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Robust Stabilization of Switched Linear Systems, Based on State
Feedback Observer and Dwell Time Switching Signal

Mohamad Ali Bagherzadeh, Jafar Ghaisari, Javad Askari, and Mohsen Mojiri

Abstract: Stabilization of switched linear systems is one of the most important problems in the
area of switched systems. In this paper, a design method for robust stabilization of parametric
uncertain switched linear systems is proposed in terms of linear matrix inequalities. First, a method
is proposed assuming that all states are available. This method designs the state feedback gains,
such that the closed-loop system to be robustly asymptotically stable under switching signals with
the known minimum dwell time. Since the states are unmeasurable in some practical systems, the
method is then extended to the practical cases, in which the outputs are just available. The observer-
based stabilizing state feedback gains are designed to stabilize such systems robustly for dwell time
switching signals. The asymptotic stability of the proposed methods is proved under the assumption
that all the nominal subsystems are controllable and observable. Then, the method is also
generalized for robust stabilization of uncertain switched linear systems under any arbitrary
switching signal. The correctness and effectiveness of the results are illustrated by some numerical
examples.

Keywords: Switched linear system, parametric uncertainty, robust stabilization, observer-based
state feedback, dwell time switching signals.

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

o sb e ) o ol gmis J S ade L5000 385 13l 5 ST Oledtige ezl o S aloe 0313 3L e dasms 1L 15 0lgs skivn 5


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

it Caldl Ol il by o g S 5 S5y 1 (e Sl Sk el b ot S g (U 3l (5Ll 0%

éﬁnwcéﬁ&ﬂﬁgéﬁé%u)\jﬁgéﬁm

S5 b b s ot Ko g (Sl p5le (5Ll
o A g VY] 53 5 s K ) eslid L
Sl pslie Slolbl mise Szl S glaen, S
03 A% sl [YF 9 YY) s el glyls e &g..:;‘}.» éLAr.:....:..u
b el lyls Kioed s palhe ($3laslbl i 55 [YO]
T I ol pon 4 o ESd (glao gy 51 (slas gomn i 03Lizul
A gy g lin Sl 4y el
oty o Kioes g o s 3l (53Laslbl callie oyl )
b g IS 5 Ll ESs (glno gy 51 oslizel b (5 ey omal
S sladlie 53 b gmsl 3l ases ol 5sd s (owsp Swll Ol
» V'ﬂ’ OB el e Il slad SVsles 7 545 0 8l
33 Sidu 53 o T o iy unal s el o 5 s OT
Syb dyep ot Koo g e 53 Gl Sl anal 2]
Slols 5 Tp bl 0l b s Koo St oL o
ST Gl € Wil e o 6B s (bl el
O o3 Al esliml Gdm sla iae 5o oolgi glaandd
ol g e Sl LS D3y s 53 B L i
2l pslis Sl Sl 6K Glae g (b ¢l lanis
i 53 Gromad 3 g5 A1 T bl Ol Bl L g g U
e polie Slolbl S $SKas 0 Gl Sl piler
23 35k (b e Gl A S el b e S e
b s Sy g e e Sld sleese (o) )
A Gl 4 bl sl Glls Gt Al (s & Wph
23 kil pslie il Sl Tp Sl 0l Bl b e e S
LLas ol idw il 5 (S ale comlin (s3de sladlie 3l eslizul | olgs!

S 0 0315 OLES Ko S g St pslin (5Ll 5

o Oy 9 BHWI gy -
SVslae b ods (a5 ot Koo o e
{X(t) = Agyx(t) + Bypyu(t)
y(©) = Coryx(t)
U € R™ (g o= Hls ,x € R? QT,:S.\ixing):\J

M)

3 (e Sbms S Uy VE R' (I8 sl by
I el s I 0(O):RY > M = {1,2,..., N}
Ok dlab 5 48 ol o s S s g (Slald 5 S e g
B; € R™M 4; € RV - oan a8 o Kislen | IET
S o s sl AEM & Gl 4 C; € R™>™
Sl Fle Vgmne ien Kot g ot Sla s 5 5 Sl >
Al o Gl ol o os slas 8 50 By 5 4
o (Sl gt Sl (5L SYslne 3 o o gnels 51 slats
63l 3 bl el Ll g elil el 0 d e odalin
2 Sl ol S eslined b Sl (glis DYl o 1 GG

doddo -

N T 0 I JC-CeC PP PE
Slaptune J 257 5 Lol (gildde 5o cdileds S5 g
o o o [F = V] b oo 3 8 5 & ooy Salys
St 5 51 4 ol B g (Sl 1 g 20> (o
Lol Coale s 4 bleds S ol b pdlw e
2 L 53 S A g g IS (K e (S
SV 3 ¢ st Kot g ($laptors SO [A 5 V] 3515 bt
- 4] Ol or dhemr OT 51 a8 Sl ol (s (ol S8 2205
Slaptam sl [V = W] ol s ol slapra sl [IY
Ssn s 33 2 o Sl dhols & il Dl 1> Ko g
o o gt 12 V4= W] 5 Sl 550 pntin e |
2,5 oylal Sl 4 atly

Slaptem ) S K Ko Slagiem | @3laslhl
@ 8 3 aa) o) O Kiass a5 355 ot sl s Ll
Sl (Y U 5) S Sl oy 3Lyl alis 31 Coa ol
S 7o U/ 5 o S o g 4 S o s 0357 10
Gt Gilolbl diee ol el S s o,
(Y90 ] ahoam 51 liiun e 53 gomal Doy ot S
Gl @y S5 Lyls e s ) Sl odd gy
o olie g IS 3l oalinal b o Ko g (51 e
Gl el Sl g S (b By 3 0T 51y 2
[YY 59V s st oo g o o Slatnbad (5,101 P
o o tealy i I (b By 55 opmenr b sl
ol S IS (gl o e il SVslaal oy s Sl
58] 5o slgniy [YF] 5 [YF] 5o ot Ko 5 )
o g Slapt (S 5basl ol Ol gy 1 (51 B Lasl 5 Y9
e e Ky Sl S sl 46y S ol b ot
oo g s Ll EGS (slre gy impen A 41 S 5
S s e [YV] 53 (oo 0 03 450 e 5 33 51 JSCize
3l (Sl Sl ol s g e SR o 15l 4 e il
G Gl ot K e (1t ($3Las Y Als S e
Gl b ods )y [P -YA] 3 35 g I et 3
s Sl 23 (s (S5 p L fomal G 56 s 4 5
o 5 el s st Koo e S ptnw p3las 5l
T W 35 g Sl S Tl 5 [¥1] 3 YO - ¥ ] 550
o o Slapmr p3lin (S3Laslbily (s1p nlin T 4y w2l

