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Non-fragile recursive sliding mode dynamic surface control with
adaptive neural network
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Abstract: A non-fragile recursive sliding mode dynamic surface adaptive control method is proposed for a class of
uncertain, mismatched nonlinear system. By employing the neural network (NN) to approximate the system uncertainty
and designing the recursive sliding mode dynamic surface to synthesize the interaction of the tracking error in each step of
backstepping scheme, we make the method to get rid of the ‘explosion of complexity’ associated with the backstepping con-
trol and to avoid being fragile to the perturbation in both the filter time constant and adaptive parameters of neural network
in the traditional dynamic surface control. Stability analysis verifies the semi-global, uniform, and ultimate boundedness
(SUUB) for all the states of the closed-loop system, and guarantees the tracking error to converge to an arbitrarily small

neighborhood of the origin.

Key words: sliding mode control; dynamic surface control (DSC); neural network; non-fragile

1 5|3 (Introduction)
AEVCECAI i ALt R G 1 ER R ) — B LKA
S A I IR A e R HE AL 201 20904F X
Saberi, Kokotovic, Morse il Kanellakopoulos 55 A #&
HH ) S 4k 4758 41l 7 5 (backstepping control, BC)U=!, j&
AbFEZ I ) R 2 A R R — b 7 i A A S
DT, P P B T T 0 AU )
SRS, AT R R R AR, EL R G R i e
A HA AR W )R LT, SwaroopZE A1
T “E) A ¥EH 7 (dynamic surface control, DSC)
T3, AR SR s HERE I B R S P AR s,
BN — M g s, ARE S TR — 2 vk i
V) R FA S ) SR 3, ROR RIS T 2 A ) 2 e R
BEA G RN e i B (PN, Vi 2223 4 At
Wk 1 : 2013—01—14; WS 1 3): 2013—-03—18.

T35 1E# . E-mail: liuxiafeu@126.com.
RETH : ikl i 42 BhI H (20121396008).

WE A2 28 5 S SR RE T ikt T 28 AAT
R EARTERE ) FOE N AN TR HINE, HiE—5d
J& T SRS IR T K ] 613,

SR, BN S AR TR T 2 AR X T RGN
JE PEANAR ST Ho A B (K S A, (E HARIE E
P A% I T 5 BN 38 N 2 B Bk sl AR g 58
Swaroopa N4 H ) 78 047 1 75 VA R I ik
VERE T IX -, JFgr T R D AR3E g e A i 8] 34 o
FHKINT 512 28 8 A A 07 B SE . AR Sk b TR, AR
TP A I ] 5 ORI 28 190 2% 1 3 B 2 40 5 IS A
FELLU I, KRS R ], XL P88 2 4 HUE
VA H AR/, S8 BB R AT RES T RS
Pl EEAARL. FIE N B I il B L R e 55
PP B 2 A ST IRAEVE 22 U B



1324 E i/ o

5 R %30 %

ARICE ST T ARG A 4 125 T R R
ERRZEMR U HE R SR BRI, $8 T SR R4 il A
MIBETEH 75 B A 25 FE AP RS T RA IR ER 2
[ A B2 AR 2 G 2. ARG, LT s 48 it
TP 55 1 A AR S A 1T S AR R TV 1T
ENLRIUE AR RGP A5 52 m —SUuR & 51,
Himnh i sy filas 240, v DAl RS 22T/, B
& AT R B85 R T 1550 T REA e P
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2 )8R (Problem formulation)
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Ty = Tip1 + fzf z) + Afi(i i)

Tp :u+fn(Xn)+Afn(Xn)a (1)

Y=,
fQEPX [21 -+ 2T, 3F HLA(X) N B AR 5L
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broe {5 Hy R S X 737“( ). ATEJE, IR
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Hrp Ko s,

3 fegeshasimn i R BRE 73 BT (The limita-
tion analysis of traditional dynamic surface
control)

3.1 &5 30 A& H 7 2 8 4 (Brief introduction

of traditional dynamic surface control)
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T 20T
€1 =21 —T,
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2
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ing error)
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4 BIATERENASI B &S NN (Recursive
sliding mode dynamic surface control with
adaptive NN)

4.1 #EHI23 BT (Controller design)
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4.2 FEMESHT(Stability analysis)
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5 PiESEHI(Simulation examples)

N T ARSIl H 8 S s AR
S5k, EPAL G2 N 4 Bl AR 4 VRO AR Sy
VLT 07 N LG, B2 FH SCHR (10147 BB AL
Be A E AELe I R 4t

i = x9 + Afi(X1),
Ty =13+ Af2(X2),
T3 = U,
Yy = T,
o Af(XD), Afo(Xo) AARIARLNE R EL. FHIT)
H A& vk 8 W A, i HylR B2 S % (5 5
r(t). EHEPRA f1 (X)) =23, Afo(Xo)=aF + 23,
RGWIEIRE A 210, 20, 250) = [0,1,0], ZHAH 5
r(t) = sin t.

AL T3 92K SCHR (1014 7] 1 2 2 p, = 1074,
ki =40, ky = k3 =60, = 0.2, 01 = 05 = 1073;
AKILTTERI RN Z H e, = 10, ¢y = 30. PiFf
7R AR R R R 22 N 28, Forh g, O, B3 2 f 4T
ANEY 101100, NN I3 bR 5 )

— _ 2
X bazH )
i1 28 10 2% ] 48 BULAEOO = 0, 69 = 0; ot fia, 7E X
B [—1, 135 B, REER 56 = 0.1. 43 ) B~ 4
ARIE JE AR I [A) H E Ty, 75 FIFNEE WY 2525 2 TR 2
Iy, Dy AT 00 21, 45 SR il o 5 RE B SR R H
#lode45.

1) 7 =13 =0.02; I} = Iy = diag{5}.

2) 7 =13 =0.02; I1 = I, = diag{280}.

3) o =713 =0.026; [ = I, = diag{1}.

4) 7 =713 =0.026; I} = I, = diag{8}.

(51
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Fig. 1 Performance contrast for parameter set 1)
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Fig. 2 Performance contrast for parameter set 2)
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Fig. 3 Performance contrast for parameter set 3)
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Fig. 4 Performance contrast for parameter set 4)
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Fig. 5 Performance contrast for parameter set 5)

6 %5 (Conclusion)
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BEEBNWES Rk 55, E SR T ARG s A A7k
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