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Stabilization of Nonlinear Polynomial Systems Subject to System Noise and
Quantization Distortion

Alireza Farhadi

Abstract: This paper is concerned with the stability of nonlinear polynomial dynamic systems
subject to system noise when transmission from sensor to controller is via the digital noiseless
channel. A stabilizing technique consisting of an encoder, decoder and a controller is presented for
almost sure asymptotic bounded stability of nonlinear polynomial systems subject to system noise
over the digital noiseless channel. In the absence of system noise it is shown that the proposed
stabilizing technique results in asymptotic stability. The satisfactory performance of the proposed
technique for almost sure asymptotic bounded stability and asymptotic stability of a polynomial
dynamic system over the digital noiseless channel is illustrated using computer simulations.

Keywords: Networked control system, Polynomial nonlinear system, Digital noiseless channel

3 gl SRl a8 ol Ledga (gl wn
Gl & dlie cpl 55 ol 365,58 ST Jlast 187 5 alel

)aglﬁouU\S&w)ﬂ&ﬂbslwksuw
Jlal b 3 gdoes Ll lee (Hluylily e a4y dlie ol s
yﬂ)adu,;étwkéuwjtfuguwii

#4315 55 0k Jlimms (Sl b JUS S (655 2 gt 38

doio — )
ol g by —-)

G b Gl e (s s ) e s S

S AL sl e S5 gl 5 el (s e i
e e e T
0T JAS s s Jluo 51 (S5 s O b 51 [N 8 e s
JUK&{%&J);{‘)&Q’M&OV@“&&@‘
(S5l S glrsel ) Sl glalat 5 s )3 S S sl
L6 S b pte ol 5l gl e De-Y]se Sl cl

s le wsls S ke glalbes 5 me )5 cpes b/ g 5Ll

b ol i | nio o gt S e a5 -0l 385 51 5 ST Olunkige ezl o 57 ale

Sl daa 1L s stgs o 5


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1396.11.2.1.0]

Sl (o8 Tl sol 5 pRene 5155 58 e 03 (o f ol ez iz e e S5l L Ve

b pls, Je

S5 Sl S eslinl b o (65l 5 o e

Dad ol il

Polynomial The digital
i I I Encoder € Shpun ccoder ;
dynamic system Semsor p OO Ly noiseless channel [ Decoder Lyl Controller

TaTormation source (dynamic

)

JUE (55 0 o8 o b gl dbor iz s &S5 =Y S

350 oS 5800 dans Sl

Ao Hlsl-Y-)

G e s ¥ iu s il ) Oy dlie ol sl
):J{lidnua\..ab'-l‘_;)'L,UIJ.;_L‘@L*JA{Y’J@.;}.Z@@)\ALLM
sl @3l sl gl oS J ST 5 555555 35S0 s
s 53 @l 4k s s (o 61 & Jlazml b e L
s p 6,8 a0 Lidu 53 dlie 5 Sl 0l 0357
o (S g0 5 ¥

[ ] 558 oo oslizal L5 sla (8 sl 1 dlie pul 53
4= e e Ol ) el [ 15 ans oo Ol 1y Gllaey8
ol U O [X]j sl " ol Dslae (5 gl " (sline
A s 5leoslgl 5 Al s slusl 4 goma R 5 X s e
ol A e Sl S AT

S bl b 3 gidome Ll (Slows (§5lu sl dlins 4 dlia oyl
Sl UK 55 p o Gl ezt Sl gt I 6l a2
o3ls QL&J\J&L&;Q: Sy aS 3305, o 38 09k bz
Wl ok 25 5 3 6l S STkl el (sl ol o
Gl Ak e EG (Solns ot (S0l g
25 o5 g5 D p S el S O o o

