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Gait Generation of a Compass-Like Biped Model in Consideration of the Upper Body

Tomoaki ANDO*, Yojiro YAMASAKI™** and Shinichi YOSHINAGA™**

Abstract

In recent years, many walking robots are developed. However, their gaits are awkward and

more unnatural than actual gaits human dose.

Passive Dynamic Walking is enumerated as one of

the solution. But, Passive Dynamic Walking has problems that the range of initial conditions on
which Passive Dynamic Walking is realized is limited.

In this study, the region composed of initial angular velocity of both legs by which walking more
than ten cycles becomes possible is defined as feasible region of walking. And we examine the
expansion of the feasible region of walking. We first add the upper body to a compass-like biped
model. In the second, we consider expansion of the feasible region of walking effect of frequency
entrainment phenomenon by swinging the upper body. From the simulation results of the walking,
we show effectiveness of the method using frequency entrainment phenomenon in expansion of the

feasible region of walking.

Key Words: Biped robot, Passive Dynamic Walking

1. [FLC®HIZ

BAE, KEHEHFTED ASIMO®, JIIH T¥#¥0
HRP-2O7p &, S &%/ 2 @47 a Ry bsBIs
SNTEY, MTREF LTI HLONREL BHD.
UL, 18km 2 @47 uR y F T TEEd o
I OENMEZ T HRRII NN EBRIAT 5 72 507
BREMRDEZEZLRAERTHD. ZORE
MDFRRIFIED—> L S D O35z @ AT (Passive
Dynamic Walking) T&% % .

ZENVRT SRR BGE D FICENET 7 F
o T— X E R IR O TR S B 2 T S A -
25E, WEELETHLEVILDOTHD. Z0%
BAITIE, 1990 4EIC McGeer®7y, FBR T+ DEH]

FFfaszE EAK194E 11 A 30 H

TR TR MRS B R S AT A TR

RS TR M R TR

DOARetE A R LTz, SEVAMTOSEITRD LN TA
MOBFIZEL, B, BHEHEZ 5> ELFHLTY
L7, TIF a2z —HIZLDZR = AN/
S TCHLHITEMRVIETZ ENTED. iz,
Goswami®, KOSk, KT Ry M, fig.
1 OLH>7Rar RAETIIIET I LENR, VI =
L— g VENTOM T, UL, EER, v I=
L— g UIRITIN B ENATIC S W < O RIS
EIFohTwa., £7, SEBMTRRNLT 2 0IHI5
HEOFHABTNE WS BERSH D, ETNMITH 25
B L 72 B OMBIATINT L - THB TR R RE 72 55
BRbDH. T, HBETIREOAE, ETNLOE
B EDNRT A—HIZHHIRRH 5.

Z 2T, ARMFETIE 10 AL BTN TS
W DR AR BE DRIk 2 AT RTRE IR S ER L. =



AR T3 5 25 P AR IR e AC 2 43(2008)

AT OB L0 HIFR S 45 57 Al RemElk o
IEREEHOET D, 9, a U "RAET VI EEKE
L, o EOIRENT & 0 AR I HEREK 2 JEK
TR EERHFILE., 2 RRETILVOEREREND
v M A T T D Z 0 G, BlIARBIGEFRIA L,
FkE—EEYICIREISE S Z Lic kY, BITHHE
AR D FEERE L. £2C, kkE—
ERHI TR S B 2Dy I 2L —ra VIR A
1TV, BTAREFEIR A IER SN TNDH Z & &R L

RELIZTEORIEE R LT,

2. AVIRRETIL

AL RAET IR DB TOES) A
KbbH., £, fig. LISRT 2 U /RRAET /L EHEET
5. DEIZ, A RAGT D720 DT SR 2R
A, EE)FRRUC OV TITZ BT & B &
EZEFH D — D23 TR D, = 2T, fig. 1 OHliHE
WIZHEL TS legl % 3R, #immicEE L Cunzen
leg2 % il & FE5. WEIZY B HARE) L TV 5k TR
WERHIRE & DRON,  SBERHIAS i (2 Bafih U 72 IR RE 2 1872240
&5,

21 ETIL

ARWFFETH H 2 R AET L OWEE % fig. 1, table.
1SR T. BT /UL ARKOMEEN G2, HOO
U DSEERD 720N joint IZ X D B STV DL HRTH
FKHT D L legl & leg2 DEENIANEDD.

Fig. 1 Compass-like biped model
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Table. 1 Symbol explanation of Compass-like biped

model
Symbol Definition Unit
| Leg length m
. Distance between leg tip and n
lumped mass m
b Distance between hip and n
lumped mass m
m Lumped mass of each leg kg
m, Lumped mass of hip kg
0 Leg angle rad
a Half inter leg angle rad
o Ground slope rad
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Fig. 2 Coordinates of Compass-like biped model
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Table. 2 Conditions of initial angular velocity (0)
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Fig. 3 Angle variation of legl
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initial angular velocity

4. EEZEFAMULEaIVIRRETIL

FRORENZ LY, BATAREREI N IER TE D 2
& ERREET D201, fig. 1 D = R AE T LT B
AT 5. BREMAIM U2 0 R AET V% fig. 6
7. £, BEREMANMLZar S 2E2T L0
Rz Rk0 s, SXTEBELT 57200
RN S 23T 5. BB RISV iRz B
17 % WEPHIFE & B Z2FH D — DI Tk 5. 2 2 C
10 FEHALL EXRAT S ERANE L2 IRBE D & & & AR T Al RE
TR, AT ATRE 72 I D W13 A 35 R D fE S A& AR T AT

REREINC & 5.

