[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

J S Ao

ISSN (print) 2008-8345

|
S
¢ ISSN (online) 2538-3752
E

. . . Fr S
BV=0F aois AFAY (3lis ) oF o,led VY Al S,

Caxlad pus (81510 S piuaw Sl 9 (95 SOUd sy s 2lib

(&R JUK § Ay B> s 9399 St D b O3l S ™
USRS

fa.bagheri@sutech.ac.ir ¢l _axio o&tils o 58 05 5 ¢ <Sog i 5 Gy welige 54SKE1 (ol punlid 187 (g gomitils

binazadeh@sutech.ac.ir ¢ji .3 axis oKtils o 28 05,5 S5 S 5 5 o gmoligo 64K HLsls ©

WAF/N/YE S WAF/O/4 5l s WAB/F/0 13l s

el (s oo 13 andllae 355m 1) s Je 3 oalad pe 611 5 e Olojr S o (Slagtec dlin ) oS
b clin 51 O sl ga 5Lt 3 0T YL 5 ol il 51 Fedbl L 5 Sl L3 b 53 s s e sl
osdle S 358 o b s JAS 056 Ll e il Sl pde g 3 s SO SRS 046
Bl i o L) 1) ol (S ko 2l 5338 el 35 s il (e 035 e (i il s (Sl (51 oS
oo g oolms (GG oMo & (o 4 el g SO S S 06 b cllin ) s ek gy s Sl S
33,5 3 03 ke o e 3 (S 03 A3l G 358 03,51 55 (SRS I 03 St A et il (s O3
35 .l a%:f&##&hmuj@\ihéj ol g3 edd Ol by b ioman (Sl ol S 5 1)1 488 g5 dlas ol 5y .l

Al s 55 las T s s 30 b o &1 (goute e &K (6l (65 5elS (5 loands Sl

N P O Y R0 CXE P KV PICRCNI NS NP PRSI T-R W i IN g

Output-Feedback Controller Design for Uncertain Discrete-Time Systems
with Positivity Constraint on the Closed-loop System and Control Signal

Faezeh Bagheri, Tahereh Binazadeh

Abstract: This paper studies the linear positive discrete-time systems with the uncertainty in the
system model. Some parameters of system’s matrix are unknown and only some information about
their lower and upper bounds are available. The goal of this paper is design of output feedback
control law in the presence of parametric uncertainties. The control law is designed in a way that in
addition to asymptotic stability of the closed-loop system; it guarantees the positivity of the closed-
loop system which adds some complexity in the process of problem solving. Another case has also
been investigated in this paper is design of output feedback control law such that as well as the
asymptotic stability and positivity of the closed-loop system; the control signal be also positive. The
realization of this constraint is necessary in some positive systems. In this paper, two theorems are
given and proved. Moreover, the conditions expressed in these theorems are converted to linear
programming formats. Finally, computer simulations are presented to verify the theoretical results.

Keywords: Positive discrete-time systems, model uncertainty, output-feedback, Linear
programing

o sb e a5 i o8l — 01l 335 1) 5 J S Oledige ezl o S Al

o33l o alh 1L s aigs okt 55


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

YA

SIS I 5 g il i 03 ot B by Do a2 Calad ok (G113 (Slapi (511 (55 A3 2SS S b

o33l 0 mlb (g 3L o 5

e I 6K b 5 IS G005 St Slapten I S
A5 oS el OT 3305, 00 O @ dlis opl &S aps Sl o) sl
OT & 33 o 5o 5 sl 353 2 esdle 35 I8 I 035 e

338 blod oS J 28 b Lg; )3 b o,Lal

Lo aS 03,8 DU s ) ol anib 53 5 o3 &SS Dl gl o

“Sslsl 4 i |y (s S oS J ST bl pY
el cpl ys ol gl A boi J slp rmen il o oo
ales st sladsl ol o 03Lizal ’ b bl 4 0T Jus
3 .L,J@JKM}:W $3de Jo sl (b e b lag bl
Gl 0T o s e Glags slaels & o s (slasal  (slacs o
G St 5 ail o eslizal LB o555 gode Blas sl p &

