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Academic Year 2024
ABSTRACT

The global outbreak of the Coronavirus Disease 2019 (COVID-19), characterized
by its rapid and severe transmission, has significantly impacted not only public health
but also disruptions to the economy, society, and people's lifestyles. This thesis focuses
on studying the transmission behavior of COVID-19 in contained spaces such as buildings,
meeting rooms, or public transportation systems, where population density is high and
the risk of viral spread is elevated. A simulation model of the transmission behavior was
developed using MATLAB.

The purpose of this research is to understand the transmission behavior in
contained spaces. The population is categorized into four groups: Healthy, Sick, Immune,
and Deaths. The model incorporates initial population size, simulated space dimensions,
and population movement within the areas. Four factors were tested: the infection
distance, the duration of infection (time until recovery and immunity), the number of
infected individuals entering the area, and the impact of creating barriers within the area.
The impact of these factors on the four population groups was analyzed and
summarized.

The study found that reducing the duration of infection (time until recovery
and immunity) resulted in the highest number of remaining healthy individuals (Healthy
= 82) and the lowest number of deaths (Deaths = 19). The second most effective
measure was creating barriers to divide the area, which resulted in 81 healthy individuals
and 25 deaths. This study aims to further understand the transmission behavior of COVID-
19 in contained spaces, providing insights for developing effective prevention and control

measures.

Keywords: COVID-19, outbreak, contained space, transmission behavior
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1a¥alalsun (Coronavirus) tlula$afiansiugnssudueisiduie (RNA Virus) uasd
yunlngfign TneA131 "Talsur’ (Corona) 11a1nawiaziudn "Crown" Fauuadn "ueng’
desnifledesglifavdailiundonanismidiinaseu andunguanslulawmsaiiduoonan
Hutl (Spikes) sousynalifa fdnwuzadousngiidonsevey

h¥alelsun iulasaifiiudensiu (Enveloped Virus) dnwazgusranawvieguls Tne
fuwaduniugudnaisuszana 120-160 wilwes uwazdasiugnssuiduaisiduieviadu
e (Single-stranded RNA Virus)

Nucleocapsid protein (N) ¢ Ao -
2nd RNA - Hemagglutinin esterase (He)

Spike glycoprotein (S) Membrane protein (M)

Lipid bilayer ) ) A N i Envelope protein (E)

membrane

JUN 2.4 lassaanazdiudseneuvedidalalsn
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LfalalsungnAunundiusndlod wa. 2503 (a.a. 1960) Hungulasaiinelsaludng
JAoagnieuy dnidn waraywd TasannsorilfAnnisiadelussuumaiumelald daus
seAullTuTRUDITEAUTULS LAz FE TN

agiuguathi¥alalsunilannonelsalumnudldtogimun 7 aeius uondu
2 naundn Ao aneugiinelsalisuuss $1uru 4 meus wazaeusiinelsagunss S1uau
3 aneug TeauBonded

1. aneugiinelsalisuuss Srwau 4 aeiug Téun

1.1 Human Coronavirus 229E (HCoV-229E)
1.2 Human Coronavirus NL63 (HCoV-NL63)
1.3 Human Coronavirus OC43 (HCoV-OC43)
1.4 Human Coronavirus HKU1 (HCoV-HKU1)
a']EJWuﬁ:mehﬁﬁﬂﬁﬂﬁLﬁmmsamL%@"LusmumqLaumsﬂaa'auuu (Upper
Respiratory Tract Infection) uagnalitineinisaaeliningssunilunyye
2. angviudiinelsaguuss S1uau 3 aeug Téun
2.1 Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV)

Th¥ansa-1a7 (SARS-CoV) LTuanmmuaslsanisiumelaideunduguns
vi3elsnendd (SARS) nunsszuiaAsananluans susaUszasuiusenine w.e. 2545-2546
yi3e A.A. 2002-2003 WohdaaneiusivhlmiAneinsonuindniausunss faufuamenela
$1un wazunsszuialuilanagismnga TaedRndoninndt 8,000 11 wagidnanis
Hetinganefosar 10

2.2 Middle East Respiratory Syndrome (MERS-CoV)

Ih¥awesalad (MERS-CoV) iluannauaslsanisiiumelans usannans
yi3elsaiueda (MERS) wunisszuinasusnlusivenandnsegiionsside ud wa. 2555 vie
A.A. 2012 \WelrfaiviliiAslsnendnausiniunss wozildnmmadetingsdetosay 40

