| 13- 9957 dobio 39 - J 5™ dloxo
S ISSN (print) 2008-8345

c ISSN (online) 2538-3752

E

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

VAt V4=l 555 dalioss 5 o ojlaki VF lls ,,‘Zf:';;
33 18- 995 5Ll Slgo (ST (g Jwo S 58 O (Silwodly 9 (S sb
Qlﬁ!

" syl Sl s Cesli st e Sloy suge

RezaeiMahdi2018@gmail.comeal I e YFAFY —88KY ¢ sty Gstis 055 ply o8l (5L 05 8 06 75 (6 gty
h_khaloozadeh@Kntu.ac.ir ol 101 g ¢ o sb o s drl g inins o813 ¢ p 0013 ¢ 287 05 8 el "
P_reihani@pnu.ac.ircl ,lol e YYa¥) 481 ¢ ooy Gsdio 5 ply o&ils ¢ by 05,8 bkl

WAGN/YE i oy o yB A YA/ /+ 8 dlie 3Ly 56

Sty Joe G (oot Slaiy s puloms Calibes o glas el (2e V4=t 558 (6 )lewy LA Hlge 5 site & e 1 5 oS

5 0Ll Sl Sls g 3l ok IS bl (slaesls 3l aslial by Juke (sl el sl 8055 02, 81 &S5 (pimpen ol 0
o5 & 8 el e 1) S5 oty e J ST T T SIS e Leld (algiteg o e ol (53l 4 slaesl>
3 stoen ol o ol e g o 5 Gy e (5 4SS g Tl 43815 03zl 3 g Lt T3 U 28 53 (glos 28
Sl 33y Je SIS lesls 0L Alie ol 53 Lo arled o 1y phT (55l atogy e 5 00 ;0 S5 53 1) ki sl
5 ode Jle das 2alST 15 0T £l 5 &S o ¢ elorr] Slacy s soboms Cialiien £ shaw Jlesl b 1518 = 5557 & 0L s g0

Sl ok 03, 5T oy ol Sl Ol OLES Hshate 4 xlg (slaesls  mee (G5l dnd

A=y 558 055 02 S s ol o i Je J ST 1G0T Dl

Design and implementation of a model predictive controller for the
COVID-19 spread restraint in Iran

Mahdi Rezaei Bahrmand, Hamid Khaloozadeh, Parastoo Reihani Ardabili

Abstract: In this paper, a model is proposed based on the different levels of social restrictions for
the COVID-19 spread restraint in Iran. Also, a Genetic Algorithm (GA) identifies parameters of
model using reported main data from the Iranian Ministry of Health and simulated data based on
proposed model. Whereas Model Predictive Control (MPC) is a popular method which has been
widely used in process control, after the discretization of model by a common method like Euler
method, then we can consider the appropriate constraints and solve online optimization problem. In
this paper, we have shown that the MPC controller able to flatten infected (symptomatic) individual
curve and decrease its peak by applying the different levels of social restrictions. Numerical example
and simulation results, based on main data, are given to illustrate the capability of this method.

Keywords: Model Predictive Control, System identification, GA algorithm, COVID-19.

b e | s o881 — 01l 333 1 5 J S Oledige ezl o ST A o33 1 e 15 13 0ge okins


http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

Ol 93 V- 5 Sl 5l (5l o i ok S 87 G (g5l 5 (10 A

‘51._.::‘)\kj'l:s:)}:.»j?u:\j)ﬂéw‘hjeéujéw

O OlEb ey Eol @l K pliml Glayssdoe
S o3 Sl o San b g dals 5558 OT 0T s (goluas!
el ilagpas) anele 51 e s plazrt Glacys gz Jlos!
s 53 5238 3ol Vo8 & Vel gy 0 0T (g 03 5 5525
ol (Sl g 2 G et asly 5 5 Sa 0T (6,5 e 3
35 S den Slaiglen ST HLasl 5y 00 55 e ol 08ty 5 o g5
S estizal sbsy DVOLDVFLDWTNY] s Slides (slaeiy
3 b Sl DLl e Bg) e 51 i $SGudST J ST sla B,
Slgasdeee sl 53 Wl (o i Jbe J ST 4wl sbige
2 sy 3 5 Sy ot DAL DIVI] aste sz,
w5 )e o3l 3 b 51l ol exlin [14] 6 Sl 1 3 _;u(.;w;\s\
Cllasl Slag 385 )3 O ol ] Slay gdous Jlas!
e B ek Gy OT Sl ceabasil ¢ olaz|
31 03zl o g5 4 e B 0Bl OT 1 e ot 0,181 (glao ;S0 1
J“‘éﬁri)"ﬂ(\f‘ﬂm r\;ﬁl:;.&méu)lf): Oy e J 28
233 5 Gl Jae 65 @l 4 e ) Bs) onl S eslizel

Situ il e S Cal 45 gy ol Al gla Jide K bl
V558 (Soley 8 DLl Je K5 sme 4 p93 3w )3 candia
Jube & a3l o e dobe 257 Sl eslised (g1 8 LT 1l ls
DUl lgn @l e S5 cp s ASu 53 ated (o) 3058 T
Sl el Gty sons 5oy rhaw 4 4 5 L1458 (6)lay
DUl 5ler Sl b SRS dis S el it 53 ol 0l
—and ol i g gade b gty Aoe 53 el o lh Ol (6 )loy
=S S eslinal b (algriy e sla il plolid 45 ¢l
loosls p e i te e e K287 Jlesl O 56 5 oK
.:bf@b&dﬁfqg& i A )3 pomas (Ll o &1 a8

