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Abstract: An adaptive neural dynamic surface tracking control scheme is presented for a class of uncertain switched
nonlinear systems in strict-feedback form under arbitrary switching. In this scheme, dynamic surface control (DSC) tech-
nology is introduced into backstepping design approach with common Lyapunov function method. The radial basis function
neural network is adopted to approximate constructed unknown upper bound function, and with the help of DSC, the deriva-
tives of filter output variables instead of traditional intermediate variables are taken as the neural network (NN) inputs. As a
result, the dimension of NN inputs is reduced. Simultaneously, Yong’s inequality is used to reduce the number of adjustable
parameters of the control scheme. Moreover, it is proved that the proposed scheme is able to guarantee that all the signals
in the resulting closed-loop system are semi-globally uniformly ultimately bounded, with tracking error converging to a
small neighborhood of zero by appropriately choosing design parameters. Simulation studies are carried out to illustrate
the effectiveness of the proposed control.
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4 SEI43HT(Simulation studies)
FIEHA AT VIARRIE R G A I T RS
N
iy = exp(—0.5z1) + (1 4 223) o+
0.2z sin(zat),
iy = 2125 + (1 + 0.5sin(x2))u(t)+
0.6x14 cos(0.5t).
(39)
iy = 2] + (1 + 521 tanh 2y )z +
0.3 cos(1.5t),
iy = mo In(1 + 2523) + (3 + cos z)u(t)+
0.5x3 sin(1.6t).

(40)
HHEE I y4(t) = 0.5sin(0.5¢) + 0.5 sin(1.5¢), 7]
DABSIE S50 Z2 G0 AR B2 2 SCHR i 7 2% 44
AR T B 10, 1R B IE AR B A T A
u= ke = 3 l15u(Z0) 5
REAUAZE L (14), — BB 2% (15)F0 H & R (29), 5K
R BESHCN
ky = 50, ky= 62, I, =1, = 30,
ay=0.2, a;=0.1, I =12, I}, = 15,
6 =0.1, ¢, =05, 7, = 0.002, ¥, =2,
wi(i =1,2,-+ 1) BB AALE [—1.5,1.5] x [—1.5,
15] x [=1.5,1.5], Wy =4, p; (i = 1,2, -+, 15)3%]
IR
[—1.5,1.5]x [~1.5,1.5] x [-1.5,1.5] x [0, 3]z(0) =
[-0.1,0.5]T,
0,(0) = 6,(0) = 0.
Y B BENLDIAE T o () I L AR, A 1253531
TR T ARG (39) M (40).

3.0 T T T T

25 4

20F

o 15F B

1.0 =

0.5} b

0.0 1 1 1 1
0 5 10 15 20 25

t/s

K1 UifEs
Fig. 1 The time profile of switching signal

15 B4 R UNE2-THTR. B2 R H RGEA R
Ty R U O ERER 7 BRI, 3100 BH R it
RZERFFE—DRI/NAIE A, HER2AE 3T LA H
BT G R B S MR AR D) RBEA AT
TIAH TR R ER A AR IO, BS-T
W7 RGMFTA S5 R A5H R0, 7 ESE RUA
TR R BRI SR AR G B ER R RE.

0.8

0.6
0.4
0.2

Yy

5 0.0
)
-0.2
-0.4

-0.6

-0.8

t/s

K 2 HrHy FER B g
Fig. 2 Output y and tracking trajectory yq

0.04 ; . . .
0.02F }\ - .
0.00 VNK\‘/ - N/»/\\/\-

-0.02 -

[\
-0.04

-0.06

-0.08

-0.10 1 1 1 1

t/s
K 3 BREHRZE2

Fig. 3 Response of tracking error z;

400 T T T T

300 1
200 | 1
100 - 1
o of

=100 |- 7

=200 |1 1
=300 [ 7

—4 1 1 1 1
OO0 5 10 15 20 25

t/s
4 A u(t)
Fig. 4 Control input u(t)



10 M

FIMAIAE: —RARLNE DI R G & A2 S T ] 1401

X,

,2 1 1 1 1
0 3 10 15 20 25

t/s
K5 RE o

Fig. 5 The state trajectory of zg

S = N W A L NN X O
i
1

|
—_

(=]
W
—_
(=]
—
W
[N\
(=]

25
t/s

Kl 6 fliilZ%0, fo,
Fig. 6 Responses of 61 and 69

0 5 10 15 20 25
t/s
K7 B ffPIRA 2k
Fig. 7 The response of 32

5 Z5#(Conclusions)
ASCHEFL T — 27 h S AT AR ANf o 1 U4 A e 1
RO PRI ) R, 455 Ja VL . 2[R Lyapunov iR £
EHEN A ARG T — P U1 &5 B i
A2 BN AS T R AR 1) 7 22, AE 5 4 {8 - DS Cy i
Gt REAUFE ] S 523K 3, F] FHRBF I 28 38 10 1) 3 P A
R A B S e, EUR R A i R B A
o E) S AR A LGN, A RO T BT

Z8E NHERE, [FIE R Young' s AN G5 S AR A 202>
T Mg RIE TR SEE E . NS FUER T e
B 77 RAESEAE B VG S TR RGEHAE 5
AL A T, HEREF R Z SR TN
BN, SEEGIGE T AT AE R T A R, R ER T
IR BA RN T 7.

