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Walking pattern control for four-legged walking robot

using synchronization pattern of four-coupled van der Pol equations

—Tracking characteristic to target phase patterns—
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Hidekazu Kajiwara, Muroran Inst. Tech.

In our previous work, we proposed a walking pattern generation method of a four-legged robot

using four-coupled van der Pol (VDP) equations. We use VDP equation as a nonlinear oscillator to

generate a walking pattern of the robot. When several equations are coupled mutually, they influence

each other and their periodic solutions synchronize. Our walking pattern generation method can control

forward and turning motions of a four-legged robot by changing a phase difference pattern between VDP

equations. In this study, we describe the numerical simulation result that analyzed tracking characteristic

to a target pattern of a phase difference pattern in each case of all or serial coupled VDP equations.
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Fig.2: Signal overview
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Fig.3: Walking pattern
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Fig.4: Walking trajectories of four-legged robot

CRTEII os = — (Ap+7) 2T B2 THRY b % AENEH
THDZILHNTES. Z0LE, HA4ITRTEIIZApDREX
WZEouRy MOEBAEHIETES. K4 &0, Ap DIEIZL >
THRY NOREEPEREEZRODZENTE, A% 0< |Ag| <7
OHRPATKELTHIELTRY bOfEREZRE NI TELZ L
Nbohd.

3 BENY—VICHT 2B

X 328 WTHENMHE Ag 2 RHIIZBLTE 245G, TOE
(b H T &5 L& VDP HREABOMMEDL Ad 1TERLRLRDY
W ST R =V PERTE R R ARENE DS, T2 T, Z
ZTIH A¢ 2L B L EDHITNRX -V DBRFMEIZDOWT
FARD . AR TIEN 3 B W TEEYMMICE 22T RTDOH
BEMAZ BRI LU CHER R =V IR Z 2125 5. WX, HEX
A=V EUTDLIIENIEEHEE2ERD.

¢12 = A¢ = ASIH(27Tft)
P23 =T, P34 = 0,41 = — (Ap+7m) (A¢ >0) (5)
P23 =—(Ad+7),¢3a =0,041 =7 (A¢p <0)

VDP ARRADNFIA—=L% e =1.0, wo =27, Kn = Ky =30,
YU, A= f = 01[Hz LR ER 5 CmT. £/
A=m, [f=03[Hz] & U#ERER 6277, 48 10[s] £TD
FEﬁLiA(bIO, (;523 IO, ¢34=0, ¢41 = —T té&’fébfl«‘é.
5&0, fAMERWEGEIZIXEEASZ—=VITEBRT BH, M6DLD
2 fRELK RS LR LIRS B b5,

T
8 r ¢12 -
¢23 o
6 - i
baa ———
= 4r P4 1
k=] R TV PNY VYRV FIPU YU 5 1
! , Mol i
E ool ff‘, ANl ]
£
Q
ER N
9 o |
< i
=
B o4 L I, ,
—6 W w \/ \/ i
_8 L i
1 1 1 1 1
0 10 20 30 40 50 60
Time [s]
Fig.5: Phase relationship at f = 0.1[Hz]
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Fig.6: Phase relationship at f = 0.3[Hz]

ARG TIE, 5T EDICHENRX -V % 5 BT
DN R — v L EBE DA SR — v D R i & G
U, ZOMEN—EMUT &7 3 5RO R % i KB HEE
Jmae ELUTWS. EBANFE U EIZH 722 WIEE 1T 3REH
BRE 22 W E frae £ LTW5.