— %995 Solow S HLSI Juto &0 (S 20 Y
14

Sy Cro g oS das o Ol cCalthee Slide (S )
VS Sn (e LB )3 (6305 > B Ll (0 V4= 58 s 5
sl 3 8 L s L[] S[Ye] [5]558 Cano s (SIR) Y asls s
oS S Dy 4 65 Bl g db OB D
Sasslas 3538 53 055 355 (o 0dal SIRDIY OB s & il s yogs
Slaos, 31 eSS o @il 1 b eorman [YY] il b s
45850k (e sk 5 1> e 035 33 4 OB 35 5 DL
Ol b i Sl b due o5 el o 03l 0lis V S 55 o8
rowdle ghylmcudle 03km0 s Omabls pg-Sae oS S
Ll Ll o s s gildie j S s 8 ¢ s (SIRDASD)

Sl (ghyls Y=y 95— sl g psoiga ;S aen gla wg g )l

doio —

O 4 e Jobe J 27 Calibne (slag ) SNl (sl a3 )3
O ealinal 3550 b tass 5l (6ol 53 (i (S8 4y 6
—J S esle i o b 53 IS sl alie Sl eslizal i 88
(T 82508 L Sl Sl OlT arw 5 Sl oS
J\:i.:.» T T YGNEYREN u:.a)f,l@); J S 058 ilwesly 55 O gg
G ag) ol e sble 51 (b T 5 5o Sl (s = I 55
4 Sl &S5 Hlge 5 IS alies o lgan b 1V Wy, e les
Sa 55 058 |y (o Sy Sl ol e e oy &S5 Ol
K Olge 4 VA58 sy S bl aanb o sl
DU e Olails (ol 3 5gdn DS L2y S 6y Slgr g
e P O R R L B VTR R PRI
Olye & i 0558 Olags ;e )3 (ol 0idS 0l &5 4 &
2 Sl Sl Ol Lissad GLalid Y-y 558 = ol s 5
Sl L La Ve 1Ml odkd Ayl 5,0 g0 sltad (Y14 e ole (sl
UG 1 S oS 1 gy 05571055 e ¥Feve 51 2 5
§ e Olgar Sl 5a8T (aled 5o Ly B (S)lems 0l Y0 TN 4y 8 alol s
5L O Ol 5 8Os 104 51 i 4 Ml 5,050 & Sl il
IF] 5T st TP 51 i sl il 3805

Solos ler shite 4 ae (Sl 81 Coanl O 50505 51
S o315 1 (g8 i SRR 03 DB (S e NS
2 St 5o ee a1 8L 0L Kaass i ol
S s sk 4 Glem 55 S @ b 1 S 5 S
a5 s [F] Wles 505 ASTT V-5 S (5l 2 28
4 S5 Gy sy S5 pde J5 4 Olomen o das s O
o aliT lael s 5 STy a5 Sl 5 GKer O
Ll bl gl 8 olaim| Cusgton il 3l oslizal ¢ o m
5 ool Glaiyssions ¢35 oo adl [5] 5 [B]sl o lis
b Odd el Bl e gioe Jhsl K85 Lasis
ol 3 5 0l a5 gy n slad 4 b g3 (gl (g (Hle oSS Ol
Sl 3550 55 Lo oddisl la s (53 e (s 0o
oy Byele 5 olezal (ol gioes Jlas! o seas 53 g )1,
S J Ol 4 Sl o il ;ST OT L das e 287 543
A Gl ys SIS 3 5008 V40t 5587 (6 )leny HLAST I 587 53 g 55
5SSty 0 5 a5 ol Ok o 3 035 Gl o sl
V] sy e s elaml oy s g O3l 5 Lol LYs
Olj e o wmlys [W] 5 [V ]l dfA] s 08wy 5 ioman
Slacas il 5 s s slie [2als 4 by s gdowe Jlasl 53 Clis

Slalusl 455 o Jlesl pimman S o (65l ESGS 035 Sla il

3Susceptible-lnfected-Recovered-Asymptomatic- Symptomatic-Dead

1Susceptible-Infected-Recovered
2Susceptible-Infected-Recovered-Dead

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone


http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

AN Ol 53 VAo 5 S 5Lal jlge (5l ot Jole S 287 e (g3luesly 5 (b

‘51._.::‘)\kj'l:s:)}:.»j?u:\j)ﬂéw‘x.ﬁjeéujé%

3131 slaws s lew 5 AU Db ke 55 i s L0 b

Zﬁ)‘}«ﬂ@‘.&ﬁ&hl{){i{\}\)éw
—t———[t (\)
® py()

58 S je3 534 5 Do 4 () e SV pmen
:(.1)1;

It)
R(t)

I,(t)
R(t)

Cahe Ok g 415 Cadle 03 4 4Bl g 5 D 3131 S () Ko

Ol g Yoa S S Sl (G o5 G W

B ) s 4 Ol e |y Cudle gyl Cadle 0508 s

ds
7t O = —(Bala(®) + Bsls (t)) N(t)

dl

5 © =0 =p)(Bala(®) + Bl ©) 32 N(t) = Vala(8)
dl,

=5 © =0 =p)(Bala®) + il (t))N(t) Vala(®)
di S oL

e © =P +BLO) g3 -2

—;cc) = Yala(t)

I5(0)

=@ = I
(t) pys s(t)

o5 5 Lom 4 Jeadl 4 dde ol Giloand 3550 53 O ioe 5o &S

RS PR 42.’-‘};:

Ol a de 2 3y 5 el s @ bl 2 ST[YF] 5 [YP]sl
Jbe 3l eslizal L VA= 5 S (6 les 3Ldite T-)
SIRDASD

