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Abstract: A new adaptive quasi-sliding-mode control algorithm is proposed to deal with the problems of disturbances
and uncertainty in general nonlinear discrete-time systems. The algorithm includes two parts: one is the design of an adap-
tive quasi-sliding-mode controller based on the tight-format dynamic linearization model, whose linearization parameters,
i.e. pseudo-partial derivatives(PPD) are estimated on-line from the I/O(input/output) information of the system; the other
is the estimation of the system uncertain part by employing a RBFNN(radical base function neural network)-based predic-
tor. The BIBO(bounded-input bounded-output) stability is also proved through rigorous theoretical analysis. Finally, the
simulation results validate the effectiveness of the proposed method.
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Fig. 1 Estimation chart

Hrh: GREBEENE, Gt RAE N )AL
PR, A SR 5] B 7 R 3R A S (B) R 42
T i 20 190 2% () 0 (LA fan () = NN[W, X)),
FERIFZIA fan, (k) A THE. NN [ 2 4 4 5 4% &
FEO] V7 2 o £ AT ) e, X DO 4 i N I o, G
i X = [Ay(k), Ay(k — 1), Au(k), Au(k — 1)].
3.3 ARG E T4 Hr(Stability analysis)

H A 25 100 6% 1) 38 30 M TN, 3 M 3 P I 4 46
1 12 6 W0 2% 2 805, A fn (k) TT DA BUAT: 250K 5 38
A fan (k), BAFEAT R /NI — A I, AR
BRFEURLONTC, BRI FH LR P45 1R H A fer, () 6 A2
R &4

max|A far (k) — Afae (k)| < G k=1,2,--- N,

EHE 1 BRI~ P R E06)K H #2H
H(12), BB ZHo (k)R HEHIEG6) (DT, iR Z
FfE5y.(k+ 1) A5 BaAf:

1) WL LB R e (k) S

2) BNEHAE S {y (k) ) {u(k) YEAT SRR

W G(k) I FE:

XA UE AT 391, 52 Rl R A PR

PRI 22 1A ALk



508 oW s N M

06 %5

JEHUIE 3 RV ()
V(k) = [c"E(k))? +

p (13)
J; ¢*(4)

BV (k)E XCHV (k) > 0oz, Jf H

AV(k+1)=V(k+1)-V(k) =

[c"E(k+ 1))+

(ER)P =
> ()

_q(2 _ q)[cTE(k)]2 - CQ(] ":1) —_
;CQU);CQO)
2¢(1 — q)c"E(k)sgn(c"E(k)) + &°. (14)

AP 7, oA M 338y /N 10, B Bhodn 2R
e W NIB A REARIEAV (K 4+ 1) < 0. RGH]
IRME 2 E, BV (0)F F¢, X W ELE N R GRS
HADME N R ERE I, REERER ZRS R
RBHRA .

o A 5 AT S

i b 2D AR W AT Se (k)& A1 At IR, OB R AR 22
He(k) = ye(k) — y(k), HZH )75y, (k)11 ¢,
P Lhy (k) A .

PR RS

Hi B 4 nl FI R GERA — DA R E 1% 3
A5, DA AL 5 B, Mo AN K ik 1

lu(k —1)] < M, 1113]3<|y(k‘)| + My, Vk > ky. (15)

Sy (k) 7, ST (k) A 5.

UEEE,

4 ] H % (Extended algorithm)

MHT T )3 18 B AT TRT LA HENN-SMCI¥ & 1] /2
— L T AR M R A BN LA P Al TN
TR gE M R I 28 5 7 vk, Hp ARt R4 ah &
£ Ak ) JEAEGRS T s MR R L, AR AN [] ) £
A J7 R A3 AN [R) PR s il A, SCRR[911R] i i &5 HY
TN AP RS s AL T K, S BiE 2
Hg RN A AU MR AL, A DG 1) 2 M Ak e 28 JAIE B
15 2[5 SCHER[9).

