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Data-driven second order sliding mode decoupling control for
non-affine nonlinear discrete-time system

WENG Yong-peng, Gao Xian-wen f, Liu Xin-ming
(College of Information Science and Engineering, Northeastern University, Shenyang Liaoning 110819, China)

Abstract: A data-driven second order sliding mode decoupling control approach is proposed to deal with the varying
structure control problem of model-unknown systems, which is intractable for the conventional discrete second order slid-
ing mode control approaches. By applying a data-driven control strategy, a discrete second order sliding mode control
(2-DSMC) law is calculated online according to the I/O (input/output) data of the system. Furthermore, according to the
idea of observer, a discrete extended state observer (DESO) is introduced into the controller design to estimate the cou-
plings between control loops, uncertainty and external disturbance, and then to realize the decoupling control and improve
the control performance. Finally, theoretical analysis and simulation results show that the proposed method has better
decoupling effect, asymptotic stability and stronger robustness, even for general non-affine nonlinear discrete multi-input
multi-output (MIMO) system with disturbance and uncertainty..
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Fig. 1 The configuration of the control system
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Fig. 8 Comparative curves of the system output y; and system

input ubased on the two presented methods
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Fig. 9 Comparative curves of the system tracking error

e1based on the two presented methods
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Table 2 Performance index comparison of two
methods
(ERGR
Febr
DESO-SSMDC RBF-SSMDC
yl 43.8162 50.4876
IAE y2 3.8133 4.107
y3 20.2751 21.7382
yl 10024 11538
ITAE y2 834 904
y3 4402 4500

6.2 i E/n2(Simulation example 2)

BTN AR AR B TEMIMO AR 4t

y1(k+1) = —0.8sin(y1(k)) — (0.16 + a(k)) cos(y1(k — 1)) + 1.7u1(k — 1) + ui (k) — 0.9u2(k — 1)+
2ua(k —1)/(1 +u3(k — 1))
ya(k + 1) = —0.8sin(y2(k)) — (0.16 + b(k)) sin(y2(k — 1)) + 2uz(k — 1) + ua(k) + 0.8us(k — 1)+
2ur(k —1)/(1 +uf(k — 1))
(38)
WL E R £ 3 P FLikt g4 AT AR
Y1 (k 4+ 1) = 0.5(—1)round(k+1/200) 39) Table 2 Performance index comparison of two
yr2(k+1) = sin((k + 1)7/100) methods
PeahfEs: - 5k
a(k) — O.QCOS(/WT/25) A DESO-SSMDC RBF-SSMDC
b(k) = 0.2 cos(kx/125) 40 g YL 11888 14.6780
y2 28.3842 35.4061
H T PR UE A ST AR A ) 2 R g V! 2864.8 3446.3
RO, RS S AE LM B HOMIMO R 45(38), X y2 6586.0 7346.5
HR SR 7% 5 RS I DESORMEME R B
R 38 Y B 1 O A ) 2 (NSSMC) J3 31 B ogh%:\l% st o
TIerh, FEHEAT O B LG A AT, (R ISR M RE VR A " ——

i FRIAEMITAERE 17 £ {8 %) E 73 #fr, NSSMCHY
i B 2 B Au(l:3)=0y(:4) =0,
d(4) = [4,0,0;0,2,0;0,0,3],m11 = 10, moy = 1,
mgs = 3, B = 0.7, By = 0.7, 31 = 0.7, Tey =
0.003, Tex = 0.01, Tez = 0.009, ¢; = [1,0.3],
ca = [1,0.3], ¢3 [1,0.3], p = 0.75, n = 0.3.
DESO-SSMDC 4 L 44 [F) %] L 43 #r 1, I H A
JIEA PIAEE X 25 SIS ATLE. PRI v TR Y. )
{5 B2 T L 14-17FNER 3.

K14-174 51 & K FINSSMC FIDESO-SSMDC
PRGN RGN | R R R R 22 (1) 2 44 ih 2k,
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7 %5 (Conclusions)
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