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Fuzzy weighted hybrid control for inverted pendulum
ZHAO Wen-jie, ZHANG Li-juan, LIU Yan-quan, LIU Yu-yan
(Department of Automation, North China Electric Power University, Baoding Hebei 071003, China)

Abstract: A fuzzy-weighted control method, which combines sliding mode control and linear state feedback, is proposed for
inverted pendulum. Sliding mode control was used to regulate the pendulum angle to neighborhood of zero. In the neighborhood
of zero, the linear model was obtained by approximating the nonlinear model of inverted pendulum and the linear state feedback
controller based on pole assignment was designed to stabilize the state of the system. A weight-sum of the controller outputs was
then used to supply the control action to inverted pendulum. The results of simulation demonstrated the effectiveness of the

method .
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1 3|3 (Introduction)
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2 9B A (Problem statement)
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(J + mL?) —‘(OLI—) + (mLcosg(1t)) d x(t) =

mlgsing(t), (1)
(M+m) i(J;I(Tt>+b dxd(tt>+(mLcosgp(t)) d‘?(—t) =

W ¥ B 812004 - 04 - 30.

o(1) + mLsingp{i@@}z. (2)
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3 =H2FA9E T (Controller design)
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= [(M + m)gsingp - ucosgo]/(KL), (3)

£ = (- mgsingcosg + 4u/3)/K, (4)

T
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u = v+ mlp?sing — bi. (6)

3.1 B HIR% (Sliding mode controller)
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Af < F = 6%(M+m)gsingo . (12)
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s = ¢ + Ap. (13)
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Weq = — [ (M + m)gsing/KL - 2¢1/g. (15)
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W= Weq — qsat(s/sb). (18)
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Uy = u = - hw/cose. (19)
3.2 ZMRER%EHIES(Linear state feedback con-

troller)

HEA o EEMDHAMN ¢ ~ 08, AIRE

Hez = [90 ¢ x x]T,y yoL Tl k-
R B L = 0.25, B R HAER IR W
R, R AR o= 4y = 4,
pz = — 4,y = — 4 WIAR LA SR HOIR S B B4 1
uy A
u, = - C'z. (22)
Hr
Cc=1[-61,-11, - 12, - 12]. (23)
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3.3 = )2 A9 M i A ( Fuzzy-weighted control
laws)
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Ho o M.
4 {5 E (Simulation)
NSO, QR . Hy, M =
1.32kg;m = 1.109kg; b = 0.1N/(m-s');2 = 9.8
m/s* ;L = 0.25 m. IRERHBESEA = 4,9 = 10,
$ =0.1.
VIR ©(0) = ¢(0) = 0,x(t) = x(1) =
0. KHEEFH A 0.0 s.
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4.1 ERYHEE (Pendulum regulator)
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4.3 FHK)EH1%(Robustness of system)
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Fig. 7 Pendulum angle and cart position (L = 0.525)
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5 &t (Conclusion)
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