J S oo

|
S ISSN (print) 2008-8345
c ISSN (online) 2538-3752
E

VoV-VIA domio V¥4 liese 5 oF Lo ) Pl st

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

N odliial b 9i5 gu— FTUE S36 Slpiumw (795 s Ho, p3lie J 8
190 pé SPnld (e i b (om Flo GGl
Ty 015 esl 30k el o' (6 i L e
nasiri@hormozgan.ac.ir (& ;s s ol&als ¢ owdiga 5 o5 0aKil> bkl

baranzadeh@hormozgan.ac.ir (o s a oKils ¢ pwdign 5 5 0dSCiils )bkl "
rashidi@hormozgan.ac.ir «o& ;s » o&asls ¢ wdigs 5 5 0dStils ¢ybslal ™

WA/ AT 1y VAR FIYA T il WAV Y/ sl o

S 57 S0 Ho p3lie 287 5lsll 6l o255 dLMI) Y (ot o ke (g 5l 5l osliznal L lie o) 53 00y
S g 55 g SUTL (glapis TS dlablone Coale (2l lite sy ol 1 (Znlad pte (sl 55 g = SIS (50
B e ) e Wl o B b Sl b ele IS0 b (sl 53 el 8 8 15 sl 3550 155 2 LU ol )
s Hoo pslie J 557 ol 252 512 B Ll 2 1550 b O 5L b jleslial bt oo jio & OT Hlutie Calgs 5o Lol
Sluge K St 2a) 4 S pme eSS 2 ledsy plo b amlie )3 (o3lgthy o) o8 ol ol 031 OLES 5 caulons 5 5

el 0 Ol (630 (Siland gl 5 b I (galgidey oS J xS 3 Slas LIS il dal g (6 28 (6,15 dliblons

Hos ¢ 5lie J 28 0585 b B wb (s &S0d (58 um SIT6 (636 Jibo ¢ ot 2 (gl pis 1SMMS™ OlolS™

Robust H,, Output Feedback Control for Takagi-Sugeno Fuzzy
Systems Using Linear Matrix Inequalities: A Non-monotonic
Lyapunov Approach

Alireza Nasiri, Ahmad Baranzadeh, Farzan Rashidi

Abstract: This paper proposes robust H,, output feedback control stabilization for uncertain Takagi-Sugeno
(T-S) fuzzy systems via linear matrix inequalities (LMIs). In order to reduce the conservatism associated with
T-S fuzzy system, a new form of non-monotonic Lyapunov functions is used. In the non-monotonic approach,
the monotonic decrease of the Lyapunov function is relaxed which enables it to increase locally but vanish
eventually. Based on the non-monotonic Lyapunov function approach, sufficient conditions for the existence of
robust H,, output feedback control stabilization are derived. The proposed design technique is shown to be less
conservative than the existing non-monotonic approach, namely, k-samples variations of Lyapunov function.
The effectiveness of the proposed approach is further illustrated via numerical example.

Keywords: nonlinear system, T-S fuzzy model, output feedback, non-monotonic Lyapunov function, Robust
H,, control.

1 Linear matrix inequalities
2 Conservatism

[ DOI: 10.52547/joc.14.4.107 ]

s sb i ol i o5 01y 353 131 5 IS Oludige el o 28 dloes S W e 1058 Ll edge skis 5


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

15 Spmld ha) s o Sl Sl sl 3l o3lizal b 5y SIE6 (556 slapim (9 5 EKkd Hop pslin J 25 VA

Sty 13,3 oyl ol (6 i Lo e

dal glagsluel S 4 e DL skl iy Sl esliad
g o Dl g Ll 35 (e b Ly pae w5 g 0 ST
o Al Ssslal pp 4 IS g Ll 8 e s
Cebagt a4 50 opl & okl B b os a4 s des (LMIS)
o g3 ST, A[V].t.:v\,at};-r.:..ﬁ_.wp &S absles I 1530
ol slgihey () iBlos | Glas s suoms 28T (gl os B3 53
Sl gl B S w5l e p 3 oSG ol Jyl gy !
LU w15 8] 656 (Al eSS 2y 4 05 b ) opl e )
305 033 sy 03 S T 51 S5 L s [V ] e 8
B pde 3l oslinel b )l dlablons 2alS 05 0 0dsl 5 1555 2
o €305 2 5 S Oloj s SLU Wb 51 20l
S 4 s i ol 3 S Dole 4 VW] 5,8 e Dy
458 55 T Wpgq <V gm) Jsne (slf,a): sy ]
23 J3 Bl (So S s SB35 el oSl LU U
23 ety ol e 53 [N] A4S e i a4 Sl
(W] s pe psha ol 43 5 ol 1555 1 sladsy posas
) e 53 BB DIk el S S B GI5S el
Jaldte sy 4 S gy ool o8 00303 O 5 oy Vigp < Vg
abslows (5115 18] 1S DL b o 5 IA] e 5L
kol LI5S e S5LU ab 5 IS Sl 28T o)
DYAY] 53 ol ots @I NYF] 5 Vg < Ve om) (1465
5 5m S (56 gt @l Sl $Ks oS J 287
[VF] e 05D ol ok sty ol pte gyl S Ol
o LY ] sl osls ) s 438 J 557 (5l sprlie iss
JAS 5 b DU ol (58 s S 556 de ) 6,8
Sl S i 55,n0N-PDC ¢ 5 PDC (556 (sla oS
:L@.'..':...vﬂpL&.«&ha&fd;fé)l.gk&bﬁjfljb):é)\f&éw
SEadde e 5B G odiS J xS By cpl ys .l odbiesls
ezl (s b e (Ml randT oM o Lo o1 b
s3doen (5551 b SRS (53505 S 5 w8l S 55 s o
o G e Sl Sl sl 3,55 L[V ] e T ity
s S b Sleslinal b pglie (656 0diS'd 257 1 b g
cl: 5 eslazul &Saas oo Ol b (g5lwand @Lﬂ Wl 03l sty
A 4z 5 5 gl Ll d 5l )l 5 Eel g5b 5L
(ot DS B ) lealial L[YY] o050 o (618 alablone
,u,,,;,w\aufl,bdbs,;suwélm,uﬁﬁg,)&
3T la s Sl S5yl b b 5 e L o
3l S el AT (o Gy (ast oos le sl (5Ll S
DAY o s Ot  shagie 1 s oS
bilos L (o s jle gla (olesl Ll 5 550 0 Lol (gm0 8