T

Ol ol s s slgiiy S el gl s

- Arbitrary switched systems
- Stabilization
- Quadratically stabilization

1
2
3
4 - Polytopic uncertainty

Journal of Control, Vol. 8, No. 4, Winter 2015

VP Glions 3 oF o jlos A dlor 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

ov et Zaldl Ol Jilo b o g S 5 S5y 1 (on o Sk 3l elinal b st i g (5l 5l (5Ll

éﬁ&mgéﬁ.&ﬂﬂgéﬂéﬂ&gnuﬁggﬂw

St e dEM i s p s kK E€{L2,,1) 5 Gl
S G o4 EL wdl ses Qo Tk = @) g
sls Ol 015 o Sale & il By (PiE,i + E,‘;TPL-) < agP;
8aic (PiEL + dssb e ol PLAA; + AP S 0Py S
N3, 8qx € [—cp , ] pslin ol sl E,‘;TPL-) < a;iP;
Lalsy 31 ol pley 3l 13 (5F) 5 (2F) Ty, S11es 5 ST el
R 3 A S 4 S a5k ans OF) 5 (£F) (GIF)
Sqr € L (L) 5 (V) sl ghyls x(8) = Ax(t)
N PA+ AP S —AiPr s sl s 6 i, k]
(e 4 Sl ok esls 0L V8] 5 [VF] s promen el
o LIl Tp Sl 0oy L X () = Ag)x(t) o Kioes pu
AL 15 5 g e SYslasb o6, € M e gl 4 S
PA; + AP, < —0P; A
e M™p; < P (0)
1314 O) SYslaal sl 3 ) o bl 2 T Sy 3
B g e 45 53 5 035 51 2 el Sla el 3lin LS
g el pslae (6l (le L (M) — (V) s
0

bl g Slpteme 3ol Gy sl )
sl oulaT [A] 3 4T Gollas " ast (glanksd Il &Sl 5 onlinal
2shr O
3 oslizal b (3l BB (V) ot St oo =) g 8
I EM o lil ) u(t) = Kix(t) o glanks Sl eSud
e S G 4 AL 315 35 G(E) g S STl
2(6) = (Ase) + BoKo)x(t) e aile o oo s
Al 3L (6 ol o s 5l

L pole jluylwl I Oud b Y
s (SBT3 osliiwl

Sl sl 03 S ol BB 55 b isu ol 5o
{Ki i€ Sl eSod o oo 5l 51 (148 sz gt
b lanls S8 (6555 S oS e Hb s 0 1) M
(1) (s Ko o ot (53Lslkely oo o () = Koy x(£)
Tp b b b 5855 Sl 0o b gu o S 2 i o(F) —
okt (b Sl s 0 (5la s Lo 40 gome 505 Oy 41355
2(O) = (Agiy + b Kb o2 UL oo
o) Sl sl 5Ty bl Ol sl BaKogn)x(6)

Ol ol 0l OLES Y J{.@))ui)‘)

b el (nl 03 (Gural o pd o aid 5 omal s a0l o 2 5 s
e oty 4 b5 0T 385 (5,5 031l 53 U5 pe 5 & Y pene
ldle 53 T 3y 4 T 5 Slas dob 5 LOT ol
Ap Dl (slab (sl jile (s Kot g Slagos 1 5321
oo & el S By
A;(q) = A? + 44;(q° 4q) (CY)
B;(q) = B + 4B;(q°, Aq) (o))
s 9°=10491.9% . @?] q=1[91,92 .. ¢ ] & sz
el sy o 5 4 S ity 03 4q = [6q4, 64, -, 8, ]
omed i U eyl anl O e 15 5 U eyl ol sl s
4 o dmes et ) Sl glab b gl Sl BY 5 A7
b Lk o o BY = Bi(q°) 5 AY = Ai(q°) <l
Sam Sl b <> ABi(q°,Aq) 5 AAi(q°,4q) S
ph o b 8 s 55 O sse 4 5035 BisA
A4i(q°,Aq) = Xi=1 8qxEr, (@A
ABi(q°,Aq) = Xk=1 69k Fi, («")
Sils o akins Ol G lalsy 5o Ff 5 Ef gl b
Sy 33 ol Qe pnab eyl 4 By 5 Ay S sLis sla s Sl
)EL casl sl (B L) Ay s 5l 53 556 Qi Jsgome sl o
2y dal s o e Sl (Fi b

oo g S 3l (Sln (651 (i ol Saalsl 3
Ok € 5 (F) SVslee b odd o 5 5 il (umal ols
2T Sl Obj shls mise I Cow ek, +or ]
53 sl il L lp <) @ 3 edaT s dnh o dal
Slslbl S s slae,e (b (K 5 ST sl i
A dal g o3zl
Ol 15 g g S L () = (1) st oo g s =) o
Sl p3lie (g il o s I, By € [—ck,+e] 5 Tp il
ls s Py Ol e Ste e Sl ST () S0 (6350
(e 3 A S ke{1,2,..,1} 2 &l & @i 5 A oo
4o gazme 3 D=y Aihe = U & Sy & Ldb bl s (L EM

