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Abstract: We investigate the design of a non-fragile dynamic output feedback H-infinity controller with finite word
length (FWI) for fuzzy linear discrete-time systems. It is assumed that this controller is with an interval additive gain
variable which reflects the effect of the word length on the numerical execution. The introduction of the fuzzy property
increases the complexity of the controller design, making the problem more challenging. To deal with the numerical
computation problem, we employ a structural vertex separator, and develop a LMI-based 2-step method for designing
the fuzzy non-fragile H-infinity controller. This design guarantees the asymptotic stability of the closed-loop system with
desired H-infinity performances. A comparison between the proposed method and the existing method in the design of the
fuzzy non-fragile H-infinity controller is provided, and a numerical example is given to validate the analytical results.
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i=1,--,q j=1,-n,
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90]
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000 0 0 0
000 0 0 0 |
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AQSst - Dl?s Z Z 6C7.jg.] 7
i=1j=

QA @32), TS EIQDEMN T
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Qs + FL A + (FLAF) <0, (33)
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= 2L Q)M H O & 2 XBYHEFOM T
£, WSS oT.

2 WSCERIISIIT, AL o) R (B KO
(B 2 RGO E A sa = DIEFR N fEvertex separator!!?,
535 2 @A (34) ) vertex separatorff]OAH L1, B A
45 4(28) FLitE /L O H AT 45 #49(29)F1(30) [FI O Bk A structured
vertex separator. A4 [ T A 43 125 2 1) 5 | N KK kb T 75 22
SRARE A R PR MR AN S SUAN B, e T B v 5 ) R (R[]I
T IL AR B BRI, 251N — & R r vk, DR s B2 0 1
S L R ORI, R H2 R R T B S )
. 5y J7 T, salRERE/N, BTSN ER S /N, 75 S B
Wt BEER SERR )75 KM .

3.2 5wk ELE (Comparison with the
existing results)

R —/NY #E) A BTk B
S 2 AR T RO A G 99 Ho 35 B e T E T vk, I
FFX— 7V S AR SR R v AT LR

FRABLT SCHR[8,20], A S 25 AL A Ay, ABy
FAC, A AR s A sk R oR A g
fﬁ‘[lslz

{AMQ:MEam%Amfﬂ@a@&,

>0 (34)

Ackt - MCFBt(t)Ecv

(35)
Horp:
M, = []\4211 ManQ]’ E, = [E;fl E£L2]T>
My = [Myy -+ My, By = [Ey, -+ Ep,, ",
Mc = [Mcl to Mcnq]7 Ec = [E;Fl to E(;I;zq]Tv
H

Mo = €, Ear = 6?,
k=(@—-1n+ji,j=1---n,
My, = e, By, = h?,
k=n’+(i—1)p+j, i=1,---,n, j=1,---,p,
M = giy B = €J-T7
k=n"+np+(i—1)n+j,
i=1,--+,q j=1,---,n,
FIFL () Fig(t) < (68)21, i = 1,2, 3, (REARHE S
2, X HLS, 5 T 1 SCHTR].

HATYEHAA S A0 1 A2 B I ASOR I E I 55 30 A
HH BB H oo 28 4 BTt — AR ) B, 2R LT 5E
PR2, P28 1Y 25 Oy NI, % 00U A R T ().

H TR, id

FAst = NAkstv FBt = NBlm

0 SBZSMC 0
NM, (S— N)By,M. NDM,
Mals _ 0 DleMc 0 ’
0 0 0
0 0 0
0 0 0 |
000 E, 0 0
Mp.=|000 E. 0 0
0 00 E,Cy E,Co EynDoyy

1B E oy T A0, R SCHR(8, 201 O AL PR H A 5

B S AR ARG5S In) R 7V, BT YR AR

au AR 5 B A IS 95 H o 325 08 B v ml LAk el A
Gt AN S

Qst M 5a5Mags

x* —el 0 < 0, (36)
—el

BAHMARS >0, N < Ofidige > 0, H
—-S -85 0 # SA, SBi,]
_S+N 0 let Q2st QSst

* *

*
~ * * -1 s 0
@ = * * x -8 =S 0 |’
* * * *x —S+N 0
* * x % x  —21]

N = Chs+ D12sChy, M = S(As + ByCt),
HAlet :7(5' j N)(A{_‘_ BQkat) + FAit +FBtC2s7
C_)Zst = (S_N)As +FBtCZS> QBst = (S_N)Bls +
FBtD2ls-

W5 B B GO EH2Z R R &,

I 6  FIERZQ), WRLKMG6) AT, WE
F2Z5 e vh S At T AT

iE - WLOCHER[21).