D gh s )l?u_\é‘}n BABLITL e

Lk S5 al sblas 5 Cayles C,:.J:,’.{);,du.. aslsl s
o3 T Ul ) ol 5o (LS &1 5 oS J 1S b
36J:x‘a"l§‘5).\“‘"4:7“:(’)l{’:hJAW'CM‘”“’M°A)5Tf}“

el o3 8 0l (5,5 o ooy S 3

ol Syl Y

SOl a0 oyl slas KL R 5 sl e ol 55
N ols sl R: S(RY ={x ¢ Rn:|xi30})g&:¢ﬁb
.(Rj ={x e Rn:|Xi>‘O}>C—-‘Ca—;ﬂ§l—AOLJH_“5.Lg
A8 s 1) 5 Ol ot

x (k +1) = Ax (k) ()

AeR™ 5t Cl (sln e yls 1 X eR} o5

.C‘w‘r_l«.:.aw‘;lﬂ

sl bob gl Sl St () e D] Vi
sl b x (k) R K €N slass pls s 5 x, €R™

(d Sl s S0l ples 03 o (5 slos 5 5 5 5hate)

A0 2w 5 51 el o (V) e D] ) B

A3 (e e e 5Le)

s s STAXD) el e A 5l R3] Yducd

Bl et 0T slaa s ples S

' Linear programing (LP)

dodo -
e Sl sln e 113 3 (a3 55l
o V] 4 8 oo Cotn s b s 68l 4 iz
j&ﬁww‘rwww;hk&ushaﬁ-ujad)w%
Clarley F ALy dbe (dle O e 4 [Y-0] yls 3 > 5 sLadl
C-:wr\;—b;‘dj_';sj[v]udeﬁ:&Lﬂ:c[?]w)ﬂj)d}w

Al o e ) as 3,187 1 45 a5 A [A]

gt o=t 25 5 ST 4 3L ar 5 (Ve s 1)
el 3 e lagtenn Sl laandd 5 Casles ol ol e
Sl b gz ol 53 (55101 LT .l o3 8 &l [4cY]
ol LT L 5 G X SO PR PP P goes
23 e (o WS 3 i pl ST Ll AL LG S LU
65 S (slaize &8 48l b3l e 053 3 5
st polie Ladsl Loyl o ot (sl 5 S el Sl ot 5k
o) oMb Ol 48T oy b 058 Iy ol [V 0 ] AL oS i
Ui 2l 53 1 Sl (b Sl 53,5 oy 2 1) s
Cd3 4 L aS 3)la 1) 08 o seaee Sl e cals Sl 3 el s ) 50
3,8 15 asdlas 3, 40

Loy 90 30 e Sl I il o OIS (5510 (=Y
P Gl b 5 bt Sote Glapte ML LSl 035 Oldies
Coe gt SOl NV Ol L e ot Zote Slaptecw
Sli b Sl St Slagteee G5l IYOY] (5,8 450
S g OG5 W] 101ST e Glagtees 5104 VP17
el daz OT SIVA=Y ] O30S e

(VY] Gy gy tle Sos Calibun slag pdpo 51 Solms 53

SWlan 5 [PV s 5 oSad (1 b 5 (VYY) Sy (10
454a¢:;5@-lfff§l4;§l.wln.u ol Lote ot 535
Ve 55 zaS 5 dilasls Ol s dis gy Cue Slaptm canilas

x‘al&é\jw)j.))jﬁulﬁ)&mmfs;?héuw

Ol Slaprus (S5loslbl ol (g & s

Jio sl ps 5l 53 (s S S oolind L s e
oS J S b L3y 53 lie ol o Ale oy ige 30 o0
Gl ol ogde oS el OT Sl 25, OT b (g 5 b
O35 e claloabd pde ) sl )3 deg all (T gl 5 (iles
o2 S JAS 056 b 538 e WL e il

)bw.ﬁ,..u‘ e u._"l JMASAJ)}TJ{ ‘) Joj& 33 u‘i‘ Qb)