A=7m2Ul, Ky 2Z{LSB1BD frae ZFEULERZE
TIZRT. M7 &0, Ky ODEPKEVIEE fra, DEIKEL
7Y, BRI ET I b B, £ K, OMEMEUY
ATIE Ky OEPKE VI EBMRENE W BT 2EAIHE L
Bohd., AR K, 228D frw 2300 EERE
B8 IZmt. M8 &b, Ky DIz k5T Ky, DIfiHAEL %
13 BRI BT A Z e b h s, KT, KISDELLDEE
26, Ky & Kp BIEWETS % & SIBRFMEDSR LT 222
Bohd., £z, Kn =Ky 2L, A ZZLEEEBO frew &
BAELUHERER 9 ITRT. 9&b, ADKEINRALTHN
X, K, K WRELSBRDIEY fras WREL LD EDBDRS.
ADPINEVE EITIE frae BRELSBMLZVY, K, = Kf =5
WZBWTIHA=05fELYD AITGUT frae BBAHLTHLZ
Lhbirsd. Zhid Ky, K OEPKE L o TEHRBROMEMIZ
HY, AWDHEIELVIRELS o722 E AIEUT fraz DY
HLTWL ZEebh 5.



P12
. -
P vDP @
%
0.35 K, =10 ‘f\ 1 b1
K,, =20 ‘}\
03 1 K, =30 A 1
— 025 [ Fm =36 | \ .
= | $a3| | P32 d14| | P
8 0.2 | B
\
015 \ .
0.1 o \ i
0.05 \ |
\\
0 . . . . .
Fig.10: VDP coupling(Serial couplin
0 5 10 15 20 25 30 35 40 45 g p g( p g)
Ky
Fig.7: fpa. — K characteristics in all coupling 0.08 X _s
m T
0.07 K, =10 .
K, =20
0.45 T T m
K;=5 0-06 1'fc,,, = 30 I
041 Kr=10 [ — 005 [Hm =136 " .
035 | K;=20 I : =
Ky =30 I o004 r .
0.3  Kj=36 ‘ : £
= 0.03 + |
= 025 .
S
g 0.2 i 0.02 + i
3
0.15 4 0.01 b
0.1 4 0 \
0.05 | —60 40 60
0
45 Fig.11: f.4. — K characteristics in serial coupling

Fig.8: fiex — K characteristics in all coupling 4 BEIHEES VDP ARRROBENRY —VICT 3

B
B TIZ L4 VDP ARRADOBEE X — v AoBReRizo
WTikR7z, ZZ TR 10 1279 £ 512 VDP A% ESFES
U758 DBREE M IZ DO W T IR EFERIZOWTER B,
i 4 BHIkEAE VDP AR Z2 U TFICRT.

1.2 \

T T
Kn=K;=5

iy —e(1— 7)1 + wizs + Km (221 — Xo1 — Xu1)
+Kf(z1— X21)=0

: iy —e (1 —23) &2 + wowa + Km (222 — X32 — X12)
+ K5 (x1 — X21) =0

i3 —e (1 —@3) &3 + wors + Kom (x5 — Xo3)
+ K5 (x1 — X21) =0

ia—e (1 —@1) &4+ woza + Ko (24 — X14)

+Kf (2131 - X21) =0

f’"L(l:L' [HZ}

Alrad]

Fig.9: f..qc — A characteristics in all coupling )
SEERAUEMZAWT, MHEASAX -V OBEMERHEZTHNS.
A=n b, Kf 22T D fre ZFHELUREREZR 11
R, K11 &0, Ky OEPKRELRDIIFEE fraee PREL
BBEZENDNE. U URBSHT LRAED, |K| AhE Ny
E frmae DRELKBRBMEANCH D Z EDD0DE. FAKIC K, 2%
EECTZBED frae ZFTRUERZE 12 TR, K12 &0,
|Kf| € Ky DEE frae WRELSRDIERDNS. £/ |Ky]
BREVEE, fmas WNSKRZMEANIZHD ZEDBDOND. 7272
LM 121281325 Ky = —-20D7 7728135 Ky = 26 DD



0.12

0.1 r

0.08

0.06

fma:L' [HZ]

0.04

0.02

45

Fig.12: f,,4. — K, characteristics in serial coupling

1.2

54
I

XA

3

3

0.8

3

> =N
L T o |

S oo oo o
S s
1 e | A1
= e e

3

W NN ==

fmaz' [HZ]

Fig.13: f..c — A characteristics in serial coupling
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