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Designing multi-model controller in bumpless transfer with
integrated performance and robust stability for sandwich plate
nonlinear vibration control

Alireza Faraji Barmaki, Amir Amini Zazerani, Mahdi Mohammadimehr

Abstract: The idea of using multi-model controllers has been established on the decomposition
of complicated nonlinear systems into multi local models, designing the local controllers, and their
composition for the system input control. Since the proper performance and the final system close
loop stability are vital in multi-model controllers designing, the main problem in multi-model
controllers is the number of the local models and their position not paying attention to which will
result in redundancy, estimation complexity and the decreased performance of the system.
Determining a specific margin based on nonlinear model characteristics is a good criterion for the
classification. The first margin largely depends on the preliminary knowledge of designing the wrong
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selection of which will add to the redundancy of the local models and the problem’s complexity. In
this article, the maximum stability margin parameter which is the main feature in each sub system
and the best choice for the local controllers clustering has made the classification possible and also
guaranteed close loop stability of the system. Based on the gap metric and the maximum stability
margin, an optimal solution for the number of the local controllers and their position can be obtained
by the use of genetic algorithm. The cost function is defined by the complementary sensitivity
function and the sensitivity function and guarantees the maximum stability margin, the optimal
performance, and the close loop stability of the system, respectively. Another challenge in designing
multi-model controllers is the transient performance degradation when switching from one local
model to another. Soft/hard switching has been suggested as a solution by the researchers before. In
this article, given that the nonlinear system input depends on the online controller error signal and
feedback coefficient of the offline controller, transient performance degradation in the switching
phase will be solved. To evaluate the presented multi-model controller design procedure, a sandwich
plate nonlinear vibration suspension with uncertainty in basic equations is proposed. Lagrange

Reilly-Ritz method is used to derive the nonlinear equations of the plate.

Keywords: Multi-Model Controller, Stability Margin Maximum, Sensitivity Function,

Linearization, Genetic Algorithm.

S Togar (o 2 L s ot e & bl s 0 51
Gladde Jogy il s j3 s dalse Ol 63,090 55 515
i 51 6ol 4 5 3590 503 TS Sl 55 14T 0 S
—MJ;S‘[\\—\-] el g iledie dile Calises laaia s
V] 65 28 Coakas pde b Slapios J 28 IFNY] a2 sl
S 23 e AL V] oo sy oo 5 et 5 110
3 Sl game 4 ooy Jlew fdd (14T 0y 5y ladile s,
el o3l Jila S (555 51 ol dle o gl 5 esle Jile
Sl 13 0k 5 Gla sy 51 015 on ol & o S ok
—e ot S e pss a5 05V, wle
ooy St Sl 357 m slaosl Ko 5 pslhe J 28 ¢ JI S
wws cpdiz 4 e o Glad 4 skl L [IA] 5 S eslil ST
=l S (KL 5 sl e oS ST (b s e L
Ye218] el (655 0] e sl
4y 5 b s 25 (1S5 0y 58y (el Sl o3zl o]
LOT S 5 s 5 (sl SediS U 257 (b s S ki
5% e s 53 [NV ol Sl gl (st 8 0t (63555 J S
3, es 5 (glgh o (S5l Lo (1SS 0y 5 (slad e (g5luesly
Lim S s Aol de Dmes pie il OT cle
Aol s Jlne - [YFYY] ATl & a8 e (6oL
SIS 4 sl Bl )t 25 53 (S35 Olie e S
bt oS J 1S 51 0l e OT i 035 S 58 &y o 53 oS Sl
3)lpe 5SS loal oo 3 pad eslizal (6 K03 (sbr 4 e &S
O3 plfu 5 L e 5l dolb u r.:htu Sl eslamal 5,5,

J.:)'Ja%;ﬁw.wléj}f‘cyuaé:bﬁ:)yfuﬁw

dodo —

5 S s eoml w5 bl 4 o sdile GGy Sl eslinal

Jsb il 3L YV sl o dslitie s 2158 mlio 53 YL ¢Sl
A e 3 Sk 3 (6, St b 4 s b Dbl ads
IS 55 ol 3l oo Je |y e 38,87 5 Lish oo Bty
] o5 Olaies 1 (ol a5 2550 B3 03 st b Dbl s
33 Kadign slge Lawg dCsleal slayksle Sbley J 25 [F
) sladle 5o lal e Comal 50 Sl es glas 8
kB oS 05 4 ey b oS dimen L0l dlar 1 eSSl 5
23 ket b Dbl J ST a3 Sy a5 3 gudos s (Olan!
52506 6l S s daz 51[0] Whass & 15 oslizal 550 sl G5
S35 4 SO (6531 s Olee o alaly Ol 5 o S ST 5
GLds oS o al SVslae s ol 4 S 5y el 1 (SS
S o e oS U S b Yol g e 5,05 o sl
N et JIS s o oS 05L S5 3 LOT (sl 5 ool STt
Osomen 2LoliSJ xS 555 o oslimel ot (ols oS J S
Al Hoo ¢ 5laa [V] & Jobe (gioas ([F] (s 93 a5 Pk
o3lizul 5550 (ot 2 Dbl s RS e )3 it $Soud 5 H pslie
O bl J e 36 Lgn b glaediSJ xS wlas § 13
—@Jmﬁljwdbéhéfw;xf&s&pgw
Gl oo o Bl (6185 0y B (lad e Sl oslizul 5, ol 31 kins
Az 36 oS Wl o ot b Slagte 53 ot GlaeiS S
3rsn S ol .m:ﬁﬁ‘)#gwdbgwt}f
Calisen (615 Loyl e Zabad o ¢ o 5 585 sl (A5 SLis 5o
S oS URS ol b din 03 28 (555 4l K s Il

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

ﬁj&bd)}?ﬁﬁbuw)\ﬁl;@?W&Pu}v\a(’}&awd}si'kLuh,«.&?us‘&aﬁﬁjdhd#ﬁb\

S Slazee gn ¢ G315 srmal el (S 25 Lo e

£3° A0 el 0 05zl e Sl Yrare sl o oo sl
s S o g o b e Sl (S Sr o 0
Oy p o o2 53 iy 4l (s ()l 5 Aol o e 355 0
JoSo il w5 S S hs 0k 4 pler S 0 i
W3y s iy 3 Shes g g slne WU OBl 5 Sl
2o P S (b e (63505 e OBl 5 g
s oS US4 (Sl b s oty oS U8 gl bl
208 33 8 o 7 e oy i 53 (K b K bl Jlob
oS 1S Sl o o 5 3l (guliais SO S g (o3l
sl g (Siluand ol Culg 53 550 o 0dyd 25 ab 53 o pllas

Wl 0 Ol s 3w 53 0d Oly oS 287 s Shes

Jol bl g w9 e515 (S5l o Y
0 4 0T ol s S¥lan riomen 5 o gt ST 55ludte
o st SVsles o By 0 sl Ay T Doty a2
3 9uome (65l s o JSCe il o s IS 4 S o 5 4
Sl S 4 s pde 5 )AL J ot ) Sl 02
@8 J5 53 D)o s (a5 b ol s sl

x(t) = l(x(t),u(t)) )
y(®) = hx(®,u(®)

Fabl dzea @ RT#R™ - R, fiR" * R™ - R™ o5 1
5 J S 35,5 Js,u€R™ J;A)Lf“..:_..:.ﬂdb-)l:ﬁxER“
J;wwéuﬁgdlj.ug@w@.};)\:jyeRqJ:A\,LT

