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Abstract Stability analysis and controller design of discrete T-S fuzzy control systems are
studied based on piecewise fuzzy Lyapunov approach. Firstly, a new sufficient condition to
check the stability of open-loop discrete T-S fuzzy systems is proposed after the definition of
a discrete piecewise fuzzy Lyapunov function. This condition only needs to satisfy the con-
dition of the fuzzy Lyapunov approach in each maximal overlapped-rule group. Therefore,
the proposed condition is less conservative and less difficult than the common Lyapunov ap-
proach and the fuzzy Lyapunov approach. Then, by using the method of parallel distributed
compensation, the stability of the closed-loop discrete T-S fuzzy system is analyzed and the
fuzzy controller is designed. Finally, a simulation example shows the approach is effective

and advantageous.

Key words Stability analysis, T-S fuzzy system, piecewise fuzzy Lyapunov function

1 55

BT T-S BOMAFE ] R GBI S (445 1 T BR TR BF R R, ] MG A SR 4% 1]
PR AMMTARME T 7 (8. JTAESXT T-S BUBIEhl R AR E AT RIS T2 MR
1) mEEAE LR S T TR £ 4 (20030151005) F 3T # 3Ci0 BY. F ZEAIAF 55 2 G 100 H (200332922505) Bt BY

Supported by Doctoral Foundation of Educational Committee (20030151005) and Ministry of Communication
of P.R. China (200332922505)

Wk B 8 2005-10-10 Y&k Hs B # 2006-1-4

Received October 10, 2005; in revised form January 4, 2006




814 H ) (a ¥ i 2%
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R; : IF z1(k) is M}, and - - -, and z,,(k) is M} THEN x(k+1)=A;z(k)+Biu(k),i =1,2,---,r

(1)
Forbr EARIILEL, M2 (G =1, -, n) ZBHIE, n HEANZRE, 2T (k) = [21(k), 22(K), -,
zn(K)], 2(k) 5 w(k) 205 B RERPRB RS A TR, RS, AR
ARG SRR AL T 1%, AURI P ) 2R Sy S AR AL Oy -

z(k+1) Zh k) + Biu(k)) (2)

e, halk) = [T M5 (k /ZIUW% Mj (5 (k) e (k) JR FHUBISE M] Ayt
JREE. X TFIFFRRLE

x(k+1) Zh (3)

B Lyapunov B#%, FIEBHER RATREEN RS FM4WT:

FIB 1. HEBMEL x(b+1) = [(2(h), a(k) € B, f(x(k)) 2 nx | B FIRER,
FLXE B kB2 F(0) = 0. METE a(k) LS FRREE V() WE: 1) V(0) =0
2) X FEAR x(k) #0, V(z(k)) > 0; 3) 24 [[x(k)|| — oo Bf, V(x(k)) — oo; 4) X T AR
x(k) #0, L =V(x(k+1)) - V(x(k) <0, BLREHFHEIRE (k) = 0 MEFEW k2K
JEEWr R E R, H V(e(k)) & Lyapunov B3

FT A3k Lyapunov B %, SCHER [1] 7581 T H @ B AL T-S BOM) RSk & ey & 22 2.

EIE 2. X (3) WER REAE VAT S RTEE WL fa e i 7e o s 02, FE—Padtw
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EIE 3. KX (3) MBI R GEAE T4 A0 K0 W i B e W Fe o S R0, FETE I
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538 1. ¥ P, P, F1 Py ¥ 2k n By IE @ I, WRAFAE n MY 7 AR B, {15 ATPA-P, <0
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c=1

Z/\V (k + 1)) Z/\V Z/\L <0, W V(x(k) Wik eem 1
1 4). ﬁﬂajc*m?k [4] B 2, ‘I%ﬂ&%rkxﬁﬂw?ﬂ*ﬁﬁﬁm%ﬁﬁﬁ Pi(2 ) W2
ATPA; = P <0, ATEREE (3) F2 VA0 iRV BT RE - O