LB 18 s 5 e il SVl

PA7 + A?Tpi < —(a; + )P, (L)
e MTP <P ijEM, 1))
PEL+E} P < %P, "
PEL+E| P> —%Ep, )

PidAi + & 1,8 oo o o umal 1 (1) iy 51 - OST

. T
4 S oo 55 el AP =T 8, (PEL + EL'P)

2 _ Piecewise linear state feedback

- Null matrix

Journal of Control, Vol. 8, No. 4, Winter 2015

VFAY Glions; oF o jlod A dlor o8 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

it Caldl Ol il by o g S 5 S5y 1 (e Sl Sk el b ot S g (U 3l (5Ll oA

éﬁnwcéﬁ&ﬂﬁgéﬁé%u)\jﬁgéﬁm

Pi(EL + Fik)) + (EL + FiK,) P, <SP, (LA

Ck .
Py(Ef + FiG) + (Bf + FUG) P2 =25p, (2 n)

k

e"M™P, <P ; i,jEM. (sA)

e 33 4 o (LI A) dslasl 0358 0 oalie 57 &5, S5len
)‘.‘.'&':'“ _,::,J )‘ oalaiw! l: ‘J‘j{b‘ g:,.m.:.: ;.;.'\m Ki E) Pi gg‘“{.j;l"
daly Q= P s alslasl opl Co b 53 058 s 5 K = RiP;
¢C,..~\g.,v.l>u RiﬁQi éhﬁlﬂb@&‘(ﬁ)&)ym\)(J\A)
(=S 5 sl
(A2Q; + BYR) + (QA?" + RTBY™) + (a; + 2)Q; <0 ()

S S5 s g [P9] osh JoSKa o 5l eslited b o
Al 5 (Ll 8) dslaal ST s 5 ST el S5, ()
o (g A) sl Aslaals g9,y 2y O J>\f Ol§ oo Cpomen
ey 2 odons dslasl @ b 3 sed 1SS
(ELQi + FiR) + (QiEL +RTFE ) =240, <0 00

k
5 5 Sl el 55, (V) daly & 5l 0l 015 o S olo 4

dal) 5

2¢,
+FR+RTF <0 (v
W5 5 S el Jl3p (o A) dbslasl S5 Oly 4 sl i3,

AL IA R 25 A X ERT sy e il S

(Bl = 5% hn) @t + Q1 (BE = 52 L)

xT (Ei - Z_ill:lnxn) Qix +x7Q; (ElicT - :_Z:Inxn) x+
XTFiRx + xTRTF x =
2[x" (EL - %M) Qux + x"FiRx| < 0
8l 3, () SIlgs 5 Sy dals 5l (GA) st
SIS 55 (2 N 5 (2 %) Jalsy o 1 0L Ol o alie b
e Jsles
S e Ste Sla s S Py g P Sl 4 a5 L gl s
S 5 F s Ol e S o Bl (0 A) daly 53 S dzs
s el 5 8) bl b Jsbas 5 (672 70P) T > (P)
) S 5h o JulS anas DU
$sa b Q e St il U S Sose 520 &S
Npr Qi =0Q; VIEM (il « (z7) —(CaliP) Luls, S sl
Gloo,e b iloolbl LB (1) — (1) s Kiod g (o (AL
o s g S 2 5 (K = RiQ7Y 1€ MY b oSS
Al Q re e e Sle e Ol B s s dal
I3l 4 () —(CIP) Luls, 5 55 1y s 4 S RE Rmxn
b oo o s i3l 513, (VIEMOR; = R 5Q; = Q

1 Schur complement lemma

K1 —e u(t) x(t) = Agyx(t) x(t),

K, e '}’\ ’ +Bypyu(t) "
: \\ ¢

\
Kml—e \ ST

&

3l oalizal b ast o g s (5l Sl i) S
S oS

St G5l aue) 5o odd plasil gla Ry sled 5o
PP S Bt 5 olad O3y (e S 55 (Kin pe
Wbt 5 S sl oL g 3 S L el Jglidze
Sl st Sl oS shls Koo g e (Sl aliwe
walsl 53 il o (o &Kt Jlasl O3y Sl e g S
o g 359 sl B Ll b as gams &S US il DU (glanal
S S o S g ot 53 sl Sl S eSS
AL ) 5 () SYslaa L ods o g S e 1§ (53105
Npn Sope 53 Sl Ged das e Ol GGk € [—cp, Fey]

Lo 51 5 Syl $SAS (sl g candS ol Ll 5 Do

Sty b (1) — (V) b Kimd g e =) dpd
S oSS oo, bbbl b6 dd 2 (A7, B7)
bl Ol )l e I 2 {K; =RiQ;*,i e M}
i A Qi Ol e it g Sl S1ell Tp S5len b S5
ke o @il & @iy 5 4 S <l 5 R ER™T
Séﬁq&gul::ﬁ}giEMWﬁjﬁ} {1,2,..,1}

B 1B 5 s Fle SVslaal as gaze 5 Doy A = @

A2Q; + QA" + BYR; + RTB?" 0;
1 <0 (9
Q; Q;

Tt
(Bl = 52 huxn) Qi + F{R < 0 (=#)
(Bl + 3% hxn) Qu + FiRi 2 0 @
eh™Q; > Q;; LjeEM (=9

u(t) = Jp5 IS L () ot Koo e — O
3,5 e $b 55 Dose 4 Olg o L Koy x(t)
x() = (Ao + BowKo(ny) X(©)

o Sz o s 45 235 i O o) Sl el
s I a sl 4 K, 1€ MY o eKd slao e L (1)
4 Sl pslin (Sbma L Tp b sslen b )5 Calil Ol L
Cte il 5 A 5 @ St o AEM pn 5 2 1)
CVslasl 4o gams S oo 4 Bl @3 3w s P Ol e
BB 25 o Sl

Pi(A7 + BYK) + (AY + BYK)TP < —(a; + A)P;, (1A

Journal of Control, Vol. 8, No. 4, Winter 2015

VP Glions 3 oF o jlos A dlor 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

