO
2.1 0J00O0O00OOOODOOO
goboooooooboooooooo

@:[91 0, --- 0 - gn] (1)

U:[ul wy - up - ’U'n} (2)

U0000D000D00000006, € R™Oux, € REODOO0
oo00Ok0000O0O0DOO00OCOODOOOOOCOODOOODOO
gooobooooooooooooooooooooboooooo
ooooooooooooooooboooOooooooooooo
OoUo0oo0oo0ooU0oU0ooUOoOoUO ()boooooUooo
(h)OOOOoODODOOOOOOO(e)DOOOODDOOOOOO

(a) 000000000
00000000000000000000000000
00000000000000000000000000
000000000000D00000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000 J, 00000000
00000000000000033000000000

(b) 0DO0ODOOODOO0O

gooooood

ooooooooooocoooOooooooeoooOon
vo000000o0oo0ooooboooooepoooooooo

No. 13-2 Proceedings of the 2013 JSME Conference on Robotics and Mechatronics, Tsukuba, Japan, May 22-25, 2013
2P1-L07(1)



obooobooobooobooboocobobooboobooooo
0000ooo0o0eouoOoOoO0oooOoooo

M(Gk)ek = C(ek, ak) + Buy, (3)

gobooooboooooobooono J, 0

n

T =Y 6 - 60 Wb =61 ()

M)~

gcoooooooooOooO0oO0oO0Oow, 000000000
gooooocoboooooboooboooboobooooo
goooooooboooboooooooooobooooDoo

(c) 0DO0ODOO0ODO

gboboooooobooooooboooooboobooooooboon
O0oo0o0oooOoooOooooooeoUuOoUOoOoOO
ooooog

emzn < 91]@

emaz u;nzn g Wik g u;’naz (6)

0000000000006;,0 0, (k=1,---,n)0 30
oooooger e Oem™ 00000000 0oonoog
000w 000000000000 (p)000o0oooon
ooboooooboo

Oire < Oi — Ko(Oi — 07°%%) (031 > 077°F) (7
Oir < Oir — Kg( ik — 9”“") ( ik < emln) (8
= Ku(uir —ui™™) (wie > w"*) (9

'Ln) (qu < umzn) (10

)
)
Uik < Uik )
Uik < Uik — Ko (wir — ug )

000000000000 000KOK, (>0
ooo

yoooao

2.2 000000000
00 ()0(b) 000000000000 J

J=Jp+ Jm (11)
0000000000000 e0U000000000nonn
0000000 e0U0000000000000 (¢)0000
000000060 k000 6,00 JOooOoo

dj _ 9J dJ 00; ~ dJ 08,
a0, ~ o, ]Z<ae 0. " 08, J) 02
DDDDDDlQDDD%D%DDDDDDDDDDD[Q]D
905~ 00,

O00000eUeéuéuinoUiNNolNnoooonnon
vboobooooooobobbobooboboooboboon
oboelod000O0O0O0ODODOODOOOODOD

@Z@Fl
éﬁ@FQ

OD0D00ROFR0606060000000000000000

00130014000 @D@D@DDDDDDDD%D%D

00, 00y
ooooog

23 000O0OO0OO0OO0OOOOOOOO

odooooooooooooooooooooooooon
oboodoooooooooooooobooooooboboOoo
oooooobooooobooooobooooooooobooooboo
oooooboocoooooboooooooooooobobooo

Fig.1 Planar bipedal robot and its model
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Fig.2 Marker position and human model for motion capture
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Fig.3 Relative angles of knee joints (solid line : left leg ,
dash line : right leg , dot line: angle limit)
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Fig.4 Robot motion sequence
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Fig.5 Index of closed loop condition (trajectory of ym)
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Fig.6 Floor reaction forces
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