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Robust Passive Walking Based on a Global Stabilization Principle of Fixed Point

Yoshito Ikemata*, Akihito Sano* and Hideo Fujimoto*

A passive walker can walk down shallow slope. This gait, which results from the interaction between the nonlinear
dynamic system and the environment, is really a physical phenomenon in itself. Though the passive walking is energy

efficient and has natural gait like human being, it is fragile. It is extremely difficult for a walker with knees to walk

for several steps and achieve high success rate in the real world. The passive walker is a sort of hybrid system and

can exhibit a stable limit cycle. Therefore, a global stability around the fixed point is essential for achieving robust

walking. We focus on the stability mechanism of fixed point. In this paper, first, a global stabilization principle is

mathematically established. Based on this principle, a simple mechanism making the inter-leg angle at heel-strike

constant was adopted in the developed walker. Finally, the improvement of robustness is confirmed by a dynamical

walking experiment.

Key Words: Passive Walking, Fixed Point, Global Stability, Principle, Robustness

1. & U &

BEOHTORy ME, BHEZE Y, SHELT7 7 F2
I— S BIUBELRHH O R2BERT 7/ 0V —DERTH
5. FOFFTHBEOEIZ R > TWAEDD, ZMP (Zero Moment
Point) T# 5 [1][2]. ZMP &, £BREN (BITHICRS %
V) ICETAEELEBETH Y, ZMP 2 XRLABAOLTER
BICBREL, BELEVED I [$HhEs] ZEHFTES,. &
ETIE, & MOEWEEIREIA TV S [3].

—%, TEHETE, HOLLOROONHEELRS L
%l, BITHOL 254 F I AL BB L OHEEHOAIZL -
THERERT S [, 512, TELZY Iy M1 (B8
) PEETHLEVIEELRHELD. T4bb, H5IKE
POEEFTINRT 52— EOF| ERALBENRONDE. 22
THEETNESI, DEHFERBICLOREMIC [H15] JL
TH5[6). £, THHTIERTIAIVF-HRIFH T &
THSN[B], & POEIFIEVE S ESbh TV (7).

ZMP HEOHBEH R THO TUNR M BRTIERD D
Ky FTERERTWLH, R ) REHFTHICLLTO/NA L
REFITOEBRIATREEZ S, LaL, ZEHETENER
£ WEHR) 20LOTHY, Bd) ¥4 TOZERITHRIS
BERBREOHRTTHERVERTLAIERTE Y, £0OO/NNA b

FERsfs 2006 F 12 H 27 H
BB IERFRFERLFHEH
*Graduate School of Engineering, Nagoya Institute of Technology
B AR FRUETHFMS AT LA

JRSJ Vol. 26 No.2

—bH8—

BOREHARELMELZ->TWS, FOHT, Collins bi
BATREIL LIHTRICL ) BNEE L -S8HTE
EHLA[G). T2, FHIIBIFE2ZRTEHFITERD SR
IRETH S, L L, UTICRTEEEORELEREE Z
BL-bDTIdhw.
BITOEHEEEZ S ETEELOE [FE] Thb, T
Eid, Vv b HAZVO—EOLTH Y, EHEERDIKE
Lo BB R IRETH B DY, TOFHEORERER L
FTHRITEAORERIRES. EESIE, ¥, F1H[9 T
FPEEONENEEL S PIIKREA N AL EHL,IIL, &
ERMRTEH L, RIZ, F28R[10) CTEHAOERE LT
S EOERE B ICHARA LRI REILESFIREL. 2
NET, FEHARRENT 2H4 LHIBHFE([11])~[13] »RE
ENTVDEH, ZOLEL D HIHERWLZBEICESVWHDT
HBEDOIH LT, 52 MTRELAHIHEANL, FHEEORE A
HZ X LDONFRIEED L LRBICEINHDTHS. L
L, Sho 0B L2EELHEL, 430 KBz TEN
DA L IZIZIEATE 22\ [14].
FEEITOONZ MEREFED H-0121F, R FEHEIOK
B R RENMAHIARTRTHS. E1RTC—EDPRAFICLD L
HICHIH BN D 2 TR R EWPRIES b T & &1
L7z, L2 LZOERTIE, BENTEHAI AT THY, %
BRRANDICH % & WIS ERIRIEICIZE s T r o/, £
ZT, FRX T, FHEOKSHNEEEREEFEMCLD
BREICR L7 BT, FOEBICEOSVTEHHATOONZ ME
#EEEEHI LA LTS [15]. 2ETI, ZEHTOER

Mar., 2008



T EORBHRECREICKD O b RSEHT 179

BEHREOREZE YR 72012, BRE2AETS2) v 7 EFILVIC
LT, LS Yz T AROEL %17, 3%
TIE, ZESIT AT LOEG R ERT S, 2L C, &
WEEDBAEN—FEIZ R o TN S ME—FET L L
2RL, SOICTHEHANKBWELLEL 552 & 2HT 5.
4FETIE, 2ORENMFEBICERZETH/ICHAR L 28%
ITHICDOVWTHBT A, 2L T, EBICI ZEIHRITERIZON
TR, ERLAZHFITOONR MEERT.

2. BEBEFTIZHETETI

2.1 EEEO2VCIETL

Mhy ¥4 TOZERITHELBVEOTHNE, 3V 7EF
W T 2 RERDOBERIATTROLHIZBZ S, LaL, #
HARZEE CHRETERT 254, BHORREE LTH
WEEOREZBRAZLICEST, 2 Y 2 EFLVTEERS
BRTAIENTESL., Thbb, DX TERLI )V 7EF
Vb L BRTRORERETREDL L, FHEOR
EUEEZDL ANy bTHAH. T/, HITHICEH S AN
FEBHLIL LT, REBOERICITZELLV,

REEEFETS2) Y 7EF)ILV%E Fig. 1 \IRT. 72720, W
YhmzEHErRL, FHFIZEETH Y, ZHIERTH 5.
T/, AIEHKICFE LRI XA—5THAH. | BHE, a3
LALPOMOELE TONRE, b IXRU < JERES» S O
Thshb. MIEOEE, m IIHOLEE, [ IHOELTDLD
DERE—XAL M THD. 0 ITHEHOHE, ¢ LEHOHE,
o IERBORAELYRY. T/, v FRAT-TARE, g I3E
NIEE KT,

EEICB L Tid, HiERPEE p, ML e AR E 2
SEBREHEORTARER S L T4, T/, Ml & ERE
EERRERERORS R d, ZOERLBLEOL2TAEY ¢, [
CAHOELLEZZESERORS R d, FOEREHWEDORT
AEE ( ETh. B, d d BLUC¢ ¢ BIEREZHTS

Fig.1 2-link model with feet just after heel-strike
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Fig.3 Variation of the loss coefficient ec
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Fig.4 Passive walker inspired by the global stabilization prin-
ciple
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Fig.5 Mechanism for making the inter-leg angle constant
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Fig.6 Success rate in continuous passive walking
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Fig.7 A photographic playback of two complete strides

Fig.8 Passive walking on downhill treadmill
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