doddo -

IS5 ol Al WS 6558 55 Fles e §I S
IS Sleos5 5 ok & Gl 3 ol (st 18 Glagpt
Gy daldne S0, &K lods b s a5l g5
ol s IS Al g T (5l s (s 8 gt J 28
A Al e (6] (53t (Sl plome Sl Ll By ol
‘_;La(.:%:.ﬂ Silwdde L3 glaaas 5 dalasgdow ol ade (ol
3 Sk s 5 3550 58 pom S 56 Slagiom 0y 5 s
St Giledde ¢l Gy o 5o Il w5 3 s
Cl:;:..ﬂl Cand 33 .5 55 0 03litwl (631 1l 68 51 (glas gazes I Jast &
ol S b 8 s st slads Sl (slae sazma ol )
de 5ot Juaze Sy 4 36 Sl mls oSS o ke
PNl Sy S wsledde Sl g ol asboe el s o
o Sl B sl ooy (o b Glapten (S lp
) 58 5um S Je &S & o b e IS 5 (6510
e (oA e S Dol dlo o g0 ol g 53 4 Ol o0
Il s o pr 5 55 g S s Sl ool b e
Jsl a e 55 ol |5 ad e 51 edeT oy Jis (6155 oS J 287
G Gt 555 (S S 4 ads) (o e
36 oSTT =57 ool Ol &S5 L (R 25 R 39500 03)
LgcC.M\oxfdfff\jb%ffr}:%sz.:ﬁ@qraj
oS J 2 K (e ) A Sl a2 IS (35 5 s
SlaolisS J 28 den lio (536 oS S 2l o6 sk e b
ol oyl olg oS J S Cole gl edd b
«€ (PDC) (s5lpm ok w5 Sl oS U3S ~1b i)
b B S oS U S el gl 530 (Y] 53 [V ] 555 e
Wl 0l plnil iz 3 o S o506 St (51

75 56 o (S o5 LS ¢ bl (Sla gt 31 S5l
Glesy 3l (S eSS 4 o8 el s ol ol Ll 13 ikl
sl 3 (S Hoo pslie J 8 b 2alS T 1 pglie J 87
ol 3 Hipdigr 5 4 (il i e sl T Sl e
Ol a5 03p (b ilal U Cod oa (et ST Ol
(n Sl 3 L sl Bl s 5 OT ledle ales (6,8 o500
3 S 035 S Hlite @ (g S pslan ST
s b [Y] 3505 oalial plazbl (gf 5 4 os J 257 o &
[F-F] 03 (s eKdd (slaoiS J 8 5 [¥] 5o Hoo pslin Sl
Wl 3 8 N5 gy 350

b e 53 5 55 s SIS S s I o (IS sk
Sahen ol LU Skl ) sles p bidee baouiS™ J 2857

2 Compensator

! parallel Distributed

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

Ved 155 Spmld ha) s (o Sl Lo slasls 5l o3lizal L 58y SIE6 (556 slapimm (9 5 EKkd Hop pslin J 25

L;J._J:) Qljjé La:bb‘)l{ Kves| LL;ﬂ.aJ Lp,}f—

Rule i: IF vy, is M} AND - AND v, is Mj, THEN
Xepr = (A + AA)x, + (Bx,i + ABx,i)ut + Dy jw;
Ve = Cyix¢ + Dy jwy
Zt = C,ix; + By ug
")

W, € R%,y, € RPY,z, € RP,u; E R™x; € (G abal, o
oA elish J S s 83055 (Il (sl e o 5 4 RT
odel el | KL € Kpp bl s plizil 6; ol
0 (Ve = [Vir - Vor]) (ot slo pite Uy ¢l 8 31U T (556
Al o Sy e il ME UM 5 (b b sl e sl
U1 55 Ay Ay, By iy ABy i, Dy i, Dy, Coty Cop 5\o s 5l
Aas (5150 o 80ka Sle 656 51 aslizal b dzes Clis sla
25 Bk 25 pp w0l e (V) dal) i Sl 56 5 o
Xtp1 = (Ai(vt) + AAi(vt))xt + (Bx(vt) + ABx(Ut))ur

+ Dy (ve)w;
Ve = C,(v)xe + Dy (v )w, )

z; = C,(v)xe + B,(veu,

My Mi(vee) N
| M,i(v.m) '("1)" 95 tdm.\) 3

2i=1i(v) =150
[AA(w) ABv)] = Cope & 35 e Coakd e
A il el ok w8 L s HF (x,, t)[E*(vy) EP(vy)]
r-'\&)b\-wj (%] (‘}lﬂ‘E (Ut) }E (Ut)

L o cal 0by L e el b S F(xpq,t)

wi(e) = 0Ty S py(vy) =

J"‘Ss‘u”""b

3l m 03,87 1y F (o, )TF (xy, t) < 1
.,\J}L@sblﬁj,‘g:,ysuvjl.u{uduog{Q?l;ﬁ,’l&s
3P > 08 la, K ausl O lime e Sl 535G 5P S1Y0] ) f
:ﬁ)\JQ)}.ﬂJ‘
GT+G—-P<G™P'G

5t e S (U Fy 5o te Py Sl e (ST 53 (T Y o
oS o s FF ST S 6 eny 0l b e
1> i) 3 sl sl sl 115 Yo 5 H By sla s jile

Yo + ARE, + (HFE,)" <Y, + p, HAT + p BT E,

)

C EKI,TJZEKI,R CJL.:{/J(LJ d\,,_,.lm”lfblf\[f‘ﬂf w’
sl L5

!f A < Vi€eK,,

i
1 cick
r—1 ii +

1( cick €y Ck . .
lE(A”l +A1 ) Vi<i#j<r

)}JJA‘?‘)\J;J{]:.;){JLMIAKJT

i Z Z 1 W (W, (Wes1) X
=1 =1 j=1

Szl S S e de e T G 4 (ST )
g Al S 55 e el (gla (53555 5 oalad pde 36 ¢
St Sl L (- Sy b Al Y] &r
T P S P PR SV FRPESU e PR S P L
)5 B P wl g (o (o Sle Sla Solsl g, 5l S
d,:;fL;in‘J_\ﬁo,y;.wtouogu;ﬂiwrjjé\&w
SN Lol jen lagin ¢l o Sy (b g 5 Ho
IR ooy & s e Ol EE Sl el oslinal ol
Gl S 1 oo Lo i 503 8 Canad |y ilize | &K wH o
o s Hoo pslind 28 (b YF] o o s g0 4]
Sl o3l 515 anlllan 3530 1) Conbad e (5115 (56 (a1
b gl S= 5L ) el b Oolal 4 laws 6l 0T jo 8
o Glaodlas 5o 6ol Lol 05,557 Cunds 53 . Cosl 0 05lizl
T s 5 55 Slolons Sy 3 5518 aiblons 2015
sl Comge LU oy 3 eslimel Sdas s 0L g,lub
OIS o s dlons 3 6833 8 0 (6 2 006 Olizrl (sl (5,18 dlsblonse
AR e ol :_,:’-ﬁg'-l:

s 2l & S (s S Hoo pslie J 287 o JST S 5o
5 St Ghls S o olinal 155 2 BLU a5 ST ol
LIV Gl sas kb Ol ais o) dlie o) ool (6 2o sla 3l
3303 a3 o dr g s Kb Hop pslan J 58T 1 b s
5SS e e (A Al sl soletiy
Heo oS J 5857 ol b cpl ol Sl ol oslinal (6 2t (las slansls
Fap 3 eslial bl dlin ol ol Bds T (g S8
sy lp B Bl h (g 53 0,8 o D 155 LY
o g Al s e 5l G sl s Hoo pglie 087 J 257
S S Je 1 o Glaprn gl Al a5 340
el 0t e3lizul 55

