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Fuzzy Sliding Mode Control for Singular Uncertain Systems
He Ailing, Chen Weitian and Chu Xuedao
(Institute of Automation, Qufu Normal University + Shandong Qufu,273165,P.R. China)

Abstract; The problem of fuzzy sliding mode control for singular uncertain systems is studied in this paper. The control
architecture employs fuzzy systems to compensate the dynamic uncertainty. By means of Lyapunov theorem, all states of the
closed-loop system are proven to be bounded. Since the proper fuzzy logic switchings are applied, and the control signal is
smoothed , the chattering phenomenon which is inherent to the conventional sliding mode control is depressed. Finally, approxima-
tion of practical sliding mode is studied. The effectiveness of the controllers designed in this paper is illustrated by computer sim-
ulation.
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Ex = Ax + Bu + DA(x) + ABu + Df. (1)
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W, E HERIE,rankE = r < n.AA(x) € 17,
AB € ™" RRKHAPE & .
XF R GAEI T B .
Ri& 1 (E,A,B) %W, B 3wk,
fRi% 2 det(AE - A) REZTF 0,4 NEH.
fRi% 3 rankB = rank(B,AB) = rank(B,D)

= rank(B,AA).
MR 3 MFFfE F € i™, ¢ € i™",H €
[imxr g
AA(x) = BF(x),AB = BG,D = BH.
A
y = F(x) + Gu + Hf,
MRS R H

Ex = Ax + B(u + 73). (2)
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9l < plx,t).
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% = Apxy + Apa,, (3)
Eyxy = Ayxy + Apxy + u + 7. (4)
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0 X
QB = []m] = R[x2].
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controller design and stability analysis)
T ( Ay, Ap) BBEE, WFFTE K, i Ay + ApK,
Fa5E ,#E1M B Lyapunov & B4 ; Lyapunov 4B 5 75 #2
P(Ay + ApK)) + (Ay + ApK)'P = I,_,, - K[K|,
A 7E ME— B0 FR IE € P.
T IR B 25 A Lyapunov B (3) Fa
7E . B Lyapunov B %
Vi) = «1(2) P (1), (5)
MV (e) + 23 (e) %y () VB FR(3) MRS, X
xy(t) KNG
%(t) = - ALPx (1),
W R G (3) 16N
%1 = (A - ApdhLP)x;. (6)
XEE 5{71 = (An + AF1F2K1)5\71 ﬁf’\%%ﬂiﬁ(6)ﬁ%
BT e T
S = ALPx + x,. (7)
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By = (BEy+ K™ p= I (Ey+ K)o
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Fig. 1 The membership functions of the input fuzzy sets
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Fig.2 The membership functions of the output fuzzy sets
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Ri(si,ufi) =.\/ [Ay(sl) /\ B_ij(ufi)]9

j==2

e V R RB max B, A RAB min BH, x &
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3 = [(2 _
up = J_%uﬁBi(uﬂ)dufifJ ;Bi(uf,-)duf,-’
2
(11)
i,
1, z<1,
(3z% + 5.5z + 1.5)
ASd T e ‘ ~1 -0.5,
(422 + 6z + 1) —
(22 + 1.52)
—E T Lot 0.5 <0,
(422 + 22 - 1) <Zs
‘ (= 22 +1.52)

T 222 0 <0.5,
(422 — 2z - 1) < A=
(-322+5.52 - 1.5)
B 0.5 1,

(422 — 6z + 1) <Zs
-1, z>1,
(12)
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Fig. 3 Configuration for the whole fuzzy controller
KX @RAK(4)
x'z =] Amx] + /1225\72 + gzl} + (EQ + Kz)—IT].
(13)
S5 2 7 [a, + ») LEZNEE (1), A
limf(e) F74E, W f(2) #Ela, + ) L85

SIFE 3 WRIEMEE (1) 7E(0, + ©) £ —
ﬁl@ﬁﬂj | () 1 dt < w,ﬂullirgf(t) = 0.
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EE 1 HEHR(8),9), (12)H R
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Sai(t) = S;(¢) - $sat(S;(£)/¢),1 = 1,2,-,m,
Hr

’ \17
sat(x):{x | % | <
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Va(e) = 555184 (0),

sgn(x), laxl>1,

Vy(t) = %Sii(t),i -1,2,,m.

He
Sa(e) = [Sa(2),8p(t), s Sam ()"
j Vo(t) = zil: Vi (t).

W 8i(e) 1< b BF, S, (2) = 0, FFDASLITA
Vy(t) =0<—e1Sa(t) =0
% S5.(e) > ¢, > 08, B3(3),(13),(9), (7%,
S=(Ey+ K)yp+ (p+ ey,
Vzi(t) =
SAi(t)SAi(t> =
(S:(1) = $)(E, + K) 'y + (o + ugly) =
(8i(t) - $)([(E, + Kp) " 9); -
I(Ey, + R lp-€) <
—e(S(2) - $)=e 1 Sn;(2) 1.
Hep (-], #rmEL ] WE i MLR.
FBEEIE, % S;(1) <~ ¢; < ORf,
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R, A
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4 SEBRIEENAE A A (Approximation of prac-
tical sliding mode)
FEVIRIA S(t) = 0 LAWY
% = Anx + Apxs, (14)
{ Eyxiy = Ayxy + Apy + u + 7. (15)
X (7) ~ (9),(14),(15) 51
5 =A}‘2P(A11x1 + Apxy) +
(Ey + K3) 7' (Ayxy + Apxy + 0 + 1),
FTREZEW o, R
v, =- (Ey + Kz)Arlr2P(A11x1 + Apxy) -
Ayxy ~ Apxy - 7

MY SCt) = 0 LIS Y

%1 = Apx; + Apsxg, (16)

{ %y =— ARP(Ayx; + Apx,). (17)
TRRGH LRz )

{ %1 = Aydy + Apfs, (18)

Ex%y = ApZy + Apy + u+ 7,  (19)

SRR
v == (Ey+ K)ALP(A%; + Ap%y) —
(Ey + K3)S - Ayxy - Apy — 7.
MR GH L IRB s HFE
{ B = AuZ; + Apg,, (20)

%2(1) =~ ALP(Ayz, (1) + Apr(2)) - $(2)(21)
LIRE S SRR AT &R,
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e1(0) = %,(0) - %,(0),
UpraY sy

62(0) =] xz(O) = fz(O)

Lirjt} |2 (2) = %,(e) Il =0
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5 {AESIF(Simulation example)
Bl1 ZEBAFNMTRAN=ZHETRES.

1 00 1 00 1
001:lab=OIOx+ 0].
0 0O 0 01 1

(u + A (%) + ABu + Df), (22)
I AA(x) + ABu + Df |l < 0.2x3¢°¢,

By A, E B A1 AT
B K, = (4 3),W Lyapunov 48 K 5 18 2 il
j22 - 19/4]
-19/4 13/4
) R BCH
S = - (19/4) %y + 2 + (13/4) x5,
e =0.02, #HI AN
u =— x5+ (19/4) %, - (13/4)x, — (23/4) x5 —

(0.2x%e_t + 0.02)uf,
HA ue RBRERI S0 BUE R (12).

B 2,(0) = 14.6,%,(0) = 0.1,23(0) = 12,6 =
0.01, MASEM AR RN TEFIR.
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6 %51t (Conclusion)
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