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Simulation of Ankle-Driven Walking Based on Human Walking Analysis

Toshinari AkiMoto*, Nobuyuki TERADA™, Akihiro MaTsumoTo™*

Abstract

We’ re developing walking robot with the object of bringing the walking of robot close to that of

human utilizing pendular motion of legs. First, human gait analysis has been conducted in the study. In particular,
we measured joint angle variation and myoelectric signal at a normal walking pace, focusing on the ankle
mobility. From the result of the measurement, we realized that ankle mobility of supporting leg not only provides
energy in the direction of travel by kicking back but also leads idling leg to swing forward. Then, we conducted
modeling of ankle-driven walking and reproduced the motion using highly simplified model. As the result, walk-
ing driven only by ankle was realized in simulation. Therefore, it is expected that the system could not only be
used for walking robot but also be applied to walking aids or artificial legs, because it reproduces a walking utiliz-
ing pendular motion of legs effectively due to the hip of free joint, and it is possible to reduce the number of

actuators.
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Fig. 1 Example at each trice of walking cycle when section from initial contact to next contact was regularized as 100%.
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Fig. 2 Result of walking analysis that uses treadmill(4
km/h) : (a)Angle of knee joint(b)Angle of ankle
joint(c )ECG of gastrocnemius(d)EMG of tibialis
anterior.
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Fig. 3 Model of biped robot from viewpoint of ankle motion:
(a)Mass model (b )joint Model.
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Fig. 4 Simulation result of using walking model (X step
length, [Jwalking speed).

F72, TANVF-RROME LT, X8EHNT a=
1 rad/s DWEOBENLHR[7] (A7 EE - B BE)REED 72
DOVEIANF—&) ZatH L7z, TORKE e DHIZF
#1016 Th o7z, TO/EII/NIWITEL LN F R
MEVA, & N ORBERTHEOBERIE) 03 ~04 & Xh
TWBDT, ) EVHEIZR - 7.

oo E
mgAx

(8)

4. & =

HEFMFZE[8-10] 12 BT, HEHIEF O RTICE 5 DI B iX
TEHE O BRI, I O RS B O ENE T 2 D
FFCREE OMBEEZERT 27208 SN TWD. F7z,
AT D 20% A4 BV B WEIE AT O IGB 1k & 72 5%
RN, RIT2RESTH2D, 40%MEDOTHITIEZ
b EFEITHNNI %252 56720 THoHEENTWES.

LHL, F&2 DT 724750 R TIX, —EHET
AT LT B IEIC D 20% 4 300 0 BENE 5 0 15 B 13 7 1912
BAELTW, ORI, ERFETEbLTWDE L)
2, T EAEAWIZ, BITERESELORETICH
HDOTIE AL, FRBEEIC X ) oo X 54k
DML ZRET Z72DICHFHETHEEZEZT. € MBI
% 20% A 30 O WERE 5 15 B 13 2 1 B ET O EEH TH B 2
EDS, By Il —Y a3y ThENIIC R E %
WS B LMV r 2H 272, ZhICEY, BT
JF 2T =5 Hb e REBEIETS I EHMET
otz THUISIFMEINC BT 5 G O EB) AL B R4
AT & d O ME & 5z % FTHRTIRIC % o 7281
WKIRDVIBZILT A LD WP -0 THAHLEZ LN
5. OB T L M 2SS (6=0rad, &:=rrad)
o OB TRTEUTOR(I) DL )RS, A
HBOGEHILTIEE 2 DT, ZFRHOLE MV 25ER
DI ZIMHST B bbb,

6, = “ (9)

C ORI B U IZHOIRTEB 2 AR FH LD
DTH Y, WoOFFOEBHEE2AFIH L EE) & 2 -
TWh, 72, TOEEZAMLBTIRT AL F—a%
DIENHERD?H S T A NVF RO RLWBRITTH D 2 Lt
TR TE T,

F7, 40% % B2 72D D 60% DR E TIZEHE L
HHEHOERLEBETWED, ZOEHIZEL TEZok
ENZOWTHEA BiAH D, 4 1d winter DA[11]55 L[
BT SR IC BT 280 1L (Push-off) & LCTET
MEZITo 72, 29352 &ETHRIED DH o 72 IRETOR
DHL & LTHIIAAT R B 7207 a Ry FMENZISH L
RTWRET B ENHR. L2 ADS, BHEMOWESE)IE
TSR 22 AT 2 € — Z IGE LTz, Z0iEH)

- (Pmy +a’m;)



(62) HARETS 46% 1% (200842 H)

X, BITHIANOZ AN F MG EAT) 22 TR, W
MR AELET BEROELDOBEIN 7 bV & T IS0
FAHZENHED. OO RO LV F -G
WA REREO L AN F—HB 2B E VDD LE R
bhah. 72720, 'Ry MENSHT ABIIEESE
THUNCHIHIGLEL 2D, HMART7 LV T) ALATOET
WMLIZHEETH - 7.