{Xt+1 =P X )+U + W, Xo=¢
Ye =X,

te N, ={0,1,2..}
™

ploil 5f¢j|let}@\MdbxtERn el 53 &

e e o 035y (3l e & ol T 0L 53 s Sl 0k

Sl oks 0l 0L ) JS 55 i ol ol S5 SSok s s
weon 4 S Gladed SV 1 ool 5 plie glo (‘,fti’
o oS U8 6 Kl esls Jlil ys 51l slales Sl S
@b o (V] 5 [F] ) ol 3,8 15 s 5)5m liflay
JUE 655 2 (Soolos Gla o (S5l Sk L/ 5 mads 55 ol
oL [VP-Y] VG js Sl b ol 5 me 55 Sl pbee la
U s &5 o35 dlies 4 Ol [11] o 3 s (0
Joms S1be JUS (55 2 o 5289 Ok (ot 8 i) o
S W] 5l o o e sl 5dame S0la b 35 O
)>5°M@j§}%°‘wdﬁ5w¢§iw‘-"5w
s & [V] 535155 oo Sl (65 511 5 (s (sl 25 2
Sl US55 2 25 BB b e e gt (5Ll
T A B T g o T
S50 p S pe ol (s b (Salis Gla o (S5Laslbl
5 Sl b e 03 S g Osk Sl Kb S
O e b Sl oS il 51 A6 edd bl la Cus o
) 5l o8 Zlrsel ST s ol Lol ol o sl (o

R S PR PPV

Iho S (5)9T4-T-)
& Aotz (sla (e (G5Laplbly Al 0pSTb ST S
S o3 53 S5l (oSl gl 5 (R 5 2 53 o e
A{Auﬁwﬁgwlaﬁ;)\;w”;mMjm_z(.t,gtéu
VS o Sl STl s (e 1) JSK8)3 50 gn i
35 0l 3 gl i pi3lie ot 3l o plowl sla (5,5 05100
5 sd a8 Al Jlzs Sl JUST S 5 b 51T JUasi
Sl (S R Sew)pasie b b oL o3ls i &K S)so 4
S s e (sla (S S5 55 sl a4 e ol nl L Lips
2 O 53 8 o i on (S5Leil oS IS s 05l T
S (Gl (oS B0 gl sl 5 ot 25 ) b ol gt
oS J S 5 53505 L3S K s T (il ST
b osgdoe Ll les (5l Sl 4 e a5 355 e S (ol
25 ome 03 b ) ez G (e 51 S ez
}j.\i-'@e}‘bowwﬁ}s}ﬁ)riﬁ&)yjé.bﬁ@r:.w:aﬂ
3 8les 358 o lre (Sl 4 e Sl ST ol S

b s Ll (e S3leslbly @l S ol s ol

Journal of Control, Vol. 11, No. 2, Summer 2017

W49 Olsls oY o5led VYl ¢ S s


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1396.11.2.1.0]

vo Sl o5 lrse) 5 pRenm 515 58 e 03 (o f Sl ez i la e (S5Lu L

©bpls, Je

®)
Ug=-Pp (Xo) .
Gl 5 65 4 535503 5 35S0 &K b dlie ol Coa
25 Sopa S S il b sgdoe AL iles (5l L oS
il ol 1y 0gd e A
Jazt b sgdoes Ll (Slre (65l L) =) R g8
P S T - I PR PR I CE R {PRC g R
S 55 0sk Jlams (Sl pbee JUS g5, » (V) (o o (Sl
ol shyls (e ol ol Lo 5 els o Y s
380 &S B ki 5 STl & Jlazt 3 pdome Ll (il
AC Rty spomn Ll 46 gazes 5 5 oS J 28 5 535500
Wl Gl 1 5 by a8 Aal andls 5 e