E 3 MBIBESAT LR H, £1FGO)E H M, = LI
SE 245 W AR A NG 59 Hoo I8 I 2R AFAE AR 5. SR, IE
WA2H TR, sa = L BIE 0AE IT3 O 725 ) B 2 A 1 L.
Ak CA 1O T R Ya 5 S8 B 25 AR e ) AR Mg 59 45 S22
PEA S AT H BT I 5 T R s R R
3.3 WUk WI 46 B Cry(Design initial matrix gain

Cht)
FEA N TR, RSO IR 25 R ()



606 2 N 7t S R A A | #2945
771k UE iR W] SCHR (1577 AR W] 2R ABL, 37 2 WLSC
ZIERKOE AW E TN AA(a) = 0OF  BR[I5].
ABy(a) = 0, RARSfiR T 4 IR, fEAAL, =0, ABy, = 0, L EA
u(k) = (Ci(a) + AC ())& (R). s, R
JZEAC]@(O[)EEU:;S)EPH/‘JI'_’EX*EE 3.4 ﬁﬂi(Algorithm)
1%1‘%%{1?%%%%(37)%%%(1)@%é\, AR LA A3 R30I ey 4 ke, 1] B
FUI PR A FHE AR R P S
{ xe(k) = Aedc(a)xe(k) + Bedc(a)w(k)7 (38) ﬁﬁ;‘;
z(k) = Ce(a)zo(k), B EAMX >0, Y > ORILMI39)1 B il
o T B%A/MJCV- B P A5 20 (1) B AU gl o X = Xopt Al
Aeac(ar) = Cy=Clopt- H1:0(40), ﬂﬂ‘ﬁ?giucktoptzctopt)(@lt-
%Zﬁ U'iHEth = tho ts E%ﬁ:FAsuFBtaNa
Bk(i)(g)z(a) Bg(a)(ckzzo—; ACka)] S, P, Py > 0Py > 0, HILMIs(29)-(30) 6 [
Bi(0) T MMey. Taﬂiﬁﬁﬁz‘l?—j‘]N :a Nopt, FAstT:j’Astopt*ﬂ
By () = Bk(a)ngl(oz) . Fp, = FBtopt; R 0(22), Ak = (NT) ‘Fﬁ(‘stopta
By = (NT) 1FBtopt, )”JJAkst, Bktiuokﬁ@ﬁk@%ﬁﬂjlz

LI, () 5 2(9) T 95 AR

T 52 LGS Y T RIAAHE 25 4 C () IR BT
ik,

EE3  HIEARZW), LEH ey > ORIt > 0.
MR Ay, B, Gy X > 0,Y > 0, A5
£ > OIS THI I 22 M I A 285 2 Pl

[-X -1 0 AX+B,C, A,
S Ay YA+ BCs,
* x =1 C1,X + Dp,Ct Cis
* * * - X — 71
* * * * -Y
* * * * *
* * * * *
* * * % *
R By M, 0 ]
Y B + BDoy, Y By, M, 0
0 D1o M, 0
0 0 £ XET
ool <0,
0 0 0
—2I 0 0
* —e.d 0
* * —ed
] (39)
T2 1) B (37) LA i 25
Apse = (X' —Y) YA, —YAX—
B,Cy,X — Y B,,C)) XY, (40)
Bu=(X"'-Y)"'B, C =CX". (4D

ek T AR GEC) AR ARG 55 H oo £ 15 1] L.

G 55 H o 455 1l 25 1 2.
3.5 H. Mk #EF8 A5 4l vh (Evaluation of H,, perfor-
mance index)

e B2, O T A RN 1w A, A kAR
G S5 BEAT BRIRIS), X5 3 B M e R bR
THME A — @ BRI RN, 6T 2tk i
P, TR G G5 76 BRI A8 50 JBT A T H o 1
ReFBE bR, LA/ IR S

M HlEs S HUR A, B FICHE L 50, 78 Bl
MM G.u(2) 1< v T /My inl @] DU AL
QT S B AN X e

P-G-G" 0 GTA.a) G"B.(a)
* —1 Ce(a) 0
* % — P 0 < 07
k % * _,.YQI
Gaij» Obins Octy € {—04, 02},
’L,j:l’,n7]{;:17’p7l:1’?q
(42)

XH A (), Bo(a)FC, () R AER ) A E L.