@ Al gdud g0 2 33 S 3 1wl ) Dy 4 e sl
o i3 S S Shel mlE sk e ool s 5 slan
Il oS IS Gl (s 4 P ol SR Sl ek ST
.@la.&.ﬁ:o:)j-\—mﬁ)zkduﬁéﬁf@.:)bwwu&

Wlo G2 J g0 5 -

&S s O lize ok s oslgl s Kby ew a5 ()T Wl oyl 5o
O O 3T s b oy g 5o Ko 5 Iy ol O3l s e
3% 2 X(E) Cuomed AL o T X M 3lasl by Jdo o Sl okins
X)) 2ry 1, EN SKp o 2 {ry o1}

2i=1 ki) =1 5pui(we) 2 04 Xioq py (ve)X;

€S 33 58 g SIS (36 e oSl ST g0 p oS 55
:upﬂjﬁmcwlgﬁlﬁ;r»sbl;‘{

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

15 Spmld ha) s o Sl Sl sl 3l o3lizal b 5y SIE6 (556 slapim (9 5 EKkd Hop pslin J 25 e

Sty 13,3 oyl ol (6 i Lo e

555 )5 s p 3yse Ve s 55 Glhgeik Sk Lw 5 F

s g a5t OT s dlie ol 3 5k sl sl 5

ol W -V
L (PDC) ()lge ot 3L oS J S Al = 4 i3 ol o
SosS SleuS S b ol il i wls ) Ho, s Shee
By oo oslinal 1555 e O 5iLLS
S Ol b Hoo pslin (s 5 6S0dd J 287 s (stind 0
3,50k 5
r r
g1 = Z Z i (ve) #j(”t){/iijft + Bj)’t}
j=1i=1 i
A(ve, v)x, + B(v)y:

¢t Bj}’t} = CA(Ut)ft + B(Ut)yt
v)

E],C],ﬁj K S J,‘;{ LSLGCJB ft € Rn 4‘3}3 4.]@.‘) BE

U = Xig .ui(vt){éj
Aij,
V) 5 (") SYslae Lok W;W&),J@ Sl i slal (gl
Ll bolan 5 (sslaals 5 sl ;815 s Sk b bl

S p 02,51 2 1) o adsl

Y202 2e <y Do wy) W)
o3 oS J S L (1) dlaly 5 5 ST (656 i w2
(el Ol B 5 Bl Aty s (V) slan b ok
Xey1 = “E(Ut)ft + ?(Vt)wt
ze = C()X + D(v)w,

iommmen X = [x] R[] o> O aail 5o

)

o e (Ve AT <0 o
b Xerr = F(H) e Olj b b (Sl e [N €
wbls 35 V1 0x) V(X)) R® > R i 5 2,8 s

S Gk il
Sk L iVi(0) =0 #.)
Z{-‘zj Vi(x,) is radially unbounded V j € K;
(D)
T Vi) >0 Vx, #0,j €Ky &y

DV (x) = B (Vi) = Vix)) <0 %)
g el S5 e il Jalbe alais oS 1 oSST
e S sk JO mer Jol &5 Sl b AS (0 0L F (1) 4O
S Sl Bl gite Ol 1 aa a5 Olej 3 wenS Uiy
S g Jer e St ol 2V pled 5y o
S3bsa&KTai=1 k=1l glilal; =05 55
raman Al o 2aS V(0) =0 o (BF) b (P.)) Laly, 53 ol
Vie(ae) > Loty 0T 5 osde 5 dalgs olad 5 douls Vi ()
st ls gluses k Ol Olge 4 oS Vig(xegg) > Vi(xe) 50
IVYF] il 515 05l ga L5 oo
pslie oS J 28 b Sy o ol dlie 08ty 55 o
S Ol 5 S (656 Glapimns (51 s 5 k3 Hoo
o Uil ¥l 5 a ol gl (s ol Coabad oo (sl

S Lai s s Soud Hop pslie J 8 ol S50 0¥ 558

Ao, = [il(vt) + B,(v)D(v,)Cy(vy) + AA(v,) + AB,(v.)D(v,)Cy(vy) ‘?x W) C () + AB () C(vy) .
B(Vt)cy ve) A, vy)

Cvy) = [Cz(vt) + Bz(vt)ﬁ(vt)cy(vt) Bz(vt)é(vt)] Y

B, = [é’x(vt)ﬁ(vt)Dy(vt) + ABx(vt)ﬁ(Ut)Dy(vt) + Dy (vt) 4
B(Vt)Dy (ve)

D(v,) = BZ(Ut)ﬁ(Ut)Dy(Ut) ()

Dik rioJo-iLJL  fFioJo-iLiLPpik . - .
I Pg,zzv PeTt 5, Pg,ll Oolae gl L jle
he o 55, Y, Z, I%Y™HE Pl X st
Kog—1l0 " lijo  jx—1 E K1y LE Ky 1,9 € Ky

1358 5155 05 dailyy a5 shey Al ae3ls 3 g

RS b 535 GIa LMl oy S Ll 3 5 a8
ﬁ@wd‘)‘)&ﬁdyggcu“h(v)dmbou
(Q)M%JJ:SW"Y>OUMQ{UU&J§Q:\ duad

e« Pg Soie Szl STl 815 il il

K iPgin >0 Vi, € Ky, and j € Ky (%)
Agik—gi—g <0
1 1 , , (o)
:Ag,ik—gik—g + E(Ag,ik—g“‘—g + Ag,ik—gik—g) <0 Vlk_g :#]k—g

pik pik
Poo1 Pgoy

Pk .
= _ g,11
Pg'ih - [ l

%)

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

\RR!

155 8 D ald oy ot o 5l Sl slaal Sl oslinal b 55 g TG 556 St (5 ESos Hop plie J 87

L;J._J:) Qlj)é La:bb‘)l{ Kves| LL;ﬂ.aJ Lp,}f—

_Aizl .
vl A2
Odn Odn
Coie-oX + Baie Civey Cairy  BriryDju—y Criry
T I L
Lk~ ng—g lk-g Jk-g = Vilk—g
Ef X+E._ G,  Ef +E. Dj Cyui,
Onn OTlTL
Onn Onn
. Onn . Jme . . . . (V)
. . . . . . . .
—y[d . . . . . . .
Bty Dy Dyiney —yL, . . . o o
Dx:ik—g + Briy_ gD]k gDY:ik—g Onp AZS * * ° ¢ ¢
YD, feeg +Bj,_ yDy f—g Onp AZS Ag6 . . . .
ELI;( ngk_yDy,ik_g Onp Onn Onn Pgln * ° °
Ond Onp Onn Onn Onn _ngn * *
Ond Onp HT HTYT Onn Onn _pglln *
Ong o ] 0np O0nn  Onn Onr} Onn (_)nn ) _pglln.
A%l — ﬁ:coj(i..ﬁk—1]k—1 _ l—)lik_-ll'll, A11 — Hlo]o lk k-1 _ Flik_llzl‘ A22 = ﬁlolol-’--zl;c—Uk 1_ P;(k—ll,zz
AP =X —XT+ P}, AP =—I,—Z + P,i'fn, £ = -y —YT + P,
A = H:co—msuilf_sjk_s - Pllck oa1 A = H}Lcojg Jhoslhes Plik_sszv AP = Hllcojg 21; ~sTies — l_)llcl(—_;,zz