BT BRI, o] LORE A SO i
7N, AT A HAH B, (1) P FRNN-SMCH& il . Ky
T AR B, B g TR S R SR A A S
AT B B3RP A 43 012 4 NN-SMC1, 2, 3.

HAPNN-SMC2, 3437l F:

Au(k):qél(k)+al (y:(k +1)—y(k)—c E(k)—
Afap(k) — éqzi(kmu(k —i+1)+
esgn(ctE(k)). (16)

1 e B

Au(k):m(yr(k+1)—y(k)—c E(k)

Afk)= S Bk Ay(k—i+L,+1) -

0;(k)Ay(k—i+1)+esgn(c" E(k)). (17)

HAA fr (k) Bl 512 DL R G s PEAIE B 5 iy
AR TT AL, AN PR,
5 i B H(Simulation example)

FEIX 3 53, AR SC T $E3FINN-SMC T 7 &
MFACE!, ASMCPUl ot )7 22 51250 347 LA, 78 b it
Fi b RG0K 2 R2R AN R R ) 5 5 T4, 15 H 45
Fr T LA 3. R THI4A H I R SR AN Sk
AE1/0 Hidhs.

1.1 T T T T T T T
-=+MFAC —+»-NN-SMCI
—#-NN-SMC2

G AT

1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08
t/s

2 SPFLMILEE
Fig. 2 Comparison of 5 methods

P T S MFAC - ANSMCT
1.03 ——Ref ~#—NN-SMC2-
j—o—~ASMC ——NN-SMC3
2 1.0
B 1.01
= X
= 1 7
3 \vAAw/4
£ 099 .
8§
NG 0.98 .
0.97
096 1 1 1 1

1 1
0 01 02 03 04 05 06 07 08
t/s

3 SPITIEI L
Fig. 3 Comparison of 5 methods



CORR | PR AR S — AR ME B BUR GE H G N A 509
Bl IS B AR R S FRAE 0 7325, 43 ) CBRAR 43 B A AT 056 40E P A T
y(k+1) = y(k) +u(k), X EVERAT IR, T &5 vk 5 N W 28 55 5
1+ y(k)? +d(k) BTG, BrPtee S R g5, IR B Bkt
WA = MW OGS T RAEMERE, S/ T R HIRORL. R
1) — 1 R T RS0 BIBOARUE 1, 15 B S5 i B 1% 07 v
ye(k +1) = 1. o
AR,
HafE 51
d(k) = sin(k/50). 52 3Lk (References):
T [1] WhEZS, Fadbkie, SN, B RAEM]. TR TR
a2 gk oo S

d(k) = 0.5sin(k/50) + 0.3cos(k/100).

TS 51, RHMFAC, ASMC, NN-SMC1,
NN-SMC2, NN-SMC3%55F 5 v i B0 bl 4 45 51 0,
L1, P E 45 WL K2,

A1 SH ik A4 AT AL
Table 1 Performance index comparison of 5 methods
RPN
MFAC ASMC NN-SMC1 NN-SMC2 NN-SMC3

ks

0% 5.67% 9.90% 2.27% 2.13% 2.06%
J 1524 11.64 6.67 4.65 4.57

WL 2 fE 1, T LE A 2 1) AT
IBENN-SMC1J7 ¥ 75 % T M e 48 b B33k 159 748
T-MFACHIASMC 4 il 50 . 2) T 4% 2 2k 1
HNN-SMC2F1JE T4 4% X2k HEAENN-SMC3# R 4t
Wi J3 S 5 RF356  Ek s U R AL FUNN-SMC1. 3) K
FH T i s 20 26 1 AL NN-SMC2F1 3 T 4 4% X 4k M
HENN-SMC3HEAT {5 FLI, SR Z G i W 11 #4201
R bR 2 I B X B AN B . B R a% R R 4
H,J= fo tly, — y|dt.