Journal of Control, Vol. 12, No. 4, Winter 2019

YFAY Glieas; oF ojlod VY o ¢ =87 Al


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

¥4

SRS IS 5 g il s 03 31 e A s Ol St Cnlad pde (51513 (Sl (1 5 S SRS b

o33l 0 mlb (g 3L o 5

d-ly (o 15 0955 oy poalae gyl A+ gesb O Bk
S oyls sy A>0 S, KV owss b e cul
=l e /A\-_</A\Jr Gl & a5 Ll (A+—|)/1'<O
S el 535 55 (A=1)A <0 b2 s 5 0l 015
5% 058 o 55k 0Ll & DLl ) 50 4y (iles (oI Lo ol
Al el 0303 5 A Gl ops polie ¥ B by e

338 o SLIOT il (gl 5 sl

oS S8 b Y
S sy 0 Obj&wfp-'w:—"
x(k +1) =Ax (k)+Bu(k), x(0)=x,eR]

y (k) =Cx (k) ©

ol pas 39 b (g alil sle (U slyls A slet) (o 8

bty gl ey Olg o0 &8 s 4

A <A<A"

b o K oo b s pglae AT 5 AT Gla il S
s slen S sS AT Gl s saln A s
Mop X €RM il sl By AT 5l s i sul)s
(b sl w 5L CT eR. ;B eR™" (Il la e
g aalsl 53 Ll e (5> Y (K) R 562505 U eR™
B3 09 Jl QI 5 Ll ol skl 3 95 5 dlius aslllae
-‘—:5&ﬁz—?rﬁ)’lefﬁ’db)bﬁéﬁfd&:ﬂéﬁ)x@jﬁ;
A S (IS 050 ol b s OT 655 5 03 St

338 o anlllan s a0t 03 g5 oo 5 (S5l )lbl g

JUSw 8595 2 B U9y ouis” S5 (b 1)
&5
8 s oS J 1S ESG oST el OT Coda ides o 53
O35 Ite g (ilome oMl 4S50 =1 b u (k) =Ky (k)
bl B e s Fle 53 B3 s by ) A Al e
x(k +1)=Ax (k) +BKy (k)
=Ax (k)+BKCx (k)
=(A+BKC)x (k)
=A,Xx (k)
U(k) =Ky (k) rop Skl s J o8 056 1 4pd

(f)

A il a6l (F) sy il g 0T bl & 505 59
ST 5 S8l (e L 5 Cate A3l Golo ) 55 55 S
Slaslul 534S wsb ailssms A€R" 52 €RP oyl

.L.féwji)

pls o ol ol sbas 4 ARD sl dlie 55 ) 0
sl Soke 4 Bl e A :[aij] oSl ol

e o St sy st i, j =12,..0 a1, 8 20

i Al 0oy

ke oBOT Lil Cte (V) prw ST 53 [YY] Y ol

dsls pa b 5
sl gilma )1,\1\1(\)‘.:...:“(;;:31
Sgpivde RJr: 2l s (o
(A-1)2<0 ™
255 g s S s 4 2O

clac ks phe sl 53 oS J S b Cods dlae ol s
R I B RC SN R R I w3

.}:J?

_ nxn
o) eboldl us” b K ks AeR el
Yoy omb A 55 o Al AL o 5 pasl e SLe

Sl 51 eslizal b ey o 55.3,8 o 515 AT A<AT wiles

+ —_
iAo w el GEICA T 5 A Gl Sl g by e

—ql)sfjiiaQJchq.@lA_j /Aj/o\+ LS e o
+
3 Gskes S S A b s G gals JTA b

(oeman ol (g9l jf,}. A omslb ij.la.; calys
s 5 s S5 s ol b e ol a8 ST 5 5

+
.Mb‘jéoﬁ‘)o)‘)JA m;bsa}i}ﬁ)uﬁrw—

u’.L.AJ:F m}?b J‘i{&:ﬁﬂfg)‘j‘; A u“ij‘;t" S0 )3 ‘AL?L)T

.C«»"-\ﬁ-‘}dnﬂ‘zQ))J}:JQTL;A:JE}J{‘JL;.A‘SM}néﬁ
ol O ST oSS ST uS e ol ATA slaat 1L

b dm s Sl A b 3 0T Lk 0l gabee 55 A

) s 4 g ) ol s A sl sloll olos 035 e

Journal of Control, Vol. 12, No. 4, Winter 2019

YFAY Glieas; oF ojlod VY tlor ¢ =87 Al


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

SIS I 5 g il i 03 ot B by Do a2 Calad ok (G113 (Slapi (511 (55 A3 2SS S b

o33l 0 mlb (g 3L o 5

o5 polis aled & Wl eedi G Dle ¥ oandd Hl S
+
L}(?)}(b) Jajff: ‘_;)‘}jb‘vd ! .\>U ‘_gaﬁ\: J})} AC|