Wl B p5 el Ug Jols 63905 5 Xgi

l(Xqi'uqi) =0, i=12,...,N )
h(xqi, ugi) = 0, i=12,...,N

Lo bl e (o b e Il ke Slees sl N el sl
U:\Jl”p:gfc;u;_i.ﬁjlszﬁr:.,ﬁ.,)jl;L;J.ﬂJa.,.U'la;u;.A

] Jﬁ@(“)dﬁ{b@)ﬂwso&iu’k}r}

. 0l
%(0) = I x=xai (x;()—Xgi)
u=qu
0l
+ o0k (ui(©)—ug;)
u=uqi
oh
yi(H) = Ixlx=xai (Xi(t)_xqi)
u:uqi
oh
+ % X=Xqi (ui(t)—uqi)
u:uqi

)

b et bl ool (dos oS 25T (b L e
IYF] ol glows L5

;ﬁwu_“;,\,u_g@.;y&q{y\;ﬁu;ovu.a;fl);
Gl 0kds s il Wl 3 S Jlo 55l 48 8 15 am 55 5550
Sorn 5 05 8 patda b g (o 8 s (L alol > las b
K bt Sl (S5 ol 58 b ST Sop
JAS o e 4 i S e (3L s 55 gllan s Slas
a g b oS5 0, S i) 5l e Shee i b I e oS
oo 3185 02 SNl 0 o3lizal 333 4 pamie sla S5
Sl o e Dl 3L 4 536 (ol o ol diadpn Gla s
Sl s a5l eV JSCE [YF-YO] el ol e 5 158051
s e Olas ) dlie ol golgrin 4 LSS 5 Jgene

B e
l
‘ 455
! |
R St B ey B
| | !
‘ Ky ol Joe ‘ ‘ Koo Jou ‘ ‘ Knp rlons Joe ‘
, |
Erd
|
s g5

G oy £y sladie b ) IS

wib o T s 5 5l (6145 o 5 sladite 3 ol JSKie

3 Gl (St (Kl Lol waras ol 4 s gl S
el pammia ST 6 Ol 338 0 gt 5 Slas 2alS
el V] dal e oy s Slasbas A 1 e s S5
OT G yab Szl g 5,0 ol b ad gl 205 @ atsl s Hls ad o) lanT
b lie ol 53 1Bl s s Sy 5 oS J 28 Kgl
a))\.c}o:ﬁwﬁjﬁylw;kSGJ\u\igde%
- o 2l e (slaediS 28T (s s OISl (5L o
Olst ol do lns b awglin bl 5 b Conl o a5 S b5 3 5T
B s oS Y 1S Cnb g g sl Llod ) dig Ol &S 4
PEr 53 0 3525 SIS oy sladite sl il 51 S5 (S
p5 S Sl oslinal oyl &Sl Jomn (glaoiS'J 28T Ol 35008
Wlas ol 55 [YA=YA] Gl o3 55 Olaaoes 1 (65l 03laznl 5 50 Cduun 3
oS U S Gl S 4y ot b e 3905 B 5 L
SOl > s JSia Wl b 0 lS RS Sl e 5 bty
Lot 5 g o) ol 2 G (G55 @5 e OSST 4 G5ST
Gy &5 b b Sllag 2als gl 5okl Jo Jsd LB

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

bl (35 s b SLal ) Al g ang e Do pslie oS U S b b Olejen st 1o oy S sladute s \#

S Semen ge ¢ Go315 gl el (S b L e

94l Hlas Ol bLisl Y ands .Cils dal g 5oy (Il el
.w@@fubwlv\ig;;w

el 51y (PK) 55 S0 e S 53 9] ) a8

b &S i oKT 555 (w5 p 2 (PAIS(PL,P2) < 8p 51

A 5 SVl ylul 55Pa € P sla sl (Po, K) D)
8p =08(P,Py) < bp,k )

$adl=bpic 5035 P(S) Sl saiS'd 28 K(S) O s o

g h e 5 alaly Sl Sl P(S) (ot a5l

-1
<)

ok = ||[isy] 0+ POKG D P

L@ O Sdos b Pyl ouis” J i (> b ¢
s e B Sl oyl Ly 3 cediS Y S b O o
S8 5 Sl guast Ol 6 Al &35 s (il Jolo 4 0 43 S
by & s G O3 pslin ¢ 503 Db 515 et 1y aBls Joke
Sl oS I 1S b 55 Jsl o8 1538 o la gumel e s OT
)l il o o llae > Slas 4 Oy 5 SO o (i &
O 431 8 s et bl (s Sas 5 (ol oL ST sl 2
5 oML Buls b (Wl e &G g5y eSS 03
oy 535 8 s OF S Ll o gl 03 e p3lin s Shas
osls 5 Sas gl s Y JSs [PATY] el Sl e

Wl D50 b sl > Shas 5 pslie )10

w o, d
F 2 g e

Wy =

31

NP & |wpS| < 1,vw o

RS & |wT| <1,vw
RP < |wpS| + IwiT| < 1,vw
Conila oS 5 Gl s w5l 5 4 T 5S ol
_S;\{Wpuﬁ;ﬁué\ﬁswuﬁ@(mw,y.m
4 b 53 alasl 5 S5 ol e 58 diadd o gllae 3 Slhas 5 pslia (g5l ol

.&:,.»d‘

(Xqir Ugi) sl a5 (1) sl Jas b ot AT 55
) 4.12)‘) )‘ a.:uJ.w|lf(Ai, Birci' Dl) Wshmjb}eu\.ivh&

Dy el 5 S w B i w6 LlodsT Sy

2L b Gumali b pglie > Shae ol S5 ¥ S

P = Ci(SI —A)7'B; + D; )

()

-4 ) nxn c E e
Bi—ax=xqi ‘Ai—&x:xqiER 55 kL
u=ug; u=ug;
dh
i = oxlx=xai € Ran ¢ R
u=ug;
e (= L Z . oh qxm
U = b e 53 035 B s 5 D = Srlxexg € RTTT
u=ug;

Aini + Biuqi
ok () ol eslu aka, Bi= Cini + Diuqi - h(Xqi, uqi) 9
38 0 Do se
%i(0) = Axi (D) + Biui (D) — oy (9
yi(® = Cix;(6) + Dyu; (1) — B;
sl Jols 57 (6,8 glas IS 61aS o 8 sladae 1 b o

Np <<N4§;}.':;6»‘_;J.'¢.4:..~>Np :qu@l&;’-a.&fJ}fN
5 ol Ll & el K s a1y ssbe B8 5 5o
—de ey JS 0533 8 oo Ol e redsi |y s IS5 Shee

el Dy s 1SS 0y 5 sl

R ®)
X = w;i(t)(Aix + Bju — o)
=1

N
y=. " wiOCx+Du—p)
i=
uJJJ;SLSJK?Lﬂ?Jb&_‘MLS;wWI(t) &J‘ggﬁf_,‘o
S b 5 (MY 053 G5 s & (o 8 S s & 2010 513

338 r s [TF-YY]

ol slro (S99 T

05 S s bl (s e 93 Ole B (6,8 050
S 90 e 4ol e [FO] Sl 55 a0 Al Hlas 4 ol
) 53 A8l oo Ut o 4l (1L 53 Jaod JB nall s
Sy ok o3l 5 Slay sS85l o o Spge 4 P o ot
S STV T

P(s) = M~1(s)N(s) ()

562508 M L et e 55 5 Alob Hlre I (Glaclone
G alol o i b (V) daly Gl Do pha U8 5 ol s S
Pyt

8(P1,P2) = max {8(P1,P2),5(P1,P2)}
S Ll
5(P1,P2) = infocy,, || [I\I\/I[ﬂ - [I\I\’I[;] Q”m

iy 53050 Ol r Aol slme (sla S5 s e

J&LT 8(PLP2)<1 51 0<8§(PLP2<1
8(P1,P2) = §(P2,P1)