2.3 Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2)
¥awfa-1a3-2 (SARS-Cov-2) Luialaalalsunaneiuslnifigndunuii
unsgdu unmanile a1s1sasgusraeuiu ludaied we. 2562 vie a.a. 2019 dudude
hasalalsuaneitusil 7 finelsaluuyed Tnousnideldandineifennisusnsnauadialsa
w154 [5]
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2.2 mauwsszuinvadlaalalsunarenuglust SARS-Cov-2

nsunsszunmadlsaiaideladalalsun 2019 (Coronavirus disease 2019: COVID-19)
Susuiludousunnem ne. 2562 vio a.a. 2019 ludlesgdu uumayile ais1sasgUsesI
u nuaudavaukardosiulsaurisanstsauszusyvivudu (China CDO) lakdsesAnisaundy
Tan (WHO) Aenfunsaifthedensniauitlinsivanmgilotui 31 Sunau 2562 seunlufud
7 un91AY 2563 Tniveeaniiuannsossyaivguedise fennidehdalalsuaneiugival
waziiofuil 11 unsau 2563 1ET§EsTInTeusnan favdaifasisaisussseuiu
n¥1ntu nssvuinveslaaldvenediediennia angaduduluiufisnssmadion A
unsnszaeludaszimanazgianasis o lan

Coronavirus Timeline: The Beginning

7 XN @
3 =
"‘-\_\/’ __A.L-I/ v=
China alerts WHO Identification of new First case outside Death toll climbs to
about several virus COVID-19 China reportedin 132, 6000 new
pneumonia cases Thailand cases reported
L ] L
2019 | { 2020
~\ . N Yo o
Dec 31 Jan7 Jan 13 Jan29
First patient develops Wuhan’s wholesale First deathin Wuhan placed under
symptoms of Wuhan seafood market shut China recorded quarantine, rail and air
coronavirus down services suspended

JUT 2.5 ardumgnisaldrasusulunmsszuinveslsadnidelisalalsun 2019 [6]

Asunsnsratevedhasaintusg el uuarasUssmea Wotud 13
uns1au 2563 Iiilseeunuiiasuentsemaiuduadiusn Semsamuiivsemndlng de
FY1AUDINITUNITEUINTIUNTULAY LLawNmﬁu:ﬁﬂismﬁ‘ﬂmLﬁaq@j%’ului’uﬁ 23
LUNTIAL 2563 LBAIUANNITUNTTEUN
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dloTudl 30 unsau w.e. 2563 asdnseundelan (WHO) Usznielinisssuinves
T¥alalsuraneiugind 1Wun1azaniduniaaisisaaussnineUszinea (Public Health
Emergency of International Concern: PHEIC)

souluiud 11 NUANTUS W.A. 2563 ANNITUNITIENINUTEMNATIIMILOYNTUITIY
¥94125% (The International Committee on Taxonomy of Viruses: ICTV) ﬁmiﬂizmﬂ%%m
TSapdradunienisin hfawnsa-1a3-2 (Severe Acute Respiratory Syndrome-Coronavirus-
2: SARS-Cov-2) iflesanilanuilndifsamaiugnssuiulfainelviAnlsaesa (SARS)

asfnnseundelan (WHO) léimunieenlsaindoainlfavdnganaiain
Coronavirus disease 2019 (COVID-19) Tneoiiiifiunain

CO  u191n Corona

VI 41910 Virus

D 113910 Disease

19 wnd aa. 2019 Fadudiinunnssrunandausn

nsgnTEsIavvesUssmalve IdSendelsnidn Tsnfndeli¥alelsun 2019 wie
Isalain 19 [7]

Tufuil 11 fway w.a. 2563 asdniseundelanliusznielilsalada 19 Hulse
%m@ﬂmmmiaﬂ (Pandemic) LummﬂhiaimLLWiﬂiuﬁnsﬂﬂmﬂ’n 100 Uszinavilanaiely
nansudy LLaymmmuwmwa KU LLaS@JLﬁ&JsU’JG]LWSJGUUEJEJ’Ni’JG]Li’J JagtudayaannesAns
aunfelan o Jufl 2 Surew w.e. 2567 mwmuwm%aauammiaﬂ 777,594,331 Au uag
UIULETIN 7,089,989 AU AsTEUIAAaTuly 240 Useina Tneflsnsinisdedintosay
0.91 [8]