04 et Zaldl Ol Jilo b o g S 5 S5y 1 (on o Sk 3l elinal b st i g (5l 5l (5Ll

éﬁ&mgéﬁ.&ﬂﬂgéﬂéﬂ&gnuﬁggﬂw

K o | XO=Awx0+Buo| e

'S
N Qg I CRIC

. \
H \ ‘
Knlle %
\‘ a(t) S8t
\ e
\
\
\ =
X - S,

o d
() | 220 = (450 + BooKow)R®
+Lo(t) (}’(f) - Ca(t)f(t))

Slaars A 3l ealinal b plis Slaslily Sl s oSled Sl 1Y S
o b a0 2575 Sl (P sl 2 45 gazen €5 48
o st B g s sla s 5 31 o3l L Lyl
Ol 8qg € [—cp,ter] Lo L1, () — (V) SVl b o
Slaesp s Lld 03 Sl s Soe 53 G s dad
los 1))z ol 53 55 K a) g e Slasll Sl oS

b St 5 b () = (1) s Komigu s = 408
S B s ), (A7 B CD) pdas, s pkd S
R; € R™™ gl 5l Qi 5 Qi1 0olite fpme oo (sl s Sle
& sl w3l sy Qi 5 B Ai S ale 5 Y ERPE
assazad EM 5 kK €{1,2,...,7} pslis oled Gl &S (g o
ST sl Bhmy @i = @ 5 A8l 5155 25 ol SVslasl
o Gl bololul BB s S e
Ol Jolim b i g UK 2 oo Ly = Qi3 Yy 5 Ki = RiQiY

ol Tp L' f‘j’ el

A?Qi1 + Qi1 AT + BYR; + R[B{T Qi
1 <0 (LAIY)
Qi el
>Qi,2A? + A?TQi,z - YiCi - CiTYiT Qi,z <0 ( \Y’)
1 = [
Qi,z _—ai+/1i+1 Qi,z_ :
. T T
Qi QiaEi — RIFy -
<0 W
. . 1 . LT i = C
_Ezlch — FxR; E(Qi,zE}lc +E; Qiz— ac—:Qi,z)_
%k Qs Qu:EL —RTFL
L S an 20 ()
(ELQu — FiR: 5 (QuaEik + EL Qo +5%Q15),
ehi™Q;1 = Q1 ; LjEM, (VYY)
et™Q, > Qj, 5 LjEM, (W)

SR Y S s ads esls Ol et Kimd s ot ~ WS

Z(t) = Mo(t)Z gsb" éi.:gr.;}.» r.’.'......_.w Jf\ ol (-}La.a gs""l’“
7= [RT,%T]T Cjpe 4z L5, & il polis (loms Sl

o3l 0L (V) 55 5 Mg(ry sl s B =X — %) 55500

R PR

K= S b oSus o, 51oslinal b g ml)l amelb glyls
g dal g pslie e Sl col g3 oS g S 2 5 RQT
Gl Slp Sleslul S s glae,g b s Y &S
Ty bl 0lej 1) = (1) (el imel glols ot Koo
Gl WL bl Oloj ol Sl ok st S ol ldie &
Ol 5 Calil Olej o dodlan ¢ 3 b 51 45 Wil (g lae Jlus
s el OS5 ara K 0l 4 AT o Sy sl OS
Fop 5 bl g e WS Sl 0L Jil sl S
5 gl g
() = b et R e o) (FP 4
Sl $Sod slboe g b leolbl 6 Agyx () + Bgyult)
b S 55 bl 0l b g g I o 5 (K = RQT i € M}
o Fo d €M 5 o 3l 4 ST el Tp b ssle
.L.J«:L:AZ..&‘: Sem 9 ‘Ai C.A..iﬂg_ﬁifé} Ri € R™*1 u“"f.j'-’-l"‘Qi Cpama
A2Qi+ QA + BPR +RIBYT

<0 (YY)
Q; -0

A

ehi™Q;=Q;; LjEM ()

Sar S G Il 4 g ol i sl 4 —OLST
Sl oalals AL L35 (1) 5 (V) als) &8 o 4 205 325
cﬂ@&pw«{ckfdu&ﬁ;;y‘;hw
o e 4 35 XS B Ll ol 55 S @y e o S S
5 o5 Wl o Sl 8 @ e 0 S S w53 S e e
5 (GINY) el SIS (ol Koo g s lrn SO s

0 RULS-1PRg e g (;.)\Y)
b pathe sl b a1 -F

s S 79 B 5 odliku!
2 e S (Al Gt S| Sk 5
Sl s 03 (s 53 PR L (S (pl 53l ool (s
o Sagy & 5 oslizal Lol () = CoX () cpimm
e R(O)) ion i 1) o K e Sl
2 s (K T € MY Al 6K 0 g (o s 5l 31 (glas sams
u(t) = Jx5 o555 € oS b g 4 ) Sass
500 = (1) o Ko e i 3Ll o g0 Koy 2(E)
FE o3 Caldl 0L b g g U o S € [, H]
o K e K5 Ok 4 255 (Tp Lol L
ML Tp Sl Ok b X(8) = Agryx(£) + By Ko(ny X (£)

ok o3ls Bl Y IS 55 Bs) opl Sl L pslis ilone

Journal of Control, Vol. 8, No. 4, Winter 2015

VFAY Glions; oF o jlod A dlor o8 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

it Caldl Ol il by o g S 5 S5y 1 (e Sl Sk el b ot S g (U 3l (5Ll 3

éﬁnwcéﬁ&ﬂﬁgéﬁé%u)\jﬁgéﬁm

T
Pi1(A? + BYRP;1) + (A? + BR;Py1) Piy
< (o +A4+1)P,

OA)