JEE OEH R ORI (0%), #EHOIRY ML
(20%) , EATH~NO T AV F -G (40 ~ 60%), FRI
EDORIBORER GERY 60 ~ 90% ) &, EHOES
FHRTICBT2EELERTRTUIEDL-TEY, 1D
BITICBVWTEELERTHLLEZONS, ZMP 123
DVLL OHRTORY MIBWTIEEEE IO XD 2k
BEEZEEL TRV, TOZEPHEORITERY D%k
TR POBITERELS BL SRR > T0WB LT
%, TAVF—REOERITICL>TLES>TVEHE
HWTEwhreEZ o5,

AWFFEIBE O (HHE) LT 77F2—50D
AL WHERBR AT Ry boRfE LTESRD T
EHTEDH, WEROFBEFHRAEITOR Y DL W
Wilc7r7F -4 2iE LEEBE L BHBH L LTw
BOICR L, AW CIIBE = HhBEEE LEEIZT 2
FrI—FERELTVWAIHTRELEL>TWE, BH
B S BATROZ S OB CHIBE & LTfi->Twa 7z
DHFATUR Y b OFEOTIFIFEEE X ) AR L 72k
TIlhoTWwWBbEEZA.

ARIFFE TR 72T FIOVIZRIRE NI E E E N TB
D, BBIEHDEZEEET, HMEROLBELEFEFINTWAR.,
ZDOzHE ~O 3 RICEED HER M SN L AR AT
EHHETAIEIFHRTO RV, BMAEFVIZE ST
JEOEB 2N 52 & T, REDOEHOR X HHE
T A E KA LEZONS.

F 7o, EEEREIC X 25T RO -EE) 2 AR
L72BAT R 720 CThl, BITICBIT2EELERE ED
—ODEMTHMCTE S0, FITaRy POATIERL
BRATHIBIRE BN X 58T —7 ¥ XA MEAOIGH T X
5.

5. $ b )

WEBTRORSAEELEMERFSTZFHNL, o
AT A D Z AL % REEEICOWTIRIT L. Shick b
Bohilr—r %2112, FRICHMELLZET LV TEDE
EHEHTLIELT, EHOBBHOATORTEZY I 2
L—3a v ECERLE. CoBRTIEREGE 7)) -V
AV T HZET, HoRoBEE 2 ARICFIHT 2
ZENTE, WOPTIANVF-REOLIVWRITTH -
7o. F7z, BREIBIEIZ R EICRET AL TT 7 F 2T —
FORERSOL, IAMEHZ, AVTFUVAERESHIIL

oo B TH L0, HITaoRy hoATIE R LK
TR O/ST — 7 VA PRFL R EAOISH AT
R

X 73

1. Vukobratovi¢ M, Stepanenko J: On the Stability of Anthro-
pomorphic Systems. Math Biosci. 15: 1-37, 1972.

2. MHEFEH: ¥ E—2 ¥ P8RS ¥+ (ZMP) &R47HIE. 0
ARy bEFEETE 20(3) : 229-232, 2002.

3. FRIoRiE, AICHIEA: B ) AT & B R 1 BREH T HE 2 B AR AT R
WO B S H AR S 27 S8 C M. 73 (733) : 25372542,
2007.

4. RIFHIE, WHEOOE, AE B AELEL OS2 =X
L AEgH) < FEH . TR U, HL, 2006.
5. McGeer T: Passive Dynamic Walking. Int ] Robotics Res.

9: 62-82, 1990.

6. BUERAE, MR B PHERIESE, VLSS AT RO
TR OO W T RS R CEE C M. 103 (12) : 281
—286, 1983.

7. IR, MEARE = BATRR O = A OV F =R 5 5
ARIyE gL GH B B S s, 15(7) 1 76-81, 1979.
8 VLEFEL, IWARE T KT ¥4 F3I 7 ZAAM R EHw &

BAT O REFE IR, B0, 2002,

9. Gotz-Neumann K: #I%2312 & % 47 51, 2 FBe, WL,
2005.

10. KIF 2 AR B, PR —, FHIRIE I, SRR AE, 5 R
36, TEH SE, MR MLy F IV - I Gk
B OMOEER). BEVNEY F—3 3 ».34(2) : 141-
149, 2006.

11. Winter DA : Biomechanics and Motor Control of Human
Movement. Wiley. 1990.

o & (7FEL FIFV)

2005 4 HIFR R FBE AT LR HRIR T2
R LRI ERAR A, 2005 4F [ L A IER
RAL, BUEIZES.

B @ B RE R B LA e R i e - A
7 OB B AR

HSE D wRy P - BRI - Ak
&L

RS  HAEM S, HATKRy b, BELES.

M {52 (595 /7L%)
1976 4F SR B AR A, AR
R B R B, A B
5 —, AR A B, AR
BB Y 5 — % #%T, 200544 ALY
BUR. SRR PR L, v
BURL RO TR T R 1 o 2% |
B,

SIS BRI - AR T2 - R,
RS HAAREE S GREER), HABRAEES GF
HEN), NAFEAERNEES GIERR), HASHEY
Bes GERER), HASIHLES, AARKETSS, Ok
B .

i



FRICRAIT A ¢ AR ATEHINC D R E BRSBTSV I 2 b =T 3 & (63)

W BARL (R VEM TFruo)

1983 4F U K 5 K 3 b L5 R 0T S B s %
B T4 B g L5 T, 1983 4EH HTK
ST, 1988 AEHURE K 2% T 24Tl A,
1990 4F [F) Bh#c 4%, 2004 4F A #3%, BAEIZE
5. by TR

B R TR T R 7 1 7 A5
.

HSH  ORXTF4 7 A - AH ba=s X,

RS T AW E, HARTRy MR&, BETES,
FHE BRI 4%, IEEE, HATXR v b T3S, HEMLIEER

A
e