18k 5 1 ise 5115 SIRDASD Jube & S o a5 Iz

il o daT ¥ 5V Gladsder 55 o 5 4 LOT Lo 55 45 il oo

SIRASD Jus (sla piie (oo 5 1) J gl

bl s S Sie 5l 31 sl S(t)

talasd 53 Do 5131 sl I(t)

b)) 4l g 3131 5l R(t)

talasd 53 0cd b 313 sl D(t)
tM,a);&g;m}m‘s}i.m\;m,\,;Ow N(t)
tabisd 5o s Cadle (Dl 5131 sl ()

bt 53 e 05 Dk 5131 sltas (t) 4

talasd 53 ls Cudle 4l 55 131 sl (t)R;

Tl 55 Cadle (5 4Bl 3 g 531 sl (t)R,

RO PNV S PRESIN

SIRASD Jote (sla eyl (o 5 ¥ Jguder

2 Jgmin jollh 4 bgyw Oobe zp0 | bl ey | el
Sloj a1y i 58 Jow

BIMS@®)/N®) |  BI®)/N(D) S Sl

b oled aieS” B
Lo 550 90 sl b oled 420 sldas JU g
530 sldal s a5 Jlasl &
o4 daatd SRS — A3 rans

o5 S S S pe Ol 5l dsts

- pyl(t) ol Jlez! Ol joe P
o e dily 5 S om0l ol | SIS
=5 AS g

R &l Y

e s &)y 4 Ml Jla| p

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone


http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

Ol 93 V- 5 Sl 5l (5l o i ok S 87 G (g5l 5 (10 AY

‘51._.::)\kj'l:s:)}:.»j?ub\j)ﬂéw‘hjeéu)éw

D32 (F) lays s 7 sh 51 Sopn S - 555 4~ LS
wearg b S5 U(l) = des s 5wl [ = sl
~ 3 gudoe ek L3 gudoe Jlasl 7 )0 53 0yl 8 DLy i
¥oom 3 elpen e il (Bl ot leel g sk gl
Jlasl s gdomn 6 Jildor O 5) 55 b sl U5 VL 3 putome
au, (1) + au, (t) + au (t) =1 al, &:éjfjlé;):l{_};_lﬁ\;{ Y
LY O e s U(E) palie Fdsde b Cabiee gla Lsl)l
R

U okt = s sl d = VY @ ol s s U(E) Slais ¥ su

L= a; = inyy u(t) =
=¥ a; = Oins\+0in u(t) =v
=¥ a; =8 + Oy + Oin_y u(t) =v

Wl sy 5 b ST S sl 8y 0T 0o 8

Jlesl glacles J5 o)l 5 55 aud b,ne u(t) &l
d..l.ﬂ 1 4-\5@ u.a;;i.a \J (;J}J @.:]d..’v' u’.GLabl 6\#%3}.&#
SIRASD Jdecml odds Blowd 0T 3 55 J 287 (6335,5 S (solgiins

IW\ﬁjQquuﬁ@a%ﬂU‘\v@

ds
= (© = —p(OBala(®) + Bil5(1)) N((t))

dl,
1 (=0 =)o (Bala(®) + Bl )2 N(t) = Yala(®)

_(t) = () (Bala(t) + Bl s(£)) v S@®) vl

N(it) v—p
dR
O =1l(® ®
=ysL;(t)
L= I 20

d—‘f(t) = 8@ (5 = () () ~ u(®))
+ 8™ (KM ()M — o () ) u(t)
+ 6, qModerate (K(PMnderate (£)gpModerate _ (p(t)) u(t)
67 (K, T ()0 — (6) ) u(e)

&an) (t)Mild + 6vnK<p (t)Moderate +5mK(p (t)hard

—\—n p_ 1)
Vmcensn:yy p N(t)

Solow HLE! Hlae Slp GOl Jow =Y

13-2995

Sl o e S5 Sl S b s
4 LU SIRASD Jue  slo! glacysgioee ds glacwln
& ol 33,8 Gaaie 5 L ojle sk Sleras b (51 4587
o4 Comer Rl S e s € dda Jedlhs dolas
S e 0T s afr.gf@ S by il S8 gl
Jlesl 05 =) 5 Al & (s ) suate Ly gdons 51
Fluge Cosgdou¥ Cads Cudgdowe-Y Cusgdowe
3o alinn Jad (slacs 8 s I pel) Ll oy s
CAS o 3 G A 23,0 5 2308 om ploedd g daT Dlolis 03 5
dnaler O3 b 5l s sdonn opl 4 Gl P(E) Cioman (ot
Ll o ol ol and g AL () = ¢ ST sl o
Sy s sdoms Jleslodinsolis L 0T 138 (1) = K, (£)p!
AL (o P 9O Lo e  Fds (S psm 5 095 sl oo
Cgs o8 el Gloj Vusgilomn Oy rba I kaie iz
s 5L olatr ] Cosgdons 45 4 & Aas o Ladnis
(ke O3ty J yonn )5 &K (615 1 slme 4 @ (E) = Y11
cu,(t) NS 51 emcel Goley gaeb 5 g3 sl
el 3500 )5 el Sla e 5 ¢ u(t) 5 u(t)
(¢ Jo g ¢ Cadt) o 5 093 (sl ol o gl
(RPDF) A mear foly ol (oo 55 Jonsl o> alslns il

Al o 5 (F) dlaly D se 4 050 (e ksl

deo
dat )

aNurmal(r _ (p(t))
aMild (K(pMild(t) PMild _ (p(t))

u,(t) = ue(t) = u(t) =
w(®) = u(t) =up(t) =+

aMod (Kq)MaderaLe(t)(pMaderate — (p(t)) u,-(t) = uf(t) =\; u,(t) = .

up(t) = ur(8) = up(t) =

ahard (K(ﬂhard(t)(phard — ‘P(t))