3P e 93 o il i3, J&KTS(PLP2) 0 550 5
Ui 31 (S 1t 0k ol b oS U 287 5 ol S li P2
PO R S FRRE P R e SOMLL 4 0l
Lal g c;,u:,«wdbdb):cbswy(S(Pl,PZ) % 0)
Lsi K5 gt & e &5 1 ool oS 0287 Jlasl L 5 5

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes

v

W


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

ﬁjvhbd}}‘;ﬂ?ﬁﬁbuwﬂﬁgﬁﬂpW&Pu}v\a(’}&awd}si'kLuh,«.&?us‘&aﬁﬁjdhd#ﬁb\

S Slazee gn ¢ G315 srmal el (S 25 Lo e

Sl lys fb-;jl Gilwag A5l sese gl gy L oawlie

I PP PP o JUI Ik SUNPIESC St [ PPN

9N S14S oy F p S Juo (b -0

S99 JUSw 00 e

ol G5 oy § 5 gladie Jlsle Salu gl dlas ol o
Gl b ods b 8 ks oo3T ar s G o glasiSJ 1S
@ 8 IR s ods 4l gy oJ 2 IS 4,0 035 Dby
J:.‘.ZAULQap'-Lém‘_guewdﬁfdsw\cjyjj)&'xl)AACan‘aM
oS 28 &S Cl p\( Oeomen il dgdse A L 0L L
5 855 Orper AL pdiedalis 5 A 2SN J
Bl s )3 b 5 b oS U ST s 2

Vsl 4S5 5 0k S0 bk U5 0 1 48 Ok (55485 s
S o b S5ST Ol 55 Jlb 5 b b slaotiSJ S7 (g &
55 W 5 b b (slaediS'J 8 (63555 WL 5 bl &5 oa
Eo a2 oy (S3MIST Ol 5o b sl oK a4 Ol

_ 1k (19)
](u: 4, tf) = EJ- (Zu(t)TWuZu(t)
0
+ 2o () TW,ze (1)) dt
1
+ Ezu(tf)TWthu(tf)
.h}.i:sa u.!‘ﬁ]:) [y AfZe(t) }Zu(t) QT‘)b ny

zy(t) = (0 —u(v) ()

ze(t) = a(t) —e(t)
(1) o S () (Jlsb oS J 28" K u(t) 0T 3

ks Lo odd W SIS A) 5 bt oS 287 IS
Sl U e e 5l e We 5 Wy piomas ool F St
g gr el gl L (b Sl 4 ar 5 LS s el

s e ialai by S ey $SSles ¥ S

Control i

; Off-line

¥ 2 Control m
4’? *  On-line
—»

63355 IS 3 g 05l S5lS” 51 gl s

Nonlinear | Y
System

r‘l&muﬁd;j@‘bbmﬁb IERHXH C}T):‘\f

b S 5 5 s
_ KpiS + Kli (“«)
Yos(tps+ 1)

1€{1,2,..,Np} 5Tpi ER Ky €R  Kp; € ROT 5 &
A S ol o 4 ISk ol sl (V) o]y 087 ST i
Os pdyodalie 5 pyd 287 b o5 (o)1 S Tnﬁ A sylaly
W= s 53 (b ol ol odd L1 oS 257 a0
D Jasmin 25 ke 42 garms 4 4 Lpd o e [Kpi Ky )"
S50 4 4 gormn (pl Sl Glaza

HED={peER)|p<p=<p} ()

Gl b i (slad GLOLS Iy P oS 350 i
[¥4] il dlus oS J 287 (gl alyb b

m&n L = ar}gg)ax{Re{?xj (Ti(s, 1)}, vi}, (0)
sub. to ¢4 (s, u)I= W ($)S(S)leo < 1,
0510 = [ 0| @

+BEKi)™ R(s)]
=Y, U ED,

-1
=)

JoSa v Tl =0+ P($)Ki(s)) TR (s)Ki(s) «

Ca,s Sl Ti(S) ey JMEe ol J o A 5 Cewles
@b S(8) ol pslis (gl rands Gl ) 428 Billas V358 o0
ol 5 osle s Shee 55 4 Pa(s, 1) 5 @105, 1) ol
Sie S5 Wi (S) s 25 e s gr 0L 1) i ail>
TE ] AT o s 5 abasly ol 5 S ST a et 15 S(S) o305

Mi+Wb (%)

W, (s) = —=—

1) s+ owy
903y S(S)CU&L‘ﬁL@{)&:ﬂgﬁ:}jmijMSQT)A‘\f
4.‘,.1)?clju;})}luu:w\p.@lii:‘»;@gé?é’j.théiiG

J(W = Ja(w + p(max(@. (s, 1) — 1,0) av)
+ max(y — @ (s, w), 0))
oLl L € RP s el gy sliie C 5 p 25T s

LT o Sty OA) ol 5
Hope = argergml Q) (A
3 sl s b (G laig s ¢ S OA) Sl > (6l

SRR TR UV e s RGNS ISV TS

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

bl (35 s b SLal ) Al g ang e Do pslie oS U S b b Olejen st 1o oy S sladute s A

S Semen ge ¢ Go315 gl el (S b L e

(N) (s s ey oo
Lt 5N aX Sl i O, o500 513
Y=F(X) awsloee
f(X)-Y gl mb o 6
NP bl s
ErrorY sErrorX ad 5 (sla el s
Max(x) — Min(x
ErrorX = M‘ (Y%)
Np
Max(Y) — Min(Y)
Np

a8 55 sl eyl 4 Oy g 1SS e iy o

ErrorY =

Max(x) — Min(x) )
CXmax = log, ErrorX
ErrorX
Max(x) — Min(x)
CYmax = 10g2 " ErrorY CXmax

Max(y) — Min(y)
5 bl ade Hlae s
Cmax = max (CXmaxr CYmax) (YA)
gl e 13 g 1) (3l o5 SN sl o i ¥ S

Aas oo OLE 1y e sladde ) slas sazme )

Tteration+1

f(@) fleI<0

-1

“

—= : - )
Tteration =< Coae. Diff(X)=ErrorX

m - i
- @

oty

2l o5 5503 2 SN F S

b s b i S K, LT e 0 K8 s
sl 0258 a5 S S5 o Ll ol en 4,1, [0.001 0.06]
E#gcujﬂ;u)lmé&sﬁ;uﬁ..m@ombg@\au

sl e otalie JB IS o

Sl s ghyls at) Lo g oks K o (a\i Jleé o oS 28
LTS FS)

xc(t) = Acxc(t) + Bea(t)

i(t) = Cexc(t) + Dea(t)

—oualin (A, Bo) 5 2 did 287 (A, Bo) ¢ gy obs o gb

4 F 5a(t) «00) daly b Sus wb (35 5 55 b dzes

T Sy 5 S50

X (1) YY)
a(t) =F|u() (
e(t)

(BIM + DIW,C)T
A |(-DIw, + BTM(CTW,D. A DY + IIB, A DIW,))T
(=Wg + BIM(CTW,D, A W, + TIB, A W, ))T

-b_}.&@Q\:JQ)_,.&J-\JA M 6“&}“‘&)55

M= (AT +1B,) " ()
A= _(DEWch + We)_l
dslan Jom ST s 5lo 5 (YF) dlasly b C 5B (Ac (sl jilo

LT o iy (Y0) bl S

A. = A + B, ADIW,C, (YF)
B. =B.ABT

C. = CTW, (1 + D, A DIW,)C,,

MA, + AT + NBI+C. = 0 (Y0)