Pr(lim;_, X; € A) = 1. Q)

ol o (10l 5 A={0} o1 2) AT
Siloolnl b -1
Sl 655553 5 98l o(B) oS J &S (gl b ol s
6 Jlat b 3gdos Ll (Slms (5l L @ oSl S350
doas o3l il o) S ol Sl STk s (1) (Salys ot
il i gt G  EY s LE = X, — R, S
WD Salys g Up = - Pp Rz Ssp 56 cov
355 o s Ol ) o
Xev1 = Pp (X)) - Pp (X )+ W,
V)
Al dep 1={12,.,m) Gy s ol
:r‘-JbXt(-l;-)l
X% = B ) - RO R+
= I P - B @Oy +w
W)

el Y kel 5o )?t(j) = Xt(j) - Et(j) Sl L

X0 =5 B (BD) + 19 & D) + w?
)
S5k

P = 3P (-Dk @ijk ()"
(X))
5

Ups col psbaal ool oS J 287 gl o8 ol sl Sl
ol b s b gy ol oS Pp (JE R™ ol Jz57 05
P 4;,,;,'1‘51qu.xg.,,uatj\tlﬁﬁsgthlfi)(.)
b Xoadsl Sl o8 053 0 05 e ulm s bl

S G168 as,ls 3 Xéi)i={1,2,..,n}ﬂu

PrixP e [-LP, 1P ]) = 1. )

w o sy [FLO LY |pania it X§D iy calate
:ﬁ,tmﬁ_du’w&dm;
xPe [-L9.LY]. ®
POX) = T PP (X)) s e
B P s e i oS, P (Xt(j)) -
(f)
PP ()= 30 g aije X)° aje cn

25 oy VVt(i) sole LW ER™ (1) Sals gt 2
Ao s WS s o M e sl i
izea [0 @D, 0D | o5 pime 5 el @Sk sla
JUE™ oS” J 257 e Slpbee JUS :élﬁlﬁm Jos
S JUS l ol S R JUSH 5L 5 0y Jlimes e
Ans g JUasl JUIS” eslizal 5 2 53 1y S R Jghas (5L 0315 s

230 (Sl s 1 0 plol (gla G5 oIl ST
Ot Jlims Gl JUE G b 51 LT JU) g s o
R Jgb b s b osls sls s o)y il s (6,8 3100 cpl 5
pLALS S5l s sl &S oy ol o) L5 (S5l (oS ey
ploil (sla (8 o311 53580 Kos b 5l ss o plwil ) ST
Crog il (o M5k ki, 55 1y ki ile WS 5 43S
Wl 0k 03,9T 13 53 335553 5 435S0l
s Zp = £(Vy) oy 8 ol o Koo S5 55081 198953
o sl Zyp JUS gas,s 4 1, O Yk B T-RPRrE
el S R Jsb L b s, oS &S
= D(Z) o € o o S o5, 55 2 133925
S e i) Xty JU g oS 345 o 03ls 0L X
LS e 23 (53,505 s

1wl ﬁ)(ﬁﬁomJ}s:bmdﬁ

Journal of Control, Vol. 11, No. 2, Summer 2017

W49 Olsls oY o5led VYl ¢ S s


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1396.11.2.1.0]

S5l (o5 Tl sl s e 255 B me 53 ot b (6 ek (e e 5L L ve

b pls, Je

Y1(I)JAU« S Gl ollps el 53 d sl b L)
Oreds S el pl i 5 A s eSS ) Sl
s VL 7O = %®
BER TS YLt ol ol 5 sd e bl
M _ gy L9
X177 = KPS Smpst et oste s )
Xy 5 XisXKo sl Js alin Jaadly s 055 JUs b
e sl YL u ..\J;; & sl );_,i;_; 33 jX3j
i
Sl oole Xt()gs)bj‘e@e—?