25 Sope L L=V ol o Uy (B) polis & 5 L

:("U"
l=v=2u(t) =vu,(t) =u @)= 2>u() =)

l=y=u()=u@=yvu,@®) = =>u®) +uv(t) =y (9
l=y= u() =u(t) =u() =)=2u(t) +u,@®) +u,(t) =¥
— s g s u(t) = u, (t) + u, (t) +u.(t) m;fu,ijs-\oﬁ;

Loyl Cusgdons 2 ST 68 sl s gl b (o5 4 (f) s

DNn 0T oS Js L5 Loyl on 0T 51 3 glacyssdos 053
w() € {0,101} o csls

"Normal
8Response of Population-Differential Equation
°SIRASD-Constrainted

“Mild
SModerate
®Hard

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone


http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

AY Ol 53 VAo 5 S 5Lal jlge (5l ot Jole S 287 e (g3luesly 5 (b

‘51._.::)\kj'l:s:)}:.»j?ub\j)ﬂéw‘x.ﬁjeéu)é%

O3 b 53 e 15 0T K288 J 2857 815 05610
el U(k) = U(kTH)A S o Jlas! 5515 4 50

vt: kT, <t < (k+ V)T ™
.@\#&\MJ@&;CF}@}

Glcessdos (e Guhy Je JRSTYS)
Sl
Gl 035515 JUs 4 & bt i jp b &S WS

g dS o, 8 e gy Gl 15 23w 3 ¥ B Y Caldal
DI UL M2 2D 2 o=

R PR QL_\_; J.:)

Np
J= le(k +j1k) Q1 (k + jlk)
- maxyz
= ™)
Np-1
£ e+ 10 (1= @k + 1K) »
j=0
Ve I (k + jlk) < mey (1 +€) Vj=0,..,N, O]
c<ulk+jlk) v V=), ., N, =) )

u(k +j+ 1|k) = ulk + jlk) + Au(k + j|k)
Vji=1 Ny =) ()

Au(k+jlk) = . Vj=), . ,N,— (\v)

AuCk +mlk) = -, ||Auk + jlk) = Aulk + j1K)]| = »
Ym=j,..,j+Np ()

AT 5 3sm e p Vayd 5 aue Wb 035 5 s b 0pS)
s
A SN 0l sl Ol 7 A5 b s (4) olne )
e [CU glass sl 1 iy 9 Sl il
(olaiml Gl sdous Jlesl 53 a8 das s Oliebs! (1+) dsles Y
S ol S 3550 55 55 (V) dslas sl o LIl ST J S S
.M:@brj\lotﬁbl‘@lgd_\jL;\ulaéc;)y@‘hgjzfo};ls
—l glyls S I Sk 84S o Ol 35 (1Y) Wslas
RCIWL ST S G PPN
Npp 503 555 Olej o S 55 45 UST o Olom | (1) dslas ¥
S A8 o Gasie JES e Ol m oSl odd dloe i
2Ny > Ny Ny gl 5 Jasin o35 &5 (615 U S
b b g ¢ i (plemrl Cudgions Jlasl 05 o S
e (S

e 655 Ol g0 € Dl ok 3 g ka5 3 g kx5 L e
1y des o S5 ol 3 5 a8 il (o313T 4 53 O3y 5 0ol 3 5domae

e B LB M U TRCPwp

sl Slyp Gy Jo J 55 e Ol -
14— 995 LI

e g A O B T SY VL IP SN V- up &l S T 5
wled anl o [YO] 5[0] 4 Wlg oo ousls a)ls 32 i Jule
Sl s el | Glacys gows Jlesl cdd 573 5 (sla w53 4SSl
s [YP]sl oo a5 5 el ol VAis S (ol SLasl
s gitonn ol Caliies 7 slaws Jlasl 3 ol o aelsl 53 87 slailas
[VF]asl V8- 5sS 528 51 6,8 e 55 s sl s gl
1 (Dl (51510) OLDa sl 15 303 75l Ll 57 (g0 ¢ uidin yoni 40
el ST g L psge ) S 53 PSS Ul S
ol ¢ e Ja J 287 3l o3litnl Sy 4 355 5 kaie 4 55!
el Py 55 o5 jokailen 1) V4- 58 pod pie g J 25
S (s 53

ot de J S dliee 187 Colial F J g

=2l Jol O Sos
Tg03 505 €8 SA g sl oS [ )
e = Bl e

Verlg < myey (1+€) Tl 035 S8 5l Bl Ol | ¥

ICU (e i sluws

G ol sl SURL) ole S | —Cungdons Glacwln Lasis | ¥

il io Vb Sande | 6Ol Se gl slazl sl

ol sS Sas

G U() Kot 5Bl olabl | Jleel g8l i 5008 Sl | £

033k o Sl (Glanks Sy g0 | 090 kY Dl ezal) Cys gioes

—sal Sl YUY Ao Sl | e 5 sy Ny Jilas LS

sl e N sla (Lol 5

U(E) o sl anlas J 28 I &S Wl ol 3 ¢y 2l )
o Ty =1 (clods a5 Coglize lao Il 5171,
ol Buk) L1y eas @ 8 b 5s J S s S
S o Sl s ers

u(k) = ulk —v) + Au(k) )

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone



http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

Ol 93 V- 5 Sl 5l (5l o i ok S 87 G (g5l 5 (10 AF

é._.::‘)\kj'l:su}:.»j?u:\j)ﬂéw“wméujéw

SIRASD Jute 5l oceT Coands (gla jzal 51y 0 5ol

Ba Bs Ya s P P bl
YYvy YAMA Rhd Y FAYYY RARA Sldas

o gioes Jlesl 0 SIRASD Jue (ile ans KL Y S

23 Solen Ll S s 1 G 5 S5 151 shate 4 0Lyl )3 (ol
33 ol i 51530 0 5 3l ealizal L AYAR/4 /Y BAANY Y Slejojl
S )bl 3 5 (15 Do) Mte (S 5o 3yl g0 Slas ¢SS
Je j3 oM 4 .Gl 0l 0303 OLES VA= 5 ST (ke ol Do g8 (1o
4 sl (o YA/ VYN sl s 53 Sl sl Ole o (5L 4