T
Pip(A7 = Pi2YiCi) + (A — P2Y,Ci) Pia (49
< (g +4+1)P;,
s Li=PRYy Sose 4 K 5 L S Szl 53 pomer
ZT(PMP + MP P )z 6l 5 dolasls ¢S i Ky = RiPyy
g dal gt 15
2T (PMP + MPTP)z < —[£TP,1% + BiET P, %] —

(a; + 2)z"Piz + 28T P; 1 L;C;%
€i2 = Omin(P21) 3 €1 7= Omin(Pi1) G b ouomen
g« Pia s Pip am jle Slimal jiolie op Sa S Olge 4

2
sl b By = ||Pi,1LiCi||2 /[ (€i1€12) &3l & & sls 0l

el 53 5

ZT(PMP + MPTP)z < 287P 1 L;C;X — Bi€;,X"% —
Ei,lfo - ((xi + ;l.i)ZTPiZ; VieM

B

ZJ’C\TPi'lLL'Cii - ﬁieiszf - Ei,le,';C\

IA

IPiLi CL”

ZQTPi'lLiCif - 2575 — 6"15C\T5C\ =

€i1

1P LiCill, [[PiaLiCi]
(v ] (e )<
oy sl L5, (V) 5 (W) & S 53 el

10) dat; Olos 8" 2T (M + MPTP)z < —(a; + )27 Pz
Sb 30 035 0o b S e Wl 1 Sl ()
Ni s 5 Qi = PH 55 (500) 5 (2 10) (s le Y¥slaal
3 eslital b iomen oy @al (5 19) 5 6 W) sl s 4 cla0T 55
alasl b Jslee 8 @M T0Q; > Q) 355 0 4 (5V¥) 5 (0 VF)

) el ol JolS" s U .l (0 10) s Sle

wils 55 Qg 5 Q1 one S Gy Sle ST (S50 53 1T &S
(Vi€ Qiz2=0Q2 5 Qi1 = Q1 0315 L3 L & (o & kil
i B s e B3y (Y = (GNY) el M)
(Ki=) o gy 5 oo e oKas L () — ()
IS 2 3l & (L = Q'Y , i € MY 5 RQL,i €M)
S Gosess ) poede g dals Sl el mem
Ly, & Ll @il sy 5 el S LY 5 R Sl Sl
oo ot Bl 513, V=Y Ri=R ljl 4 55k
Sy p st o s oGl eslinal b el glyls s
D6 ol s ydLS..m,a;(L—Qzly K =RQi") S

el t)\fu il

Moo = Agey T Bowy Ko LotyCo(o)
7O T AAgwy = ABotyKowy Aoty — Lo Corty

2(t) = Mypyz o Kaopd g e S35 2 ) 05T
b 2(t) = Moz o Koy o 2ol S (oo Jlas!

3Py e e e le Sl pslie ilee Il Tp Sl 0L

F)

SRR ke{1,2,..,1} puljla @i s Coio ol b

PM? + MR < —(a; + A)P;, (1)
e_;{iTDPiSIJj ; lr]EM/ (u\°>
Xik
PN+ Ni PPy ALY
PNi+ N P> —%Pi. (:10)
k

Ll o 4 NE s MY oS sl 515,
A2 + BOK; LiC;

p:
M. [ 0 A} — LC]

0
| A— . . .
U T
Piq
0 BiPis
Sl e s o solae oS dzes 2R Bi et

alsl 1y Sl Py = ] S sl Obl b aals! s

D50 g yaeia

=[RT,%T]IT € a3l & S ks 5 S1ecal 15, (Gl Vo)
g 2T (PMP + MPTP)z < —(a; + )27 Piz dafy R
Al (C10) daly 53 MP 5 P Nl L pomen 3L
RGO Y

Su S
PMP + MPT P = |t 12]

521 522
L wﬁ‘j thl] ny

Si1 = Piq (A7 + BYK;) + (A7 + BYK)" Py,
S12 = PinLiCy,

S1 = (LiCi)TPi,l,

Sz = Bi{Py2(A? — LiC;) + (A? — LiC)" P, ).

el 32T (M + MPTP)z (s 5 sl ol ol
ZT(PMP + MPTP)z =

2T[Py1(A? + BPK) + (A? + BYK)TP, |2 +

BixT [Py (A7 — LiCy) + (A? — LiC)TPy1]% +

28T P LiCiX

(o W) 5 () Lulg)y o) 2 s JoSe o dlst b WSl

AT s Sy o5 Lol

A?Qiy + Qi AT + BYR; + RTBYT < (a; + 4 + 1)Q;, (V)

Qi2A? + AT Qiz — YiCi — CTY! < (a; + 2, + 1DQi2 (W)

53 OV) aslaal 5 Pyg = Q7 53 (V8) dslaals 3 b 055" i L

RGIOARY r:h‘? “) Jf.) SYslasl Pi,Z = Q:21

Journal of Control, Vol. 8, No. 4, Winter 2015

VP Glions 3 oF o jlos A dlor 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

2 et Zaldl Ol Jilo b o g S 5 S5y 1 (on o Sk 3l elinal b st i g (5l 5l (5Ll

éﬁ&mgéﬁ.&ﬂﬂgéﬂéﬂ&gnuﬁggﬂw

SleteT Sl Ay 5 ol ol jod 4 K; 5 Q; Ry gla s 5l 1) J g

(Y0) B o e 1) 48

J9! e 93 3
a=1;k=123), A =2

Ry =[-5325 —-5406 —6.628]
3.113 0.048 —0.013
Q1= [ ]

0.048 3.150 0.026
—0.013 0.026 3.155

Ky =[-1.6939 -1.6736 —2.0941]
PIO frmaw 25
ap=1;(k=123), A,=2

R, =[-8229 —-11.113 -6.854]
3.160 —0.003 0.002
Q=

—-0.003 3.144 -—0.008
0.002 —0.008 3.145

K, = [-2.6064 —3.5424 —2.1861]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Switching signal
- -