+
g il e s Ll A XA S
2 =CAK 51 K5 Ob 5l ssbp i V od bl 5 33
CA e JSul 5 ssbaal b b 5 558 0K (A) b5 )s

ZJiTsa Cwd 4y 5 (S ol 0345 V':“B
B 1
A" +BKCx(1 ——1) ar)
Ca

ol GO &G &G Wl dsl 3, sl (W) bos B
256 oy le GO S 5 (ssbn 55 (A ) s il

AL

. 1
= diag [1-— ,
ag [ I

0 P
Cca

Ac_l O35 e (W) L3 Giss 1 el C A =1 SuloiT )

A;5A0| S ol a5l o bl e a8 o e |
s e i 55 Ay 035 Cate () 5 (A) Ly 8 it 55
Caie 5 (oilre oIL A5 53 2 () O Lalsy olis b e

.::;@M@%MQAJ{

S0 2 AB BT 53 b o S (il -T-F

A S
bl Cute 5 5l Il J xS 056 a8 Cal O G zde ol 53
b 5 Sope 4 () gt sl SRS IS D3 e A

g

u(k) =Ky (k)=0 08

S A SOk S JRS 046 00 4l
L (F) s il ot 7 (50 @ 3,15 35 U(K) =Ky (k)0
lee Il 5 Cote (sl Bolo ) Lo s S A sl a sl
wils sy A€R" 5 Z €RP b, S 5 31wl

A*A1+Bz -l <0 0%

A=0 %)

A"A+Bz -l <0 ®
A>0 ®)

CAi>0 )

CAA™ +BzC -CAl +1>0 W)
Cix-l )

D o Jeol ey 5l K oy DIl ol s

K:iz (\')
Cca

by 5l Sl 2 A€R" 57 €RP sl o
A (4) @) Lo

Dy el 5 Sose a Ay dF) iy b U
A, =(A+BKC)

Il ATA AT S laar g LS sm ol 5 &

A +BKC<A+BKC<A*+BKC (o)
sk
A;I = A + BKC
+ +
A, = A +BKC

b Sl slae (1)) (alasl, o80T
- +
A <A <A
c —"c =" "cl

oo OT Jio b 135 &5 il 5035 CT €R Y clie oyl o
KT Wil A>-0 51 sl 0l Olg e ST & u ol
Q1) oty 51 s Al ote JSKul G C A0 o il
K sl e e K Z s, im ol 2 =CAK
Cows g ) sdslee 3 pd (Il (0) bos 45 2 Shsy dales

Wl e

(A —1)A<0, 1>0 an

Journal of Control, Vol. 12, No. 4, Winter 2019

YFAY Glieas; oF ojlod VY o ¢ =87 Al


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

&)

SRS IS 5 g il s 03 31 e A s Ol St Cnlad pde (51513 (Sl (1 5 S SRS b

o33l 0 mlb (g 3L o 5

&
vec(A) = af

a

n

g &oT st N eR™" 3 M eR™ )fl o

Sl ) BT S5 8
m,N - m,N
p=man =| M Ml
m.,N - m_N

1ls el b sl L X s M, N sl 2 6l
vec(MXN)=N" ®Mvec(X ) (YY)

pA Al LLas by oode il by 5 il ad 6l aslsl o
RS s 5 Ligi oo 03,57 53 lINPIOY (cast 5 550kml g Sle
my)bx_‘) S m(\ﬂ) 6‘\)@\) 43}@3 LS‘J-! .:J)fdn u}\,la oS

Pk s
—CA(A”-1)-BzC<I

236N Ssleali 4 G (55luali VEC Shas Sl slizal | o
S8 Gl el JEu C A Oy 5 sy 5335 8 o0 o
@&l T 0 05,2VEC Rlas 5IC A 558 a3 FVEC Uyl saler