SOl (90 b (097950 iy 59531 1

Slalows 53 0l ke 0ge Gl Bs) J1 SO Aduss s
OT Hldie abis 95 53 &5 Cl mﬁcu&@,ytﬂ Sl gsue
;'}_‘5\.:U’J_LAGULs‘gJJ{J)JJ‘)\JQ.w‘JW@Wst‘b
C,.w..h.Q)M@Qyﬁvﬁcaﬂgb}bj;S@')ﬂ):eﬂ;'b
[a,b] o34, f(x) uﬁcuﬁﬁonﬁ@\)ﬁ,ﬁl@l.mmf
Soay sl paS b ba if(x) Gl:j.t?u@)&r—af;ﬁdwl
J.il; glﬁ-ei:,;};@wa@a)‘l{:wlubé@p
A8 o e f(X) oo 0T o &8 dal azils 325 050 5 &S5 s
Olea b (o9853 oy Sl oy el S e 5131 S
oy ot bl Ll ous sl Lot et jlas ¢S b idu g
phe 4J\J§:S\ 5 e dmlme 4 L pde (ol vﬁ,ius Jds «
b s osle J 5 21 S5

0205 (5l osly Sl e

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes

(ry)


https://fa.wikipedia.org/wiki/%D9%85%D8%AD%D8%A7%D8%B3%D8%A8%D8%A7%D8%AA_%D8%B9%D8%AF%D8%AF%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%D8%AD%D8%A7%D8%B3%D8%A8%D8%A7%D8%AA_%D8%B9%D8%AF%D8%AF%DB%8C
https://blog.faradars.org/continues-function/
http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

Pabile G5 s b S| Al g gy S O pslie oS 28 (b b Ol jen o ad 61T oy By sladute 41

S Slazee gn ¢ G315 srmal el (S 25 Lo e

Gb g b 1) 0T Sl lad led Sl B8 Wlas oo G
Sl olis 5 C}A{(\Y’) abayl

(V)

slas il sl 3 Kp # 1Ky &7 b b 4 &g ol 5o
S 28T 6Kud (b b yeny pdiedalin s pdd 28
oy b We s Wy lagm jle (b Loy dal g 18 40,0 Ok
NS 2l L F eSous s 5 nw gy ol 2 (V) daly
2551 Sy O 55 2 465 Np
213058 oS 5 31O dlaly Do 4l oS 2SN (,t?
¥ bl S5s ml 5 ) S A el at b (oes glao S 1S

.M}i@w&nﬁjQ)yQ)Mdb

Ns
u® = " wiu ™
wi(® = () WO =5

0 otherwise

G5 L3 B ypli gl 5505 5t Sl Laze P 0T j5 o8
Sl S

S3lodes U -A

il G5 &S s b Dbl g el o 4 dlis oyl 53
Wiy me e S VXY skl o6 S U
Gos &5 o b 5 it oS e SVl 68y 008
5 Sl odd sl BIEY- g s daly el sl
4 B Sl ol 035580 altns 43 S 2S5 o SVolae puieen
[FY] u\iLajLiLH)GLlJ'M@uLEJUJas-J:_&MJ;fé:}))Q\};;

28 PSS Slgsn wY 5 amable Gos & S ol

Wl o 033 Ol 5,87 Sleaties

[

S S0 5 ST U b 5y 65 1l S

Sl S (>1ib Solgkin wiz 991 -Y
PIlio (S14T o ¥ ¢

2 (Sl b ol okt 50 (g3lgiiy o) S 1 b )
ol 5 suatns 53 Sl 5 O aleal gl Hlie oS o
s > Slas 5 (55l e Bl I 3 gy ot oS S
3y Lol oz 8 o

~8 2 S el b e S5e Ll e ) (6
Gloaies abi N asie oliw o [FY] ) L5500 o
b Jde Noslaws (0)) 5 (F) Ly, bl o Sopge s 358 00
AT o cwsP(i=12,..,N)

WS GINXN 5l o dhols jlae 6555 &S 4 0Y (8
oals S5 W) daly S 4 Gl Obe Jolp
(gap = [8;5] = [S(Pilpj)]NxN)")‘:‘s‘

i=1 1,578

j=141 aas 508 08

Jie el J B cal T 0o 5115 (P*) (ol owe Joke (s 240 0 06
s Gaseiie (Y4) alaly ol Jows

P* £ (P ilgggj(ignrggj(tS(Pm. 3))} ALY,

2l 5 (PY) (b e Je Ols alobs o 2oy slons 19 o8
sphe ol () daly ol y s (sladite

6" = max(6(P*, B,)) )

isms<j

@AS S b Sl etd cul i Oglhe s Shee ulul Vo
J= OV) daly 53 05 0l (Sogy s 5 (16 Wi () 5 ot
il sl el e oS5 S sy S 4 s e
il e Sl bya () daly Gb 3,8 e sl sSY xS
ol S3Db b gy s 03558 0 S (8" < bprg ) gl
s Je 6 55 OGN B 52 0 o8 @ sl 415 j=j4 1
LA b g ol b 53350 S B s 3 Ko

G ol 43,8 SLF P8 4 s s psasls S 3T = b A
4l 5 oUW PY oT o 8 clods S5 J-1 G jlasb 5
> Shee P KT aboazSJ 28 (V) )y (Sigs s b 5 el
Aol r 4l ol o led 5 Gl s

Ll aalsl (N) 6,18 slad S (svaas B 15 G Jol o 968
.l

& P a gl oS a5 Np 0T oy 51y 110 6

Dbl s 5, Shes Lul,d & Gl ods Lot o ol J 28

! Dichotomy

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

bl (35 s b SLal ) Al g ang e Do pslie oS U S b b Olejen st 1o oy S sladute s AL

S Semen ge ¢ Go315 gl el (S b L e

y
=(-K ~IK
PZSelect PZzSLelastelect

-1
2Kl:’zselect KPZSNLelastelectxl)|X1_Xeq X X1
U=lUeq

A11 = 0, A12 = 1, (T’b)
A21
= —3M~(2Kyy
2 -1 2

- 2KPZSNLelastelect szselect )Xeq
—3M (K

-1
- 2KPZSLelastelectKPZSNLelastzelecthZSeleit )Xeq

-1 —
-M (KL —K szselect )
- ZM_lezaNLelastelectueq
Az = —CM™', A =[Aq; Arp; Aoy Agal,
Bl =0, BZ = _M_lezaLelastelect
- 2M_1KpZaNL X

elastelect” €q

PZzSLelastelect

B = [B1 ;Bz],
G
=—-K

_1K
PZSelect pzSLelastelect

- Zszselect_ KPZSNLelastelectXeQ' Cz =0
C=[CCLD=0,

peedi 9 X1 = Xeq S jse Ol uis anls mils Cws s L
dasly o 8 k3 55 L lleq sldie o3l ol 53 ¢ ateie jldie 4 OT 6o
T o Cwti X = f(x,u) = 0 (V)

Ueq r#)
= (-M7K,

PZaLelastelect
—2MK Xeq) X (~M7L(2K
pzaNLeigstelect™ €q NL
3
— 2 -1 3 _M-1(=
ZKPZSNLelastelect szselect )xeq M (2 KG
— -1 2
3KPZSLelastelectKPZSNLelastelectszselect )Xeq

'M-l(KL'szsL 2szs -1)Xeq)

elastelect elect

Al ol Sl (s el Ol 4 Xy pteers Sl e

03 03 003k 65 53 DL Jool b 5 plite 555 4 e bl (st
G A ol By e e Sl (35 L
23 oS 03 0 55505 02 5SS Sl elitl (skaias g 0 e
cwlze N = 30 0T sluws s W € [0.001 0.06] SJl> 20 Ol i
ks 45 S 5 55 aw bl Gos piem (a5 o SVslas Sl b
155 S 62505 4 Lo s L e Do soein ol
Ms)lstéé‘_}f.wlnuu\:ou VY S5 ws ja 6,18
b azws odylad ol 1 J.:A:ndjlm;pafcwh.um”ﬁm;pg
PO e b 4t adiyled o YV it 53 4 53 5 VATl

