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Swing-up control under limited torque

of rotary double inverted pendulum based on hybrid genetic algorithms
YAO lJian-shi, ZENG Peng-xin, XU Xin-he
(Key Laboratory of Process Industry Automation (Ministry of Education) , Northeastern University, Shenyang Liaoning 110004, China)

Abstract: To realize the swing-up control of nonlinear double inverted rotary pendulum under timited torque, an open-loop
control strategy is presented. Within the specified time limit, the strategy determines and implements an optimal feed-forward
control sequence to the system, swings up the double inverted pendulum from its hanging position, and achieves zero speed state
at the upright position. The hybrid genetic algorithms are employed to get the better optimization control law, and the problem of
limited torque is solved by individual representation operation. Numerical simult;tions confirm the strategy’ s validity and feasibili-

ty .This strategy provides an effective solution to other nonlinear multivariable control systems as well.
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2 BGEMRS5E#E (System description and
modeling)
2.1 EYH#R (System description)
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Table 1 Structural parameters of the model
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Fig. 1 Rotary double inverted pendulum

2.2 FE%E# (Modeling of the system)
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3 ZEEEHI KB (Swing-up control strategy)
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3.1 BiRAR¥H BN K (Dynamic formation of ob-

jective function)
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min( F(u)). (3)
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3.2 B&IEEHE % (Hybrid genetic algorithms)
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Fig. 2 Block diagram of program
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3.3 AR (Limited torque)
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4 {HE4Z R (Simulation results)
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Fig. 3 Curve of fitness
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Fig. 5 Angles of double pendulum
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Fig. 6 Velocities of double pendulum

W RSB R GRS B KL ]
LB, ETRGBEE K ZREHIRB R A
MEZRTELIEY, ZEERARESNITE
R
5 #5i8(Conclusion)

TEXT BA 2 B R R8T 1B R i)
BHRTRR, RELEREBRE  FHEMBER B
APLAL S BB T 2R 15 BRAR A 2 i A A 4R
TIRGBERS, H B ZE LS ABIE L E 2T
s Ve DA g A e s k7 Mt IRV Dl
B, RETHENSETEIBRERS, LA T _HE
R R RDRE R Oy A R 2Rkt SRR R
SRERRME T AR .

& % 3Lk (References) :

(1] MORI S,NISHIHARA H, FURUTA K. Control of unstable mechani-
cal system control of pendulum [J]. Int J Control, 1976,23(5):
673 - 692.

[2] FURUTA K, KAJIWARA H, KOSUGE K. Digital control of a double
inverted pendulum on an inclined rail [J]. Int J Control, 1980,
32(5):907 - 924.

[3] SAHBA M. Computer-aided design of feedback controllers for nonlin-
ear systems with applications to control of a double-inverted pendulum
[J]. IEE Proc D,1983,130(6) :350 - 358.

[4] CHENG F Y,ZHONG G M, LI Y S.Fuzzy control of a double in-
verted pendulum [J]. Fuzzy Sets and Systems,1996,79(3):315 -
321.

[5] ANDERSON C W. Leaming to control an inverted pendulum using
neural networks [ J1. IEEE Control System Magazine, 1989,9(3):
31-37.

(6] kWM, FhER, HEMS MAKH @Bl EHSn
#,2002,17(1): 53 - 56.

(ZHANG Minglian, SUN Changling, YANG Yawei . Human-imitating
control for 2-D inverted pendulum [ J]. Control and Decision 2002,
17(1):53 - 56.)

(7] ORRE ZERER, WES . SRR BEHSHNA] TE
BT 5% % ,1999,36(10) : 1180 - 1187.

(CHEN Hui, LI Deyi, SHEN Chengzhi. A clouds model applied to
controlling inverted pendulum {J]. Computer Research & Develop-
ment,1999,36(10):1180 - 1187.)

[8] RHEA, BULE, B0 EEH AR BB EE S R H 1]
Pl 5 55,2003, 18(4) :483 - 486.

(HOU Xianglin, GU Lizhong, XU Xinhe. Swing-up control of a cir-
cular rail single inverted pendulum [J]. Control and Decision 2003,
18(4):483 - 486.)

(o] ZMR. EZRAEHIZRE SR —H AR T E
KRG AN [I]. 2 6 =S S50, 1999, 16(2): 225 -
229.

(LI Zushu . The control for swinging up of a pendulum under limited
torque—an application of human simulated intelligent control in non-
linear system [ J]. Control Theory & Applications, 1999, 16 (2):
225-229.)
[10] XU Y G,LIU G R,WU Z P. A novel hybrid genetic algorithm using
local optimizer based on heuristic pattern move [J]. Applied Artifi-
cial Intelligence ,2001,15(7) :601 - 631.

[11] kPR WDEE KSR WE—BEHMKITHE(M]. L.
PI42 32 8 A4 h A, 200089 - 136.

(ZHANG Zhixing, SUN Chunzai, MIZUTANI E. Neuro-Fuzzy and
Soft Computing [M].Xi’an: Xi’ an Jiaotong University Press,2000:
89-136.)

(AR

ARE (1972—), 5B WHB ¥RV, BRI RFIEL
BIRAE, FEHR A RAEXERERRER . EEH, E-mail:
yaojianshi @ 163 . com;

BESE (1978—). 8 FRILRFEEEHRE, EEZEHR TN
F e H A HEAF AR . E-mail: newchinese @ 163 . com;

#aoF (19490—) . B RIAERFHE LA, EEZBRS
AT E PR S5 A TR 8 LA E-mail: xuxinhe @ 163 . net.


http://www.cqvip.com