X <1

n 14 L]
L(tz) - w® 4 Z(Z|a”"| (Zt;)k
=1 k=1

p-2p-h-1

+ Z Z | p-]
h=0 k=1

(p—W)(®—h-1)..(k+1) (J) k t—l p-h—k
(p—h—k)! |( 1) ( )

(¥

23wl Nop B8 J s L J

€Y
Lt
@

Zy = L{ , (\F)
()
L

el b L 61, W 0 3,8 s g

Zi1 = FZ(@),Ra)+ w ()

5 el Zp 3l e kim Sl 5 o F(Z4, R, @) byl 55 8

R, X110 w®

= . [R .| a . @

R = :2 , a = 1511 , w = (1). (\9)
Rn annp w&n)

Mn\f:)::ﬁ-) Ht =Zt + W&MS'J%L“Q"J"J‘"

Ll o hAS 2 e 5 Y (Sl
Hey1 =G(H., R @), G(O,Ra)=0 V)

ot 41 (10) s Oy Ji3 (6,55 b 487 ol e Oty
)l sl de Olge 4y Law Hls a8 355 o s (V)
@ o i s Slre (SOIL 035 S 6l 055

NOl5 o il bl Gl Ry 5 el s o8l 5 (1Y)

L@ (X(n ’ E(j)) _
p- h 1 p—h—k+1 P-R)(@-h-1)..(k+1)
yP2yroiml(—1) ——

s pon (XE”)" (ES Y=k,
()

=S s ool 5 23553 55355051 (0) oS J 28 (6l
Sy =0 0l s eKu0ed 9 eKudeh! S
best s 2R [FLO P vi = 1,2, .00 0
© o3l ) S s 35h or G e OL g b OLSS o100
1={1,2,,..,n} 2 &l s o olisl o3k O Lasls Ol
bl S @l o3l esls Jy (5 Xp) edalis Jame o

ot Ry S b i K5 o 358 on 3550 o Ry 4y 2l YD
Youdsl ¢,8 o5l 4 by e Sl Juls o R = Ry +R; +
boo R ol 55580 o o&r 258 o Jime JUS G b )
35 0T 5o YOS Gloil 5 asle i sl 58 il
Olse 4 Latls Jldie 5 das o el ) Sl 485
(it o X s XPsss o w70 = %P

A(l) L®
|_ R U)MML;LE:-‘_;YLJ;LJ‘J-L-

2yh oo &)
= Gl e G 5 =T 0k s
R BB Xl(i)é‘f.\“‘. 2 e${1,2,,..,n}
0] = [P (o) + [0l + W, | =
1P (Xo) — BV (X,) + W(” |

n p—2p—-h-1

14
(Z|a’z;k| ( ) + Z Z |al]p h|

j=1 k=1

. o)
(p—h)(p—h—l)---(k+1)| Uk (Lo Np-h—k
| (p—h—k)! (Lo") (sz) +
w® =19, (o)
b E={1,2,, 0,2 gl 03k ol 53 (I Oboj L alie s
5 ol E s S ol Lol L 2RI [_L(l) L(’-)]
et Ol gpan 8 9 Oledy o)l T L o5 ) &7t e 141
Bl 03 OT Lasli Olsie 4 55 o3k 25 S e 5 558 (0 S
Y1 (: Xl) A.‘\AL'«.AUWAJLIALS‘J;%JJJJUJ}&@
e 3945 S o Ryl VD LS o3t 5 es e
6 o3l 4 by e Sledbl Jols e R =Ry +Ry + .+ Ry,

Co R 1 &8 s 558 o Jie S plsee JUST o b 51 Y]

Journal of Control, Vol. 11, No. 2, Summer 2017

W49 Olsls oY o5led VYl ¢ S s


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1396.11.2.1.0]