Ui 2.6 Tassasredhiannsa-1ai-2 (SARS-Cov-2)
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lasead1vedladagnsa-l1a3-2 (SARS-Cov-2) dmduliFauvulnduesiin
(Polymorphic) vneanai sunveseymabdausazeynnetauaneeiu Taedinuinsous
50-150 wiluing MnnsAnwsFaiugnIsukazn i wuiiedlelndimualuiluy
(Whole Genome Sequencing) uatla5asn5a-1a3-2 (SARS-CoV-2) WU Th¥aviniians
Tandlelnduszunm 29,903 A dlodiszrinuduiusidaiTamnnis (Phylogenetic Tree)
wuihsansalai-2 dmnulndidssiuhiandavesdsaniinululsymadu (Bat SARS-like
Coronavirus ZC45) Useunnsesar 89 waziinnulnafesiulifagnsaveuywd (SARS-CoV)
Uszannosas 79

Tuilgiiu dninemaniidednlifaesalai-2 (SARS-Cov-2) ffufidaunainide
Th¥alalsuiludenn Fadanisnaneiusaunatsiulaiaenfa-lai-2 egralsfinu Gelaid
ndngrudpuindniiinats (intermediate Host) ivilidalasanindrsniunsunduyudie
douilala lngluafinnuin Tafawuisa-lad (SARS-CoV) figzun (Palm Civet) Wudnifinany
warladawesa-lad (MERS-CoV) Sgguueniden (Dromedary Camel) {udnisianans [9]

2.3 91n15va9lsARnaLalasalalsu 2019

Tsafndolaalalsun 2019 (COVID-19) ihilsafnionuiumelafiinanlada
g13a-1a3-2 (SARS-Cov-2) Wnwwaduanfnitiolatiotsauysal ftisaziionindowuadie
Tsaldnalug) (Influenza-like illness) FaUszneusmeenmsitlisume wu 4 (@amgl 37.5
psraideatuly) lowts wigladwan Yania vaandnnile afuideaiui en1smisszuy
yadumgla viseenanueInIsdu ° wu aynldldndu Aulsisusa muas Autu vieveade
Tunsdliionnisguuss eranuvonsniausiudvernsmilesneu meladruin viemelais
o1nsvadlsalain 19 HldReudszaulinansainis (Asymptomatic) Tuaufssedugunsauas
FeTinla wu Yondniausums (Pneumonia)

dnduanuguussvesematiaelaia 19 Suunlédsd

$ovar 80 vasftelionnisidntey adeldninsssunmseldninlvg wazause
meliiadlaglaidaddumulada

Sevay 14 vosgUlediemvinaindensniau melanausng

Sovaz 5 vesthelennsingd wu nsmeladumad Fenannsthegunse

Yovay 1-2 vesftheideTiavdanndenmaniin snifntulundudaeorsuasdisise
Uszdi wu Tsavila anusuladings vy glidumusi vielsauzise [10]
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World Health

onnsvovisalada -19 & osmmx

Thailand

2 1missunsvvavlsalasa 19 Ao wludeosnuwenuatsodou

rindenmsaedslul TnsmlAusms
FUMwuzeANU Kiadadoanuwenula

wielada FrdFe JL 1Sukinan
wielaaun AW 3L |3

IWauasUMsSnuwWeEnUIanuR aunsniu
mswa
misiAgoulkisonie
KEoduau
2 1misiwulduoo
(6] 6] Yo SoLwaa ounlUldnau
Z5 aulususa
aimsAluldwuuaanin

..-—\-\ !ﬁ!
;s &y 1] _ i
@ LBuRz 9 UD0AsU: Jooudoe - 2 roods
= - ~
N ~
5 AURkOoKSaln0D /”Eg“'\ uaoKsa
Lormwasua - A2
KLNENKO

rinaWeagiuRufidmss:uiouaolduianie WidaasankEalsada@adunua-donmsinodu WlUsums
SnwENarufc Muushwoda1ssuaunovau )
dacioAURIKUE MsFumws:aulgundlususuahiaualweiRldsusnia:AMUENUINT0 Msuwngoeodoilao

(EnfTsLsEn AT 2 unsTRY 2564 SrlrenaulUdoadtiustina i T lﬁﬂwmrrﬂﬁ‘a.gmﬂh@y 18T ﬂ:‘:rzﬂﬂ“.s"_.l:ﬁ_.lu;c'lm“.emﬁ

Ul 2.7 emsveslsainidolidalalsun 2019 (COVID-19) [11]

2.4 szurmgnulsafnialisalalsun 2019
AUsEAIRYRITEUININYT (Epidemiology) i 4 ToRail
1. e IRANUAVDINITHIALIA UBNIIUIUVDINITHAALTA

2. WaUsliunisnszatevaalsa lown Tasidulsa (Who) tislselnu (Where) way
winlsaialus (When)

3. WessauuAgnuneInuaniazdadelesiu

4. \ieszyladevesnisiinlsn drlugnismaaeunisauuigiulaeldnisfnuinig
THUIRINGT
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JomwesszuInine Ae msinwinisnszane uartadeiiAnadestunnzguamly
nauUsznsmila 9 wazthluussgndlfifiomuautamauniw feamanesail

