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Application of human-imitating intelligence control and robust LQ

control to the benchmark problem for the inverted pendulum
LI Cheng, ZHANG Ming-lian

( School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Human-imitating intelligence control method and robust linear quadratic( LQ) method are applied to the nominal
and uncertain inverted pendulum system respectively. The former method analyzes the plant to be controlled and derives the
qualitative control law from the point of view of physics by adopting the general reduction method. The coefficients of the
qualitative control law can be searched by genetic algorithm, which has globally convergent property. As for uncertain systems in
state space representation, if the parameter uncertainty is structured and value bounded, the robust LQ controller is designed by
resolving one Riccati equation. The simulation shows that these methods are effective and efficient in dealing with the inverted
pendulum benchmark problem.

Key words: human-imitating intelligence control; genetic algorithm; robust linear quadratic control; inverted pendulum

1 5| & (Introduction)

T 20 4%, i T RV AE & (A e
FMFTE , IR R AR B AR AR AR B X h
WitEmARER SRR EEAE FE¥ERY
T &R SRR AL BT, Ine R
PSS KR R RS T 1993 R B THIA
BRI R A R B SR B A
Z) B, EREEX R AERECE R BN E
R AR AR &, AT B b A AR
Bl &R HE.

A% 3T AR R AU BB A Tl ik S (B ST R R
HER) B R BOARFR R Go s i () 8. A ) e 2 2% [A] &
— R AT XA R B, R E 22 B w BE A
BHEX B ELBERRMTFRBE EETE

U #4 B 3#7:2004 - 04 - 30.

R EA R R SR A R R R R RGBT
B EAR B Z BB S, XEESRRE
RSN T R RE ), VIR B B 2% R R R
TV . A ) F o o425 BR 18 = a] RE 52 £ AR H8 HO 1
MBS A ER B o o tila
ik O B Xt 4 1l A R B0 RB B, R T X 3R A A B
AT NS SR hl Oy i B i s M R A T
PURARR MR 2, R A AR B R a2
SR RS S X AR S BT IR R W
BT RAF eSS R A EtE A E A AR R
g, AT A A S LQ Bkt & LQ HHlEs, kR
R bR 5 S RO E SRS IR 1R B 2, T i
&1 LQ EHA X BB E NN SEHR IR E
b= Q 37 ;D

e H . B ARBERLSTEIT B (60074021 ) ; #i28 B 24 Y B B (03E51002) .


http://www.cqvip.com

B5H

R AN RETE R BB LQ 5 W TE 8 7 4 B of R R b i) 671

2 B REEEE B ARTR R SR (Con-
troller design for normal system)
2.1 #3857 (Modeling)
AL A R R, FLE I T AR R Sy
R AR AL
i=(- KZgK%(J + I’m)s + r(CLmrR,cos( )¢ —
gL*m’rR, cosgsing +
Ln(J + L’m)rR sin(@)¢”) + KK (J + L’'m)U)/
(PR, ((J + L*m)(m + M) - L*m*cos’e)),
¢ = (K2KiLmcos(g@)x — r(C(m + M)rRg +
L*m?rR, cosgsin( @)’ «
(- Lmg(m + M)rR,sing — rlmK K cos(p)U)/
(PR,((J + I*m)(m + M) = I’m*cos’p)).
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2.2 $2H9EETE BB (Stabilization problem of pendulum)
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Fig. 1 Flow chart of the genetic algorithm
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Fig 2 Simulation plots of the pendulum stabilization problem

2.3 AFEMEAT @ (Cart tracking problem)
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Fig 3 Simulation plots of the cart tracking problem
3 BISCIRE A o) B H) B B4R H)i% 11 (Robust
controller design)
3.1 #EBIE L (Modeling)
W) = |y xsl<0.95x 2], 4EER
¥ C My BRI, REEARLHEREINT
= (- (KK} + P"RY)(J + I'm)s +
r((C + Cy) LmrR,cos( )¢ ~
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L*m)(m + M) - L*m?cos’¢)),
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Lmg(m + M) rR,sing) -
rLmK K, cos( @) U/(r*R,((J +
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3.2 &% LQ =%l (Robust LQ control)
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3.3 {BHTERE 8] 3 (Stabilization problem of pendulum)

B Q = diag}1000,1,750,1},R = 1,e = 1000,
MREITRE(6) TTAR[ K, ke k. k;) = [- 42.6908
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Fig. 4 Simulation plots of robust pendulum stabilization
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Fig. 5 Simulation plots of robust pendulum stabilization
3.4 AZE{CEH¥IEE (Car tracking problem)

B Q = diag{250,1,5000,1},R = 1,e = 700,k
fRTRE(6) I8, [k, k, Kk, k,]=1[-37.0213
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Fig. 7 Simulation plots of robust cart tracking problem
4 #5i&(Conclusion)
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