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Stabilization Strategy of Humanoid’s Walking by Visual Feedback
—Spontaneous Arms’ Swinging for Walking by Dynamical Coupling and its Efficiency-enhancing Effects—
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Biped locomotion created by a controller based on ZMP known as reliable control method looks different from
human’s walking on the view point that ZMP-based walking does not include tipping-over state. However, the walking
control that does not depend on ZMP is vulnerable to turnover. Therefore, we propose walking stabilizer based on visual
feedback to enhance standing robustness and prevent the robot from falling down. Simulation results indicate that this
stabilizer helps stabilize pose and bipedal walking even though ZMP is not kept inside convex hull of supporting area.
Moreover, we point out that arms begin to swing asymmetrically by dynamical coupling among body links without input
torques and verify the effects of the arms’ swing on the walking.
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Fig. 1 Definition of humanoid’s link, joint and angle

() (®)

Supporting-foot

&
¥,
Fixed - N o,

s
Yt Fixed Lifting-foot
Fig. 2 Example of walking gaits

Wy = —7) EWIRMEEEERL, Sy TS < B
DOENY M r(q) LEFLIZ L EUTORTRIEND.

Ci(r(q))
C(r(q) = [ Ca(r(q)) ] =0
Cs(r(q))
e Cs 13RI OHES TI7 10 DRSS gy, 23— IR & 720, B
FEBR A SRR N CRAT LT L BB SN 5. 7, o
1THIMDT] f, DEREE 1% LRl 7o 8E, 77200 |fy] > | fi
DL EEMCy 4L T, BEITET AmiciE 2405, —
¢, HEIMCIT 2 @Y OBMIREEZE XD, M20b)DEHIC
SEEbOLE, BEEHMAESZ FVE q = (g1, 02, qs) T
LEBRINDZDICH LT, M2 @) R msERED & X121
q = [QQ, g3, - ,Q18]T LTI ZEITo 7.
L) Lt T2 LR Q) 2ENSES I LICK
D, UFICRTEAFII A%H5.

@

M(q) -G —ilK) —ir —i., q
aC, /oq™ 0 0 0 fn.
0C2/0q™ 0 0 0 Tn
dCs/0q" 0 0 0 fy

T —h(q,q) —g(q) — Dq
[ 8 (9C1\) .
T\ ag \agr ) 19
= [0 [0C\] . 3)
T \oq \aq7 ) [ 9
[0 (003 .
T Vag\agr ) 19

A TR 3R T 1 FEOSEFEEZEEL, &KL TY)
DEZTHND., ZRHOHERITIETR Q) DX A FI 7 RICE
W, CREEE SO IT & MR 2HONCRINT 5 2 & TR
ARETH H. £ 2ICHSRITHIG LIREE O U TT & kS
PEOAA DR E AT,

Upper bod
o pp! y

Table 1
Link Lo omi | d;
Head 024 | 45 0.5

Upperbody | 041 | 21.5 | 10.0

Middle body | 0.1 2.0 | 10.0
Lower body 0.1 2.0 10.0
Upper arm 0.31 2.3 0.5

Lower arm 0.24 1.4 1.0

Physical parameters

Head

Upper arm

<
v

Lower arm

Middle body
Lower body

N Hand

Hand 018 | 04 | 20
Waist Waist 027 | 20 | 100
Upper leg Upperleg | 038 | 7.3 | 10.0
Lower leg Lowerleg | 040 | 34 | 100

Y Foot 007 | 1.1 | 100
Total 1.7 63.8

Table 2 Possible states for humanoid’s walking

State State variables Constraint
O a=[q,q3, ,q8)T Nothing
a | g=lq,q, -, qs]” Nothing
am | g=lqg2,q3,  ,q8]7, fn. C1=0
anwy | q =Ig2,q3, -+, q18]%, f, fny C1,C3=0
av) | q=I[q1,q2, -, q18]7, fn. C1=0
av’y | ga=lq,q2, -, q18]7, fnos fny C1,C3=0
NV | a=la2, a3, @18]T, fr. ™ C1,C2=0
V) | a=la2,a3, > q18]%, fazs Tny fry | C1,C2,C3 =0
VD | g=lq1,q2, - q18]", fr., T C1,C2=0
) | g=lq1,92,- -, q18]7, fn., Tn, fny | C1,C2,C3 =0
VD) | g=q2,93, -, q18]T, fn.» fny C1,C3=0
z
_____ :2':." Yy
YH 2
op(t)

Static object

v 18 force that lift up head to
£ is force that lift up head
prevent from falling down

Fig. 4 Concept of visual feedback
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Fig. 5 Screen-shot of walking simulation
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Fig. 7 Motion trajectory of neck in steady state
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Table 3 Relation of arms’ swing and walking

‘Without 711 With 711 (a = 50)
Speed 2.181 2.145
Stride 0.432 0.434

With 711 (ov = 100)
2.057
0.445
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Fig. 11 Dynamical coupling between yaw angle and arm
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