ELTEEM AT, BN L RAER AT P A - P <0, KA ' e {580 AL
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i 2. EHE 4R RGERE PR R A8 ROy (27) XZ ). R, EH
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MAFEIEE R P (2 P) 2
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G;I;{;‘PlG’LkZ — P, <0, i,k,l € {qujﬁéi\ﬂﬁﬂ"mug%}a q=12,-- '7Z(mj - 1) (7)
j=1
HH Gi = Ai — BiKy, Gy A% ¢ M ERRIEBHNA, m; B j A5 N2 B RI%L
WUEBR. %5 PR TE ] O 12 55 2 4 Y IE TR
4 PiERp
AR SCHR [3] T — IR B L T-S B R el F AT AT, ZREH

R; : IF z1(k) is M}, and z2(k) is M3 THEN z(k + 1) = A;z(k),i =1,2,---,16 (8)

Hrt, z1(k) 5 xo(k) BB KI5 Fi(v1(k) B F3(x2(k))(t, s = 1,2,3,4), WE 1 FF
. HH M} = M} =M} = M} = P}, My = M§ = M] = M} = F?, M = M}° = M}* =
MI? = Fp, MJP = MI* = MY = MJ® = Ff, M} = M = M = MJ* = F}, Mj = Mj =
MO = M} = F2, M3 = M = M} = MJ® = F§, M} = M§ = M}? = M}° = F}.

L [086 022) 086 0.4  [0.86 0.15 [0.86 0.11
"7 looe 086 7 |o.os 086]" 7P lo.0o5 086]" ' [0.05 0.86
[0.86 0.12] 0.85 0.05 0.85 0.07 0.87 0.06
As = , Ag = , A7 = , As =
10.05 0.86 0.05 0.85 0.07 0.85 0.06 0.85
[0.85 0.07] 0.85 0.06 0.85 0.07 0.86 0.05
Ag = , Ao = , An = , A2 =
10.06 0.85 | 0.06 0.85 0.05 0.85 0.14 0.86
0.86 0.06 0.86 0.06 0.86 0.06 0.86 0.06
A13: ) 14 — ) 15 = ) 16 —
0.14 0.87 0.15 0.87 0.17 0.87 0.21 0.87

ZARGIAH 16 ZZBURIAN, FFi RSB > RIH 26 0F. T LML 773k, BT EHE 2
FERE 3 435K A 16 4 L 256 D AFEARAE X (8) MR, HIRMAIAILIEE R K
L 16 AMIEREMFE, Pride sl 2 ME s 3 kARG A RE. mE 1R, RELE
9 MEBRLEMNA. @i LMI PR ER R ERNHFRE] T 16 MIEEHE, Briih
SEF 4 FTRLHIE R (8) MMM R R iy, 7EREW BV @ B 4 KA 144 4 Lyapunov
AEX, HEXEAEXF, F 4 DAFXGHEAFXAMRA, BN A 877
LR FRM 100 AAFERX, AT (3] FTHRRME 196 MAFX. FTRIEEHE 4§
ARE, XTI RGEHEAT T EBIE, (FESRIESE T RRESFYIMHAG THRE,
Bl 2 A& @o(k) = [-0.5  L5|T BERGEH AR &

b _ [07465 015807, [0.7625 0.1209] ,  [0.7666 0.1256]
"7 lo1580 0.8377]7 "7 01209 0.8194]° " [0.1256 0.8158
[0.7758  0.1122] [0.7682  0.1109] [0.7734  0.0805]

Py = , P = , Ps =
10.1122  0.7989 | 10.1109  0.8073 | | 0.0805 0.7893 |
[0.7867 0.0993] [0.8044  0.0939] [0.7830 0.0919]

P = , B3 = , Po=
10.0993  0.7857 10.0939  0.7777 10.0919  0.7679

~ [0.7913 0.0865 ~ [0.7988 0.0886 _ [0.8326 0.1271
107 10.0865 07660 "M T |0.0886 0.7613]° " | 0.1271 0.7661
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_ [0.8086 0.1194 _ [0.8186 0.1252 _ [0.8252 0.1302
B 01194 07608 T T (01252 076117 T [0.1302  0.7410
0.8436 0.1558}

Pig =
0.1558 0.7390
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Fig. 1 The membership functions of Fig. 2 Phase portrait with xo(k) = [-0.5 1.5]T
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