Alols yaietie

— st O Ty sl Gy et b (Sl s OVl (FF) o

IFF] as
MY + C,W + (2Kyy ()
- 2KPZSI\ILelastelect2KPZSelect_l)lp3
3 12

+ (E K6=3KpssLerasterect KpzsNLerasterect Kpzsetect )
+
Ky = KPZSLelastelectZKPZSelect_l)

= —2VpzaKpzaNLepasterect ¥

- szaLelastelecthza
KPZSLelastelectlp + KpZSNLelastelectqu+szselvazs:0

4 Ky, Ko K «Kges bk Cs o bl M 0T 53 o

5 okl Gy bt ek (ot 8 (e bl i s
o 5 (b B bbb Kpzalagereet ¢ KpzaNLenastetect
omman il o ¢S5 S5 Shae ¢Sl S sl 5L
w57 4 Vpzs 5 Vpza ¥ Koss\ Kpzsigrasiercer KpzsNLerastetect
5 SVl S ol ) (56 a5 s b e el
Alas 55 cplralr Sl e S S5 i SO S
4 S S sy g 5 s S5 (63555 O30 4 S S5
le Lot 88 5 53 gre 6,805l BB s Ol
Sl g odalS zalyly Hlds s sdalie BB Y Jgd 5 szl
daly gl 45T [FO] 552 0 s CEAMABK ls Oy 4

sl el g e gk sl s V.:i:.u» Y

bl Gos oot b ot Sla bl (U alia ) Jgi

Sldie a2yl
0.24 M
5.11e9 KnL
-0.0142 K¢
1.27e7 Ky
6.33e-8 KPZNLelastelect
0.68 K

PZLejastelect

1.91e-7

szele:t

X =WX = 55 B s L) daly o sl g
Wl Doy ks (F) kel WY,u= Vpzar Y = Vpas
X1 = X (¥F)
Xz
= (=3M~1(2Ky,
2 -1 2 -1
- 2KpZSNLelastelect szselect )Xl - 3M1 (KG
- 2KpZSLelastelectKpZSNLelastZelecthZSeleit )X1
-1 —
-M (KL - KpZSLelastelect KpZSelect )
- 2M_lezaNL

W) [x1=xeq X X;—CsM71x,
U=Ueq

elastelect
+ (_M_lezaL
- 2M_lezaNL

elastelect
Xl) |X1=Xeq Xu
U=Ueq

elastelect

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

ﬁj&bd)}é’ﬁbuw)\ﬁgwW&Pu}v\a(’}&awd}si'kLuh,«.&?us‘&aﬁﬁjdhd#ﬁb\

S Slazee gn ¢ G315 srmal el (S 25 Lo e

3 oyl Ol i 4 o1 YV 5 ol Ve ot (Gl O ainia b
(Gpdiealin 5 0 S bl Lkl h B Lol SIS
230 O (6l 48 (s e > Shos 4 4 55 b ab s 0 0SS
o slos 5 2Y 51 ST (Sl ccts Ol 45t V0 51 S
JS ges b 1y Gl ods 438 L5 y5 00 S L8 Wik
Gb 5 ol AS S B el 5 S g s oS
ol 6l ol 45 S b 55 03 gdoes g Sl 0d Llod (VW) oyl
Ly OF) daly Gb Comin gt o lad 4 asly 08”257
HED = o5 4 e 53l £r pidtuning s> ;i eslaw
ol il {HER3[000] < p<[10%210%107*]}
2SN ray ol B g0 035doun 53 oS J S s
ST sl 0k plonil (VW) sl 53 0s Oy 4 3o cuu,eﬁ;}
4wy p=1e3 wim Wb Je n 2 5 Y =02 golul a
0208 5l 3y Sl 5 bleks 8 L5 530S J 28 1 b
IR p—"‘_)}i“ Silwesly 3 Tl odi 63,57 4 IS 5 oS5
Dbme Sl odd eslamal Jre w5 55 YUY g 5 VA S
2l JoSoo 5 il g ol 2 OA) sl G S5
@5 5 e il )l b3 b U Slee o g ol
3 e 33 S5 ol sla ks 5105 831 (sl sy 53 el 0k
ook Ll SISV b s b 035 a8 el ol s

o\:/-““

dwich Plate with Pi 1 ic Patches
0.06 -
*

005}

0.04 P*27)
E X1=0.0274:0.06
b
£
@ 0.03
g
2
=
2
a

0.02 :9\

001 f P*(10)

X1=0.001:0.0274
#
0
0 05 1 15 2 25 3 35 4 45

Actuator Voltage(V) 106
S S 5 Shae S5 4 i Gis bt Sl i iV S
P 03 5uloe 6K )3 (s (63303

Gb ol (b Jow Je ¥ Ole alob Ok sote Cpioeen
s 33 Oloo ahiob o il 3L s ocaliin BBA JSE 55 (A) sl
(YO dlaly 5b o Jows ol 31 56 457 il o 1yla 15+ YVYY Sl
o) Gb Jue ol (6l oMbl a7 1T 51 gl oleT oy
IS o8 ol laimal BB e ol Bl o 0 VAA SlEe syl (V)
e X1 € [0.001 0.06] ;18" sbib 55 (FF) alasly ot o ot
Sladie 51l M 5 il iy Ol e oS J 25 oS L

.3 a5 03wl HY a.\a_j'fj.!

Sandwich Plate with Piezoelectric Patches

0.15

Distance(m)
=)

0.05

Number

Number

os jasie (615 (5L )3 Waptw Ola ool 51 gles A JSC

ol 02 S sl 1 ol Y Sl

Y sl Y a4l Lad 3
LOICALS ALY olaztl glas sl
P YYF DA A S FIRRCR LJ\:-J:J\:.A‘:}.,\:#
(Xl = 0.0539)r| Yv (Xl = 0.0193) r‘\' 4:>L JﬂJ e.ll.iu
P = 1.03e07 P = 1.03e07 e b Jo
s2 + 4.24e05s + 6.09e08 s2 +2.91e05s + 2.87e08
CoYvy o YOF Aol jlas pas Se
_ 0.1671s + 1.622e04 _ 0.1708s + 1.631e04 Cl S5 GU
— 8157+49'%ﬁ708 — 24%+49'21ﬁ608
7s + 7.14e 7s + 2.14e S
KZ — Kl — Gl’u -L.gdrf
s(9.41e — 04s + 1) s(1.41e—04s+1)
N vy Sl 4;\;.~T(w_fu

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

bl (35 s b SLal ) Al g ang e Do pslie oS U S b b Olejen st 1o oy S sladute s Yy

S Semen ge ¢ Go315 gl el (S b L e

The Multi-Model Control of

0.05

°
=
2

Displacement(m)
°
°
3

0.02 7
i
i X1=0.0274
1
0.01 7 ‘
i
]
0 :
o 0.5 1 15 2 25 3 35 4 45 5
Times(s)
é o . A - - . B
oy S gladis a) 4 (o 9 ble Gy (a5 b e J S0V IS0