)15 srali BLSI 8315 slaesls Il 7 g sl Ol L

SIRASD Model Simulated
J =.39888 1 =0.2 #=04833333 p= 1111

e \ = = =Susceplitis

v / s Ifpctod (Syrmptomatic)
\ ——Det
1 = Reparied|Symplomatic)|

Number of Various Cases(Normalized)

- | Yol
0 13920121 10 150 %0 %0
Time{day)

Oy 53 SIRASD Va-ty 5 57 jLesl Jote (65l 4t (Y s
(Pl Sy guoes Jlesl O 9)

5 sl b ool Joe gla eyl plalis DY
S5 o,

S o5 ke I3 e 3l eslizal b (53le 4 il 051
Jio sla bl globis & o535 020,80 Yalmip Vel enr
Olea 53 Lol laesls ulul , SIRASD-Constrainted (sslgiy
—osls ysbie s 05 .‘..;_I‘a.::'-l:f»7 (U8 Cand 30 Dby Slejoyss
Sus b B8 Ll @l 4k Jeols glaesls 5 ol sl
(V%)

o

— N L Mild ,,Moderat h,
— [ﬂA.ﬂs.)’A,Vs,P.P.a arma,a i Ja odera e'a a

rd
’ yintensityr (pinf]

5! SIRASD-Constrainted Jue (sla melyl 8L 54k 4

Gl e GLolis 5l 08 e elizel S5 02, S
BNVINUY s

093 5 ©3lgiis Je SLelis I ol ola eyl e imean

Ll 0laT & Jgudom 53 0 0L Sbe

Np
N LU+ 1) Qi1 (k + jlk)
] _; (Ismax)z

+ 370 s+ 1T O — Qus(k + /1K) + Qe (1¥)

ﬁ)‘.ﬁw%)}b‘bw

min
Uk J

s.t:

(.. SIRASD — Constrainted
L<meO+e Vj=1,.,N, (0)
(4 =) J =S I s gdoen

Sl s -0

5 eslizel L SIRASD Jube (sla el )l slulis 0-)
S5 oS!

(g Sylis s i E 4 b e sbeesls I tsu ol s
YO Gl asl e (U S ool ) piST Sy S5eT 5 0leyo
s s o305 Ol 4 OT 51487 YA4/48/Y) B4/ Y/ Y 5l 5,
1 5 da g5 Lnosls 15515 5t ar. ol ol oslizl (087 a3
b Jsl (slgi g 4 sl o 05 JuSTH 51530 05 5 Laosls kol oo
3 g e 5 3SCke 3131 sl (b 4 Loy e 5w 1) OT o
Wl 3 (Do Oy (Dl Ol Tadle (D edd D Bl
el e a0 S Cadle 05y Bl 35 laedle
plil SIRASD-Constrainted 5 SIRASD Jus 55 ,» (sl s zel)ly

Slresls gm asl 55 ler bl olull 518 ulel sl ods
sskie 4 SIRASD-Constrainted L SIRASD Jus i eslazul ¢ Lol
Els 02 el gl 855 S 5w &b daesls (g5bu 4zl
—osls 5 ol slaesls o sl (g3l ST Do b 055 02, S

(%) o) Olsie @ o5 au 8 a4 5 b (5l el ol sl

mgn%Z(Ln(l () + RO/T,®) + T, ) + Ln(D(6)/D(1))?)
t

d(£) 55135 oo bl bl & Sl S g5 )

die (3l S oeT s 4 p3lis g & D(E) 5 I(2)
Cusgdoes Jlasl 0oy Sl s laesls (g5l and ) oate &l iz
PRUT N [ e I IR NN RS TR P
0 =)?lSﬂ)‘ﬂsag;.‘;Agg;»)k;ébb;))ypgﬁ;{\dk:,l
oaT O Ui 3 4T aile b by o&5T [Ba, B, Var Vsr 0, D)

T e S @ (]

\ -+ Toolbox

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone


http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

Ao Ol 53 VAo 5 S 5Lal jlge (5l ot Jole S 287 e (g3luesly 5 (b

é._.::‘)\k_;l:su}:.»j?ubujﬂéw‘hméu)g;&y

05 sl e sl i sl Cund g A g

Oyl Sl ol 5 kel SOk oy

S Gl ylow 38 S Slass
Cablag &3 otole ICU glgif
MY V15F e
U ad £545 J
AVE V15 N
and R4 Sbds
VY \Y¢ S
OFQF AYS¥ s