Sl s, Z gﬁjn;@uu;ﬂl(wm@\)j\pgéw

el 0 s o3lizul (5 VEC (Z) =2 )&

—C Avec(A™—1)-CT ®Bz <vec (1)

23 oA S b Sl Ll el Ol s 4 a5

(A"=1)A+Bz <0

-1<0

-Ci=<-1

—CAvec (A" —1)-C" ®Bz <vec(l)
-z=<0

r}gué‘gwl}@l.md)bﬁ@%@Ldla{l))@ijaaf

:b-}'&d Q\:: jﬂ) ukr b)‘.b’t.w‘ Ls}LMU

Ci>1 OA)
CAA"+BzC -CAl +1=0 (%)
z>0 (")

:sﬁ.ul}s-ﬁ)'c;,ng S Sl s

Ca
Oop Cate g lee oLl (YO (V) Ly, ol 5, LSl
o) 5 Jb kS o e (F) 4 bl 1) iy il s
1 5d g dom (YY)

u(k)=Ky (k)
=KCx (k)

1
=—12Cx (k
c7 (k)

2335 6ol b B eyl e JKl S C A 0T o
il 1 s el sk 0, C A S

C AU =2Cx (k)=0

N OP) Lyd )13 el dty il (s 7l 4w g L

o3 e 55 X (K) Sl e 1 sl o iloen Il (V4)

S U JuS I 03y e g g alaily Sl eslizal L
. T _p"

S Il C eRY W b jlslcie ZC

ssh e s Jfbazy Z >0

S ¥ gl (Slw 4 -
Cj_luui.})&l)lfl:»;@ﬂl)\éawdbeiiu;@d\);
S LS jaeks S5 la (slunl = (gl 235 0513 OLaS ek
] 51 s MATLAB i3l e e e N N
1S ol OT sl ot Bl oS (1SS sl 0 050zl liNPIOgQ
La yls, okl S5 eSS 00 5 F (sLlas s odd &yl Ll 43 s
L olom dulgs 4l (o e dails; 015 g0 Sl a5 e b s 5o
S eSS gl 1y bg i e 55,5 b5 VEC dile (g5l 50 51 enlinal
a, ] ST el L

0T wibe A u il sbose @,8,,...,4,

J“QAZ[% a,

Journal of Control, Vol. 12, No. 4, Winter 2019

YFAY Glieas; oF ojlod VY tlor ¢ =87 Al


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

u(k)

oy

SIS I 5 g il i 03 ot B by Do a2 Calad ok (G113 (Slapi (511 (55 A3 2SS S b

o33l 0 mlb (g 3L o 5

AJrcl

0.6285 0.3285
=A"+BKC =

0.2291 0.6291
A (A:):={0.3545, 0.9031}
Lol ol 1) st il s Sl (la it Sl Gy ) I
sadie Sl Foly (Opan ad e 0L X, = 1,2) s
ol ol eé))TY Jg..f:)é Lé;f)\éj

18 — xy(k)
186 - xz(k)

Ol Ly Il 13,5 (sl e 15 05 1) K

8
s ——uy(k)
———uy(k)
6
5
]
3
2
1
o N— T m—— — . |
u} 5 10 15 20 25 30 35 40 45 50

Ol e S s 6ls add 3o lsgai s ¥ S

)@M%M::f@aMWY}\ It 518 5 bolen
okd e 5 S IS D3 St dF 5 Sl (Sl 5l

ol

(S 5 4oms -0

b Ol and s Cte ot (5Ll als dlie nl s
s 5o liS S 5l oslial b 5 s e 53> Soalad ple ) g
byt il ot 57 OT sl Y Il s )y s
53,5 5o b eslgi i) oromen b A0 (Bl Cote 5 iloes
Lo 0T posdle s S oy 55 J2S I 03 it A3
b bl bw g o Gl Hlsle 4 LLES s ol &1
ol &yl J a8 gy oD Gade (lwand Sl 5o s LS

sl olas

A -1 B
| 0 &l
0 -1 W=<| -1 (Yy)
-C 0 vec(l)

-vec(A -1)C -C"®B

Slaoll bty Kb 1ozl Jseme sz W = {i} <
z

J1=[1, 1, o 1] e @t p)xl Lo
Lulsy 035 e bya oS ol S 8 te SISl S €0
i, W ,is, MATLAB s linprog ol S e 1y by
S s Mg ek by Z 5 A s Gl ubl 5 alowe
o b Ny e Js 55 35 8 e b K ls, 0T Ll

Ll ok plal

S 53 515 Sl Fle 13l 4 5 () gt Jo

6, 02 02 0.2
A= ,B= ,

-03 6, 03 0.2
c=[02 o02]

‘iﬂ.<|9i|S0.1>w>)wg5¢,mu 92 B 91 sla 2l

Gl ATASAT 5l sl ol o glyls A g jile

S
_ |-01 -02 +0.1 0.1
A = VAT = .

