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Development of Robust Fuzzy Controller with Relaxed Stability
Condition: Global Intelligent Digital Redesign Approach
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Abstract : This paper presents the development of digital robust fuzzy controller for uncertain nonlinear systems. The proposed
approach is based on the intelligent digital redesign(IDR) method with considering the relaxed stability condition of fuzzy control
system. The term IDR in the concerned system is to convert an existing analog robust control into an equivalent digital counterpart in
the sense of the state-matching. We shows that the IDR problem can be reduced to find the digital fuzzy gains minimizing the norm
distance between the closed-loop states of the analog and digital robust control systems. Its constructive conditions are expressed as
the linear matrix inequalities(LMIs) and thereby easily tractable by the convex optimization techniques. Based on the nonquadratic
Lyapunov function, the robust stabilization conditions are given for the sampled-data fuzzy system, and hence less conservative. A
numerical example, chaotic Lorentz system, is demonstrated to visualize the feasibility of the proposed methodology.

Keywords : Takaki-Sugeno fuzzy system, global digital redesign, Lyapunov function, norm minimization, linear matrix inequality

L M2 ollem, By 9 o BXg PHE 53l o)At} Al et

AFEZN A AHEEE IR SUES dE Ate=m = 53 A 2o oI AVNE B8 A9 AdH A
EdEH, o]& Aojgte A dAl 4F AlZE 7NkozA g o] F1A} A THI.
== g} H vlo]aR ZTIAM 7Rt Ao] 7]He) £ =RoAe 71 tAE HA) A7) AAl JolX F
wasbds dgAzker PP E hAE ZHES OiF o g3le HE 2HL At g ol YE9
YA Alej7] A weto] Hd] =9 1 gt ol9) & A Ao 7igollA St E FAL =2 & u) tFo] A&
2 @ FAA, gAY A4 7A(Digital Redesign: DR) *§<te] F702 Ax®lo] 7td Qe R ARE HUHE
A9 & AA B AEAIRE Ao71E Bk gHE" A7 2 W Fo24 Ao]7] AAlH] BolFtEF sheu] 11 HF o]
HEAZ 4 dE A Wtolghs HoA B F5E UTH7,8]. TS #H#| Bz vehyojzl EgaAde] 34 v
Flanii-il= A8 A|zEoAe] TAE Ao} o] 58 T3] $3te], Fof

Kuodll 9]} 2 Alkg DR 71¥L1], 7] A3 =9 2 FAE 7R ofgd R Alo] A|2j TAE Ao] AL
Eof tiaixwt AFEgeHR25], F o 343 vy EW 7+e] = A #H243} EAl(norm minimization problem). 2 7+
Eo tigt 71 Joool o3 HEo2 ARFEATHI0L A5 T3l o] & A% WY F-5-2(Linear Matrix Inequality: LM
¥ tA9 A4 Al(Intelligent Digital Redesign: IDR)°|2} HH ¥ Ueraal 815k, 2] ¥] o)} Lyapunov SRS ulghe
o] 7I& 7|&¢] DR 7IE ndE 55L& B Aarle) 2 3l e Aag] Aelde] ¢ElE Aw 208 P
e g a9Hd HA4 7EE Ao v Al =k o)2 Q] tXE AlxEle) I E P E
Y ZUE Ui O™ Ar|E aFAH 22 AE F U B3 w) do) a2 g EE Lorenz Al&Hdl 343}
Al 3k5ich 283 Lee® 7129] IDRe] 7H4 1 U A9 o B =19 9448 453kt gk
e Felele SAIRE AGE A BHeE Eod A £ =89 e O Zoh 28N e AMEE B
22 7IWUE A= BFRATH3L el Am e, 334 DR 7' thal oA |k 2

ole}k tEo] 7Rl DR 71y HAl s ATFHJA i 48N E EE 214 E gAY 7o) LMl FH
Chang2 B34l Zghel AlxEloA 9] DR 7|HS At 2 JehlolAn 5™ 480 73 232 EE Lorenz
st o1], Alete 7] A A9A H2o] ofd AY Alz=elol] H-&31A Hr}. A Hre 2 cHolM= AES AA
2 e Aoz st dAE WEH AZolAM T frast 3l =8-g v AA Ak
ok agla Al AAe AR FA] uEEA] &k A
ape] o)A =R-2 B¢ 7l DR 7IHel tE A7 A IL £F Lorenz AlAH

= A ZHE & 7o z
* F )] R Corresponding Author) #E Lorenz A2 = Aol Hehio] it

=EAS 12007.1.5,  AEEA 12007.4.5.

A3sl, whe) ;. ANk A7) HRE e Ak —ox+oy
(casfirspear@control.yonsei.ac.kr/jbpark@yonsei.ackr) P yi=|mx-—y—xz Q)]
2R, FRE « PANTE AARRTER z] | w-bz

(kik242@kunsan.ac.kr/yhjoo@kunsan.ac.kr)



% 1. EE Lorenz AlZ=H9] #Z.
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