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Hierarchical sliding-mode control of Pendubot
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Abstract: Aiming at Pendubot,a new hierarchical sliding-mode control method is presented. The system’s states are divid-
ed into two parts. Using Lyapunov law, the sliding-made control law can be derived . The control law can swing Pendubot up to
its uppermost unstable equilibrium position. When the system’ s states reach the equilibrium position, the hierarchical sliding-
mode controller degenerates to the monolayer controller, then the controller guarantees the Pendubot to stabilize at the uppermost
equilibrium position. The asymptotic stability of all sliding planes is also proved theoretically, and the simulation results show the
controller’ s validity and its adaptive abilities for outer disturbances.
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Fig. 1 Pendubot system
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2 Pendubot % %t i) ¥ 2 B! (Mathematical
model of Pendubot system)
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Table 1 Paramters of Pendubot
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Fig. 2 Output angles of the Pendubot
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6 %5t (Conclusions)

£F%} Pendubot iX /R IKZh R 5, A CHH T —
MoRREBR TR, ZHFENS BRI TEE A
WL E M, BE95 LB Pendubot [ HERE: 5 F1F

. B TREER BAHUSN A TR, Bt
A SCHETHEYIX R I3 R BT 88 X AP R 5 28 3h
HIRA BURR Q&R


http://www.cqvip.com

422 #

B Oo® 5 N M

Enk

& & 3 #k (References) :

(1] BESOVICH O, SANCHEZ E N, MALDONADO M. Takagi-Sugeno
fuzzy scheme for real-time trajectory tracking of an underactuated
robot [J]. IEEE Trans on Control System Technology ,2002,10(1):
14 -20.

[2] FANTONI I,LOZANO R, SPONG M W . Energy control of the Pen-
dubot [J]. IEEE Trans on Automatic Control,2000,45(4):725 -
729.

(3] SHIRIAEV A S,KOLESNICHENOKO O.On passivity based control
for partial stabilization of underactuated systems [C1// Proc of the
39 th IEEE Conf on Decision and Control. Sydney, Australia: IEEE
Control Systems Society,2000:2174 - 2179,

[4] SANCHEZ E N,FLORES V.Real-time fuzzy PI+ PD control for an
underactuated robot [ C]// Proc of the 2002 IEEE Int Symposium on
Intelligent Control . Vancouver , British Columbia, Canada: IEEE Con-
trol Systems Society, 2002137 - 141.

[5] DELUCA A,MATTONE R, ORIOLO G. Stabilization of an underac-
uated planar 2R manipulator [J]. Int J of Robust and Nonlinear Con-
trol ,2000,10(4) : 181 - 198.

[6] LARA-ROJO F,SANCHEZ E N, CUEVAS E V. Real-time neuro-
fuzzy control an underactuated robot [C] // The 1999 Int Joint Conf

on Neural Networks. Washington, DC: IEEE Neural Network Society
Press, 1999:2220 - 2225.

[7] MON Yi-Jen, LIN Chih-Min. Hierarchical fuzzy sliding-mode control
(C]// The 2002 IEEE World Congress on Computational Intelli-
gence . Hawaii, USA: IEEE Neural Network Society Press, 2002: 656
- 661,

[8] ZHANG Mingjun, TARN Tzyh-Jong. Hybrid control of the Pendubot
[J]. IEEE/ASME Trans on Mechatronics ,2002,7(1) :79 - 86.

Y& B A

F # 1977—), B 2002 ERE L EFRFEMLFEN,BA
hERER B U R TS BRL BRI R I A XS R
B AR ) F BB # ) %% , E-mail: ww99hq @sina . com;

SEE (1963—), 5192 FHEA RN Tk KFE L2407,
AANPERER ASIUHRFHRER ELETW, FERR T A
HaERH WA VI — kLS,

BAER  (1972—),35,2000 FHRMIRE Tl REB L2460, B
JhEE2E B 3P R RIS T 5L, FEHR A in AR e H A
A M —&ik,

XBRIE  (1972—), 55,2004 RSP R B 3L BT 2N, B
MRERFEWENB ¥ S BAEGUERE, EEW R AE s
KEESh R e Hs .

(L% 416 W)

2) WWHEERA BENMER AT R R,
ETRRHATAHEETE, AR Z X 045
SERRS KBTI E);

3) YEHERD UL T P SR et B B SR B UK B T )R
EREA U P R TS B T A5 &
A B D5 S HLETREREZ .

ER F PR, W T Y 0 SR D A DB T 5T
W {E S SR ACH R EE 36 T —FhET R A Rk
BB .

& 2 3K (References) ;

{11 ALLOP R E.Delay at a fixed time traffic signal: theoretical analysis
[J]. Transportation Science ,1972,643) :260 ~ 285.

(2] BRL.BHRE BHESEHXXOES RPN KRR
[1). RIBF K #2541, 2001, 29(7) 1789 - 794.
( YANG Jingdong, Yang Dongyuan. Optimized signal-timing model in
signaled intersection [ J]. J of Tongji University ,2001,29(7):789 -
794.)

(3] mbh, EH. X OXERFSEHRIR KERKLER
[J]. AR RZ2E4R ,1998,28(3) :69 - 72.
(GU Huaizhong, WANG Wei. A global optimization simulated an-
nealing algorithm for intersection signal timing [ J]. J of Southeast

University ,1998,28(3) .69~ 72.)
[4] COLORNI A, DORIGN M, MANIEZZO V. Distrbuted optimization
by ant colonies[ C]/ Proc of the First European Conf on Antificial
Life . Paris, France : Elsevier Publishing,1991:134 - 142
[5] Colomi A,Dorigo M, Maniezzo V. An investigation of some proper-
ties of an ant algorithm [ C] // Proc of the Parallel Problem Solving
from Nature Conference { PPSN' 92). Brussels, Belgium: Elsevier
Publishing, 1992: 509 ~ 520.
[6] DORIGO M, MANIEZZO V,COLORNI, An ant system: optimization
by a colony of cooperating agents [J]. IEEE Trans on Systems , Man
and Cybernetics ,1996,26(1):29 -4] .
(7] DORIGO M, GAMBARDELLA L M. An ant system: a cooperative
learning approach to the traveling salesman problem [J]. IEEE Trans
on Evolutionary Computation,1997,1{1):53 - 66.
(8] AR HHERESVTSHAIM). o REREHSG,
2001,102 - 103.
(ZHOU lJing. Analysis and Optimization of Urban Traffic System
[M]. Nanjing : Publication of Southeast University,2001,102 - 103 )

&M A-

BEE  (1973—), &, il KRS TN, A KEE L
B, FEHAF P REEMAR S5E R, E-mail: chendak @ 163.
com;
® D (96— B . HE.ELETN, EERAFEN TS
B ACE TRAE BRFRE RGN


http://www.cqvip.com

