—10 O

oot oooooon

00 0 it 0 oof

oo oof

A consideration on control of center of pressure in biped upright posture

Satoshi ITO"f, Yoshihisa SAKAT, and Haruhisa KAWASAKI!
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Fig.1 Biped standing model.

gooooooooooooobooOoooooooo
gooooooooooooooooobOobooboo
gooooooooooooobooOoooooobooboo
gooooooooooooobooOoooooobooo
goooooooooooooboooooooobooo
goooooooooooooobooOoooooonbo
goooooooooooooobooOoooooDooDo
goooooooOooooooooOooooooDo
gooooooodooooooboooooooobood
gooooooooooooooboooboobooooa
gooooooooooooobooOoooooobooo
ooooooooogono
oooooboooooooooooboooooooo
gooooOooooooooobooOoooooobooo
00 (00 FgODOO Fr)DOODOODOODOOOO
O00o0oOoOoOooooooooégroégbicOOOO
goooooooooooooooooobooboooo
000, 00000000000000000000
D000 200000000020 =4¢yg+¢- 0000
gooooooooooooooocoOooOoobooboo
goooobooob1l1o00o0o0o0bocbooooooo
CoPOOOOOOOOODOOOOOODOOODO
gooooOoooooooooboooooooobooo
goooobooooooooooooboon FO0F, 0
goooooOoo0ooooooooOoooooDooDo
gooooooooooooboooooooo

I6 = MLgsin@ + F,Lcos0 — F,Lsin0 + 7,(1)
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Fig.2 Stationary state by Control 1.
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Fig.3 Stationary state by Control 2.
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Fig.4 Experimental environment.
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01 0000000000000 CoPOO0O (mm).
Table 1 Forward deviation of CoP from ankle joint position (mm).
Conditions 0 deg. | 5 deg. |10 deg. | 15 deg. | Heel-weighted | Midpoint

Ist |81 +1| 73+1 |48 +£3| 49 £1 15 £ 3
ond |77 +1| 73E£1 |65 L2] 49 £ 2 11 L3

Subject 1 ™30 [71 £ 1| 70 £ 2 | 55 £3 | 45 £ 1 S L2 w
average | 76 £ 4| 72+ 2 |56 £ 7 | 47 + 2 11 + 4
Ist |71+£1]| 62+1 |50+2] 58 £3 19 £ 2
ond |70 £ 2| 63+£4 |45+t 2] 54 £ 3 20 + 1

Subject 2 T34 [62+1| 60+ 1 |2+ 1| 36 £3 26 + 2 80
average | 68 £ 4| 62 £ 3 | 49 + 3 |49 £ 10 24 + 5
Ist |4 +t2| 8 +2 |79L2]| 78 +2 42 £ 3
ond |65 £ 2] 68+£2 |7l+2]| 76 £ 2 49 £ 1

Subject 3 T3y [75 £ 1| 65+ 2 |83 +2] 83 £ 2 31 £ 2 75
average |65 £ 9| 72+ 8 |78 £ 6| 79+ 4 41 £ 8
Ist |50+£2| 51 +1 |42+£1| 45 £ 1 51 + 1
ond |60 £ 1] 45 +£1 |49 L2 32 £ 2 24 2

Subject 4 T3 (59 £ 2| 43 £ 2 |36 £ 1] 42 £ 2 38 £ 1 69
average |56 £ 5| 46 £ 4 | 43 £ 6 | 40 £ 6 38 £ 11
Ist |18+t2| 8+2 |37+1] 51 +3 13 £ 3
ond |34 +3| 43+L4 |46 L2 52 £ 2 8§+ 2

Subject 5 31 [33 £ 3| 40 £1 |43 £ 1] 51 £ 3 14 75
average |29 £ 8|33 +18 |42+ 4| 52+ 3 8+ 6

O0000oo0oOooooooCePOOOODOOOO
go0o0oCoOos00000O0C0OoO wogooog
0o00oooooOoo s0%0000o0o0oooon
pooooooboboboboooooobooboooda
gooooooooobobobooboooobooood
O0oooooooobobooooooooobooood
0o0o000o0ooooobooooooooobooood
0oo0oooooooobooooooooobooood
000000oooo CochOOOOOoOoooooon
o0ooo0o0oOoUoooooOoooOoOooooooo
00000O0O00O00L. Hay and C. Redon 0O OO
000000000o0o0o0ooooooooo CokPO
000000o00oo[oooooooooooooo
gooooooboboboboooooooobooood
Ooo0CoPOOOO0ODOOOODOOOODOOOOODO
0o0o000o0ooooobooooooooobooood
0o0o0oo0oooooobooooooooooood
goooooo
00oo0o0ooUooooboOooooOoooooooo

goooooooooooooOoOOOOOOOOOO

gooooooooooooobooOooooobooboo
gboooboooobooboooboooobooobobooon
gboooboooboobooobooooboboobobooon
gboooooobooboooboooobooobobooon
gboooboooooboooboooobooobobooon
gbooooooobooobooooobooobobooon

434

goooooooooooooobooOooooooboo
goooobooooooooooboooooooooboo
goooooooooooooobooOooooobooobo
gbooobooooboooboooboobooobooobooon
00000000ooooooo CoPOOOOOO
gbooboooooooobooboobooobogoon
gbooboooooooooon

4.2 J0O000O0OCOOOOODOOCO

00000000000000000000000
000000000000000000000000
000000000000000000000000
000D [11)0[13000000000000000
000000000000000000000000
000000000000000000000000
000CoPOOODODODOOODODODOOO
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000



goooooooooooobooobooooooboOooobooooog

1
100 — ——2
S —a—3
.2 —A—4
E 5
+
g 50
3
a
0
0 5 10 15
slope angle [deg]
(a) Changes with slope angle.
1
100 ——2
—-—3
—h—4
——5

Deviated ratio [%]
W
=)

N

normal heel-weighted

(b) Changes beween normal stance and heel-weighted
stance.

05 0O0O0OO00O0O0OOO0OO0O0O0OOOOOODOOO
Fig.5 Normalized distance of CoP from anke joint
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Ka> (5 + 10)K; (A10)
K, > ALcos(0 — 0y) (A-11)
Ky >0 (A-12)
(Ka— K7 f(0))(Kp — ALcos(0 — 0y))

> %K,,Kf (A-13)
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