55 — __ T o FyloJo-ik- s+1]k -s+1 A65 — _ 1 __ rloJomik—s+1jk— s+1
A = —X — XT +1I VA8 = — I, — 7 + TR0t

k—-s+1,1
66 — __ T igfo-ik— s+11k —s+1
NS =-Y-Y +nk o seKMl
11 _ 21 _ 22 _
A = _Zi=1 111' Ay Zi=1 121' A 2 122

L i
AP = —X — XT + TIP3, ASS

Aihjh Eih
C;. D

— l]l] 66 __
=—l, — Z + T2 AP =

v _vyT flojoi1ja
Y=Y+,

-»\-J_T Sl 'S .]a{‘j) J‘ «v) 4.]44‘) Ai win € Ran’ Bi € RnXPy’ Cih € Ran’Eih € Rmey oS J,:S 6&).»‘)\;_{

[y

3 Shae (10) 5 (VF) Loyl 3 513 OL& 015 or 5 slap 5l oslizal |

23,51 12 15 () Al 53 0l o gty Al (e )L 5 Hoo

~T 3 v 1 T
Xerk-1lle-1Xesr-1 + 5 Zesk-1Ze4k-1

e e

3l G s per 19l P

T
= YWeip 1Wetr-1

OTC)MDﬁ;s:,:ja‘gou\.::@‘ﬁ(Y')@\JJDEAkV(ft) )\

s r.:a\}ﬁ-

AV (%) = X i PeWeri)Xere + Xy m1Pee1 Werk-1)Xe 11

<T = < 17
—Xipe—1Mpe—1%e4p-1 + S Zt+k-1Zt+k-1

+5Clzw+k—1ﬁk—1ft+k—1 + Ak—ZV(%t) - 55{ (Zf,:k_l Pg (Ut)) J?t

i1 T
T Ztk-1Ze k-1 t YWiik-1Werk-1

(Yy)

T
T VWiik-1Wetk-1

N11

M- 1YB][lh]h YAX B][ 0
yth

b NERnxn,MERnxn é}.ju g,.yl: mﬁ‘.& 9 ny J).fv a5
ALMN =Z — YX o 614,85 Cob 015 o das
(S e A3 5 s O

V(%) 2 X[ B, (v) ¥, Vg €Ky OA)
'y

B (vy) = (04)

GTPRy(v)G™!
ools BF) da) )
AkV(ft) = ZZ:1(XZ+gﬁg(Vt+g)%t+g - %gﬁg(vt)%t)
(Y+)
S S 5 s I e
My 230 1 Xf o1 o Big=1 Zjp=1 Hig (V) X
”]0 (vt) #lL(Ut+L)#]L(vt+L)(DL iojo-iLiL

M,26¢Tn,61* (y)

(y)

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

155 8 D ald oy ot o 5l Sl slaals S oslinl b 45 g TG 556 St (5 > s Hop e J 87 Ny

Sty 13,3 oyl ol (6 i Lo e

AV (X)) = i1 Xaerno1 + Flinoa M1 Fepr—1 + B2V (%)
1 ~ k 5 ~
_;ZtT+k—1Zt+k—1 + YWtT+k—1Wr+k—1 - er(Zg=k—1 Pg(vt))xtr

(“:) RO ‘..;.a\? (Y‘))(V\) b‘j})‘:)h&»\b@‘}}ﬂb(}y
DV (%) = D=z V (%) + Xk P Wesr) Xear +

tals 340 aaly s
RO A2 B < =z N A < =
11 w12 Xt ek-1Peo1 Wean-1)Xesn-1 — xtT(Zg:k_l Pg(vt))xt-
= X X . .z s [y L
X= [.1 )lez] (¥o) Zpgro1 s%esn b Sl K 587 2 B wil cu it
1

eols (Y9) sl 55 (4) ey )

g . < . - < 1 x “
= AT Wk ) PeWesi) AWeir—1) = Mimq + Py Weap—1) + ;CT(Vt+k—1)C(Vt+k—1)

o - = < 1 x -

b = AT (Vpsr-1) P We i) B(Vpse—1) + ;CT(Ut+k—1)D(Ut+k—1) (¥#)

= . - - 1w —
bém = BT (Wpsi-1) Pe(Wesi) B(Wesi—1) — vl + ;DT(Vt+k—1)D(Vt+k—1)-

= oT = = <T 5 v ) . Z ) e
AV (X)) < Xpp—allim1Xerk—1 + Xeap-2Po2(Verk-2)Ferk-2 3L 515, 9 =1 61, 00) 168 Conl ol o315 OLES S gy 53
+T "oy 1.1 T - Z
~Xerk-2llke—2Xesr—2 + y Ztrk—2Zt+k-2 = Y Werk—2Wetk-2 2DV (E) S Sl 0T s 4y opl oSl i 1 S 58 Fy o KT

<T = < = o
F¥isr—2lle—2Xerk—2 + B3V (%) S 0337 11y 5 (55l (YF)

— k= (12 z wl, w ) —xT(Xk B (v))%,. s o =y
o= tgPtrg ~ VWiagWitg ¢ (Zg=k_2 o t)) t M V(%) < Xy poq M1 Xepon + Ae—2V (%)
1 . = .
A) _;ZcT+k—1Zt+k—1 + )’WtT+k-1Wt+k—1 - xZ(Zl;:k—l Pg(vt))xt-
fpls (YA) dlasly 53 () el 51 Zege—2 5 Xerre—1 EZ R (V)
< T - <T =5 o 7 (> -~
DV (%) < CsraXolerk—2 ':xt+k—znk—i:t+kk—2 +A§—3V(xtv) I | P RIS 055 GE o L :p9s pI”
Zg k-2 ( Zt+th+g VWt+th+g) - Xt (Zg:k—z Pg(”t))xt 17 T
X9 (2ol (W) sl 51 2 Ze k-2 Zesk—2 = Y Wegg—2Werk—2