v Sl o5 lrse) 5 pRenm 515 58 e 03 (o f Sl ez i la e (S5Lu L

©bpls, Je

A= [-LD, 1P ] x [-L2, 1P ] x ..x
[-12,1% ], 1D = O (V)
dox iz ptew S Ry oo Ry Ry 5 0 10U
Sl bl o il (oilrme Doy 4 e d - 1) (W)l
3V eSuuGs 5 Sl e oSS (6, SIS L 08T e
3 sl 3 He = 08 s Up = - Pp (Xp)ewss’ J s
N de Zy == S oy Zy =He + 1 Jlae o)le
Vot oS oS Jlam b 200 e Ze g e ST
S a5t 0 5 i el (X ) K oy s sl
S ol o Pr(limye Xy € A) = 1dste sk L X = A
A= [-LD 1P ] x [-L2, 19 ] x [-L2, L],
LY
= O .
(¥+)
s ) 5 8B SCale s 2 a gl 1T SO
LYL add Sl p o 5y 1 5 =0 s (W =0
ol Ko 5 Kl &S5 5 oS J 287 (6,8,
Xi—0 el
Sl 4t s -F
OIS (sl s @S Sl skt 4 (i nl 5o
PSS Sl 4y B i 53 o slgiiy oS J 287 5 ,uSG)
pd o o $ g o b o) ez i s By o) SO
ol oo Jles!

{Xt'l'l = a, th +0!1Xt + a0+Ut + Wt am)

Yo = X
e 5 psmeb adsl b Xg€ [—Lo Lol iy &
By R s &hyls Wy gslas

S Ll ey (Wee [—w,w]&)wl [—w,w] o)L

Al e et W 5Ly
Cogar RS 62505 e ) il sk
ol dlesl b ss § o ol Up = @y X2- aq X, - ap Jlie
L;bl:\dﬁ.i(l;b“: oy J a8 Cow W‘Jj:fézjjj
Wl g5 o $
Xt+1 = 0(2 th +(X1Xt + ao —(XZX\tZ - al)/(\t -
ay+ W,
= a, (Xt X2 )¢+ mE +W,, E =
X.- X
=a, B, (2X,-E; )+ a, E, + W,

sl 5 Collin, Hong L.y « QEPCAD (o i3l ¢, 4
¢SS QEPCAD 5 57 eslizul «Znl 4l anw s [VA-VY] 0 K0n
ol Shoke OT (63505 ol S gomn Slnlons S p 5 i
o5 wm o) SRS Ll (g etz SYslasl 5 SYVlee
Lz Sl e geme 015 (o DSLY Wl Sl sl eslil sl )l
2OV gt e G5lu L &7 3L 1) dke sl e
e Sl 58 Gl AS e e O )5 L
VIQH)= GosbU 55 arps ol oslgls Lo (W) (ol dazotir
il & Q ERMM 0T 55 o b o Sl |, H QH
Lz 5l (6l as gemme 03,51 S (61 0581 .l pure e ol sl
ot e 1) (V) s (il (G0l &7 Lke la (6l dhar
o il 5 62555 s L QEPCAD i1 o 5w 5 bl
23 F
@ED)(VH)(D>0A0< |IH <D A
V(Q,G(H,R,0)) — V(Q,H) <0) )

Jolo Lo gla o Ao I 4o porme S5 s ol s S
S US b e 0di o33 @ 51y S Sl R 15 5 Qe Sl
» sy VQGHRa)-VQH <0 L,
S LS g ol es Job0< |[Hpll <D
e ot V(Q,G(H,R,a))— V(Q H) < 0,2
S r a5 (V) o
e Sl Gl L ) 4l g sbse Gl 4 s L
5 (VD) oS J 28 (6, 5K L) Kool SLs o5l 55 (1) Salys
ools YU 3 e S5 8 uSs 5 K uslyl oSS
= IR RN -C RV gy B
525 05 Sl ) plee JUS (53, 5 (V) s o (gl dlam i
bl )3 45 ST 55 0,80 s A ey i S
Zy = Hp + 1 Joas jloslizal L &S 5505 5525 € R™ 15,
Jits s el Ol 4 o 51 b V) e 415 (00)
@’h’-‘“"‘Rn v SRy Ry S Ll 65 emen ST
o S ol e Sl de 1 (W) s & s s S
ol Kuuls 5 eSSl sl oSS (LSS L Jl il
spdomn Ll aegama G ¢ Up = = Pp (X)) oS Jps s