S AaUSY s Uu=Y U= A= Sr_;:@wﬂ;u_
Sy sdome Jlos! (o3t Joa Sy iomn Jlos) 05y sl 5 Kol
Ll i Cusgdow Jsl 5 Lwgn Cusgdoe Jlasl (Cais
11> BLDte sl 13 3ad 75 035 o0 oo F S 55 a7 phailen
om0 ks b S8 Sl eslinal b wdly Cond s b A lie 53 Zadle
ok gy s gdons ks sl Jlasl b 5 o Ay e J RS 2
sl G;Lm:,,@ugd_;jqu:sucjbdwlgcng.@l
@l 35l g0 51 6 eS Oljn b oy sla Sl e sla S sl L
Oy LAY ole 355 2 YY) 534 4T L s lin 53 V8- 5557 Oy
e Bl 5 5l arlsn 35 (003, 0L OT Slole ol 53 Sl !
sl & 2 @ls 53 el 0303 55 Bl (s Sl S S
S5l il g A U= Y IS Jlasl g Lo gie Sy g
St sdomn dloel g5l ol 3,8 3 5 L1y 6 Y0+ Sl
S kids 6 4 555 A0 51 i Sl sl Ol s das Sl elazs
WO sd labU =) 5T blas| o gutons Jlasl ¢SS L S b
2G4 5,V 25de 55 Ml sl e iledile 593 Ml Jlast 51 L
Olad 31 E6 G U =) Jleel b al S 5 S5y Lol 0303
AYA e s gl (o) Lal Ol ) u:&;:):‘\f‘wl:.-@l)))dgl«a;il
at?,aé‘,p.c,_ﬂtml;duml,ﬁs\:;,)\~~ Sado ool tals”
S5 a4 bl glacyssdon Jlsl glacwbn gn @(8) # ¥
Ol o> 8 2l sl Sl Ol 0T iz 4 o lipd o 3 8
el 2381 5 4 55 0T
S o5 b Je (G5l o3l 5l Jol syl alie 55k 4
bl 5 e o ey GG L sty Jole S8 a5 e

lrola s &l 5,5 (Cde (g1H15) OLDiw slass o e duslan g

Subseible

GA Parameter Identification

—Y |

Best Cost

0 200 4000 6000 8000 1000 12000 14000 16000 18000

55 058 3l eslizal b (3lgriay Jobo (sl el sl g lules (¥ JSCa

SIRASD-Constrainted Jus 3l sueT Cowds (gls zal ) 7 gl

Ba Bs Ya Vs P 4 Sl

A¥PY SPY0 RARY Y 40y NY .

CNL"‘ ILJUM tu’.él.a;‘a-\ 6\.&@33@44\%&:- cml.l UP s> )3
el 0o TV Jgdom 55 ab gy p0 Sla 2yl plor 5 Joedl js s alslas atiy

Flel ays sdoms 515 5 (6l oeT oy (sl el )y VU 5

Normal Mild Moderate hard
a a a a Yintensity Pins Fabb

FAVY YYFY YAVY Yfra No4 AYAY Sl

S el 53 i 53 ICU lacss 4l sluss A J gt ¢ anlsl s

Sldas ol ol )l camny o 5 gamny SLaLT das e 0L T, O
10 s o 0L 5588 S 53 S VP e 51 28 Sl o g 53 )
a1y Gade) 0w sldad 03 5ol 4aS Coatl 03 gdoee slad )
5 e s Gl e (gla sy sl 1 OLasln ol s &S5 5b

LrA] ass o OLss

O e debe J S Sl ealizal el fudowd 5 4o e O-Y
VA- 987 g s slisl J 287 5o

Sl aly gl 1 (o (Zamle O 5 g, sk 4 55|

o Amlie S plomil sk @ FUSE 53l ok #5150 goe Jli

O3 Loy elunl 03l 55 01 51 53 1744 by p 534S amis

Olas bt Oy s 4l onlgiins Jue olaz oy s gudoes Jlos!

Sl Ol b plor| glalys sdoes Jls! @L:S romen .ra_la:b
el 0ds adein s o bost Lo 5 S5 A Ud g baw e (it

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone



http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

Ol 93 V- 5 Sl 5l (5l o i ok S 87 G (g5l 5 (10 AP

L;._.::‘)\&bﬁ)ﬁuﬁubl‘j)\iw“\;@méu)éw

Oy Je J S 50 G5l ang dhs @) ol Jlesl el it O
o Ol bl @ elol (slacys g Jlasl O gl 5 (o
om Ui e ST a5 (6,85 51 ST SRS sl 53 s
ol o3> Ol 33 8 o 4o Ny g oy 3 Calibs p3lie (ol
ol sl b (Sl e L oS s on DL L poie ()l
P81 0T L g gl 15 Sl 4 5 Jlae! 1y (eloznl (slays sudoms
Glrosls 48 gazes 4 o 4B 5 K Al il (@3 53 30
S ailss @5l pl8g & o7 (555b 4 cdien il ok (5 S o510
S @ ol e 255 s ol OT ) o S e J S
it i |y DLl ol sl 553 b s Ol 5 S e e
03305 Jlos! 31 ATAQ ol sl ot Lol gl s B il el o g A

Y S dal.a.::g-‘ SWBC s gde

Nm=8 Nm=15 Nm=30
3 T 3M 3y
g2 g2 [ J g2
= < 2
L7 Q @
81 81 81
(o] (] [e]
0 0
0 200 400 0 200 400 0 200 400
Times(day) Times(day)
Nm=8 Nm=15 Nm=30
3 T 3 3 o
[ o o
E] S ]
§ 2 \\ § 2 § 2
s s s
51 5! 51
o 8] Q
0;=— o >
0 200 400 0 200 400 0 200 400
Times(day) Times(day)

Caltee J 287 Sl I b pelazrl Slacy stows Jlosl mls (0 IS5
5o, Nm o= A0,

Effoct of Nm=8,15,30 on Death

un M g sep Oct
Times(day) 20

ol Sy sdoes Calibes - s Jlasl anlia (7 05l S
S50 2350% V0 A Do (Wild 5 Lo e it (g gudos O5)

OE s &b e 3lks

SO I NP IR WG KVR Je- g | WO [P U R
OT 13 48 sl o o3l Ol # K& 55 1Y sls = 3 G s & b
awglie 1y 505 ¥ 510 A Cle 4 plal lalys i Jleel S0

C}}J{ Qlfubi C)}S M sldas Q‘J:a 2 L 59J§,j¢ BE) V‘*‘ n:}.a.?