0 0.5 1 L5 2 25 3 3.5 4 45 5
S eslizal b oods iluylly s o Kiomd s e -
Al Ol il L o 5l OLES g s S 5151 & (VL) o s
(o) 4t + /N
)MMJ:«’};;;""'&‘:%?}*MﬁS&)Mﬁ ¥ Jke
bt 55 (s A g8 5 Bl s 5o I eled o) e
S o lals il 6, E o3Il LB (YY) 53 a3ls LS alslas
S oS o e G A Sas) e bl e
Olej Bl b e g S o 6151 & 0ty il S g s
Al plie lowe S casl +/) bl
y=[1 2 4]x (¥y)

(1Y) 5 (Y1) )3 o als LS (b (Slapmm 5 o 1T S
el S ealinal b ctiS w 03,5T 1 1) (6 p il sy 5 s p i d 58 bk
2313 OUS 5 YALMIP 15l an S 4 5 ¥ andb s ol 4l
e Sloand FUCH IO IRV (PITCIWR T G PRESESPRPNT
sh=57 @=54 gl b3l 4 (YY) 5 (Y+) Koo g
S 5 Y Jsd s edd esls olis Ly gLy Ky Ky 5 =45
FUSCE s sl /) Ll Jil $slas Sl Ol b g g JUS
3 (1) Koo g s (S5t S riomad ol o 030 DL
Oba gljlac=4 3b=5wa@=06 b sbsalyly I3l a (YY)
Wl o 0315 0L O S 55 g g S

Soue s Jlo -0
L X(8) = ApnX () + Bopy () Kamigm g =1 JUo
5315 (1) S¥olan 3 o o0l 0L (= 1,2) By 5 Ay slaes 5o
L o3 3 e Sl ol Sol 55 L K
S oS o e G 4 1 Sleolhl Sl 6K 0 slasls
Ols ol b g s S 52 (5151 4 iy 4l o o

Al pglie e Il cal o /) bl

—2.8—-0.2a 6.3 —-0.6+0.2b
A = 1 —0.1a — 0.1¢ 7 ]
0.5-0.2b - 0.3c -3.7 0.9+ 0.3b—0.3a
A, =
0.8 —0.2a + 0.3b 1.3-0.1c 0.6 —0.2b
2 —2.8—0.3a—0.2¢ 2 ]
1.4+ 0.2c 1.3 0.3b — 0.1a — 0.3
1-0.2a
B, =(2- 0.1b]
1
2+0.1a
B, = 1 ¥+
1+ 0.2c

U alie dm fomal o3 Yo (61 s mal (gls el )y o7
c° =4jb0 =5wa’°=6 LgC,..»\J.g\,g}:JUsOT@UILJLL}eb){
sl Ll oS (s 5 (Slapu 5o (ST o odalin 57 6, Slen

Al a5 Sy 4 By s Ap Gl s e

-02 0 0 —02 0 0
El=[0 -01 0 EZ=| 0 -03 0

L o 0 -03 L 0 0 -01

[0 0 02 03 0 —0.2
Ez=| 0 0 0 E:=|l0 0 0

02 0 03 Lo 0 03

[0 0 0 o —0.1 0
Ei=| 0 -01 0 E:=|0 -02 0

[-03 0 0 02 0 0
Ft=[-02 0 o]” F2=[01 0 o]"
F;=[0 -01 o] Ff=[0 o o]
Fi=[0 o o]” FZ=[0 0 o0.2]"

A] =) b Glaptemps 035 JMLE OlFe pmes
3 gai gmy 1y edilods o3ls 0Las (YY) 53 &5 (4;(a®, b2, c0)

—4 63 04 -0.2

A=l 1 -1 7] , BY = [ 1.5 (YY)
-1.7 =37 06 1
1.1 09 -04 2.6

AS=|2 =54 2],B§’=[1] (oY)
2.2 1.3 0.6 1.8

D35 2RSS b S s ey Sl 4 U5

3 el &1l ] Sestazal b cpl ol .l Sl 3 5 s Slap 5
&iﬁf\.{(sf‘)—(J‘?)M;LQYJKAU&MJ,)\ anzs
Ol mls 4 Ol o MATLAB Sl 52 YALMIP ;| s
@b semer (K = RiQ7) S3l Caws ) Jsdr 3 et esls
@=54 bzl gl 4 (Y0) di..:w}.w e Siluand
dgi)\ d}.\g-):a.hfeoé‘);)udKz 51(1 }C=4.5}b=5.7
¥ USE 53 b Ly Bl sl bl Ol b g s S

ROV PR U\ E)

Journal of Control, Vol. 8, No. 4, Winter 2015

VFAY Glions; oF o jlod A dlor o8 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

it Caldl Ol il by o g S 5 S5y 1 (e Sl Sk el b ot S g (U 3l (5Ll 7Y

6ﬁnwck5}§.&>|ﬁgéﬂﬁjﬁaq-ué\j}li&-w

— =
2}l'“r'n'ne (Sec) 3 4 5
H
H
§ i .
£ L i H i H
S
0 1 2 Time (Sec) 3 4 5
S (g
$2 @ :
3 i : i {
E :
© 0 1 2 Time (Sec) 3 4 §
3 T T {D) T T
. i : : o
¢ UTOULIL L U]
3 i i i
20 1 2 3 4 5
Time (Sec)

3l eslizul b ots 6;u)\.\igub,~¢§;:,f;,.,f.ﬂ__“6uu\> (D ¥ s
e() = b Sy gl (©) Koy o b oSS
I (5) 5u(t) = Ko R(8) J 25 IS (0 (¥() = CopR(®))
3 Y Jte Kimipn e sl 4l ) Bl Ol il b e

€=45,b=57a="54 skl
()

2 Time (Sec) 3

& (<)

£

3

=

. 0 ! 2 Time (Sec) 3 4 §
2 (@)

LT .
x : |

© “ Time (Sec)