1. M3nszae (Distribution) Ysnefis MAARALIATBIYIE LUWNLLIAT anuil WaryAAa

2. U39y (Determinants) Mg awLwﬁ?mmLLaz{Jaé’aﬁiaﬂmﬁmkﬂ Franamenm
(Physical) @1 (Biological) &3ax (Social) Jmusssu (Cultural) kasnginssy (Behavioral)

3. amgguam (Health-Related States) MJJ’]EJEN nsifadelsands o Wﬁammmaa
n3LdeTIn qum'ﬁwmmmamummw LU miawm nsuUsEmdmiuraissnsss

4. nguUszwnswils q (Specified Population) manefia nguitanunsaiale Aivun
AT Lan dneaen1aUszeIns (Demographics) wWazdnwaEdY 1

5. n5Uszend (Application) ¥u18e N153LAT189 N15a3U N15NTEANE wazn13 by
UOYUANNTEUININYIBE VIR wiaUnTosauamuealssang

Basmeszueiven wuseendu 2 35 1o

1. 38UNAINYNTINTTOUUN (Descriptive Epidemiology) L‘fﬁlumiﬁﬂwﬁgmwwuaﬂ
wnnsalgunm agauiveansiialsalunguuszanslundvesynna aauil uaziian 4
nuszasAloszydgmdmiunsinesioly temaunu nsluinns wagdseifiunsuing
VPUGUNN

2. SPUPINENTTIATIEN (Analytic Epidemiology) dunsAnwnieatuanuduiig
seviatiadoiduaarlse fgnUszasdifiontdn vilusasnninlsaiage iFesn) lulsznns
the 9 [12]

MNuUIIMsAnyIvessEUwInefuTeyalsafndelasalalsun 2019 vhunagUld
3 Ussdundn dadl
1. SafeivhlnAnlsnfndelisalalsun 2019 (COVID-19) fannandnan
1.1 nsfnsenurlesazensvuinlie (Respiratory Droplet) ﬁm;:iﬂ'wam%a Ly
nsle aw e prlnu ieounandesds Wegnoglndda (meluszegliiu 2 wng) msge
melaenazossesmaiiill Woldmudigmasumelauazilifnnsdndeld
1.2 msduiatag Aufndvutondes wduhidhgiumelaslidils Taeddutass
tiderdrginanieriuniseing wazayn viedudavnduiiduiededou ogralsfianu
Fownsdinldvilmannsssumidunguieussnasnii
1.3 mefudesazanswuinidn (Airbome) Fsanaifntudlefinsviinonisuisegig
TugfheiiviliAndesazoosaumzaunndn (Aerosolized Generation Procedure) 1y nsld
vienaaviatievela n1sviue1 MagaLamzueaiatiemela wagnsteiiuAudn Husy
Yeannsiifininudssgslunisuninszaedolidaluaniunisaiianizniaunmgnionis
Shwmeua [13]
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& aE= - &
T O O

3 feet 6 feet
UM 2.8 szgevinaveamsunsnszaneolidaenia-lai-2 iudesazeasuuiniveg [14]

waanmsduiatuidelifalalsun 2019 (COVID-19) mnldSuidoitrunenadsnalif
Junmereate mnefeiisuidelsaudlifiansiaide Sniinannsdudadoriuile vie
nanenfudfinie Ssanunsonmanuldinuntsnsiaden neudadu 2 Ussam 1dud dRnded
lsifionns wazitheindeiifiennts Sienafionisdesluaufivernssunss [15]

mimmﬂﬁaméﬂﬁﬁh&ﬂﬁwbemumﬁﬁmqmﬁ’mummmmiﬂaqﬁ’uléf LU N5EIY
wthmnifieannisnszaneidie nislivisnidievianuasenaiiuionig 4 ileannisavauvoat

2. syozvaddsaaidolisalalsun 2019 (COVID-19) nmsAnussuIningeslsn

Tedn 19 vilvismuasrozvadlseld il

2.1 szazues (Latent period) wioszeznoudionnts iWusyeziideldfionnis us
Au5nTTINULTBLAHIUNMTIRRANTes 1L NM3ATIT RT-PCR Tnevhaluazeg 3-5 fu

2.2 szezin@a (Incubation period) Hudraafeudnsanuidesuiiaiuudns
0113 lneindvegi 4-6 fu siFenrauiule 14 fu Tussosdl Rndoausounddoldiou 2-3
Juriouuanienis ilesannszeziindivesusazauenaunnsisiu Jsmsindeeees 14 Yu
Tuiindadesiude