BE Tk (References):

[1] DAYAWANSA W P, MARTIN C F. A converse Lyapunov theorem
for a class of dynamical systems which undergo switching [J]. I[EEE
Transactions on Automatic Control, 1999, 44(4): 751 — 760.

[2] LIBERZON D. Switching in Systems and Control [M]. Boston MA:
Birkhiuser, 2003.

[3] SUN Z, GE S S. Switched Linear Systems: Control and Design [M].
London: Springer-Verlag, 2005.

[4] BRANICKY M S. Multiple Lyapunov functions and other analysis
tools for switched and hybrid systems [J]. I[EEE Transactions Auto-
matic Control, 1998, 43(4): 475 — 482.

[5] HE Zhaolan, WANG Mao, CUI Yang. Sliding mode control for a
class of switched systems based on reduced-order observer [J]. Con-
trol Theory & Applications, 2009, 26(6): 704 —708.

(T2, 7%, AERH. —28 U R G T I 2 v AR R B 1 (9],
FEEIS SR, 2009, 26(6): 704 - 708.)

[6] XIAO Huimin, ZHAO Lin, WANG Chunhua. Robust sliding-mode
control for a class of uncertain switched systems with time-delay [J].
Control Theory & Applications, 2011, 28(11): 1621 — 1626.

(M 218, AR, R, AN E D)3 R G000 B R B ()]
FEHEIS SR, 2011, 28(11): 1621 - 1626.)

[7] SHORTEN R, WIRTH F, MASON O, et al. Stability criteria for
switched and hybrid systems [J]. STAM Review, 2005, 49(4): 545 —
592.

[8] SUN Z, GE S S. Analysis and synthesis of switched linear control
systems [J]. Automatica, 2005, 41(2): 181 — 195.

[9] HESPANHA J P, MORSE A S. Switching between stabilizing con-
trollers [J]. Automatica, 2002, 38(11): 1905 — 1917.

[10] EL-FARRA N H, MHASKAR P, CHRISTOFIDES P D. Output feed-
back control of switched nonlinear systems using multiple lyapunov
functions [J]. Systems & Control Letters, 2005, 54(12): 1163 — 1182.

[11] MA R, ZHAO J. Backstepping design for global stabilization of
switched nonlinear systems in lower triangular form under arbitrary
switchings [J]. Automatica, 2010, 46(11): 1819 — 1823.

[12] YUL, FEIS, YANG G. A neural network approach for tracking con-
trol of uncertain switched nonlinear systems with unknown dead-
zone input [J]. Circuits Syst Signal Process, 2015, 34(8): 2695 —
2710.

[13] LONG L, ZHAO J. Adaptive output-feedback neural control of
switched uncertain nonlinear systems with average dwell time [J].
IEEE Transactions on Neural Networks and Learning Systems, 2015,
26(7): 1350 — 1362.

[14] LONG L, ZHAO J. Switched-observer-based adaptive neural control
of MIMO switched nonlinear systems with unknown control gain-
s [J]. IEEE Transactions on Neural Networks and Learning Systems,
2017, 28(7): 1696 — 1709.

[15] YUL, FEIS, LI X. RBF neural networks-based robust adaptive track-
ing control for switched uncertain nonlinear systems [J]. Internation-
al Journal of Control, Automation and Systems, 2012, 10(2): 437 —
443.

[16] HOU Y, TONG S. Adaptive fuzzy output-feedback control for
a class of nonlinear switched systems with unmodeled dynamics
[J]. Neurocomputing, 2015, 168(2): 200 — 209.



1402 7= h ® w5 M H 34 %
[17] CAIM, XIANG Z. Adaptive neural finite-time control for a class of [22] SWAROOP D, HEDRICK J K, YIP P P, et al. Dynamic surface con-
switched nonlinear systems [J]. Neurocomputing, 2015, 155(C): 177 trol for a class of nonlinear systems [J]. IEEE Transactions on Auto-
—185. matic Control, 2000, 45(10): 1893 — 1899.
. . [23] SANNER R M, SLOTINE J J E. Gaussian networks for direct adap-
(18] NIU B, LI L. Adaptive neural network tracking control for a class tive control [J]. IEEE Transactions on Neural Networks, 1992, 3(6):
of switched strict-feedback nonlinear systems with input delay [J]. 837 — 863
Neurocomputing, 2016, 173(P3): 2121 — 2128.
[19] ZHENG X, ZHAO X, LIR, et al. Adaptive neural tracking control for Y& A

[20]

[21]

a class of switched uncertain nonlinear systems [J]. Neurocomputing,
2015, 168(C): 320 — 326.

HAN T T, GE S S, LEE T H. Adaptive neural control for a class
of switched nonlinear systems [J]. Systems & Control Letters, 2009,
58(2): 109 - 118.

JIANG B, SHEN Q, SHI P. Neural-networked adaptive tracking con-
trol for switched nonlinear pure-feedback systems under arbitrary
switching [J]. Automatica, 2015, 61(C): 119 — 125.

EMA (1985-), B, WL A, BATEER ARG )

FEHIEIL . PR 2354, E-mail: fox007wjp@126.com, learningwjp

@gmail.com;

BIEREN  (1960-), 59, H, [ A2 S, FENFARL M 2

P& K% B3, E-mail: auymhu@scut.edu.cn;

FHRFE  (1979-), &, B, TR R 5 B TR

HIF 5L, E-mail: luojx @scut.edu.cn.