3 T T (é) T

¢ T I LA
3 oAU | :
2 1 4 5

2 3
Time (Sec)
S 3l oslizal b odd Sl e ail g glacl- (L) 0 S8

e®=(yO - o Fuy gl Q) Fap » g o
b g S () 5 U(E) = Ky R(8) J 58 IS () ConR(2))
Gl jahl 5 ¥ Jle Ko ot 81y el /) Sl 0L Bl

c=4,b=5a=6

SodaT G Ay 5 e sl ol pon o Ly 5 Ky Qp Slam e Y Jsir

(YY) 5 (1) Koy e 511 ¥ 4l

J! o 23
ae=1;k=123), 4,=2
4.4961 —1.1888 0.6833]

Ql,lz[—1.1888 1.1321 —0.1733
0.6833 —0.1733 1.1118

1.6947 —1.2613 1.2863
Q12 =|—-1.2613 9.6218 0.0708
1.2863 0.0708 5.4680

K, = [-0.1983 —2.5040 —1.6629]
L, =[-2.0472 0.4289 1.7171]"
P93 i 323
e =1;(=123), A=2

49249 —-1.0792 12624
Qz1=|-1.0792 14360 —0.4070
1.2624 —0.4070  1.1252

13316  —1.5988 0.9263
Q2 =1-1.5988 10.6330 0.0750
0.9263 0.0750 6.3105

K, = [-1.3966 —0.9194 —2.2507]
L, = [3.4864 0.6847 0.4784]7

S 5 dom -7
So1s g g S 5 Ll S b (5l i cllie ] 53
Sl o S gt (Sl pantie Calil Obj il
ol 035 S o3Il BB 53 bl s s (6 ol
ol Sl S o Sl Sl b ) 6 el
e Ol U edd slgtiy ot s 5l SVslaal a6 g -
Bl b e SIS alad 151 4 1y pmals o K s
(shes $a 5,8 LBl 55 ST T 31 s sad Sl Gadeine Caalil 0L
(G4t gﬁfoj\uul R I RPRNTINY SIS D s s s~ s
S K oo (b s 0 sy e e
e SML 5 A8 (b pslie Lyl S Sass g e
U St 5 035 phiasy 5 A 54 L e il
Syl pslie 3Lyl (slp oolerin sl tsy e 51 8 oL
A SSd b oy LOT 8 Gl st SUI ol ods
oslizal BB 55 gomel Ok Kimige Slapier 55 Slolbl
Sl olgdy Gl fsy 2L 5 Coe SLSo) skt 4 sl

1 813 s 23550 e cpslie $5LaslbL

Journal of Control, Vol. 8, No. 4, Winter 2015

VP Glions 3 oF o jlos A dlor 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

4 et Zaldl Ol Jilo b o g S 5 S5y 1 (on o Sk 3l elinal b st i g (5l 5l (5Ll

éﬁ&mgéﬁ.&ﬂﬂgéﬂéﬂ&gnuﬁggﬂw

[13] J. P. Hespanha, “Stabilization through hybrid
control,” In: encyclopedia of life support systems
(EOLSS), 2004.

[14] J. C. Geromel and P. Colaneri, “Stability and
stabilization  of  continuous-time  switched
systems,” SIAM J. Control Optim., vol. 45, no. 5,
pp. 1915-1930, 2006.

[15] G. Chesi, P. Colaneri, J.C. Geromel, R.
Middleton, and R. Shorten, “Computing upper-
bounds of the minimum dwell time of linear
switched systems via homogeneous polynomial
Lyapunov functions,” In: Proc. ACC, pp. 2487-
2492, 2010.

[16] L.I. Allerhand and U. Shaked, “Robust stability
and stabilization of linear switched systems with
dwell time,” IEEE Trans. Auto. Control, vol. 56,
no. 2, pp. 381-386, Feb. 2011.

[17] M. S. Branicky, “Multiple Lyapunov functions
and other analysis tools for switched and hybrid
systems,” IEEE Trans. Auto. Control, vol. 43, no.
4, pp. 475-482, Apr. 1998.

[18] H. Lin and P. J. Antsaklis, “Stability and
stabilizability of switched linear systems: a
survey of recent results,” IEEE Trans. Auto.
Control, vol. 45, no. 2, pp. 308-322, 2009.

[19] G. Zhao and J. Wang, “Finite time stability and
L2-gain analysis for switched linear systems with
state-dependent  switching,” Journal of the
Franklin Institute, vol. 350, no. 5, pp. 1075-
1092, 2013.

[20] E. Feron, “Quadratic stabilizability of switched
systems via state and output feedback,” MIT
technical report, pp. 1-13, 1996.

[21] S. Pettersson and B. Lennartson, “Stabilization of
hybrid systems using a min-projection strategy,”
In Proc. ACC., pp. 223-228, 2001.

[22] S. Pettersson, “Synthesis of switched linear
systems,” in Proc. IEEE CDC, pp. 5283-5288,
2003.

A Gig 0 5 sapS g ObdeDl 2 [v¥]
OB L ookisd mipm o Slapiun I8 5 Sileslul”
T T R Sy el P I N W g
0P ¢ osled 0 o (J S dome b s Sl sla sl

RAERL

[24] H. Liua, Y. Shena, and X. Zhao, “Finite-time
stabilization and boundedness of switched linear
system under state-dependent switching,” Journal
of the Franklin Institute, vol. 350, no. 3, 541—
555, 2013.

[1]

(2]

(3]

[4]

[5]

[7]

(8]

9]

[10]

[11]

[12]

&y

S. C. Bengea and R. A. DeCarlo, “Optimal
control of switching systems,” Automatica, vol.
41, no. 1, pp. 11-17, Jan. 2005.

N.H. El-Farra, A. Gani, and P.D. Christofides, “A
switched systems approach for the analysis and
control of mode transitions in biological
networks,” In: Proc. ACC, vol. 5, pp. 3247 —
3252, 2005.