23 svugundilo (nfectious period) ifutiigAnioamnsoundideliduld Tny
dndlva/lsrlain-19 axBuunsideld 2-3 Sudeuudanenms wazansaunsigolduuie 8-10 Su

2.4 sp913uthe (Uness) viosroznalunsdnwi Wutanaiidindouans
o sauivtsiilaiuansornisdnaely Taesialuazegil 10 fu sfennndndu ennnsvadlsnons
fléwaust Tunansanns (Asymptomatic) Waudisernisties Urunans quuss videwdeTin Juoe
Aulladerng o wu o1g lsauszand Wusu
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ANSANEITTeLRdlsArI8lANUIgUNgIT8Ia I UTOwILRauUs Tl U W
AU duNne1n1s warUJuRnuNInINIsAng 14 Tu iesegssesiindivedlsa 93U 2.9
Wunsuanagisunisiinszezvaslsaaninlisalalsun 2019

Exposure to virus

Period of time before Delta is

Detectable detectable on PCR tests.

ition period

Can be up to 14 days
Infectious period

81010 days
Person develops symptoms @ (but can be :
People are most infectious

from 2 days before

to 3 days after
symptoms start.

nger)

Released from isolation ,;&_5* %]
@) A

U 2.9 §rdunaiAnszeslsafindelifalelsun 2019 (COVID-19) [16]

3. FBnsnsEede

nsunsnszaeieveslsalaia 19 intusiy Hooazoosvuinlig (Respiratory
Droplet) 1 n5le 91w yaRe azlnu viedounandesds iefieglndda (nmelusveslsihu
2 wins) gomelaienazessdosmanidily Weli¥adngmadumelanasylmAnnsinde
¥ uenanil manmuihdRadeaunsaunaieldudly ssgiindiigdlifonnis daelidila
nsunsnszanevedlsAldfsy

nMsnsUiBnEnsredetelidminfassugueonminsnsmunulsald wy
msuBndssiuiguey nisuanidesntsduddlnddn masmmthnineudy msseuauladie
sryunadssTUIALanaudss wmsmamaiiiduddglunsmusuuasdesiunsuninssans
Yodlsaladn 19
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2.5 LUUINARINANNAIENIVDIL5ATIUIN

WUUTI8DINNAAAAIdNS20915AT2UA SIR Model (Susceptible — Infected —
Recovered) Anfulag Kermack W.O. wag Mckendrick A. G. [17] wusUsganseanidu 3 ngy
il

Susceptible () Hunqueuiifleniafinide

Infected () Jungueniifne
Recovered (R)  unguauimeanlsauazinliduriu

BSI ~vI

R

JUM 2.10 UHUAMLUUINDIMNeAlAAanS SIR Model

N3UN 2.10 ldaunisiugiureswuuiasmuadinans SIR Model fssialuil

I @.1)
dt N '

aun1s 2.1 nuneds ansnsasuulasvesnguiidlenianaiie (S) sievidierian
di sl
N\~ (2.2)
dt N 4

qUNNT 2.2 viNgde ansINsUasuwlaeIngunAnLe (1) deviielian

= I (2.3)
dn- =7 ‘

U

AU 2.3 e snsmsiUasuwlasesngunilalinuiu (R) sievidiea

N

a

Tneh M51N15NAVDIUTEYINT

BNTINITHNILTD

) Db
® ©
e

Ao dnsIn1smetae
Ao Srulssrnsianun (N =S + 1 + R)
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FseuNsAnTaTiug I (Basic Reproductive Number: Rg) viangfis Anadesiuau
fRndoselmiflasudonngitheseusn q vierdlduenitlulssrnsdlaifipfiduiuuasld
nsmvaulsn au 1 Ay ssunddeliiBuldiadedau Adaunsonanddiuaunisneszun
e uasldiduiat mruannsalunisunsnszaievedseld uanddaunis

Ry = £ (2.4)
u+y

laefl Ry > 1 wansdn Srunudtheasiindu uwaziin1sszuinveddsainiu uaz
Ry < 1 wanvir Swugdindioanas uaglsmasgnaruaulvmualiluian

AliAuAunY (Herd Immunity) nuneas ngnvseynsaulngludnud

lsa lnefidndiuvesnunigiauiuganenazdesiunisunsssuinvaslsalyulil

[

auAn HANAUNaNNsaRATUlAEeIe AD

9

DD &)

v
o =®

1. Mymenlsnnusssund dailianeainsgiifuiuiuan

2. m3lasuingu

aiifuiuniinuanadulasigud (%) uazanunsarwinddanaun1snieszuInve
WieUssiiudadudsznnsiddudeiinduiuitevganmsunsszuinveslsa

