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Adaptive robust control based on
immune optimization and LS-SVRM for nonlinear systems
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Abstract: An adaptive robust control algorithm is proposed for a class of SISO uncertain nonlinear control systems.
Because the problem of the least squares support vector regression machines(LS-SVRM) is transformed to a quadratic
programming problem with linear constraints and the ultimate solution is not a local minimum, the system state vector
can be estimated by using an observer based on LS-SVRM, when the system state vector is not completely available.
Meanwhile, both the norm of the difference between the optimal approximation parameter vector and the nominal parameter
vector, and the bounds of the approximation errors are unknown hypothetically; therefore, we can improve the robustness
of the systems by adjusting the estimations of the unknown bounds in the algorithm. Considering the effect of parameters
of LS-SVRM upon the performance, we present a new immune algorithm for optimizing the parameters of LS-SVRM
to improve the approximation ability of LS-SVRM. The theoretical analysis and a simulation example demonstrate the
feasibility and validity of the proposed approach.
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T UL BHLS-SVRMIY BR R BE ), 4 % it 4
o) 5 Ky = [3, 3], W 25 1) 3 K, = [100, 194],
EHEEPR S e = 16 = 1,2,3,4), & F

IE R BEQe = [(1) (1’] 4 0 LUK 3Py =
0.96 —0.50 )
4—!42% N p N ‘\ R _
—0.50 0.26]° W Z Y G A j]mf(())

mg(0) = &4(0) = ¢&(0) = 197 B
40.5[sin(0.5t) + sint]. M EISH A LLE H R 224k
TR H T Hole S 30/ 1 F AR A, 1K RLS-
SVRM /)% H B BEAR G 1 R B S B i AL, 30AIE T
AT (PRI 25 BT 1R B
5 %51 (Conclusion)

A SRR RS —KSISOAR S R Gef T —Fldk
TLS-SVRU I 25 1) B 3 W8 A 42 1 0%, JF H
— PR A AR ROBEVR A AR e S e Ak L XTLS-



622 oA s N A

07 %

SVRMIH Z 5k A7 i Ak, dae Ja N Y 2 A % 34 K
EREAIEN] T ARG IF3RAT T AN B &
T A P A RAESE T A SCRETE T ik AT L
P

& % ik (References):

[1] CHEN W H, BALANCED D J, GAWTHROP P J, et al. A nonlin-
ear disturbance observer for two-link robotic manipulators[J]. /[EEE
Transaction on Industrial Electronics, 2000, 47(4): 932 — 938.

[2] HUANG Y H, WILLIAM M. Novel disturbance observer design for
magnetic hard drive servo system with a rotary actuator[J]. /[EEE
Transaction on Magnetics, 1998, 34(4): 1892 — 1894.

[3] CHEN B S, LEE C H, CHANG Y C. H tracking design of uncer-
tain nonlinear SISO systems adaptive fuzzy output tracking control
of nonlinear systems[J]. IEEE Transaction on Fuzzy Systems, 1996,
4(1): 32 -43.

[4] TONG S C, LI H X. Direct adaptive fuzzy out tracking control of
nonlinear systems[J]. Fuzzy Sets and Systems, 2002, 128(1): 107 —
115.

[S] TONG S C, LI H X, WANG W. Observer-based adaptive fuzzy con-
trol for SISO nonlinear systems[J]. Fuzzy Sets and Systems, 2004,
148(3): 355 - 376.

[6] Z=tHa, T vk, A =, 45, J5T 22 WM 4s AN e DS A&
PRSI FU[T]. 522540, 2005, 26(2): 263 — 266.

(LI Shijing, WANG lJiefa, FENG Zuren, et al. A study on the un-
certain robust control of robot based on dynamic observer[J]. ACTA
Armamentari, 2005, 26(2): 263 — 266.)

[71 W5, ORI, LTS W a4 1 —J AR & AT REEM
I NI ER ). 2] 5 TR 3K, 2002, 17(4): 447 — 449.

(YANG Jinyong, JIA Yingmin. Adaptive observer for a class of
nonlinear uncertain systems based on dynamical neural networks[J].
Control and Decision, 2002, 17(4): 447 — 449.)

[8] Ko, ZHKAE, BMERN. — AN B AL I RGN & Hs B IE NI
LR PRI, FEHI G 5 R, 2008, 24(4): 723 - 727.