Y

Jodr Gillan odss (b (ot oS J 28 53 Ole (S5ST aas
Lo op ol Csl oSl Sl eslizul 57 0550 X1 = 00274 «(Y)
tglie 33,8 or IS il 0L 3 s o e 53 45
35 [YP] o o i 5550 08U ST L ods (o1 b 0iSTJ 1S 0L
23 e aelie Al oe Lo ST J 28 Ol (S5AIST 0L 53 py
4 o shle B)s b5 b gt (s 5 s (J RS IS
53 S oy s g oa W S 51 Y S Y S s
el 3 g0 e [Y8] o 53 (55457 O

. 10® The manner of Control signal with and without Bumpless Transfer
5

Displacement(m)
~

o . .
0 0.5 1 15 2 25 3 35 4 45 5
Times(s)
= ra . - .
oy B 5 adie (gl s 55udS Ol s J S IS Sl ) awslia VY JSCs
ol laSS
The manner of Error signal with and without Bumpless Transfer
0.025 T T . T T T . T
Salah et al.
Present
0.02
0.015 :
| \
£ i 4
§ oo i il [}
H H H £}
H i il 4
& . ' YW
_';’n 0.005 1 . AR
2 il 3% b
e i\ g 1%
i S W el e
g ommmmme—— . SRS B e P
/
.I
!
-0.005 1
0.01 . n . . . . . .
0 05 1 15 2 25 3 35 4 45 5
Times(s)

oy £ sdde sl 53U 0lej s ot S 155 amlio 1Y S8

Sl eSS

Ears
R 02 e vy i L ) paipand as sty lad
Byl o g Aol ol | o da o,

v

i 38 ] Bad g7 g ot

v

ab g7 ol plb paipanyt poyig § et flas ol
gy oo s 0l L Tamhs stad

v

P Py & T T 2ol

v

wi2ifie g plamed LT og S0 Bl

¥

ol et B et

v

gt el bk gl st at

[

Bt x5 iy b o lb painanst 00 pF o Tpn

¥

rle e i et Hlasolad

F 5 By i gl L
= NERPIE ) o ps
Ban Ll e > B

bl &) et 1 oS5 ﬁ)}g‘ Gl oaly Sl 418 IS

oS w6 S8 w5 ol Ll s bl Wi(S) G55 w6
Gl of jor 4 457 Col 0T s (6,8 (Gl 55 (gl Tl
4 ks b s ()T SL25 ST 5 oaaT Y sl 534U 2 (5ol
Lol T 3 Joue X1 = 0.0274 abis o ookl e 40 53
ST 51 Aol oy Sl plis 5 ol 515 4 55 8 sl Gl
38k ol ol (55 16l el ST ks ol
ot T sy Gl 6 S8 4 s gy

Sl (slab o3 (1) dlaly ol Ve 68 s ol B Jl
Lils & (b a oyl Sl |y asb g o slaeansd xS
a b We s Wu (55 @ls AL 135 s pdiedalin 5 ¢ ndid 25
SIS a0l 53 4, sl 5l Bl bl (b 16 S
Gup s b e 512 We s Wy (555 @l (b lie o558
slast S, LS il 01073 5 1072 L5 w o sl
03,557 Gy bl blonteT oy @t Sl Sl -1l 2ils b a5 L
(FF) o) S8 4 5 ol oaT Gty SVslne ST 03 F o0
iled Lo Godl e b (o s lile By b b et S 52555
BBV S [YF] e L 0T e 5 ol ol b ouiS” J 87 5
Al e odalie

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

Yy

@j&bé)}é}ﬁﬁbuw)\ﬁl;&?W&Pu}-br}&awdj‘.si',bLuh,«.&?us‘&aﬁﬁjdudhdﬁb\

S Slazee gn ¢ G315 srmal el (S 25 Lo e

& The Multi-Model Control of Nonlinear Sandwich Plate System

0.05

o
°
b3

o

|
|
|
|
l

Displacement(m)
o
Q
w

o
0.02 /
0.01 /
/
(1]
o 05 1 15 2 25 3 3.5 4 45 5
Times(s)
e 585 53 (555 Gamal Sy B 53 e pglie 555 A lie NF IS
bl Gos o b e LI

S domd A

Gos &8 (b Slley el 5 Jas o dlis ol o
wHsn mpe ga e Yo bl o S8 s sl
Sl B3 6 s b Ul g Vol 68 b 058 e
o SVslae 5 ods gl SISV - by daly bl
DA $3503 g 4 6 ol 0k 0355 dine 4 a5
Al Ll (ol 4 A (o f ot

4 o e 4 2 ST 0y 5y glade Sl eslizal o]
LOT oS5 e 3 Sloe oS 287 (b (s Jike ki
03l )3 r e 53 Cual Sl gtul (ot S 0m (63555 SRS g
3 8hee 5 olg o Ol Lo IaST 0ty 5 glads (5L
Al e OT nlin

,'\wubﬁu‘,‘tumuﬂsﬁ)bﬁ;\v&u,c,_...u(,u
S35 SV Gl 55 90 45 03 53 s 033 p 300 5 (S)IL L Cugr
el Somn oS U2 (b bt 15 b g 3 Shes )
s SVl ST s ll ol BB (b et slajbae
el 3 8l fa 555503 Shas b5 S0l § 050 S 4 s
Sk kol dm Hlas b Gl ol aw Sl dlis js &S Jl 5o
25 b ST L g sl 6K 035 asmda by (s b ot
W23l s 5 pllae s Shas & 4 bt Sl (S35 ol

wib oo T oo 5 5ldad 6145 0 5 sladin 3 ol e
5 Sl Sty (sl Lol warast ) 4 g ple S
Al pamia ST 6 Obasl 33 8 o gt 5> Slas 2alS
ST bl L3b e sy 4w (lasls dlesr I s s Sy
0 OT o ysb Slssl 5 5,05 b adsl 305 4 aly b 45l
ol e 1 5 Bl g e oy 5 s 0255 S5
oD 5035 (s 5 2 ool dabdin e S (ML ST ani
— ot (R e slaenliS 5T ol s QUL e8I o
Olg ool o jlnn b dlin olul 3 b ol ol 45 S i )3 55T

+10° The manner of Output signal with and without Bumpless Transfer
25 T T T T T T T T T

o Salah et al.
2t
A 4}
13 }
. ii% ]
E1st i Tume 9
£ e
8 !
§ !
8 !
s !
a e !
."
7
&
05t H
__________ i
0”
'I
[}
____________ { N . L L s L L
0
0 05 1 15 2 25 3 35 4 45 5

Times(s)
S 3 5 gt 5 5 IS 5l amglin Y IS
SR iS5 0y & sladite sl S3ST 0lej 3  SU1s 5
e oks (b (14T ok B sladie pslie L) o S
ot A5 Sl 28 s 53 o il (35 et 8 e 053 bl
ook gyt o o iz 515 5 Ut oJ 1S IS (555 2 S
AN O 4t 515 55 58 53 bt 5185 53 5ol Hly i ol
10 JS8 N S bl e 055 2ok 53 i 3525 L () el 055
23 Sl el s 1 s ol b ol e VP IS
B3 o

The manner of Error signal with Bumpless Transfer
0.025 . . - - . - E . .