U oot Joe S0 557 Jles! s 3 V¥A4 ooy e b Caigws)|
el ol M A g 5> ABly Loasy

1 ole 2 53 0ble sliad 5l ¢ SI 287l 3l osliul o 45 4

P S ol 03 Ol 4 ol 4l 5G4 5515 0T Olej 5 2als”

.:)lgwl;ng;flfli‘)&:f‘)bfdc)lo:;&ﬁ)ajﬁjf

il Showing of iction actions(with MPC)
35 : : : : :
A 1 e S ———No Resteriction(Normal)

s Moderate
Hard

#Number of Infected

0 20 40 60 80 100 120 140 160 180 200
Time(day)

C,lo.s;x?._f);scu:?lggung\,u‘;ﬁfﬂf@@u(\‘Ji.‘;
e e 287 3l eslizal b Cuadle glyls 0Dk

Je SIS 5l osliul Sy 5 0303 55 (o2dl5 Cond s dmslie A5k

Do (glyls QLM Sldad 55 90 53w i

oo laiw! domis Cudgue Jos! cuxog g oy
g

OB o Je

Oljen | 28 | UST | UST U= s &b

= e

Go | 6B
v Yo * VPAL | AYaa/ Yy
FY 1+ 0) * FOVE | AYa4/¥/\0
A orv * AS I RV CCVAS AV
\$ FY- * VoY | \Ya4/.0NF
Y a3 * YYFO | \¥44/.5/0v

O e Je J ST Ny J 287 58 Calites y5lae (151 4 05T

&l ol 0l &51) aalsl 53 0T & by e w5 ileesly o) sb
Jasl 5 ol ol o BT Ol —outy &S5 plandl e b ol
Db Sl Qp (25 359 Kol s Sle o olez] (glacs s e
53 0Ll ok )l ICU lacss Jrsl 4= g 6 s Jds &
ol s oS o DBl 5 Qp =AY SISl g S AYRRVYY 6
s guoms Jlasl G5y Slo3 053 S5 3 g 45 Sl ne Ol
S Al sl e e I RS ) Lo e RS AN
S5y bcand ol s rmmen Ll JU 5550 5l Cudle (Dl S 3
~3 Gl b B G0 N Do) so 0 Sib g iy B 35
@ e 21038 (s Gy Ny = AN, oS Calies gl

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone


http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

AY Ol 53 VAo 5 S 5Lal jlge (5l ot Jole S 287 e (g3luesly 5 (b

‘51.:::)\kj'l:s:)}:‘.»j?u:\j)\éw‘x.ﬁjeéu)g;%

frst century science for effective epidemic
response."Nature, 575(7781), 130-136.

[5] Chudik, A., Pesaran, M. H., &Rebucci, A. (2020).
"Voluntary and mandatory socialdistancing: Evidence
on COVID-19 exposure rates from chinese provinces
andselected countries. "Technical Report.National
Bureau of Economic Research.

[6] Del Rio, C., &Malani, P. N. (2020). "Covid-19 new
insights on a rapidly changing epidemic." JAMA.

[7]J. Wu, B. Tang, N.L. Bragazzi, K. Nah, Z.(2020) "
Mc Carthy Quantifying the role of social distancing,
personal protection and case detection in mitigating
covid-19outbreak in Ontario, Canada." J Math
Ind, 10 (1) (2020), pp. 1-12.

[8] Hellewell, J., Abbott, S., Gimma, A., Bosse, N. 1.,
Jarvis, C. I., Russell, T. W., Sun, F..et al. (2020).
"Feasibility of controlling COVID-19 outbreaks by
isolation of cases andcontacts. "The Lancet Global
Health.

[9] Eichenbaum, M. S., Rebelo, S., &Trabandt, M.
(2020)." The macroeconomics of epidemics.” Working
Paper.National Bureau of Economic Research.
https://doi.org/10.3386/w26882.

[10] Gormsen, N. J., & Koijen, R. S. J. (2020). "
Coronavirus: Impact on stock prices and growth
expectations" (pp. 1-27). Working Paper of the
University of Chicago.

[11] Kissler, S. M., Tedijanto, C., Goldstein, E., Grad,
Y. H., & Lipsitch, M. (2020). "Projecting
the transmission dynamics of SARS-COV-2 through the
post pandemic period." Science.
https://doi.org/10.1126/science.abb5 .

[12] Piunovskiy, A., Plakhov, A., & Tumanov, M.
(2020). "Optimal impulse control of a sirepidemic.
"Optimal Control Applications and Methods, 41(2),
448-468. https://doi.org/10.1002/0ca.2552.

[13] Ullah, S., Khan, M. (2020). " Modeling the impact
of nonpharmaceutical interventions on the dynamics of
novelCoronavirus with optimal control analysis with a
case study." Chaos Solitons and Fractals.

[14] Perkins, T.A., Guido Espaiia, G.. (2020)."Optimal
Control of the COVID-19 Pandemic with Non-
pharmaceutical Interventions".Bulletin of Mathematical
Biology, 82-118.

[15] Obsu, L.L., Balcha, S. (2020)."Optimal control
strategies for the transmission risk of COVID-19.
JOURNAL OF BIOLOGICAL DYNAMICS". VOL.
14, NO. 1, 590-607.
https://doi.org/10.1080/17513758.2020.1788182.

[16] Péni,T., Csutak,B., Szederkényi,G., Rost,G..
(2020). "Nonlinear model predictive control with logic
constraints for COVID-19 management”.
NonlinearDyn (2020) 102:1965-1986.