9

Herd Immunity =1 — (1/R,) (2.5)

2.6 “ATeMABTes

Fiouds widesdla wavee (18] 1uddeivnavenislduuusians Susceptible-
Infectious-Recovered-Dead %38 SIR/D tileaniinsgsianunisainsdnsieradlsalain 19 lu
Uszinalng lnglddoyavasantunisallsalaia 19 Miinduatdlulsemalne audeiuil 14
WWIBU WA, 2563 AAATIesimgAngst uagdunsiussnanisuuuannesiliidudadu
nfuszuvannsBseyitusdduiivnis d1uau 4 aunis iemaAiuUssalinguely
LWUUS1ae SIR/D fidiviedu 4 fauvs fe S(0), B, a wazy %aﬁw%’aaﬁgamaaamumsm‘liﬂiﬂ
a0 19 MAnduasludszmalng arldidudSudu suau 3 dauds de 1(0), R(0) uas
D(0) mﬂfuﬁWﬂWiLLﬁaumﬂ%qawﬁuﬁ‘ﬁu’a 4 aun1s dWevhuneanunsainsunsnszanelsa
Tain 19 Tutsemelne  91nnssuaun1slnsiedldnudn Suaudiatelain 19 dauely
Usenelng azddruuiedu 2,803 au lnssuaudinienelmisranasaudlndaud e
USZUIUNaILABUNGYAIALN .6 2563
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BvBwn usEgdng wagay [19] uitethinauonislduuuasmsadnmans
SIR 113wAs1esianIuNIsainIsinsievaslsaladn-19 lulssnalve saufesnisiaseiaiiy
adosamssiauuy Tasmssassimsnfivesfiuandedu honnmsaisiuiuginidelsale
0-19 war Waunsledafnditequualiudfndeseglml omuaudnudindelmfiome
seindufiazidnnlusuian Tnglédeyaain nsumuaulse nsznsasansisage Yefuil 15
SUAL WAL 2563 B9 28 NUAINUS W.A. 2564 UIUNUAINITITRB T 9 IagldiBn19iTe
favlunsiuaElUsunsIAuIN MATLAB Han1s3denudn e Ry = 2.7 fufntuly
nsszuInsraenusn dilifiinesmsiosiu e 9 Haty f\i’ﬁu’auﬁaml,%a%qqﬁq 78,901 918 Ui
dlofunmsniseng 4 Wy nsiuszezving msanuminnineunste ddleves 9 waznisdenan
Tuiufides Budu asnudt Ry asfidnanas Ssgiilisunudindenelmifisuuanasds

suInsal Funives wazany [20] 1ATeliINAnv AT LaTTsLUUTAes
msszuiavedlsafnidelaialalsun (ain-19) lnsutsusssinseondu 7 ngu Tdun diidesde
nsfade fidefindudliarunsadienenideld ideTinannsinide dinndeuay
annsnmenendold fivmeannisinde §ilisun1saniadu uaziindofigndauen Tu s
AATIMADYTAINIRANAAVBIMU LTI IAENITHATEUVANNITTURUS WuIdYnauna 2
90 oA geaunafidaszainlsa uazgnaunafilsnasey 1INN1sANYINUIN MnesERUNSAn
oitugu osnth 1 yraunaidasznnlsnandugaifiafiosnmdaduiifu lunendusu
mnAseRuMsAndeiiugiu 1nnd 1 paunaiilsarsegasfugaifiafosnimdadusify
wuusiaesiannsadiludsegndldfuaniunisainisssuinaield Wesnnuuudianimis
AdnmAnSaLITaTIene NI IuiRnSouarsvernawesssrunld Sraslulsslovd
somhenuilifstodumsimuauloneviouamisstiosiulsafimnzausioly

Qa3ned Inaviens wa afgninyat YisusiTand [21] snAdeidTagusvasdiowam
LaEIATITAENYTAINTOILUUT BRI AdAAIERsd S UNTUNS SEU Rl saldninluglu
nyamIIUAT TIMTAnwHaveIsaNntnneufifitentsunssruinnuggna neld
wuUFae SER dautsuszrinseanidu 4 nau Idun Ussannsiidesionisinide Uszeinsi
Andoudogluszosiinduslinansenns Ussensiintonaranunsounddold uasUserins
‘mamﬂmsamL%@LLazﬁqﬁﬁmﬁ’u NNanIsAnEINUIT esnsarumtininewse (@)