I. Mallocia, J. Daafouz, C. lunga, R Bonidalb,
and P. Szczepanskib, “Switched system modeling
and robust steering control of the tail end phase in
a hot strip mill,” Nonlinear analysis: hybrid
systems, vol. 3, no. 3, pp. 239-250, Aug. 2009.

Q. Su and J. Zhao, “Stabilization of a class of
switched systems with state constraints,”
Nonlinear Dynamics, vol. 70, no. 2, pp. 1499-
1510, October 2012.

D. Palejiya, J. Hall, C. Mecklenborg, and D.
Chen, “Stability of Wind Turbine Switching
Control in an Integrated Wind Turbine and
Rechargeable Battery System: A Common
Quadratic Lyapunov Function Approach,” J.
Dynamic Sys., Measur., & Control, vol. 135, no.
2, p. 021018, Feh. 2013.

AYAY 0 Jxr-:; e ) g C [#]
b Sl eslizel b aliphamdpm San Glaptons 55laslul”
ALEAR] up‘Y a)w‘vbgdgwt“gﬁmg}jgg

D. Liberzon, Switching in systems and control.
Boston: Birkhduser, 2003.

Z. Sun and S. S. Ge, Switched linear systems:
control and design, Springer, London, UK, 2005.

R. Shorten, K.S. Narendra, and O. Mason, “result
on common quadratic Lyapunov functions,”
IEEE Trans. Auto. Control, vol. 48, no. 1, pp.
110-113, 2003.

H. Lin and P.J. Antsaklis, “Stability and
Stabilizability of Switched Linear Systems: A
Survey of Recent Results,” Automatic Control,
IEEE Transactions on, vol. 45, no. 2, pp. 308-
322, 2009.

A.A. Agrachev, Y. Baryshnikov, and D.
Liberzon, “On robust Lie-algebraic stability
conditions for switched linear systems,” Systems
& Control Letters, vol. 61, no. 2, pp. 347-353,
Feb. 2012.

Y. Baryshnikov and D. Liberzon, “Robust
stability conditions for switched linear systems:
Commutator bounds and the Lojasiewicz
inequality,” in 52nd Annual Conference on
Decision and Control (CDC), 2013, pp. 722-726.

Journal of Control, Vol. 8, No. 4, Winter 2015

VFAY Glions; oF o jlod A dlor o8 alons


http://www.sciencedirect.com/science/article/pii/S0016003213000616
http://www.sciencedirect.com/science/article/pii/S0016003213000616
http://www.sciencedirect.com/science/article/pii/S0016003212003195
http://www.sciencedirect.com/science/article/pii/S0016003212003195
http://www.sciencedirect.com/science/article/pii/S0016003212003195
http://www.sciencedirect.com/science/article/pii/S0016003212003195
http://www.sciencedirect.com/science/article/pii/S0016003212003195
https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html

[ Downloaded from joc-isice.ir on 2026-01-08 ]

[ DOR: 20.1001.1.20088345.1393.8.4.4.6 ]

it Caldl Ol il by o g S 5 S5y 1 (e Sl Sk el b ot S g (U 3l (5Ll ¥

éﬁnwcéﬁ&ﬂﬁgéﬁé%w)\jﬁgéﬁm

[30]

(31]

(32]

(33]

[34]

(35]

[36]

D. Ma and J. Zhao, “Stabilization of networked
switched linear systems: An asynchronous
switching delay system approach,” Systems &
Control Letters, vol. 77, no. 1, pp. 46-54, Jan.
2015.

G. Zhai, H. Lin, and P.J. Antsaklis, “Quadratic
stabilizability of switched linear systems with
polytopic uncertainties,” Int. J. Control, vol. 76,
no. 7, pp. 747-753, May 2003.

T. Soga and N. Otsuka, “Quadratic stabilizability
for polytopic uncertain continuous-time switched
linear systems by output feedback,” in Proc.
ACC, pp. 3920-3925, 2010.

Z. Sun, “A robust stabilizing law for switched
linear systems,” Int. J. Control, vol. 77, no. 4, pp.
389-398, Mar. 2004.

J.L. Mancilla-Aguilar and R.A. Garcia, “An
algorithm for the robust exponential stabilization
of a class of switched systems,” Int. J. Robust &
Nonlinear Control, 2014.

J. Raouf and H. Michalska, “Robust Exponential
Stabilization of Switched Linear Systems,” In
Proc. IEEE CDC, Shanghai, pp. 4246-4251,
2009.

S. Boyd, L. EI-Ghaoui, E. Feron, and V.
Balakrishnan, Linear matrix inequalities in
system and control theory, SIAM, Philadelphia,
1994.

[25]

[26]

[27]

[28]

[29]

D. Cheng, L. Guo, Y. Lin, and Y. Wang,
“Stabilization of switched linear systems,” IEEE
Trans. Automat. Control, vol. 50, no. 5, pp. 661—
666, May 2005.

D. Xie and X. Chen, “Observer-based switched
control design for switched linear systems with
time delay in detection of switching signal,” IET
Control theory & Appl., vol. 12, no. 5, pp. 437—
445, May 2008.

Y. Yang, C. Xiang, and T. H. Lee, “Feedback
stabilization for planar switched linear systems
with two subsystems under arbitrary switching,”
In Proc. IEEE International Conference on
Control and Automation (ICCA), Santiago, Chile,
pp. 738-743, 2011.

G.M. Xie, L.Wang, “Stabilization of switched
linear systems with time-delay in detection of
switching signal,” J. Math. Anal. Appl., vol. 305,
no. 1, pp. 277-290, 2005.

Y.E. Wang, J. Zhao, B. Jiang, “Stabilization of a
class of switched linear neutral systems under
asynchronous switching,” IEEE Trans. Automat.
Control, vol. 58, no. 8, pp. 2114-2119, 2013.

Journal of Control, Vol. 8, No. 4, Winter 2015

VP Glions 3 oF o jlos A dlor 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1393.8.4.4.6
http://joc-isice.ir/article-1-186-fa.html
http://www.tcpdf.org

