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Research on the control of stable gaits in humanoid robots
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Abstract; This paper introduces the status of current research on control of humanoid robot motion. After analyzing

the criterion for stability in walking robots, we concluded that adjusting the zero movement point (ZMP) by control-

ling the rotational angle of the ankle joint guarantees walking stability. A two-dimensional fuzzy control system for

ankle joints and a corresponding fuzzy controller were designed according to fuzzy control theory. A simulation was

then done. The simulation results verified that walking robots have stable motion when the position of the ZMP point

is adjusted by controlling the relative angular motion of the ankles.
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Fig.2 Lateral joint motion curve

2 REFATHLE AR

2.1 BHMEHERSIRIT

DLAR A4 il ) R B AL A8 AR S AT
AR BB T AR R B P R L I A2 Bl AR E
B2 07 R B SRR 77 vk A BE IR BE O ik, AL
EAHEHUTTHR, B LR R S AT 45 19 38 3 0 i
N RTTHYE 3. XA PR A B il 17 B AL A
FEMLAR N B ST H R B LR B9 A& ST S
B IR RGBT WUR AT A B
TR RENEANE 3 .

B
| E

SERAY i G

B3 BRI TERE R R S

Fig.3 Lateral joint fuzzy control system



- 538 . OB %R

% ¥ #M F3%

FEE 3 H 0, BRI KT RN B ;0
BT KR SE PR B e MR BN BIRE e
SR RINREE N R ek, b, NEWUEHT, 2
HIHE e, ec BITEIREE OV IMIF il 4 B AR, 7
WEREERE RIS RA E,EC; U RERERI4
B HH 5 &, FRAE B B . R4l 25 B o HH e 6t
O SERR B IR, 19 B E A TR T RO AR T

HhARE H %L iR RGBS BT -

T =D(0)8" + H(9,0') + G(89). (1)
Her: THH%E;0 NS
BR324 P, WA AR U E SN
[-6,6]. ZZKRET, EX T MEFHAE, {“IE
R IEHR” BN BT RN “p”, “
X"} ={PB,PM,PS,Z ,NS,NM,NB} , B MEF HE
i — AR B B AR X BLR IE S0 ROy

2

(2-a)2
pa(x) = e o, (2)
AN A HOSOR B, 2o s o WA b O 8

b N EEHIFERE; 55 {PB,PM, PS,Z, NS, NM, NB | %t
PLEIIEZS 710 R o (65035 16,4,2,0, -2,
-4, -6} ; b(EM N 2. B BEWIE R 476 40

i 4 .
NN

Q Q i\/\

téé% ; 'z/j\hg

R AR

0.5

1.0
-6 4

M4 RREHEOHRE A
Fig.4 Shape and distribution of membership function
VMEHEe e [-66],ec e [-06,06],
ve[-12,1.2]. ¥feec,uR3%EH Bn==6,H
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Table 1 Membership degree of E
7
E
e=—-6 e=-5 e=-4 e=-3 e=-2 e=-1 =0 e=1 e=2 e=3 e=4 e=5 e=6
PB 0 0 0 0 0 0 0 0 0 0.1 0.1 0.8 1
PM 0 0 0 0 0 0 0 0 0.2 0.7 1 0.7 0.2
PS 0 0 0 0 0 0 0.3 0.5 1 0.5 0.3 0 0
Z 0 0 0 0 0.1 0.6 1 0.6 0.1 0 0 0 0
NS 0 0 0.3 0.5 1 0.5 0.3 0 0 0 0 0 0
NM 0.2 0.7 1 0.7 0.2 0 0 0 0 0 0 0 0
1 0.8 0.1 0 0 0 0 0 0 0 0 0 0
®2 ECHREE
Table 2 Membership degree of EC
7
EC
ec=—-6 ec= -5 ec= -4 ec=-3 ec=-2 ec=-1 e=0 ec=1 ec=2 ec=3 ec=4 ec=5 ec=6
PB 0 0 0 0 0 0 0 0 0 0.1 0.4 0.8 1
PM 0 0 0 0 0 0 0 0 0.2 0.7 1 0.7 0.2
PS 0 0 0 0 0 0 0.3 0.9 1 0.9 0.3 0 0
Z 0 0 0 0 0 0.5 1 0.5 0 0 0 0 0
NS 0 0 0.3 0.9 1 0.9 0.3 0 0 0 0 0 0
NM 0.2 0.7 1 0.7 0.2 0 0 0 0 0 0 0 0
1 0.8 0.4 0 0 0 0 0 0 0 0 0 0
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Table 3 Membership degree of U
U M
u=-6 u=-5 wu=-4 u=-3 u=-2 u=-1 u=0 u=1 u=2 u=3 u=4 u=5 u=6
PB 0 0 0 0 0 0 0 0 0 0 0.1 0.4 1
PM 0 0 0 0 0 0 0 0 0.2 0.4 1 0.4 0.2
PS 0 0 0 0 0 0 0 0.6 1 0.6 0 0 0
Z 0 0 0 0 0 0.4 1 0.4 0 0 0 0 0
NS 0 0 0 0.6 1 0.6 0 0 0 0 0 0 0
NM 0.2 0.4 1 0.4 0.2 0 0 0 0 0 0 0
NB 1 0.4 0.1 0 0 0 0 0 0 0 0 0
R4 EREHNENR
Table 4 Fuzzy control rule
U
EC
E =PB E =PM E =PS