q
[

dutu Asedunisiadeiiugiu (Ry) asanas lutasggniafiinisundssuings u gaeu
wazqgvum Saidninsduiaiogs a1 Ry > 1 uansirdinisszuinvedlsaifndu s
Sammsauniinineusvdsmaliiuinussnnslunduiiindouasanunsaunddelfanas
ogailfoddny audhgderaunadiinisunsszuinveslsa lutismgniaiifinsunsszunnsi 1
gndou Bsdishmmsduiaden d Ry < 1 uansiildfinisssuinveslsaifniu wagnisa
winneunstelddwanenistiestulsaldwinlunaluaaiunisalil msanwildliduinnisan
wrhnnewteliunumdfglunisannisingseuinveslsaldninlug) Imamwwﬂuﬁmq@maﬁ
in1552Unga
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uni 3

A5 IUN1SIVY

3.1 wrsasdianldlunisive

MATLAB (Matrix Laboratory) {luneilusunsussAugeuazanIniindeunsfnuio
Fasaufiwmuilag MathWorks ImagﬂaamwumLﬁamiﬁwmmmamﬁmmam% NTUATIEN
Toya N13AI1UUUTIADY waENITWAUILBUNGLATY MATLAB Auanunsalunisdnnig
wvidnduazensisdldeeliusyansam ilnluedesdlenfenldlunnsingimans Sanssy
LazN133IvL

3.2 Yunaulun1saiiueu

Aneninusi Wunisinauensinumginssunsszuinvedsaindeladalalsun
2019 Tuituiidrin wu Tusrans WosUssau viesvuurudassne Hosniiufivand 3
Uszrnnsvunuuuasilenageiilhiaszunsnszaneldineg lagvinsaiauuudiaomgingsy
n33rUIAvesisn COVID-19 delusunsuneufanes MATLAB Sduneudsi

3.2.1 ﬁﬂ‘mmmilﬁ'mﬁﬂiﬂaﬂL%@ID%&I@ISN’] 2019 wasngANIUNMITULTD NMsuns
\devedlsa

3.2.2 ANYIUUTIADINNANNAIENIUD3L5ATEUIN SIR Model wag SIR/D Model

3.2.3 99NuwUUKazas19lUILNUTIa09N1555UInVEILsA COVID-19 fglusunsuy
ABNILADS MATLAB

3.2.4 fmuaruaiuilunissiaes SuauUTsEInsEudy uazulinguUTEINg
vonilu 4 ndu Ao nquiilifnde (Healthy) nauflasiaide (Sick) nduiimeainlsnuasd
AfANAY (mmune) Wagnquiidedin (Deaths)

3.2.5 fwmalvingutszanasing 4 indeuiuuuduluiiuisnaos

3.2.6 MvuaAIfuUT wasnadeuadeiidamansenudengAinssun1sseuin 4 wuy
#un segsinaiiinliifiaide svasnadade (Urshademenlsauasiinfiduiy) S1uau
ftheRndeiidunluiuiidans warnsaistunaileutsiuiiuiisiaos

3.2.7 Anreiuavaguiadefidsmansenudonginssunisszuinvedlsaluiiuiisa
VBINGUUTEIINIUFREUTELAN



3.3 TunaumsAnenide
Wien1sAnelusunsuuuusaemginssunssruinvedlsainitelasalalsun 2019
(saladn 19) luituiisain lunoufinmeslagldlusunsu MATLAB ietharldiduuimidly
wisuanumdoununuiufloanunisainisunsssuinvedsainidelussezisuusn waznis
sonuuuinmsmstlestuazmuaulsafivnzay Tnefddutuneunsdnuide fei

( Susu )

y
Ainwdeyauayideiieives

NOANIIUNITEUIAYRLsA COVID-19

4
ASMUUUINRD M NALN AR Y
TUskn5a MATALB

NAFDUBUUNADY

A

Wuduiinuan1snagaay

naaaudadusny lainsudu

Foulunivun

ASUN I

AT agunan AU

5UM 3.1 {9971 (Flowchart) Tunaunsfinyide
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3.4 %‘I«!ﬂauwﬁa@ﬂLLUUI‘USLLﬂ'ﬁJﬂ'ﬁQO']aEN
pdsnAnudeyanuiifeatulsalsafnitelialalsun 2019 (salada 19) way

MmATeAeates Suhueenuuulusunsusaemginssunisseunvedsaluiiuiisiia de

TUsunsumauiames MATLAB Tnganunsaideu Flowchart dunounisvhau s

START

Set Parameters:

n, birth, mortality, virulence,

duration, infect, barrier etc.