11 12
- X2° X2
X2 = = )
’ [ X%Z]
nt=AT (Ut+k 1 AWegp—2) = Miemp + Py (Veqr—2) + = C Wesk-2)C(Wesr-2)
= AT Wesk-2) o1 B(Wesi—2) +;C (Vt+k—2)D(Ut+k—2) )
- = = < 1= -
X2 = Brsk-2)Mgo1 B(Veyi—2) — vlg + ;DT(vt+k—2)D(vt+k—2)-
MV (E) < STk — XK2h (%zggzﬂg — YWligWesg) 9= 51 00) daly e sy 53 o wlin ol o 03,5 i
Ga) Al (Y) sl 51 oman 3 dal gt 7y < 0 6T il 15,2
oT y5 a8 Wsls
. _|at we AkV(’ft) < X a Mo Xesn—z + D3V (%)
K=, 22 (*0) ko1 X
Xk -~
- o 1. _ Zt+th+g VWg+th+g - % Fy(ve) | %
v11 AT T
SEUCALICARI ACHRTAICATCN peh oG
1 g=1 xv)
12 _ AT = = L xr 5 _
Xk =A (vt)HIB(Ut) + y c (vt)D(Ut) I.X_..w) ("L‘M}’ j,,J “h{‘) 4 k—1¢ LAEL{ d‘i‘ J‘;i: Lv
< [T 1_ o . ST 5 = < < <
X22 = Bl B(vy) —yly + }—/DT(vt)D(vt) DV (%) < X X — X (o1 By(ve))Xe )
(¥$) Z ( Zt+gzt+g VWtT+th+g)-
T - .- e . &
WL g = kgl OF) el B 515 0L 01y or e sl 5O a5l 7 2 = YWl Wy Sl G 5 g bl P

1l oal g (FF) a1 ol 5 ol T < 0 oIS 20l (M) sl 53 () bl 512 5 By o IS0l

Journal of Control, Vol. 14, No. 4, Winter 2021 Y48 Olins ) oF o jleds O F o oJ 28 alows


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

Ny 155 8 D ald oy ot o 5l Sl slaal Sl oslinal b 55 g TG 556 St (5 ESos Hop plie J 87

L;J._J:) Qlj)é La:bb‘)l{ Kves| LL;ﬂ.aJ Lp,}f—

[—X —XT+Pp1a(vy) o
-, —Z+ Fk,21(vt) -Y-YT+ 13k,ZZ(Ut)
(Fv)

el SN J € Kygoaon sl Xy P(v) > 0 Ssle il on

el ol = kS 5
- Peii(v) o
P(v):[_' — >0 (FF)
e Pr21(v) Proa(vp)

:F"i)b (FF) 5 (F¥) Loty 5

X+XT o ] [ﬁk,n(vt) *
h+Z Y+ yr Pk,21(17t) Pk,ZZ(Vt)
(o)

Sy sz Sl 4 (FO) aaly o bkl o sbY 5 X 4 s

(s el OT ol 5 5 (X7 L] s
ol 0T Kby daly ol (Z =YX T4+ XTZ-YX)T <0
s N s M oS5 Gl il amzpy ol (S5 Z =YX S
Sl awds s 5 pla . MN = Z =YX &5k 4 Sils dal s

25

slal L LML 672, @20 630 U LM G Rr Juls ) ais ¥ &5
OT )3 48 Conl J&ul ey, + 1 + 1y + 302 + 1 58n+d+p

ne = r(rn? + nm +np, + mpy,) 5 n, =rkn(2n+1)

! peoe
ny = {T2k+1 + Z{'C;OZ(T‘H—ZL) k>1
r4 k=1
(%)
ny = {"(Zn + D) XEF(r+?) k>1
0 k=1
(fV)

9= ¢l sl Py s Pl Py S1Y e s F &S
Sk i s ey ol BT b 00ls )13 io 1,0k — 1
Syl sy 4 sl OT (glims 40 ol bl o Julis [V Y-19] (ol lis o
e OT 1 & el a1 (5t (6,8 pomndl (gl ke Al (1 )3 ol
ol 4 leand i3 )3 aalsl )3 .Sl Al nl 5l 55 Slalows
;,\;:.;\Jﬁ;,gég%u;},rlfggesjg.g;.a\a.x,:‘cs.uﬁdw

el ol 05l

AV (%) + 2Kz ( Z{igZerg — VWrT+th+g) <0
(*v)
o (1Y) dafy Gk 53 S E =00 bt = =k ) e Jlos
:f)b (Y~)¢Jt, 5l eslizul
Xk 2525 ( g+1(xt+g+1)
thT+th+g) <0 (*A)

Vge1 (%) += Zt+th+g

o 20 Al 4 0T SMexr g 535k 5 (FA) o)) Lo b
(Zk iV +1(f00) - I7g+1(fg—k)) +

Z:% (_Zt:—k ZligZerg — ¥V X2k WtT+th+g) <0 )
W€ 5 (Bp=%1=.=%;,=0) jio o5l Wiz 3

Ve (Fgoi) = 0 sl 2l AL i i L]0, 0]
(Zz Vg+1(x00)) + k( Yizo Zt Zy — ¥ Dizo Wi Wt) <0
(F9)

shg(Ve) Z 00505 g € Ky plad ll 4 il e Ses bl
il 4 o KT sl 13, (VF) alaly 51 ul s Dg=1tg(Wy) =1
Lilgs 5V g el L1 55 X6 Pa(0) > 0 dal, j € Ky
(o> J E Kije 13l 4 sls 0L Olg e Sy 53 BA) 5 (10)
ot 1y Aty Ol OA) sl 5y D= Pg(v) >0
s 5

Zg = V,(%) >0 ,Vj € Ky 2))
dal) S 55 S s i Ol (FY) daly 4 oaes L
enys oy Wl 5, eolsen TN (AT Vge1 (X)) > 0
Wl sl N2 0 27 20 = ¥ B oWI W, < 0.2y (F)
W) dasly p30s S5 Hg 5 Shas 45 ol 0T CIVs 555 ol s
Wl 0 03,57
Sl S5 e Sl () ey il (e a3 o DL aals) s
KT w, =0 51 (V) aaly 55 b w, =0 ilassl 5,
S ol e el AV(R) +%ZZ=0 Z{4gZe4g <0
(Sl bl & g il e B S ll ol AV (F) <0
daly S1ssd gy M INTY sy ol 3 ol 815
DT sl 5,9 =k &l (OF)

—X—XT+Pl,

L, —Z+Pl, -Y-YT+P},
oSl 0T Ky s ol s

<0 (FY)

55 S

PP e Jde s | ol L &7 gla el o

Vi e e Oy g 335

3 gn o lg sl o

okd i K a4 5 1) 4l o

Sl 4l plnl

oyl 0T

N AAS bl 4l

g slesls Jom 5 odaT ks (sla sl

||

w5 S b e base s

YALMIP St 5 s a (sl 3

éétg;jﬁjj)rlfb_x\dﬁi

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

Control Signal

155 8 D ald oy ot o 5l Sl slaals S oslinl b 45 g TG 556 St (5 > s Hop e J 87 AN

Sty 13,3 oyl ol (6 i Lo e

K = &3l & ¥Vimin o Hoo 3 8des 58 S 55 0 6l
P2 P1 S eyl slie Slawloes oyl 53 el 0l anle1,2,3
& Vmin <o 2ol (V) Jodor 5 o €3 & L 50\ i, Pg
g gn odalin &S shilen .ol okl 031> OLES Calises sla K (15
I3 ;ﬁ?}f csolgii Aoy Sl eslanal oaT ks Vmin
Sl a4 g5 b el [YY-17] e 03 ek Bl Gl sas b Sl i
2 ol (Cl 1S ()8 Al e 4 S S Vinin p3lis
Sl (g cpl 55 35 oo b e cpl 53 0dd Sl gy 6os5
e K Caliee jislie gl Sl g5 a s SIS sla aze 5 LLMI
ol daly QIS gl e 5 s LM slaw .ol ods o0l Ol
py=1Jr=2,n=2,d= sl a1y ¥ &5 s ok S3
AS Lsublm=1,p=2
Xo = (L, =1) L1t adsl Lol 8 et a2 (g5l s
4B 3 odd Sl oS J ST L les 8 ki s Ry = (1,—1) 5
JSs sk =3 ol Vo (%), Vo (3), Vi (Fr) o e ome o
Vs(H) > & 555 0 otalin S5 oyl 4 4 5 b ol ks o ¥
313 Gl oM i e e Vo (Rp) 5 V1 (%) L0
o G 46T s Syl 5 Ll o 3 V3 () i o 5o
L5 o (63lgiiey oS J 287 55 o odalin &7 shailen A8 o fe