SXp 2D s S LS sl 525 AC R™as

Journal of Control, Vol. 11, No. 2, Summer 2017

W49 Olsls oY o5led VYl ¢ S s


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1396.11.2.1.0]

Sl (o8 Tl sol 5 pRene 5155 58 e 03 (o f ol ez iz e e S5l L YA

b pls, Je

|B2Hol < 1
A= [-n,0]8 Xp =5 A ol & Sl
:3,.0_’122, ()_’2:% ) :164:‘§J’j,0}51

1 =
=1_64§ﬁ)\::}.2u\>r.3‘¢.:4 R=2 ;‘Cw‘o.u;,a.:.p‘,:
1
alps B =75 By

1 1
By — 1)? = 5 | B Hol =3 <1‘.31_1=_§ <0

4’ﬁ2w =0
()

S (V) s (51 s Eomy VL o Slamar 55 op) 5l 55
Xp = D ol & Jlazml L350 (o o 5 VU (sl el dloe s
Sl A =[-4,4] OT S

i 10“”

> 2

0 2 4 b 8 10
time step
d}fd)))j&j&dbﬁw—v‘}g
oy oS dns (o 0L 1y (V) s Sl e ¥ IS
5 aSler 3L 0 Up =0 5 ol 0 Cao 5 YU sl el

g:,\.w‘)\.liliLM‘JJ:SLQQ))}Q)H\J@‘CpbYLJQ

0 5 10 15 20 25 30
time step

oMJ;SMQJB-”M-rJQL

=—a, E2 +20,E, X, + a E, + W, (YY)

b s Ost dleams (Sl JUE 655 2 (1Y) oo sl 0l 0
5 K Sl ST 5 oS JpS S L o R £
ol 1 X1l 6l 5 YL d ool KuuSes

[Xera] < [Lessl

Lty2 L Lt
Ly = |a2|(2—R) +2|0{2|2—R+|a2|2—R+ w
|az] |az]
=Bl + By L +w, By =22_2R+22_;22' B =
lal
SR (Yv)

b s dslas Ol 7)< 048 s ojlenl 05571
B2 n? H1-By)n+w=0—

(B1—1)1y(B1—1)?—4p
M2 = . 2;2 - APy — 1)2 -

46,0 > 0). (¥f)

LS o b S e 45 (V) 2

Heyq = ﬁthz + (:31 - Zﬂzn)Hn

d\ﬁoﬁ\.qlp(m&ftﬁawdm414556.\?54?};
R &5 K & 48 155 (Y0) i (s5lslly o (g5l o3l
GO [ SO O PP SV IS

,31—1S0

B — 1)2 —4p,w =0,
(Y%)

>ﬁ@abbﬁ)riwr~4a(vb)w@l:¢)ﬂuﬁ_‘£;ﬁ

Hep = BoHE (V)
S ol W (Sl (s dr 5 b 05

1
He= o (BHo)™ VA

s a3l e 3l 55 o) [BoHol <1 65 cow 1ol
3 (V) Sl lad 4l odor b 53 8 Sl sl 45
S Jezml b a3 Hy =2 00687 )l o dleat L Gl
Wag@;;;a«{;,.ﬂluuol.gwl.Lt%—n206@_»
R 50 55 0o daams Gl ples JUS 555 2 () e sl
il o Loyl Jlie Ll o oS

(Y9)

pi—1<0
(31_1)2_4320):0'

Journal of Control, Vol. 11, No. 2, Summer 2017

W49 Olsls oY o5led VYl ¢ S s


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1396.11.2.1.0]