0021

0.015 |
1
\
L i
\
\

0.005

Displacement(m)
o
2

- rmam———

-0.005
0
Times(s)
Sy 53 (G55 el 3 s Sl s pslie B aulie N IS

- 10The manner of Control signal with Bumpless Transfer

Displacement(m)
a N w
- [ N 4] w (4]

o
4]

<}

o 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Times(s)

25 53 (G35 el sy F1 s et plie 5185 4wl V0 Is
ﬁ}ﬁbé)}#ﬁbwdﬁfdtiu

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

bl (35 s b SLal ) Al g ang e Do pslie oS U S b b Olejen st 1o oy S sladute s g

S Semen ge ¢ Go315 gl el (S b L e

&l
[1] Fakhari, V., Ohadi, A., 2011,” Nonlinear vibration
control of functionally graded plate with
piezoelectric layers in thermal environment”,
Journal of Vibration and Control, 17(3):449-469,.
doi:10.1177/1077546309354970

[2] Liu, X., Cai, G., Peng, F., Zhang, H., Lv, L., 2018,”
Nonlinear vibration analysis of a membrane based
on large deflection theory”, Journal of Vibration
and Control, 24(12):2418-2429. Doi:
10.1177/1077546316687924

[3] Rostami, R., Mohamadimehr, M., and Rahaghi, M.
I, Jul. 2019, “Dynamic stability and nonlinear
vibration of rotating sandwich cylindrical shell
with considering FG core integrated with sensor
and actuator,” Steel and Composite Structures, vol.
32, no. 2, pp. 225-237.

[4] Salighe, S., Mohammadi, H., 2019, “Semi-active
nonlinear vibration control of a functionally graded
material rotating beam with uncertainties, using a
frequency estimator” , Composite Structures,
Volume 210, Pages 367-380, ISSN 0263-
8223.https://doi.org/10.1016/j.compstruct.2018.11
.060.

[5] Jin G., Deng M., 2020, “Operator-based nonlinear
free vibration control of a flexible plate with sudden
perturbations”, Transactions of the Institute of
Measurement and Control. 42(7):1375-1387. Doi:
10.1177/0142331219891352.

[6] Liu, X., Cai, G., Peng, F., Zhang, H., 2018,
“Dynamic model and active vibration control of a
membrane antenna structure”, J. Vib. Control,
Volume 24, 4282-4296.

[7] Golestani, M., Ebadollahi, S., Smaeilzadeh, S. M.,
2017, “Robust Adaptive Control for a Class of
Uncertain Nonlinear Systems: Integral Sliding
Mode Control Approach”, JoC, 11 (3) :51-58.
URL: http://joc.kntu.ac.ir/article-1-401-fa.html

[8] Shahnazi, R., Pariz, N., Vahidian, A., 2010,
“Observer-based Adaptive Fuzzy Control Scheme
for a Class of MIMO Uncertain Nonlinear
Systems”, JoC, 3 (4) :65-75.

[91 Murray-Smith, R., and Johansen, T,
“MultipleModel ~ Approaches to  Nonlinear
Modeling and Control”, Taylor & Francis, 1997.

[10] Rewienski, M., and White, J., 2003, “A trajectory
piecewise-linear approach to model order reduction
and fast simulation of nonlinear circuits and
micromachined devices,” IEEE Transactions on
Computer-Aided Design of Integrated Circuits and
Systems, vol. 22, no. 2, pp. 155-170.

[11] Angelis, G., System Analysis, Modeling and
Control with Polytypic Linear Models, PHD
Thesis, Eindhoven University of Technology,
Eindhoven, 2001.

8L s oS Y 1S Cmb g g Sl Llod ) dg Ol &G @
oo & IS5k el kS 2SSl ( Sy pde e o
sbpalie 5 L 88 b b )15 S A oSl A S
Silotig s Jo Gl el s BLSI ST S U O
ol e o e 35 o 03l K55 piu,gj‘ 90 3o
Shyd sl Sl aigs gy le s 5a sla Bg)y anglie 53 )
OT Sl o 5 Gl o 2 St 08T (1 (sla bl sl
el

oy £ 5 sladae ltle Sdoms 51 5,8 sl (gl Wlas oyl o
Gl ol okt 4B L5ys K de s s glaodiS 1S ¢ (6145
als st e (slaodiS S xS 51 28 IS 4,5 03,8 3 b
SodiSJ 1S oS (goshy Cnl ol ealanul sgdees day L Ol L
NS S (s A5 53505 3 008 ke dalie 5 p A d RS Il 2
S e e s Jles

23 4t 3y S 0 B sladite o Al S Kos (S
o LB ods 330 dlie 53 ol laoiS U 287 o 5S oK
s SRoliS S o G3IST lla 4 ls w6 S 5l
Sl oS e o) ol ol Jo G S0l 3 4 S
Sl SV¥slae &8 IS8 Aats 2w 58l G5 ¢S5 bl g zalS
2 l od (65l 4 318N 2 = s daly el OT (omal
;,.:glaéc.k;ﬂlﬁ):@\m‘jézwoxfdjff.u:@om
a3 O 35 3l cnlin 3 Sas 5 (1L 503 polie s gla

b omatle Gos (e Ly 03,57 s I e
5 e ollan 3 Sles 5 bl bis S ol oS xS
Syt ol e 3 ol Gots S| o pllas el 4 Ok
G 8 ol slgtiy ey S SRS £ 5 ol (b 4 Jsa
53505 513N L0 5 i 4 1) e (5087 5L IS 0 n OT S
S asei b SI6F 4 et oSS S LS 5 )
03,51 5 Olajon ) glg oslan 3 Slas 5w ail> (55l Lol 2
Sl mlin lime G Sl 0o 02, SN 0l (S 525 2 g e
SLoiS Y 25w poen b S lab S guatas
2l b e sladie Ole Jals olul 3 L3515 58 sl (Joes b
S8 4 b eSS il AT Sy bl 5
T TG IR W RO I R 5 PPN
A s olgrte s b s sS0s oy S I L e
oMl (s oz 8 o) 4S5 L e ol Sl e 035
Sk 55 Sl fle e ($3lgiy ﬁ,uf\“ Orren 5 Sl 0l
e laoiST J 287 Ol SIS S0l 45 By Ol g F

.:ﬁrUdL&A@l sbssTs S5l 015 a1y

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

Yo

ﬁj&bd)}‘;ﬂ?ﬁ&\:}uw)‘&l;wW&Pd}vﬁr}&éddﬁf‘kLUL&M&?U&‘&AJA_K‘}GL&JJAM“)‘

S Slazee gn ¢ G315 srmal el (S 25 Lo e

Volume 138, 106838, ISSN 0098-
1354, https://doi.org/10.1016/j.compchemeng.2020
.106838.

[23] Ahmadi, M., Haeri, M., August 2020, “An
integrated best-worst decomposition approach of
nonlinear systems using gap metric and stability
margin”, Proceedings of the Institution of
Mechanical Engineers, Part I: Journal of Systems
and Control Engineering.
doi:10.1177/0959651820949654.

[24] Kucukkoc, 1., 2020, “Balancing of two-sided
disassembly lines: Problem definition, MILP
model and genetic algorithm approach”,
Computers & Operations Research, V124, 105064,
ISSN 0305-0548,
https://doi.org/10.1016/j.cor.2020.105064.

[25] Korjani, S., Serpi, A. and Damiano, A. , 2020, "A
Genetic Algorithm Approach for Sizing Integrated
PV-BESS Systems for Prosumers”, 2nd IEEE
International Conference on Industrial Electronics
for Sustainable Energy Systems (IESES), Cagliari,
Italy, pp. 151-156, doi:
10.1109/IESES45645.2020.9210700.

[26] Haj Salah, A. A., Garna, T., Ragot, J., Messaoud,
H., 2016, “Transition and control of nonlinear
systems by combining the loop shaping design
procedure and the gap metric theory”, Transactions
of the Institute of Measurement and Control,
38(8):1004-1020.
doi:10.1177/0142331215577420.

[27] Saki, S., Bolandi, H., Mousavi, S. K., 2018,
“Optimal direct adaptive soft switching multi-
model predictive control using the gap metric for
spacecraft attitude control in a wide range of
operating points”, Aerospace Science and
Technology, Volume 77, Pages 235-243, ISSN
1270-9638,
https://doi.org/10.1016/j.ast.2018.03.001.