PB NB NB NB

PM NB NB NM

PS NM NM NS

Z NM NS Z

NS NS Z Z

NM Z Z PS

NB Z Z PS

TR BN (403K 4 TR) «
(1)IF E =PB AND EC =PB THEN U =NB; B
(2)IF E =PB AND EC =PM THEN U =NB;
(3)IFE =PB ANDEC =PS THEN U =NM;
(49)IF E =NB AND EC = NB THEN U =PB.
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Fig.5 Fuzzy reasoning system Fig.7 Rule viewer window
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Fig.8 Simulation results

TRERRN, WE BT Hl4 ARRBEiL &K
BRI XSRS IR ZMP B B, SEBL A AR 375
BAT, BB RIELS N BIRRE .

3 HEEiE

I ZMP GBI, 18 H ZMP ST SO
ETRY AL, MILE NSEANRRRE . Tblas NRIBRSC T3
ZMP RO B VR AR . ARIE BRI e, BT
SR BATHLAR NS 4R R 58 R Las Afa
SE MR 28 A MATLAB X 3 #E47T#EH.
i B &R R SUE BATHL8 N B 1 B 1o 245
BRI S 7 ZMP G B, REEDLES KRR
EBAT. T REEREIE T ik S G R LK
A Rk, BRI i R A B B B R R
A Bk, B B AIREIBE N 2 , TR ML
IR R —ZHE BB, T RS T H B &
RERES). AT AEA THE M SRR &SRR,
A FHE W28 1 2 21 B 1 ik BB BN il 59 B
HY , — 77 T (B 42l R — e ) BB R AT, 53—
77 TG L A 2 I 4% AR AT TR 4 i B HE 2 U 4 R
5.

SEM:

(115 &, RAA. L8 AEBERBTFTHERLT]. Wi
FTREB MR BAPIEER, 2003, 19(1) : 61-64.
ZHANG Rui, WU Chengdong. Some recent progress in ro-
botic intelligent control[ J]. Journal of Shenyang Architec-
tural and Civil Engineering Institute: Natural Science,
2003, 19(1): 61-64.

(2] M. Hlas A B RefEm TR M]. o3 B2 Rt
2004 :287-300.

[3]WANG Guang, HUANG Qiang,GENG Juhong, et al. Coop-
eration of dynamic patterns and sensory reflex for humanoid
walking [ C]//IEEE International Conference on Robotics
and Automation. Tapei,China,2003,2: 2472-2477.

[41FBfE. F AT AR SIS HAP[D]. Lif: b
HRE,2005.

[S5]LEE B J, STONIER D, KIM Y D, et al. Modifiable walk-
ing pattern generation using real-time ZMP manipulation for
humanoid robots [ C]//Proceedings of the 2007 IEEE/RS]
International Conference on Intelligent Robots and Systems.
San Diego,USA ,2007 :4221- 4226.

[6]HONG S, OH Y H, CHANG Y H, et al. An omni-direc-
tional walking pattern generation method for humanoid robots
with quartic polynomials [ C ]//Proceedings of the 2007
IEEE/RS] International Conference on Intelligent Robots
and Systems. San Diego,USA, 2007 ; 4207- 4213.

[7] CHESTNUTT J H, LAN M, CHEUNG G, et al. Footstep
planning for the Honda ASIMO humanoid[ C]//Proceedings
of the 2005 IEEE International Conference on Robotics and
Automation. Barcelona, Spain, 2005: 629-634.

[8IkER,% & FERB %, SRR & H MATLAB i
FAIM]. P9 % . V8 238 ARttt , 2002.

EEME:

THEH, X ,1962 4, R, TEB
FI I HEENLR G T SR B R R
G RN, KA RS L S
W RRFEARBI 40 RE, EPERMK
EL ISTP #:%.

Z=—Ft, &,1964 4, BB, FE
Brgeosia A s R R e R
SR T RS A3 IEEE 5. £
ViR 2E38 NS R BRI K E 558
BifngE R NSERC (InE X HAB %S
TEPRES) ki dafERHBTRAE 3
T R RRITEPHHS R 1 B RFREARLRI 10 &
5, E P SCILELISTP 3% 5 5. HiiRE 3 1 38.

. B¥E, 20,1963 4, 8%, TR
G5 1 IR A 5 AR L e
W R ERL A




	536.pdf
	537.pdf
	538.pdf
	539.pdf
	540.pdf