-03 -01 -0.2 +0.1
st a3 AT ples s odalin 5 boles
L) ot aalsy o 51 ol ol g o Dl Y s a3 ol

e 5 s s £ =10007% 5
W' =[5.6917 , 5.1709 ,0.0576 , 28.6495],

L .\}ﬁljeuuTg;waafJ}wélAjzﬁbl; 14
L 0.0576 - 5.6917
286495|" " |5.1709]
1 0.0265
K=—z= .
Ci {13.1872}
‘JQTK J‘J;{J)Jf@ﬁ.&kw AC7| g}"ﬂ)‘:bgf“')j"\"

() Al d:..a,.a

0.4285 0.3285}

A=A +BKC=
. [0.2291 0.4291

. LA+
0353 09 polan b i Ac| v e Ky cman

RS PR -b-‘) aJi\é

Journal of Control, Vol. 12, No. 4, Winter 2019

YFAY Glieas; oF ojlod VY o ¢ =87 Al


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

oy

SRS IS 5 g il s 03 31 e A s Ol St Cnlad pde (51513 (Sl (1 5 S SRS b

o33l 0 mlb (g 3L o 5

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

A. Rahimabadi and H. Taghirad, “Corner
stability in nonlinear autonomous systems,”
Nonlinear Dynamics, vol. 80, no. 1-2, pp. 959-
968, 2015.

B. Roszak, J. Edward and division, “Necessary
band sufficient condition for stability of
positive systems,” System & Control Letters,
Vol. 58, pp. 474-481, 20009.

T. Kaczorek, “Practical stability and
asymptotic stability of positive fractional 2D
linear systems,” Asian Journal of Control, vol.
12, no. 2, pp. 200-207, 2010.

T. Kaczorek, “Stability and stabilization of
positive fractional linear systems by state-
feedbacks,” Bulletin of the Polish Academy of
Sciences: Technical Sciences, vol. 58, no. 4,
pp. 537-554, 2010.

X. Liu, W. Y and L. Wang, “Stability analysis
of positive systems with bounded time-varing
delays,” IEEE Transaction on Circuits and
Systems-I1, vol. 56, no. 7, pp. 600-604, 2009.
X. Liu, W. Y and L. Wang, “Stability analysis
for continuous-time positive systems with
time-varying delays,” IEEE Transaction on
Automatic Control, vol. 57, no. 4, pp. 1024-
1028, 2010.

T. Kaczorek, “Stability of positive continuous-
time systems with delays,” Bulletin of the
Polish Academy of Sciences Technical
Sciences, vol.57, no. 4, pp. 395-398, 2010.

M. Ati Rahimi and F. Tadeo, “Controller
synthesis for positive linear systems with
bounded controls,” IEEE Transaction on
Circuits and Systems, vol. 54, no. 7, pp.151-
155, 2007.

L. Gurvits, R. Shorten and O. Mason, “On the
stability of switched positive linear systems,”
IEEE Transaciton on Automatic Control, vol.
52, no. 6, pp. 1099-1103, 2007.

X. D. Zhao, L. X. Zhang, P. Shi and M. Liu,
“Stability of switched positive linear systems
with average dwell time switching,”
Automatica, vol. 48, pp. 1132-1137, 2012.

J. Zhang and Z. Han, and J. Huang,
“Stabilization of discrete-time  positive
switched systems,” Circuits, Systems, and
Signal Processing, vol. 32, no. 3, pp. 1129-
1145, 2013.

J. Liu, K. Zhang, G. Pang and H. Wei,
“Controller synthesis for constrained discrete-
time switched positive linear systems,”
Nonlinear Analysis: Hybrid Systems, vol. 19,
pp. 1-12, 2016.