¥4 Sl o5 lrse) 5 pRenm 515 58 e 03 (o f Sl ez i la e (S5Lu L

©bpls, Je

o oy Sl 68 Ul e Gl 5 e 53 S
30 2 5 86 o Gl gt 5Ll als o [V]s 52
Sl S 3 ol 33l o s Oy Jlas S b Jus
B3l p oGP b Glestens Gl diis 4 s
Sy b @t bl a4 V] e 55 053
S 55 05 51 S &K G5y Taalad pde ls o 5
Bl 6.'2[3 olkd sl la Cusgdsa vjlﬁléu gy LA 3
ST g ol bl el sy el 015087 e b 4 ST 2
ol 03 KT dle s (o 13w g 3500 1) S5l (oSl sel
313513 S5l (oS el (o sme 53 Sl Uil 5 5 dle
S ) Solss Glestn o8 dlal L g5lasluly
Sl sl 5 V4] L5 ke 6l 5 3 50me SV 53 S e
06 s Salys Glgatunm @l Sl ols w) p ot Sslis
Dol [Va] 3 ot 1,1 &S  dllie ol ) ok 1)) &S ¢ 58

Al

K 5 10 15 20 25 30
time step

a.L:«J‘;SMCJB-M—?JQZ

S5 xS -0
Sl o O e as ileyll a4 dlie oyl
021> JUl T 52 & s 5355 2,20 > (ot b (sl dartr
Gk 3 eaiS U8 4 Ko by o o (65 o510 sl
g 0,8 Doge 5 09k Jimms Sk JUST
IS 5 535803 S & e gluslul S e
ol 61 eSS Jlaz| s gdows L (Sle (5Ll S oS
O s 03ls UL e 5 OB D) g 53 A &) Al
Sl s Shas 550 o (Slowe oL 4 e Syl ST
S5 bzl b 3 gudoms Ll (s (S5lslbl 51 ST ) i
JU 655 p (o b ol o i e & loms (0L 35

oAl 65 gl Sl and Sleslial b 5 5 Ok Jliams 15k

;Le;;ﬁ&_gi:;ug,.:&\,(mwuuwrp

e  OLES | Sl ol Ik el

5
0
s J
5
'1°o 510 5 a2 B N
time step
JS I —F S

& w0l e ol 6l 1y J S I F S

o R=2 506kt oS J oS5 55,8505 3,80 &
o Tl s 45 ol il ¥ S 13,8 e 13 eslinad
5 (e 25355 o0 o [FA,8] 03l 3 355 (o Sl aSliees
= 51 =00l @ = 0 sl dlo 5 )ls 513 5l (oS Zlr e

1 1
Ly o LE+SLe

0 5 10 15 20 25 30
time step

o g2
Sltes e 0las Sl cpl 6l Ob) e s 1y Ly b S
7J§.ijl.Lt—>0:ﬁ)lsolﬁju:i@l\{‘\fﬁw!c.él)ﬁ@l
v;_,b;,.ibdl‘;lﬁ>},@)wl4§dﬁm«§;w\c¢él,ﬁ
X2 08
e 655 et s 4 Ol [V] e 5o ¥ AT
Sl JUE (655 e 5258 Oy (o b i ol J 287
53l oo o poaies sl s (S0Le by 5 09 Sl

old )5 i ol SIS (s 60 e s 4 [1Y] s

Journal of Control, Vol. 11, No. 2, Summer 2017

W49 Olsls oY o5led VYl ¢ S s


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1396.11.2.1.0]

Sl (o8 Tl sol 5 pRene 5155 58 e 03 (o f ol ez iz e e S5l L v

b pls, Je

[10] G. N. Nair and R. J. Evans, “State estimation
via a capacity limited communication channel,”
IEEE Conf. Decision Contr., pp. 866-871, 1997.

[11] C. D. Charalambous and A. Farhadi, “LQG
optimality and separation principle for general
discrete time partially observed stochastic systems
over finite capacity communication channels,”
Automatica, 44(12), pp. 3181-3188, 2008.