el e |y ey 4l 0t 5L (6 50 sk

Calzbes sl gl LLMI 5 ISl (gla e slimd Vin olie 1) Jsutr

Sl 4 S ¢

SIS b S i) s O e &5 b Cnd (]
Hoy s Sles s 5 eSod o 1 ,b J 28 callie ) )3 00l 1)
s a2l (6,15 diblos 535 1)

A (V) e e sl 55 5m S 556 e 1l

:(’ij.ifd‘
m=[" T =loss oeol P =l

Beo=[09 ) Dea=Dea=[0 ] Cu=0n=
[1 0],Dy1=Dy,=0,

Cz,l = Cz,z = [(1) (1)] B,1 = Bz,z = [8] H = 0.11,

[0 ] E7 = [0 ]

w1 (t) = x.(t) S SR
=S PP e #1(v1(8)) = 0.5 + cos (v,(t))
S W il S i (1(8) = 1 — py (v1(0))
o 3 8 5 5o b 0Laly ) IS B s s b e e
o 53 il Hop pslie (s 5 6048 J 287 (| b e s o

e

Solwans  lp

Wl 3
\@)Jamc‘)\gﬁ‘,):d)\db

[Y-17] Gl b Sl s 25005 I

k=1 k=2 k=3
\ anss pllas dlas ol esleig S Ymin = 5.2244 Vmin = 4.8902
4 LMIsof 4x 4 6 LMIs of 4 X 4
48 LMIs of 19 x 19 208 LMIs of 19 x 19
Ymin = 5.8664 239 variables 899 variables
2LMIsof 4 x4

8 LMIsof 19 x 19

22 edd il gl gk S s 59 variables

[yy-y¢] =l

Ymin = 5.3725

2 LMIs of 4 x4
48 LMIs of 19 x 19

219 variables

Vmin = 5.0034

2 LMIsof 4 x 4
208 LMIs of 19 x 19

859 variables

—— [16-12] ke () sy )
k=3 Al Oyl s hghy URes

2 4 6 8 10 12 14 16 18
Time (Sample)

I3l 4 ) 4 (ealgtin gy 4 ekd b a8 ISy IS
DYV 2]l ool f5s 5k =3

T T S S R R S S
0 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20

Time (sample)

k=3 siila V3(Xe) s Vi(Fe) Va(Re) sloine oty JS

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

Ve 155 8 D ald oy ot o 5l Sl slaal Sl oslinal b 55 g TG 556 St (5 ESos Hop plie J 87

L;J._J:) Qlj)é La:bb‘)l{ Kves| LL;ﬂ.aJ Lp,}f—

sdd 033 ekl 5 IS 03 53 15K b LY wb il s A S 5 S e 5 4 (F) 5 (1) S s s
38 Gt sl Hoo pslan s & eSids J S b e @olgiy pay ok = 3 lila ) add oalgity Bayaediss J S
oslizal 4 lil Blazel il 53 Conlad oo Iyl 45 um ST o 5 gl glate 4 [V1-17] e

Hoo Cn)u.ao.klfdj‘:;f:)q-) L;‘J:LMI WJJ@KJQ.:‘]&M

LS J S asls oli ot Jle ¢SS L 55 OLL s LosE &l N5 : ;
o RS als 0L (g34e J o b5 okl B 3 i
2 w—=3 Al (s My U5
b Ho s Slas ()8 dablons mhaw 288 oMo L5 o solgitg 2 0 NN
Q
e 5 ‘
'L:’” A}'."é). ° 50 2 4 6 8 10 12 14 16 18
Time (Sample)
N0
3
g
2 P,
- [z 0 LRl —
o i
5 10 . ,
o
0 2 4 6 8 10 12 14 16 18

Time (Sample)

) add oalgiin oy 4 elish J S s 5 WIS P IS
[\M?]C?\f @ty oy sk =3l

(YA daly 0o b g < 0icals pals (g = 1 3.8 i yo L

foeols 0T o3l 5 5 diag (G, 1) Sske 53 o 5 Conly Zonw

1 El2
g = [' )?fz] (FA)
S 5 domid —0
(ol (FA) oyl 5o
E1t = GTAT (Werk-1) P e k)A(Werk-1)G — My_q + Pecq (Vern—1) + }%GTCT(vt+k—1)C(vt+k—1)G 0

- o = = 1 .1 =
E1? = GTAT (Wek-1) Pr(Vesi) B(Vesr—1) + }_,GTCT(vt+k—1)D(vt+k—1)

EAG E® 0 0 S 5l eslizul b o dals ¥y < 0 KT & <0 51 ol s

20 0 00 ©F) . -
t= 0 0 0 0 )‘}ﬁ(b')ﬂk{bgﬂu\.&bﬁ-)\ﬁﬁU’Jlﬁjdl<0C)JL.&GSChUr
0 0 0 0 < Y

- “Mpeoq + Proy (Wegpon) . .

A(vy) = 0 —yI . . “0
A(Ut) + Bx(vt)D(Ut)Cy(Ut) Bx(vt)c(vt) (OO) E(vt+k—1)6 E(Vt+k—1) -yl e J
E(vt)Cy(vt) A(Ut, Ut) (Vt+k—1)G B(V:+k—1) 0 _Pt_+1k

B(v,) = [Bx (D (WD (ve) + Dx(vt)] @)

Y B)Dy (vy) P S —GT = G+ Pe(Uer) tpesls 00) s 53 ) I b
; Co 33,5 51,5, 01) daly o el 0T (04) alasly (6,155 b3 ol il

A= [0 8 ) Y,

N F 0 Mg + Prcy (Wegpoa) . .