M. A. Rami and F. Tadeo, ‘“Positive
observation problem for linear descrete
positive systems,” Proceeding 45th IEEE
Conference on Decision and Control, 2006.

M. A. Rami, F. Tadeo and U. Helmke,
“Positive observers for linear positive systems

:w%

S5 5 5 X(K 1) = AX(K) e s ¥ 28 L

:wld;uw‘cwgslﬁﬁ;d@l)
x(K) — x(0) = (A— |)Z x(i)

w12 105 x(K)—0 B N E Pk B KU PE o
k—o0

—x(0) = (A— l)i (i)

i) s e s o6 S e Sl X(i) Sl w5 L

0

O35 A 5l s lzZX(i)>0 e s iy b I el

i=0

Dl § S Mslae KUK LY 55 s 5 Jsl ey

[1]

[2]
(3]

(4]

(5]

(6]

(71

(8]

[9]

el dar [YY] o o 4 550 ] 93 (JeaSS

&l
M. Wassim, Haddad, V. chellaboina, and Q.
Hai, Nonnegative and Compartmental
Dynamical Systems, Prinseton University
Prees, 2010.
T. Kaczorrek, Positive 1D and 2D Systems,
Spring: London, 2002
L. Farina and S. Rinaldi, Positive Linear
Systems, Wiley-Interscience: New York,
2000.
A. Rantezer, “Scable control of positive
systems,” European Journlal of Control, vol.
24, pp. 72-80, 2015.
W. M. Haddad and V. Chellaboina, "Stability
and dissipativity theory for nonnegative
dynamical systems: a unified analysis
framework for biological and physiological
systems,” Nonlinear Analysis: Real World
Applications, vol. 6, pp. 35-65, 2005.
E. H. Vargas, P. Colaneri, R. Middleton, and
et. al., “Discrete-time control for switched
positive systems with application to mitigating
viral escapes,” International Journal of Robust
Nonlinear Control, vol. 21, pp. 1093-1111,
2011.
B. Roszak and E. J. Davision, “Optimal
complementary control for positive stable LTL
systems,” Automatica, vol. 50, pp. 1401-1406,
2014.
R. Shoten, F. Wirth and D. Leith, “A positive
systems model of TCP-like congestion control:
asymptotic results,” IEEE/ACM Transactions
on Networking (TON), vol. 14, no. 3, pp. 616-
629, 2006.
A. Beman, M. Neumann and R. J. Stern,
Nonnegative Matrices in Dynamic Systems,
Wiley, New York, 1989.

Journal of Control, Vol. 12, No. 4, Winter 2019

YFAY Glieas; oF ojlod VY tlor ¢ =87 Al


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.1.1]

[ DOI: 10.29252/j0c.12.4.47 |

of

SIS I 5 g il i 03 ot B by Do a2 Calad ok (G113 (Slapi (511 (55 A3 2SS S b

o33l 0 mlb (g 3L o 5

[24]

[25]

[26]

[27]

and implications,” International Journal of
Control, vol. 84, no. 4, pp. 716-725, 2011.

P. Li and J. Lam, “Positive state-bounding
observers for positive interval continuous-time
systems with time delay,” International Journal
of Robust and Nonlinear Control, vol. 22,
no.11, pp. 1244-1257, 2011.

G. Wang, B. Li, Q. Zhang, and C. Yang,
“Positive observer design for discrete-time
positive system with missing data in output,”
Neurocomputing, vol. 168, pp. 427-434, 2015.
Y. Cao, J. Lam, and Y. Sun, “Static output
feedback stabilization: an ILMI approach,”
Automatica, vol. 34, no. 12, pp. 1641-1645,
1998.

M. Ait Rami, “Solvability of static output-
feedback stabilization for LTI positive
systems,” System & Control Letters, vol. 60,
pp. 704-708, 2011.

Journal of Control, Vol. 12, No. 4, Winter 2019

YFAY Glieas; oF ojlod VY o ¢ =87 Al


http://dx.doi.org/10.29252/joc.12.4.47
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.1.1
http://joc.kntu.ac.ir/article-1-385-en.html
http://www.tcpdf.org

