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Integral sliding mode control for singular systems with
nonlinear uncertainties
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Abstract: A performance-oriented robust controller is proposed for a class of singular systems with matched and un-
matched nonlinear uncertainties. The control scheme consists of 3 control terms: the integral sliding mode control (ISM),
the additional nonlinear control and the composite nonlinear feedback control(CNF). The ISM control term rejects matched
uncertainties completely and drives the system trajectory to the ideal sliding mode. The additional nonlinear control term
attenuates the unmatched nonlinear uncertainties which exist in ideal sliding mode and may affect the performance of the
sliding mode. The CNF control term guarantees the output tracking of reference input signal according to the prescribed
specifications. Finally, numerical examples are given to illustrate the effectiveness of the proposed approach.
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Ex(t) = Az(t) + Bu(t) + Bdy(z,t)+
Dy(z,1), (1)
y(t) = Cx(t).

Hr z(t) € RV RGEHPIRES &, u(t) € R™A
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control for uncertain singular systems)
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gular systems)
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Ei(t) = Ax(t) + Bu(t) + Bdw(z, 1),
y(t) = Cx(t).
BB
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t
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—|Is"GB|| M (x,t) + ||s" GBIl dw(x, )| +
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o<t

T <t ER RS, KIEHUHE L PTBK > 0, 74k

y = [ P[[L] _
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UE 3% Lyapunoved AV = 2TPTEZ > 0,
JUES)

(23)

V=
—i"W2 — kpy(x,t)3T (PTBK+
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pg(x,t), Du(l',t) 7é 0,
0, Du(z,t) = 0.

h(p2(z,t)) = { 27)
RGP ARV A 2 U A2, WA 52 B2 7T LA 5]
12 < ke PH(|Z(0)]],

B Dy (x,t) = O, PRZERE S Fa B oSk B % 5, 2Bl T
8 0 i AN T B R, SN2 1 B A 1 AW
4 F{d B Hl(Numerical examples)

X 43 A2 S 3N B AT E A, A R T
Bl A2 7 5 R 8 K I CNEFR 11, 543 UL E AN o
)7 5 R G AR 23 W B4 45 NP i LA S 35 A7 UL
FC AN A€ 1R 7 3 R 8 FO R0 1 A 45 5 CNIFARE T TR 280
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4.1 € & 7 R 4 FCNF# #l(CNF control for

singular systems)

EINAT 5 RS
100 100 1
001|z=(010|xz+ |0]|w,
000 001 1 (28)
y:xlv
o I R I 1
1 O (OSSO SO WO SV O B
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=
0.6 -
04 .........
02 L4 L B
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0.0 - ! L 1 1 1 1 1 |
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BT B s e A S ONF Sk
Fig. 1 Comparing pole assignment with CNF
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Fig. 2 Input of control
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PECNFL il 1) e v S8 B 45 5 7 2 R Rl
0 WSO R, = [-5 1 2], F, =[1 0 0],
Gy = 2. EI1rPSE2 I G CNER HI SIS N 1 2 ek
s Ara kB, AR IR un AR, iy,
WK RGN R E N s, = —1 £ 1, AT ERIEIA
ARG HABUNIBLE L, fe b T S ERER H FR{A;
FERIT BRIER H ARELIN, ARZ k22 ) 0 70 un 11 T 235
W un IR E RS LS, = — 1 EAR),
MR T RGEFLE, s 1 . B2 2 F b
A
4.2 VU PE A 8 % A5 5 R 40 19 ISM+CNF #5 4

(ISM+CNF control for singular systems with

matched uncertainties)

MAGQMFAEILEL S, = 0.5sin(2rt), Al

100 100 1
001|z=|010|xz+ [0 ut
000 001 1
0.5 sin(27t)
0 )
0.5 sin(27t)
Yy=2a.

o

TE R4 15 A A0 5] (R CONF#E il 2%, A5 2 1t
HGIEE
G=B"=1[050 0.5,

urgm P IIBE 25 M (o, ¢) N
M (z,t) = 0.6 > ||0.5sin(27t)||,

DU RAFAE DL RE AN R, AR T R i m] LUK 3L 56
AR, BT AR AL R BRI EIE IR M (2, t) PRUESIIE
T BRI (3 B A 2 A€ (KD RITAT, e b M (2, t)
(RIIE AN — SR, J3 86, A AT 5 o Kl 3 88
B, TR pR O A QAT 5 o0 B0 R HR, R

S
uisM — —0.67,
[Is]] + €

e = 0.001. w1 E3AT %0, 4715 VT EC AN 2 1,
15 28 IRICNFH il A7 AE — 22 [ PR IR 5% 225 CINFH% il F
TR 45 G, BT BT DL lE AN 2 LA 58 4
(PIE R, BRERRZEWIT S R 2, 42 3N
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Fig. 3 Sliding mode function
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Fig. 4 Input of control

4.3 JEILPEEAHIRE T R 48 1 ISM+CNF % ]
(ISM+CNF control for singular systems with
unmatched uncertainties)

NRFQRIFAEILH IS d,, = 0.5 sin(2mt) A

UL D, = [0.322 0 0]T, B

100 [1 00 1
001|lz=1010|x+ |0 ut+
000 001 1
[0.5 sin(2nt) 0.32
0 +1 0 |,
0.5 sin(27t) 0
Yy=2=.

HAEE M (, t) WA
M(z,t) = 0.6 + 27 > ||dw| +
I(GB) Gl Dull-
IR A 322 B VR AT o O AN 5 e B0 BRI, Y
K LG8 ICNFES & B T B2, h AN DL A
52 (AP AE, IRGR AR FiE S A2 B R ATRGE I,

o W BLAT BRI ) B 3 1) AL AR A S B2, AE AT
PR AL B O Augyp. HIE BRS04, &
T LU I 2 BOK kORI BR R R . RIS
' I S E0E kN K = 3RIK = 5, 5 W, B K
SRk T LA (9 MR AR 22, B 62 42 IS

1.4 — T T T T

1.0

0.8 Hi:

04
0.2

ggl1 1 1 4 |
0 1 2 3 4 5

K5 CNF 5L 5 CNF + ISM S (3 AR ILREANH 1)
Fig. 5 Comparing CNF with CNF + ISM(with unmatched

uncertainties)
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0 1 2 3 4 5 6
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Fig. 6 Input of control
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T S I 1) PERE RN, I HAR e (108 B L 2 40
BB KT, ARSI S T4 L PIDE
. 8RS .
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K7 PIDSEA L CNF+ISM 5
Fig. 7 Comparing PID with CNF+ISM

or—r—T— 171 T T T
5 s N
4
3
a2
1
0.
_]'
)
t/'s
8 il

Fig. 8 Input of control

5 45 (Conclusions)

BERF—RAN E 7T 5 R A, 4ot T R A
il 5 2 G ARGV s A 45 & M 255 Wit Tk,
VTP Tl 2 DR AUE P A 2R 48 Re 8 42 Pk B 2K IR PR 45 8
(BT BRAR . el B, 5 T A6 AR UL EC AN 1, A
RGP R 22 I R /N e T AR VL O AN & (1) 755K
KN MRS ARV AN 2 B, IR RS R R R
ZEReIREOS A B, e B UE T ER A
Rk
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