ST 52, KM _LRSF 5 1 B b
A BN R2, P B4 R W3, o B3R A2, R
AT BAAS B 28 010 &5 48, 28 b, A SCHT iR INN-
SMCH 41| 5 % 1€ % Wk 66 48 b5 L33k 43 T4
TMFACHIASMCIrI 5 I35 L. )

HH %R RGO, J = jo ty, — y|dt.

A2 SFPE kM ARISARILER
Table 2 Performance index comparison of 5 methods
ik
MFAC ASMC NN-SMC1 NN-SMC2 NN-SMC3

ks

0% 4.29% 2.18%  1.44% 1.14% 1.89%
J 6.98  8.20 2.30 1.79 3.10

6 %518 (Conclusions)
A TCHEH — I TP 2 W Z8 Ak T 1 B IS Y HE N

(YAO Qionghui, HUANG Jiqi, WU Hansong. Variable Structure
Control System[M]. Chongqing: Chongqing Universty Press, 1997.)

[2] X<, PV AR B g R Be R SRR S R D). 42
IS 5, 2007, 43(3): 407 - 418.

(LIU Jinkun, SUN Fuchun. Research and development on theory and
algorithms of sliding mode control[J]. Control Theory & Applica-
tions, 2007, 43(3): 407 — 418.)

[3] CHEN X K, FUKUDA T, YOUNG K D. Adaptive quasi-sliding mode
tracking control for discrete uncertain input-output systems[J]. I[EEE
Transactions on Industrial Electronics, 2001, 48(1): 216 — 224.

[4] BARTOLINI G, FERRARA A, UTKIN V 1. Adaptive sliding mode
control in discrete-time systems[J] Automatica, 1995, 31(5): 769 —
773.

[S] CHAN C Y. Discrete adaptive sliding-mode tracking controllers[J].
Automatica, 1997, 33(5): 999 — 1002.

(6] FKIE, B, AT B 0] R AR g sl et (7], B3)
AR, 2000, 26(2): 184 - 191.

(ZHAI Changlian, WU Zhiming. Variable structure control design
for uncertain discrete time systems[J]. Acta Automatica Sinica, 2000,
26(2): 184 - 191.)

[71 HOU Z, HUANG W. The model-free learning adaptive control of a
class of SISO nonlinear systems[C] //Proceedings of American Con-
trol Conference. New Mexico: [s.n.], 1997: 343 — 344.

(8 (AL, B30I, — KO 1) Lt 3R G B TR M
BERLIR 2 > @ R 2 ). 2 B0 55 N, 1998, 15(6): 893 —
899.

(HOU Zhongsheng, HUANG Wenhu. The model-free learning adap-
tive control of a class of nonlinear discrete-time systems[J]. Control
Theory & Applications, 1998, 15(6): 893 — 899.)

[9] il k. JES BT K L FUE A BB R M. db5T: R4 HRRAL,
1999.

(HOU Zhongsheng. Nonparametric Model and Its Adaptive Control
Theory[M]. Beijing: Science Press, 1999.)

[10] MUKHOPADHYAY S, NARENDRA K S. Disturbance rejection in
nonlinear systems using neural networks[J]. IEEE Transactions on
Neural Networks, 1993, 4(1): 63 —72.

[11] ZHANG]J, GE S S, LEE T H. Direct RBF neural network control of a
class of discrete-time non-affine nonlinear systems[C] //Proceedings
of American Control Conference. Anchorage: [s.n.], 2002: 424 —429.

Y& Fa

FEAE  (1962—), B, #¥%, Tit-4 IR, BT 17 4 Eodh: IR 5h
Pt JOAETY A Y ) 2 ST A REACHE R 4, BRI A
22 ACBATIE G N, E-mail: zhshhou@bjtu.edu.cn;

ERO (1975—), L, IR, BFFJ7 W o4 R )| AR
SE RIS K H N H, E-mail: he-bi@163.com;

EMER  (1976—), I3, T LWFFUAR, WEFUT 0 TR & N
P % I AN A 56145, E-mail: jst1101@163.com.