Fe= [ot o] eV = Q( ) i?’ ) i

~ A C(Wyr-1)G D(vpyp— =yl o

_ a b b t+k—1 t+k-1

Eg = [(E): (Ut) +E (Ut)D(Ut)Cy(vt) g (vt)C(vt)] (O‘\) A(vt+k—1)c E(Vt+k—1) 0 —-G" -G+ P (Ver)

Eb = [Eb(vt)ﬁ(vt)Dy(vt)] ¢ <o. ] ) - (M)u )

0 s LAWY £ A(we) + HREF 5 B(vy) £ B(v) +

1 by 3 Sy 4 Olg o LY B3 Lalg)s 4 a5 L

HFtEtb:V.r‘)‘b
~~ ~ ~~ ~ T -
Y; = Yo + HFp i1 Bpakmt + (AFes—1Ervr—1) [0 0 0 0
#\) Fe|0 000 ")

0 00 0

13 s 5 A 0 0 0
Y, &
My + P (Veg-1) @ ‘ ¢ ] [F, 0 0 0
0 —vI . °
" Y F 2|0 0 00 o)
[C(ka—ﬂG DWesg-1) —vI o ‘ 1o 0o 0 o
_ . -GT -G 0 0 0 O
A(Wii-1)G B(Viyk— 0 ( ) )
(Verk-1) Weri-1) +Pi(Vesr)

(*v)

Journal of Control, Vol. 14, No. 4, Winter 2021 T O Fosfo2 AF b S le


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

15 Spmld ha) s o Sl Sl sl 3l o3lizal b 5y SIE6 (556 slapim (9 5 EKkd Hop pslin J 25 L4

Sty 13,3 oyl ol (6 i Lo e

k3l 1 55 (OF) ey (PF) sy 0350 513 Sy 53 oY o Sl eslinal

[<—I]k_1 + Py1(Verk-1) )

]

<0. (57

_GT -G+ Pk(ka) +p1HHTJ

i al g (PF) bty slas alasly ol «(BF) alasly 655 SCOUP oS Jlas! L

— — L] L]
+p1 G E 1 E ke G
P Bl 1 Efa G PT E k-1 By —¥1 g
lg(”t+k—1)6 l_)(vt+k—1) N
(Verk-1)G B(Weyk-1) 0
=g + Pro1(Wegn—1)  © . . .
0 —vI * '
C:(Vt+k—1)G I_j(vt+k—1) =yl ¢
| A(Ve4r-1)G Biik-1) 0 =G =G+ P(vesr) *
lwmwac E?(Wek-1) 0 0 —p1l
0 0 0 HT 0
P 11(Vt+g)
P, (v a2l a4
g( t+g) [Pg,21(vt+g) Pg,ZZ(thJ) ( )
My 11 ]
I, & ! (4%
L=, Mpp )
.[\V] w\éxﬁ\ﬁ&l@i@:ﬁﬁdﬁ\chleTl B Ll o X T

G

=IN T,

| <0 (5¥)

—m‘llJ

jé_.ﬂj‘f"as)(vl 4(9?)4L{|Jbbﬁ)‘}ﬁQ)}.ﬁ)iﬂaé‘bbwb{i‘u

ppallL 5, GTH S Py(Veag) G slo s 5o oS 55 s dal

55 S

YToT, I YT
,G‘lé[ 3],5&[ ] 0
] MT T, 0 MT (72)

S o A3 5 e 5 (BF) e b sl e e s

ﬁg,11(17t+g) °

STP,(vp14)S 2 [_ — ]
gr g _ Pg,21(‘7t+g) Pg,ZZ(vt+g)

(*A)

STI,S & [I_TL'“ :
HL,21 HL,ZZ S
s er Mol te "y
= Zi=1 ZjL=1 s Lijg=1 Zj0=1 Hio (Ve ljo (Ve)- - i, (Ver )i, (Werr) ZiojomiLi  miojomiLiL
. R HL,21 HL,ZZ
AW, v) B , [M YBx(vt)] A(ve,ve) B(we) [N 0] + [YA(vt)X o] )
C(ve) Dyl ~lo 1 Cw)  Dy|lGwaX 1 0
315 Ol Ol g e S ale 4
GS = [)1\(/ g] W)
_[Xx+XxT 1+27
SHG+ans =777 v4 YT]' o
C()GS = [C,(w)X + B,(v)C(vy) C,(vy) + B,(v)D(ve) Cy (vr)] (vr)
E(0,)GS = [E“(vt)X +E?(w)C(wy) E%(vy) + EP (W) D(v)Cy(vy) o)
0 0
Eb(vt) — [Eb(vt)D(Ut)Dy(vt)] (vd)
0
— _ HT HTYT
HTS_[O 0( )]( )Dy(vy) (ve) i
rs _ [Bx@)D(wr)Dy (vr +vat]
SBwa_hmw0+HWWAw) )
_ _ [AvX A(vy)
ymm“‘bm%)MMHmmmw] 0
D(vy) = B,(ve)D(ve)Dy (vr) (va)

S ) daly S1es 5 S aalgs 3, Sy 53 OF) dal, 0T eslgil 5 5 diag (ST, L1 ST, L 1) ;5 oo 5 oy 51 GF) daly 0, L

L

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

ARRY

155 Spmld ha) s (o Sl Lo slasls 5l o3lizal L 58y SIE6 (556 slapimm (9 5 EKkd Hop pslin J 25

L;J._J:) QUJ& La:bb‘)l{ Kves| LL;ﬂ.aJ Lp):l“—

Odn

Onn
Onn

L0

lle—1,21 - Fk—1,21 Werk-1)

Co(Werk—1)X + By (W 4-1)C(Weir-1)
AWrir-1)X + By (W4-1)CWeik-1)
AW k-1, Vesk-1)

E*(Wesk-)X + EP (Ve k-1)C(Wesk-1)

—X

_In

Onn
Onn
HT
Onn

[7]

(8]

[°]

kﬁk—1,11 - Fk—l,ll(UtHc—l) °

Odn

Onn
Onn
OnTL
= X"+ Pri1(Vesn) ° .
—Z 4P (Ver) =Y = YT+ Prpy(Vesr) o
Onn _plln
Onn Onn
HTYT O
Onn Onn

J1 <0 &S Sl OT gme a5 (Ar) alasly 0555 )13 5 55 al s 515 5 55 (A

uncertainties,” International Journal of Systems
Science, vol. 46, pp. 2134-2149, 2015.

S. F. Derakhshan, A. Fatehi, and M. G. Sharabiany,
"Nonmonotonic observer-based fuzzy controller
designs for discrete time TS fuzzy systems via
LMI," IEEE transactions on cybernetics, vol. 44,
pp. 2557-2567, 2014.

G. Feng, "Stability analysis of discrete-time fuzzy
dynamic systems based on piecewise Lyapunov
functions," IEEE Transactions on Fuzzy Systems,
vol. 12, pp. 22-28, 2004.

G. Feng, "A survey on analysis and design of
model-based fuzzy control systems,” |IEEE
Transactions on Fuzzy systems, vol. 14, pp. 676-
697, 2006.

[10] T. M. Guerra, A. Kruszewski, and M. Bernal,

"Control law proposition for the stabilization of
discrete  Takagi-Sugeno  models,” IEEE
Transactions on Fuzzy Systems, vol. 17, pp. 724-
731, 2008.

[11] S. H. Kim, "Improved Approach to Robust ${\cal

H} \infty $ Stabilization of Discrete-Time T-S
Fuzzy Systems With Time-Varying Delays," IEEE
Transactions on Fuzzy Systems, vol. 18, pp. 1008-
1015, 2010.