41 ETNL

fig. 1 03/ SAET M L& LT E 7L
DOREE % fig.6, table. 3 (27”9, &7 /LT fig. 1 O joint
IR EE B L2 b D ThH D, BT VDL
fig. 1 CRUE L7 6 DD &bk & FBRICRIET 5. X7z,
AT BIR R S BREIAICETE, REIE Vol
BEET 5 EET 5.

body

Fig. 6 Compass-like biped model which added the
upper body

Table.3 Symbol explanation of Compass-like biped
model which added the upper body

Symbol Definition Unit
| Leg length m
Distance between leg tip and
a m

lumped mass m

Distance between hip and
lumped mass m

m Lumped mass of each leg kg

m, Lumped mass of hip kg
l, Body length m

a Distance between body tip and m
° lumped mass m,

b Distance between hip and n
° lumped mass m,

m, Lumped mass of body kg
0 Leg angle rad
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a Half inter leg angle rad
o Ground slope rad
4.2 ERARER
4.2.1 itEIHE

fig. 6 O EAEMIMLIZ 2 AT LTl
o & O R A R & D ZEWHIIE 7 D EE)
L Hip, EERN AT R ET L EFRIERIC

9:[‘91 0, 6, ]T (11)
&35 L, Lagrange FRERIC L W RATERED.

A(0)+B(0,0)=0 (12)
ZIT, EMATAITH S AB)IX

a;, a, ag
A=lay a8y ag (13)
a31 a32 a33
L7V, BHERFIROLDITRED.
a, :m(a2 +I2)+mhl2 +m,1°
a,, =a,, =-mlbcos(d, —6,)
a,, = mb?
a3 =ag =mylb, 005(91 - ‘92)

Ap =8z = 0
Agz = mbbbz

L NI E N Gt T 5 B(0,0)13
B=[bo, b, b (14)

LY, BERITKOELIITEKED.
b, =-mlbé? sin(6, — 6, )+m,Ib, 672 sin(6, - 6,)
—{m(@+1)+m,l+m,l}gsiné,

b, =mlbé? sin(6, -6, )+ mgbsin 6,

b, =-m, Ib, &7 sin(é, - 6, )-
4.2.2 fE%E4H

3 LR RAET )V & RIRRIC TR O BItR 4 4 1E T
BRAFHIEZDRDDHZENTED. £, BIRITR
FIENCEEST D ERE LTV 5 O T R IKO B EI1E

IR DHBIIZT RV ERE L, HEZERI% O B
DHREDEIGIT RN ET D, 22T, kD7
W joint FOE & & EIKOBEEEF—EE X, RED
HEN joint IT/EH L TWA B X 5. H2EEIE

m, gb, sin &,

0=[0, 6,] (15)
Lo L, WATRED.
a (07)0 =a’"(0")0" (16)

27T, atli,

oo ((mh+mu) +ma’ +ml(l —bcos2ar) mblb— IcosZa)] (17)

—mblcos2e mb?’
LY, atld,
a =
({(mh +m, )2 + 2maljcos 2z - mab  — mabJ (18)
—mab 0
L%,

5. E&EEMAMLUF-aVIRRETILOERN

4, TROEH HFREXZH T EEZMINL
SAURAETFIADY R 2 b— g VIR AR T 12
T, TEMBITOLEEMR L. O, YIHA

(ZAKAF LT D83 T ATRBREIRIC DU TR~ 7.
5.1 fEHrEH

fig. 6 O EEE M LIz RRAETALOK /T
A—2% % m=5[kg], I=1[m], a=0.5[m], b=0.5[m],
m,=10[kg], my=5[kg], ¢ =0.03[rad]& L, #J
% 60,(0)=-03+¢ [rad] , 6,(0)=0.3+¢ [rad]
0,(0)=03+¢ [rad] L HET 5. F7=, LikzEE
LTWBEWIRED F T 21T 72,

F7, ZEMTOSRE MR T D, YA HE S
6,00)=12 [radis] , 6,(0)=-15 [rad/s]
6,(0)=0.0[rad/s] & L7z & & DBEZMATZ. DEIC

PR 2 S F SF I b &, ST RrREfEkIC
DUV TIAT.
5.2 fRHTHER

fig. 7 lC BAZfM LIz R"RETVBIT 5

legl DAEZALZ RS, HEEA AR, HHEhASRFHE
b5 Mfig. 7T XV BEREMIMULTza RAET VD%
BT BE DS IS L L T D To, AT
MRENLLTWD Z ERbhnDd.

0.4 - T

0.2

0 1 [rad]
o

-0.2

-0.4- J

1
0 10 20
time [s]

Fig. 7 Angle variation of legl



AR T3 5 25 P AR IR e AC 2 43(2008)

fig. 8 [ZAHTRIRERRIZ /<9, Hitdh7 leg2 DA
IR, KRS legl DY AEE ZRT. fig. 8 F
O WENDS AT ATRERRIN 2 2

LI T
ok ]
z | 1LIE
E g!
el gt ]
[ n
-
L L L L 1 L L L L 1 L L L L
0.5 1 15 2
6 4 [rad/s]

Fig. 8 The walk feasible region when fixing the upper
body
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Fig. 9 The walk feasible region when swinging the

upper body
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