[28] Ho and Faroog M., 2000, "Comparing an
interacting multiple model algorithm and a
multiple-process  soft  switching  algorithm:
equivalence relationship and tracking performance,
", Proceedings of the Third International
Conference on Information Fusion, Paris, France,
pp. MOD2/17-M0OD2/24 vol.1, doi:
10.1109/IFIC.2000.862572.

[29] Martha, L., Abell, James P., Braselton, in
Introductory Differential Equations (Fifth Edition),
2018.

[30] Bendre, A. R., Venkataramanan, G. and Divan, D.
M., 2002, "Dynamic analysis of loss limited
switching full bridge DC-DC converter with
multimodal control,” APEC. Seventeenth Annual
IEEE Applied Power Electronics Conference and
Exposition (Cat. No0.02CH37335), Dallas, TX,
USA, pp. 617-623 vol.2, doi:
10.1109/APEC.2002.989309.

[12] Chen, W., Sun, J., Chen, C., and Chen, J., 2013.
“Adaptive control of a class of nonlinear systems
using multiple models with smooth controller,”
International Journal of Robust and Nonlinear
Control.

[13] Narendra, K.S., and Han, Z., 2011, “The changing
face of adaptive control: The use of multiple
models”, Annual Reviews in Control, vol. 35, no.
1, pp. 1- 12.

[14] Narendra, K.S., and Han, Z., 2010, “Location of
models in multiple-model based adaptive control

for improved performance,” in American Control
Conference (ACC), pp. 117-122.

[15] Meskin, N., Naderi, E., and Khorasani, K., 2013,
“A multiple model-based approach for fault
diagnosis of jet engines,” IEEE Transactions on
Control Systems Technology, vol. 21, pp. 254-262.

[16] Rodrigues, M., Sahnoun, M., Theilliol, D., and
Ponsart, J.C. , 2013, “Sensor fault detection and
isolation filter for polytopic LPV systems: A
winding machine application,” Journal of Process
Control, vol. 23, no. 6, pp. 805-816.

[17] Haj Salah, A.A., Garna, T., Ragot, J., and
Messaoud, H., 2015,“Synthesis of a robust
controller with reduced dimension by the Loop
Shaping Design Procedure and decomposition
based on Laguerre functions”, Transactions of the
Institute of Measurement and Control, pp. 1-25.

[18] Ghali, U. M., Usman, A. G., Ali Degm, M. A,,
Alsharksi, A. N., Naibi, A. M., Abba, S. 1., Jun.
2020, “Applications of Artificial Intelligence-
Based Models and Multi-Linear Regression for the
Prediction of Thyroid Stimulating Hormone Level
in the Human Body”, IJAST, vol. 29, no. 04, pp.
3690.

[19] Wang, X., Che, M., Wei, Y., 2020, “Neural
network approach for solving nonsingular multi-
linear tensor systems”, Journal of Computational
and Applied Mathematics, Volume 368, 112569,
ISSN 0377-0427,
https://doi.org/10.1016/j.cam.2019.112569.

[20] Enayat, A., Moallemi, S., Elsawah, M., Ryan, J. ,
2020, “Strengthening ‘good’ modeling practices in
robust decision support: A reporting guideline for
combining multiple model-based methods”,
Mathematics and Computers in Simulation,
Volume 175, Pages 3-24, ISSN 0378-4754,
https://doi.org/10.1016/j.matcom.2019.05.002.

[21] Ma, Z., Xu, H. and Dong, F., 2020, "Multi Model
Robust PID Control of Main Steam Temperature
based on Gap Metric", IOP Conference Series:
Earth and Environmental Science 558: 052074

[22] Wang, J., Song, C., Zhao, J., Xu, Z. , 2020, “A
PWA model identification method for nonlinear
systems using hierarchical clustering based on the
gap metric”, Computers & Chemical Engineering,

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.2.4 ]

[ DOI: 10.52547/j0c.16.1.13 ]

bl (35 s b SLal ) Al g ang e Do pslie oS U S b b Olejen st 1o oy S sladute s A\i4

S Semen ge ¢ Go315 gl el (S b L e

reinforced nano-composite face sheets,” Smart
Structures and Systems, vol. 26, no. 2, pp. 185-193.

[44] Mohammadimehr M., Monajemi A., Afshari A,
2020, “H. Free and forced vibration analysis of
viscoelastic damped FG-CNT reinforced micro
composite beams”,. Microsyst Technol, 26, 3085—
3099. https://doi.org/10.1007/s00542-017-3682-4.

[31] Hu, W., Lum, G., Mastrangeli, M., 2018, “Small-
scale soft-bodied robot with  multimodal
locomotion”, Nature 554, 81-85.

[32] Du, J., Johansen, T. A., 2014, “A gap metric based
weighting method for multimodel predictive
control of MIMO nonlinear systems”, Journal of
Process Control, Volume 24, Issue, Pages 1346-
1357, ISSN 0959-1524,
https://doi.org/10.1016/j.jprocont.2014.06.002.

[33] Geramifard, O., Xu, J., Zhou, J. and Li, X. , June
2014, "Multimodal Hidden Markov Model-Based
Approach for Tool Wear Monitoring," in IEEE
Transactions on Industrial Electronics, vol. 61, no.
6, pp. 2900-2911, doi: 10.1109/TIE.2013.2274422.

[34] Galan, O., Romagnoli, J. A., Palazoglu, A. and
Arkun, Y., 2003, "Gap Metric Concept and
Implications  for  Multilinear ~ Model-Based
Controller Design." Industrial & Engineering
Chemistry Research, 42(10): 2189-2197.

[35] Zhou, K. and Doyle, J.C., “Essentials of robust
control”, Prentice hall Upper Saddle River, NJ,
1998.

[36] Thang, M.T.,” Robust stability and robust
performance. Part of a set of lecture notes on
Introduction to Robust Control, 2002.

[37] Skogestad, S., Postlethwaite, 1., Multivariable
feedback control — Analysis and design. 2nd
Edition, Wiley, 2005.

[38] Toivonen, H., “Robust stability and the H* norm”,
sbo Academy University.

[39] Ahmadi, M., Rikhtehgar, P., Haeri, M., 2020, “A
multi-model control of nonlinear systems: A
cascade decoupled design procedure based on
stability and performance”, Transactions of the
Institute of Measurement and Control; 42(7):1271-
1280. doi:10.1177/0142331219888368

[40] Turner, M. C. and Walker, D. J., 1999, "Modified
linear quadratic bumpless transfer," Proceedings of
the 1999 American Control Conference (Cat. No.
99CH36251), San Diego, CA, pp. 2285-2289 vol .4,
doi: 10.1109/ACC.1999.786421.

[41] Zhang, X., Fang, J., Lin, C. and Ying, Y., 2011,
"Complexity analysis of dichotomy method in
solving the approximated solution of equations”,
2011 IEEE International Symposium on IT in
Medicine and Education, Cuangzhou, pp. 257-259,
doi: 10.1109/ITiME.2011.6130828.

[42] Amini, A., Mohammadimehr, M., and Faraji, A. R.
, Sep. 2019, “Active control to reduce the vibration
amplitude of the solar honeycomb sandwich panels
with CNTRC facesheets using piezoelectric patch
sensor and actuator,” Steel and Composite
Structures, vol. 32, no. 5, pp. 671-686.

[43] Rostami, R., Rahaghi, M. I., and Mohammadimehr,
M. , Aug. 2020, “Nonlinear forced vibration of
sandwich plate with considering FG core and CNTs

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.13
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.2.4
http://joc.kntu.ac.ir/article-1-826-fa.html
http://www.tcpdf.org

