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Dynamic Walking Analyses of Underactuated Biped Robot That Added Upper Body
by Means of Bisecting Hip Mechanism

Fumihiko Asano*! and Zhi-Wei Luo*1*2

Achieving energy-efficient dynamic walking has become one of the main subjects of research in the area of robotic

biped locomotion. It has been clarified that approaches based on passive-dynamic walkers accomplish it. In general,

however, passive dynamic walking is realized by only the legs and the effect of an upper body has not been clarified.

Based on the observations, this paper deeply investigates what effects an upper body had on the performances and

stability of dynamic biped locomotion. We first consider adding an upper body, which is introduced as a simple

1-link torso, by means of a bisecting hip mechanism so as not to destroy natural dynamics of the biped model. In

the second, we analyze the robot’s driving mechanism and apply underactuated virtual passive dynamic walking as

a method for generating efficient dynamic gait. We confirm that highly efficient dynamic walking is realized with a

specific resistance of 0.01, and investigate the effects of physical parameters of the upper body through numerical

simulations.
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Fig.1 Geometric relation between upper body and legs accord-
ing to bisecting hip mechanism
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Fig.2 Overview of prototype bisecting hip mechanism
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Fig.3 Symmetric motion of legs
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Fig.4 Model of planar underactuated biped robot with semi-
circular feet and torso
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Fig.5 Geometric relation of angular positions according to bi-
secting hip mechnaism
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Fig.7 Generalized virtual gravity mechanism
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Fig.8 Two effects of bisecting hip mechanism on leg-swinging
motion
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Fig.9 Simulation results for underactuated virtual passive dy-
namic walking
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Table 1 Physical parameters of biped robot

mp 5.0 kg] I 0.3 [m]
m 5.0 [kg] l(=a+b) 1.0 [m]
Ir 0.001 [kg'm?] a 0.5 [m]
I 0.001 [kg-m?] b 0.5 [m]
P 0.0 [rad] R 0.3 [m]

Fig.10 Stick diagram of steady gait in Fig. 9
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(a) I versus walking speed

(b) m versus walking speed

(c) y versus walking speed
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Fig.11 Walking speed with respect to physical parameters of upper body for four values of R
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Fig.12 Simulation results for constraint compass-gait with up-
per body
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Table 2 Parameter settings for biped walking system
mp 10.0 [kg] a 0.50 [m]
m 5.0 [kg] b 050 [m]
Ir 0.001 [kg-m?] R 030 [m]
I 0.001 [kg-m?] 0%  0.60 [rad]
P 0.00  [rad] kq 100 [s71]
Ir 0.70 [m] kp 2500 [s72]
l(=a+b) 1.00 [m] Tset 0.80  [s]

Fig.13 Stick diagram of steady gait in Fig. 12
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(a) Walking speed

(b) Specific resistance

(c) Restored mechanical energy
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Fig.14 Gait descriptors with respect to I for four values of R
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0 0 0 0 1 0 0 0 0
00 1 00 0 0 -2 |
(B.28)
Jis = (I — R) cos 61 (B.29)
Jag = —(I — R) sin 6, (B.30)
Jzs = (I — R) cos 6 (B.31)
Jss = —(I — R) sin 0 (B.32)
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F I ICO—RALEEAE L R b SNz F N & O BfRE B
L. AEIZOWTIE, X (3) OBMREHWT 6; 2EETIUL
Bus M & AR L CiE, RoBR

1 0
=10, 6=T6, T=| 0 1 (C.33)
1/2 1/2
WY Lo, INERHVSE, EEEEX (D) 3RO LHITER
BTx5.
M(O)TO+h(0,0) = Su+JhAy  (C.34)
2T, KROBE
J% € Ker (TT) (C.35)

WEEL TR (C34) 1TkEpS TT 2205 &, HsIIEAS

2T

TM(6)TO + T h(0,0) =T " Su (C.36)

L%hb. oFh) MY@) =T "M(@)T, h'(0,6) =T h(6,0)
ThY, BREITFICEL CLMEAFEICLY TTS =8 &%
% EDHERTE B

EFHXZE (Fumihiko Asano)

2002 4 H TR FREREH T AW 5o R T4
Byl RIS T, F4E, BALERIZET N A
FIATFqav Iy O VgL vy —BrEiE
JGORY b AT AGEF—LWgEE LY, BIFE
ICES. L (T5). akr7r+1 27 A, HETED
10 S = 1 e A e e
%4, IEEE O&H. (AATXRy FEEEER)

HA&TRy hFRik 26 % 8 5

# &8 (Zhi-Wei Luo)

1984 4F Hh [EIFE Hr T2 e H Bl i & SHapkasiiAcsE.
[ 4F FH BRI RS2 200, 1986 4F X 0 LK
%EHW% 1991 4EF4 T B RSRE B T 7
1B LR ERARIE T, 1992 SEFK
" LR LT AIRRIS T, 1 A
KFEMF. AALFIIZE Fﬁ7U Y74 TR, Wi
REFETEHREEZ, BALFNTETNA L - I AT 4y 7y ha—)
et v ¥ —BEEIS TRy Y AT AMEF—L4 - F—L) —F—
EREC, BUE, WP RFERFBE T 7eRHE %&%ﬂﬁ%i@lﬁl%{& ] +

T4 7 A, ST FOWRICHES. H (T4, FHE Bl
OARMRE A%, IEEE 2 E0O&B.  (HARTRY b %E)

2008 4 11 H



