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Stability Analysis and Guaranteed Cost

Design of Fuzzy Systems via Piecewise
Fuzzy Lyapunov Function Approach
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Abstract This paper deals with the stability analysis and
guaranteed cost design of a class of Takagi-Sugeno (T-S) fuzzy
systems. Based on the structure information of the premise
rule base, a new Lyapunov function called piecewise fuzzy Lya-
punov function (PFLF) is proposed by combining the fuzzy Lya-
punov function (FLF) and piecewise quadratic Lyapunov func-
tion (PQLF). A new parallel distributed compensation (PDC)
controller is also presented. Based on the PFLF approach, a
stability analysis and guaranteed cost control design method
is derived in the form of linear inequality matrix (LMI). This
method inherits the advantage of FLF and PQLF. Simulation
results show that the stability analysis of this method is more
relaxed in addition to the much better guaranteed cost control
performance.

Key words T-S fuzzy systems, piecewise fuzzy Lyapunov
function (PFLF), parallel distributed compensation (PDC), lin-
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R?, R* Fl R®, LN T RGN (A1, Br), (A2, Ba), (Aa,
Ba), (As, Bs). UM 1, ATHEMS (Aw, Bi) M{EWER 1 Pios.

4 11 = 0.8, 12 = 0.5, p13 = pra =1, gpo1 = --- =
Q24 = 1.5, @31 = ¢33 = P3a = 1.5, ¢p32 = 1, ¢a1 = a3z =
¢aa = 1, paz = 0.3. RHTH 2. T 3. Mg 1 LLECR
[11] FHERE 2, 43513 T PFLF. PQLF. CQLF Jikil
IRBORT R G I LR T BETE AT . 4 EWIERIRES A 2(0) =

of the rule premise

295 —1]", ZMIEFRAIFR v (HE 2 P,

#1 (Au,Bu) Wl
Table 1 The values of (A;;, By;)
=1 1=2 =3 =4
i=1 (A1, B1) (A2, B2) (A4, Ba) (As, Bs)
1=2 (A2, B2) (As, B3) (As, Bs) (As, Bs)
1=3 (A4, Ba) (As, Bs) (A7, B7) (As, Bs)
1=4 (As, Bs) (As, Bs) (As, Bs) (Ao, By)

#2 fRfEREy
Table 2 Guaranteed cost v

5 Q=0.01I, R=05 Q=1I R=10
CQLF 4.0928 21.3487
PQLF 2.5337 19.0954
PFLF 2.1506 13.1864

% 2, XM PFLF AL LIS 2| CQLF il PQLF B
IR e bR, 2 2(0)=[2.95 —1]T X Q=1 R=
1, KH PFLF J7ik, nlf3AH N 1) S Bk B R

Fu= [2 412 4. 384] For = [—4.257 —1.343}
Py = [4 869 —3.985] . Fu= [ 4.148 —1.100}
Fia = [0 136 —0.958] , Py = [0 137 —0.958]
Fa=[0015 ~1207], Fu=[0153 —1.200]
Pig = (5076 —4.383], s =[-2411 —2.766]
Pag = (2053 —0.858], s =[-2515 —2.249]
Fi=[-2431 -3, 848] 1= [2375 —1111]
[ 2.000 —2. 531} Fus = [5 436 —4.221}

PRAE T-S ROR) DX s Y A AR REUE PR A 3R IR JEFE Py

K

[10.37 —2.57 [10.59 —3.14
Py = Py =

| -2.57  5.96 |-3.14  5.80

[10.59 —3.14 [10.64 —3.08
Py = , Pn=

|-3.14  5.80 |-3.08 5.8

[ 1.48  0.0004 [ 1.48  0.0003
P12 - 22 —

0.0004  0.300 00003 0.300

[ 1.48  0.0003 [ 1.48  0.0003
Psy = Py =

0.0003  0.300 00003 0.300

[10.14 —3.03] [10.73  —3.71]
Pz = , Pas =

|-3.03  6.07 | |-3.71 5.900 |

[10.73  —3.71] [10.85 —3.64]
Ps3 = , Paz =

|-3.71 5.900 | |-3.64  5.96 |

552 —0.99] 558 —1.36]
Py = y Pay =

|-0.99 281 | |-1.36 2.69 |

[ 558 —1.36] [ 558 —1.36]
P3y = y Pu=

|-1.36 2.69 | ~1.36  2.69 |

XoF = FAN ] 7 VR BT AR I 4 ) R G HEAT 1 1, 18 R G0IR
AN 2R W 5 RN 6. A =RV T AR (IR 2 i 8 i 2k
AT LAE L, SR PFLF JiEAR T AR R 5 vE B 51
FEiIbE R, MW T PFLF 7R3 4E T-S BOmEHl R g it
A R
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A SCH PR R Y Lyapunov PR #77%, Bl CQLE Rl
PQLF A4 G, $2 T —MELE R S08 1) Lyapunov i
H71%k — PFLF Jiik. 0 TR RO &R e AT RS 1t o
#t, W% PFLF #LLF CQLF 1 PQLF HAT 5/ [~y k.
HET 7B PDC #Eii5ems, ST LMI BB R Sed it
PRPEREE R i, 4 R W], BT PFLF Jii
0753 T DA B M R M Re b, BHOGEiW] T PFLF Jf
EIRERYE. 2, PFLE MAAAE vH B I KIS, A
FEE— P AL
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