[12] C. D. Charalambous, A. Farhadi and S. Z.
Denic, “Control of continuous-time linear Gaussian
systems over additive Gaussian wireless fading
channels: a  separation principle,” IEEE
Transactions on Automatic Control, 53(4), pp.
1013-1019, 2008.

[13] A. Farhadi and N. U. Ahmed, “Tracking
nonlinear noisy dynamic systems over noisy
communication channels,” IEEE Transactions on
Communications, 59(4), pp. 955-961, 2011.

[14] A. Farhadi, “Feedback channel in linear
noiseless dynamic systems controlled over the
packet erasure network,” International Journal of
Control, 88(8), pp. 1490-1503, 2015.

[15] A. Farhadi, J. Domun and C. Canudas de Wit,
“A supervisory control policy over an acoustic
communication network,” International Journal of
Control, 88(5), pp. 946-958, 2015.

[16] W. P. M. H. Heemels, A. R. Teel, N. Van de
Wouw and D. Nesic, “Networked control systems
with communication constraints: tradeoffs between
transmission intervals, delays and performance,”
IEEE Transactions on Automatic Control, 55(8),
pp. 1781-1796, 2010.

[17] G. E. Collins, “Quantifier elimination for real
closed fields by  cylindrical  algebraic
decomposition,” Lect. Notes Comp. Sci., 33, pp.
134-183, 1975.

[18] G. E. Collins and H. Hong, “Partial cylindrical
algebraic decomposition for quantifier
elimination”, J. Symbolic Comp., pp. 174-200,
1998.

[19] S. Tatikonda and S. Mitter, “Control over
noisy channels,” IEEE Trans. Automat. Contr.,
49(7), pp. 1196-1201, 2004,

Gl S ol S a5k o e ot T Slidsd (gl s el

Al a5 gl aha i (Gl e 51 (6 s POUS

&l

[1] D. Nesic, “Dead-beat control for polynomial
systems,” PhD thesis, the Australian National
University, 1996.

[2] N. Elia, “When Bode meets Shannon: control-
oriented feedback communication schemes,” IEEE
Trans. Automat. Contr., 49(9), pp. 1477-1488,
2004.

[3] N. Elia and J. N. Eisenbeis, “Limitations of
linear control over packet drop networks,” IEEE
Trans. Automat. Contr., 56(4), pp. 826-841, 2011.

[4] N. C. Martins, A. Dahleh and N. Elia,
“Feedback stabilization of uncertain systems in the
presence of a direct link,” IEEE Trans. Automat.
Contr., 51(3), pp. 438-447, 2006.

[5] P. Minero, M. Franceschetti, S. Dey and N.
Nair, “Data rate theorem for stabilization over
time-varying feedback channels,” IEEE Trans.
Automat. Contr., 54(2), pp. 243-255, 2009.

[6] P. Minero, L. Coviello and M. Franceschetti,
“Stabilization over Markov feedback channels: the
general case,” IEEE Trans. Automat. Contr., 58(2),
pp. 349-362, 2013.

[7] G. N. Nair, R. J. Evans, I. M. Y. Mareels and
W. Moran W, “Topological feedback entropy and
nonlinear stabilization,” TEEE Trans. Automat.
Contr., 49(9), pp. 1585-1597, 2004.

[8] G. N. Nair and R. J. Evans, “Stabilizability of
stochastic linear systems with finite feedback data
rates,” SIAM J. Control Optimization, 43(3), pp.
413-436, 2004.

[9] C. Canudas de Wit, F. Gomez-Estern and F.
Rodrigues  Rubio, “Delta-modulation  coding
redesign for feedback-controlled systems,” IEEE
Transactions on Industrial Electronics, 56(7), pp.
2684-2696, 2009.

Journal of Control, Vol. 11, No. 2, Summer 2017

W49 Olsls oY o5led VYl ¢ S s


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.1.0
https://joc-isice.ir/article-1-307-en.html
http://www.tcpdf.org