AL TS A5 FL S R AR AR AR AR, (]
FERAT B VR ) 300 8 Rz B &R, R T
(15| BRZ5 T 36T S5 R (R T R 0 5 o 1) g v

i

G = {9;11 Ga12 - QZua]a

G = [(9321)T (9:22)T ) (g:ﬂa)

g;lk = [(OIXn e;r)G 01><q 01><2n 01><7‘]T7

s _ T .
Gaor = [O1x2n O1xg O1xn € 01y

e, @)
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PS5 ORI e 55 3 2 R I H oo P28 5 v 607

Mk =n’+(i—1)p+j,i=1,--n,j=1,-plf,
gjlk = [(len eiT)G 01><q 01x2n ler]Ta
gzzk = [le% 01><q h;rCZS O1xn h]TDms]?
Yhk=n*+np+ (G —Un+j i=1,,q j=
1,---, nit,
Gorr = [((B2sgi)" 01xn)G (Di2gi)"
01x2, O15r)7,
ook = [O1x2n O1xg O1xn €] O1xnl,
A
3137 FHEXD). HEFHHY > 0,0, > 0M
PEHI G S B FE Arsr, Bies Cree W|| G [|< yXEIT
1485 2 2 (7) BB BNOS,, 0L, AL, ST 075 4 4 1
T, FAE ARG, AN IEEHFEP > OLL & —
AN KRR A FEO FL AT 45 K49 (28) 1 45 3R (30) Rl THI ) £k
P AN AT

T
[(C?;)T Gd‘“ + Goazg 6 GSQ? <0, (44)
Hrp
P-G-G" 0 G"Awy G"Buy)
* — I  Cus 0
@t = * * —OPt 0 ’
* * * -1 |
H
Acost = A, B2l y DeOst — B | )
BktC2S Akst BktDle_
(45)
Ceost = [Crs D12sChi- (46)

UE g B2 UE SRR, X HLAT .

E S TR B oo M R RR, T 2
TS AR G A5 R IR, S BE745 H T L e B2 HE R AT
PRI 21T

4  F{H %]+ (Numerical example)
FEATS 45 MR J s T th B A
JIfE 55 H oo 325 1 25 B UEJ7 VR A R, ST HET A DT i
WHTNE S CA W S T VR T B
% 18 BN B R (D R = 281

0 =10 0 -1 0
Ai=105 -1 1]|,A4=(1 -1 1/,
05 —-11 05 —-051
—-05 0 -1 0
B..=|-05 0|, Bi2=1|-05 0],
-1 0 -1 0

1
Bgl — 05 3 B22 - ]. 5
—1 —1

1 -1-1

Cii=C,y =
11 12 [0 0 0

] ) D211:D212:[0 1]»

0
021 = 022 = [—1 1 - 3]7 D121 = D122 = [1] .

226 ) - BR UE BT H o 358 1) 25 e v 7 v, 19 25
M H oo PEREFEFR A yope = 3.1712.
e B i il 28 2 A T (37), 8L, = 0.05,
£. = 146.9755, Jl il e BE3 AT LTS
Cri,. = [0.2311 —0.3352 0.3492],
Cha,, = [0.2412 —0.3317 0.3683].

4.1 L (Comparison)

TEA/NAT R, 430 s o 5 AR Be) Rl i th 5 v
€ B2 B AR, g AR PR REFR bR, BB
FEOL = 02 = 0.006, F A 10w v i #)4h 74 1l A%
W4 25 Cha,, M Cray,,s — 7 A B S5 (36) BT
g, & ST RIS N K. 53— J710, A
SEHE2, 4l ELs, = 15H01s, = 5 Uit #%, & X s
BB E5 73 90 N Kin15(5a = 15) MKp5(s, = 5),
PR T AR B H PERE I R 1L = 62 =
0.006)25 H 347 LeEs.

A1 @7 2] 09 Hoo M AR 38 AT
Table 1 The obtained H,, performance indexes

FAF(36)  EH2(sa =15) EH2(sa = 5)
vy 4.0713 3.59716 3.5712

RKURR T P H g st ks T 11
H, e
4.2 H. B vh(Evaluation of Hy, performance
index)
FIH E TV v 15 2 45 il ds, 51 BE745 SR i
I H PR Rl TE. 15 215 H L M BEAS I th 22(0)
= 62 = 0.006)45 H I AT AR,

AR 2 FIIRT7E 09 H M AR
Table 2 The evaluation of H, performances of
Lemma 7

Knm Kin15 Kin5

3.9123  3.4741 —
3.8901 — 3.4120

Y(sa = 15)
y(sa = 5)

MAR2HFAR S By 1, 51 BRTES S 47 K 1 RE A
. (R B BEA H T o S R0 (1 e T 5 VA (R DR .
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