[17] Kohler, € J., Schwenkel, L., Koch, A., Berberich,
J., Pauli, P., & Allgower, F. (2020)."Robustand optimal

Joe J 287 5 e oolgiiny Jbe Sl eslimal b olazal o5 guoes Jlas!
Sl sl L sl gl G me 55 e ot das oo 0L 1y o ey
Sl Sl edie & jshilen s slol (Gl s g C_,Ja...»
QQ\?&Q}QMJ\ML)’}JV'}\Q‘AQMQQAJWJL.&‘

Al oo SAlSTIVE 50 CIYY spdm ys S S

Sy i -7

VA= 5557 (S olos in) 3 0 plonil Sla i3 o 53 ST T
— o o Ul slols &S s i Jde J 287 aSbe o 8 sla 35 )
S aan Golew U] lge 4 il e 5 Sl 0l oLl ST LB
Al bl LS STy 4 SKas s I S VS
&GS wen Glaslen e 5 6l s de G a5 bl il
SIS 13 o2 ) oS 3l o3lizal b toma a3 305 4,11y (3lgiiey Je
@b eSS GBI 5o L Lleds glelid 1) de gla el oS53
‘)}:S):ICU L;LAQ:JA‘MQM&L&C&:).\N)Q.ALAQJA
Jo 5 oo S e e it Je ISl b e oS
dlael e S0 utn dhe JAST 5 e Sileting e
5 Sl lyls b slaas C}l Sl il let gty s g
ol Gl Olge 4 O As S mens sl a5 pmen
.V.;_:lz Ol g3de s 6 s
—wﬂja#wacbﬁbjbabéfdb%W
by Ao s S5 ) cmomen 5 (S5lo d 55 0d planil (sl
plowil O3 1 (7 s cmnlin J 287 5 (ot slagbl 38 8 s 5o
ol s bt s G el Gl Jlesl 3l o ges O smlinSTs
6@&&1,51%‘ﬂ@ogs[\v])gaugﬂ@uu)\f
SS a6l ol @l el b slas] (glaly s sioue Jles!
S e by Al eV Ao 9SS des Ak

21y Callas 55 [A] Ll o) imnes

&y

[1] T. van den Boom and A. Stoorvogel. "Model
Predictive Control", CRC Press, 2010.
[2]World HealthOrganization. https://www.who.int/em
ergencies/diseases/novel-coronavirus.
[3] S. Zhao, H. Chen, "Modeling the epidemic dynamics

and control of COVID-19 outbreak in
China", Quantitative Biology 8 (2020) 11-19.

[4] Bedford, J., Farrar, J., lhekweazu, C., Kang, G.,
Koopmans, M., Nkengasong, J. (2019)."A new twenty-

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone


https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.3386/w26882
https://doi.org/10.1126/science.abb5
https://doi.org/
https://doi.org/10.1080/17513758.2020.1788182
http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html

[ Downloaded from joc-isice.ir on 2026-01-29 ]

[ DOR: 20.1001.1.20088345.1399.14.5.15.1 ]

[ DOI: 10.52547/j0c.14.5.79]

Ol 53 V8= 5 8 Hlgn (6 i Jobe 058 S5 (g lwosly 5 b M

&:)\&@)Pﬂu:\j)\éw‘hméu)ng\-g,d

predictive control of the COVID-19 outbreak
".arXiv:2005.03580.

[18] Zurakowski, R., Messina, M. J., Tuna, S. E., &
Teel, A. R. (2004). "HIV treatment scheduling via
robust nonlinear model predictive control," Vol. 1. 2004
5th Asian control conference (IEEE cat. no. 04ex904)
(pp. 25-32). IEEE.

[19] Hosseini,E., Ghafoor, K.Z, Emrouznejad. (2020)."
A. COVID-19 Optimizer Algorithm, Modeling and
Controlling of Coronavirus Distribution Process ".IEEE
JOURNAL OF BIOMEDICAL AND HEALTH
INFORMATICS, VOL. 24, NO. 10, OCTOBER 2020

[20] Kucharski, A. J., Russell, T. W., Diamond, C., Liu,
Y., Edmunds, J., Funk, S., Munday, J. D., et al. (2020).
"Early dynamics of transmission and control of COVID-
19: A mathematical modelling study. The Lancet
Infectious Diseases."”

[21] Kermack, W. O., & Mc Kendrick, A. G. (1927). "A
contribution to the mathematical theory
of epidemics." Proceedings of the Royal Society A, 115,
700-721.

[22] Keeling, M. J., & Rohani, P. (2011). "Modeling
infectious diseases in humans and animals."

[23] Robinson, M., & Stilianakis, N. 1. (2013). "A model
for the emergence of drug resistance in the presence of
asymptomatic infections.” Mathematical Biosciences,
243, 163-177.

[24] Arino, J., Brauer, F., van-den Driessche, P.,
Watmough, J., & Wu, J. (2008). " How will country-
based mitigation measures influence the course of the
COVID-19 epidemic? " Journal of Theoretical Biology,
253, 118-130.

[25] Camacho, E. F., &Bordons, C. (2013). "Model
predictive control. Springer Science Business Media."”

[26] Wu, J., Tang, B., Bragazzi, N., Nah, K., McCarthy,
Z. (2020)."Quantifying the role of social distancing,
personal protection andcase detection in mitigating
COVID-19 outbreak in Ontario ", Canada. J. Math. Ind.
10(1), 15 (2020).

[27] Bastos, S. B., & Cajueiro, D. O. (2020). " Modeling
and  forecasting the early  evolution  of
the covid-19 pandemic in Brazil ". arXiv:2003.14288.

Ol bl o b lzel (slas it malr st [1A]

Jlo cpoler Shalns osiS (Sij B5seT 5 Oless cdlig Sl
AYAA

Journal of Control, Vol. 14, No. 5, Special Issue on COVID-19

VAo 508 aabiody s o oylasi OF o o 8 alone


http://dx.doi.org/10.52547/joc.14.5.79
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.5.15.1
http://joc-isice.ir/article-1-837-en.html
http://www.tcpdf.org