[12] E. Kim and H. Lee, "New approaches to relaxed

quadratic stability condition of fuzzy control
systems," IEEE Transactions on Fuzzy systems,
vol. 8, pp. 523-534, 2000.

lT[k—1,22 - ﬁk—1,22 (Ve4k-1)

C;(Vek—1) + B (Veik—1)D Wesi—1)Cy (Wpip-1)
AWeyr—1) + By (Ve k—1)DWe 1) Cy (Verk—1)
YAWrsk-1) + BWisk-1)Cy(Verr-1)
E*(Werk-1) + E?Wesk-1)DWesr-1)Cy(Vesr-1)

_plln

Onn
Onn

(1]

(2]

(3]

(4]

(5]

(6]

—vla
B, (Ve4k-1)D (Vt+k—1)Dy (Vesk-1)

YDy (Vegk—1) + B(Wesk-1)DyWVisk—1)
EP(0e1k-1)DWesr-1)Dy (Wesre—1)

Ond
Ond
Ond

L] L] < O

=it e

Onn _pl_lln-

()

)‘dm.l,mj?)b;ﬂg=1615l@<wa>4@|,,f\xrjwuj

&l
A. A. Ahmadi and P. A. Parrilo, "Non-monotonic
Lyapunov functions for stability of discrete time
nonlinear and switched systems," in 2008 47th
IEEE Conference on Decision and Control, 2008,
pp. 614-621.

M. H. Asemani and V. J. Majd, "A robust Ho
observer-based controller design for uncertain T-S
fuzzy systems with unknown premise variables via
LMI," Fuzzy Sets and Systems, vol. 212, pp. 21-40,
2013.

W. Assawinchaichote, S. K. Nguang, P. Shi, and
E.-K. Boukas, "Hoo fuzzy state-feedback control
design for nonlinear systems with D-stability
constraints: An LMI approach,” Mathematics and
Computers in Simulation, vol. 78, pp. 514-531,
2008.

Y.-J. Chen, M. Tanaka, K. Inoue, H. Ohtake, K.
Tanaka, T. M. Guerra, et al., "A nonmonotonically
decreasing relaxation approach of Lyapunov
functions to guaranteed cost control for discrete
fuzzy systems,” IET Control Theory &
Applications, vol. 8, pp. 1716-1722, 2014,

S. F. Derakhshan and A. Fatehi, "Non-monotonic
Lyapunov functions for stability analysis and
stabilization of discrete time Takagi-Sugeno fuzzy
systems,” Int. J. Innov. Comput. Inf. Control, vol.
10, pp. 1567-1586, 2014.

S. F. Derakhshan and A. Fatehi, "Non-monotonic
robust H2 fuzzy observer-based control for discrete
time nonlinear systems  with  parametric

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e

Dy (Vesk-1) + By (Verk—1)DWesk—1) Dy (Vesi—1)


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.20088345.1399.14.4.7.1 ]

[ DOI: 10.52547/joc.14.4.107 ]

15 Spmld ha) s o Sl Sl sl 3l o3lizal b 5y SIE6 (556 slapim (9 5 EKkd Hop pslin J 25 MA

Sty 13,3 oyl ol (6 i Lo e

[25] W.-J. Wang, Y.-J. Chen, and C.-H. Sun, "Relaxed
stabilization criteria for discrete-time T-S fuzzy
control systems based on a switching fuzzy model
and piecewise Lyapunov function,” IEEE
Transactions on Systems, Man, and Cybernetics,
Part B (Cybernetics), vol. 37, pp. 551-559, 2007.

[26] I. R. Petersen and C. V. Hollot, "A Riccati equation
approach to the stabilization of uncertain linear
systems," Automatica, vol. 22, pp. 397-411, 1986.

[27] L. Xie, "Output feedback Hoo control of systems
with parameter uncertainty,” International Journal
of control, vol. 63, pp. 741-750, 1996.

[13] A. Kruszewski, R. Wang, and T.-M. Guerra,
"Nonquadratic stabilization conditions for a class
of uncertain nonlinear discrete time TS fuzzy
models: A new approach,” IEEE Transactions on
Automatic Control, vol. 53, pp. 606-611, 2008.

[14]J. Lam and S. Zhou, "Dynamic output feedback Hoo
control of discrete-time fuzzy systems: a fuzzy-
basis-dependent Lyapunov function approach,”
International Journal of Systems Science, vol. 38,
pp. 25-37, 2007.

[15] P. S. Sing Kiong Nguang, "HOw fuzzy output
feedback control design for nonlinear systems: an
Ml approach,” IEEE Trans. Fuzzy Systems, vol. 11,
pp. 331-340, 2003.

[16] M. C. De Oliveira, J. Bernussou, and J. C. Geromel,
"A new discrete-time robust stability condition,”
Systems & control letters, vol. 37, pp. 261-265,
1999.

[17] M. C. De Oliveira, J. C. Geromel, and J. Bernussou,
"Extended H 2 and H norm characterizations and
controller parametrizations for discrete-time
systems," International Journal of Control, vol. 75,
pp. 666-679, 2002.

[18] V. A. Yakubovich, "Linear matrix inequalities in
system and control theory (S. Boyd, LE Ghaoui, E.
Feron, and V. Balakrishnan)," SIAM Review, vol.
37, pp. 479-481, 1995.

[19] T. Takagi and M. Sugeno, "Fuzzy identification of
systems and its applications to modeling and
control," IEEE transactions on systems, man, and
cybernetics, pp. 116-132, 1985.

[20] D. Saifia, M. Chadli, S. Labiod, and T. M. Guerra,
"Robust Hoo static output-feedback control for
discrete-time fuzzy systems with actuator
saturation via fuzzy Lyapunov functions,” Asian
Journal of Control, 2019.

[21] A. Nasiri, S. K. Nguang, A. Swain, and D. J.
Almakhles, "Reducing Conservatism in an $ H_
{\infty} $ Robust State-Feedback Control Design
of T-S Fuzzy Systems: A Nonmonotonic
Approach,” IEEE Transactions on Fuzzy Systems,
vol. 26, pp. 386-390, 2017.

[22] M. H. Asemani and R. Vatankhah, "NON-PDC
observer-based T-S fuzzy tracking controller
design and its application in CHAOS control,”
Asian Journal of Control, vol. 19, pp. 969-982,
2017.

[23] B. El Haiek, A. Hmamed, A. El Hajjaji, and E. H.
Tissir, "Improved results on observer-based control
for discrete-time fuzzy systems,” International
Journal of Systems Science, vol. 48, pp. 2544-2553,
2017.

[24]H. D. Tuan, P. Apkarian, T. Narikiyo, and Y.
Yamamoto,  "Parameterized  linear  matrix
inequality techniques in fuzzy control system
design,” IEEE Transactions on fuzzy systems, vol.
9, pp. 324-332, 2001.

Journal of Control, Vol. 14, No. 4, Winter 2021

IR Glis F o jlod VF o o J 28 e


http://dx.doi.org/10.52547/joc.14.4.107
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.7.1
http://joc.kntu.ac.ir/article-1-652-en.html
http://www.tcpdf.org