(ZHU Liang, JIANG Changsheng, XUE Yali. Robust adaptive trajec-
tory linearization control for a class of uncertain nonlinear systems[J].
Control Theory & Applications, 2008, 25(4): 723 —7217.)

[9] LUENBERGER D G. An introduction to observers[J]. IEEE Trans-
action on Automatic Control, 1971, 16(6): 596 — 602.

[10] RHii %, SeRMi. BT B AN I 28 1 JE L PE 2R 40 6 F 00 Il 455
TR A5 B ¥5H), 1998, 27(6): 421 - 425,
(ZHU Ruijun, CHAI Tianyou. Robust observer design for a class
of uncertain nonlinear systems using recurrent dynamic neural net-
works[J]. Information and Control, 1998, 27(6): 421 — 425.)

[11] R, AR, 143 B T3 AP 28 I 25 [ fn) IR 48 B 3G . P4
I RGATELFAR, 2008, 20(6): 1475 — 1478.
(ZHENG Peng, LI Yinghui, XIAO Lei. Adaptive-backstepping con-
trol for servo system based on recurrent-neural-network[J]. Journal
of System Simulation, 2008, 20(6): 1475 — 1478.)

[12] VAPNIK V. The Nature of Statistical Learning Theory[M]. New
York: Springer-Verlag, 1995.

[13] BESCHE, RBERE, thik R, 2R TR S8 10 e iRIa. #ihl s
3, 2007, 22(12): 1411 — 1416.

(XUE Wentao, WU Xiaobei, XU Zhiliang. Immune programming
based on double mutation operators[J]. Control and Decision, 2007,
22(12): 1411 - 1416.)

[14] XU, Diad, AP FY, 45 —Fh S s icAZ sh s e e SRS S04 (0], 45
HIFLIE S5, 2007, 24(5): 777 - 784.

(LIU Ruochen, JIA Jian, ZHAO Mengling, et al. An immune memory
dynamic clonal strategy algorithm[J]. Control Theory & Application,
24(5): 777 -1784.)

[15] 2K, M/ 2E, VM, 48 T S iohn 7 IR S AL SR ) 37 2
YRBR IS [I]. 4B TR 2224 (H AR BEERR), 2008, 36(8): 1 - 5.
(LUO Fei, LIN Xiaolan, XU Yuge, et al. New elevator dispatching
strategy based on hybrid immune particle swarm optimization algo-
rithm[J]. Journal of South China University of Technology(Natural
Science Edition), 2008, 36(8): 1 -5.)

[16] TRWER, A8-F 4%, FRU . S b4l 50k K HAEVRPH i B I ).
S B TREAE B4R, 2008, 23(6): 637 — 641.

(HUANG Xiaobin, ZOU Shurong, ZHANG Hongwei. Immune ge-
netic algorithm and its application to VRP[J]. Journal of Chengdu
University of Information Technology, 2008, 23(6): 637 — 641.)

[17] sk S, FLUR . 454 SVM % ot A% 530 U v IDS I A% I 55
). B S TEEEAL, 2008, 25(10): 206 - 209.

(ZHANG Jiachao, KONG Yuanyuan. Algorithm design of IDS model
based on SVMs and IGA[J]. Microelectronics & Compute, 2008,
25(10): 206 —209.)

[18] JFIE, WIHR. 2% 0] 3l N G fie oe B b FRAR AL SR, v SN L,
2009, 29(2): 561 — 564.

(TANG Zheng, HU Min. Space self-adaptive immune clonal selection
optimization algorithm[J]. Journal of Computer Applications, 2009,
29(2): 561 — 564.)

[19] ZHOU S S, FENG G, FENG C B. Robust control for a class of uncer-
tain nonlinear systems: adaptive fuzzy approach based on backstep-
ping[J]. Fuzzy Sets and Systems, 2005, 151(1): 1 —20.

A A

B 4 (1967—), T, W05, RIBER, HErersuorm sk ak
L EFE . B AEFEHI%%, E-mail: yhenryh@sina.com;

F K (1957, B, HdE, LA S0, H R 1R Rl
REMA NG44 AR HIENE 5 H 8 shim il R4 Bl
51 BAL LS,

VEM  (1978—), 2o, WL, YHIT, B RTHFFCTT 0 4 8 ezl s,

mHutEE (1978—), U3, WAL, RIW, H RIS 1 b AL
R