Count individuals:

Healthy, Sick, Immune, Deaths

Update agent positions, display
time, population and census

Sick == 0 or t >= tmax

t <= epidemic*duration
AND mod(t, infect)==0

Add new Sick individuals at (1, 1)

Update agent positions: A.x, Ay, A.u, Av
Increment time: t =t + 1

Bounce agents off walls and central barrier

Calculate pairwise distances (d)

No
v

0 < d < virulence Healthy individual becomes Sick

Add new Healthy individuals

nv = sick+immune
rand < mortality * nv/ 10

Remove Sick or Immune

individuals

Change Sick individuals to

Immune after duration

5UN 3.2 Flowchart lUswnsudnaeangiinisalnisssuinvedtse
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970 Flowchart Tugui 3.2 dndeuduldnlusunsy MATLAB ednaesngfnssy
AssruInuadalsaRnialisalalsun 2019 (Isalads 19) TuWunain dUumnaunisvinausal

Step 1: AMnuAAIRILUTAS o Alglun1meaes vunUeRulun1TI1a99 35013
AFOUTRUUENVRINGNUTEYINT (Wandu randu)

#endu randu - asrednavdulugae [-1, 1] dwsuimuadiuniaiay
ANILSIVDIUAAZYAAA

% Function to generate uniform random numbers in the range [-1, 1]
randu = @(n,m) 2¥rand(n,m)-1;

o
v A

esnnaudded Wumsfnwnginssunisseuiavedsaluiiuiisiin wy
vioasza 3osruuIudsansisa Aurualidiuiulszyinsiausu 41 100 AU (n = 100)
wardinuafiufilunisirassfuiivdeninga lnefmunaifudsens q dldlunismeaes lu
Usunsudasmginssumsseuiavedisaiatielasalelsu 2019 (seladn 19) luituiisaia 3

SUATLDYARIUATTIN 3.1 P91

% Parameters in the control panel.

n = 100@; % Initial population size

infect = 1@; % Interval between new sick individuals
birth = .028; % Birth rate

mortality = .09@; % Mortality rate

virulence = .020; % Infectious distance

duration = 35; % Time of infection

speed = 1; % Interval between display updates
barrier = .00; % Barrier length

% Fixed parameters

bw = .02; % Barrier width

ms = 24; % Marker size for plotting

epidemic = 18; % Durations per epidemic
%
%

stepsize = .03; Step size for agent movement

tmax = 12000; Maximum simulation time

fontsize = 9; % Font size for GUI

fontname = get(groot, 'fixedwidthfontname'); % Fixed-width font for GUI
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A19199 3.1 AnuaAIdUTEe o AlElunTmeass

s Foyantol AFALUT 971999
SruuUsErnsBuy n 100 Assumed
Pl infect 10 Assumed
SnsnsiiinwesUssens birth 0.020 Assumed
IRIINTNNLVOIUTLUINT mortality 0.090 WHO [1]
syyyineTviliaade virulence 0.020 Assumed
SvevnaINsAnde duration 35 WHO [1]
FLULIANVDINITLNITZUIN epidemic 10 WHO [1]
AMUETRITILNG (WUsiiuTis1aes) barrier 0.000 Assumed

Step 2: WudrwiulszynsvesRazUszny lnsudenguuszyinsoanidu 4 ngu
6w nquglufinde (Healthy), fUasfnide (Sick), nquifivigainlsanasigidu iy
(Immune) uagnauEidedin (Deaths) niouriaimuadydnuaivoinguuszsnsusazUssny
fuansunlusunsudians famsnei 3.2

while get({stop, 'value') ==
% Census: Count the number of individuals in each category
count = histc(A.type, 1:3}); % Healthy (1), Sick (2), Immune (3)
count(4} = deaths; # Add deaths to the count

function color = colors(n)
% Define colers for Healthy (Blue), Sick (Red),
#% Immune (Green circle), Deaths (Purple)

bluse = [B @ 1]; % Healthy
red = [1 @8 @]; % Sick
green = [B 1 @]; % Immune

purple = [0.5 @ 8.5];% Deaths
clrs = [blue; red; green; purple];
if nargin ==
color = clrs(n, :); % Return the color for the specified type
else
color = clrs; % Return the entire color matrix
end
end
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M13197 3.2 MvuadyanualvenguUsesnsilimaaes

nauUsEYINg deyanual
Alsifne (Healthy) AT
AUERAe (Sick) TAUA
vl A av o a8 a
Amenlsauaziniiduiy (Immune) NANFTE?
F\deTIn (Deaths) Lsiuanana

nskanIaninAslusnINTIaemgRnssuNsIsUInvedlsnfaaelisalalsun 2019
(saledn 19) lnguansdnuiniardyanualvainguussansusazUseian Asgun 3.3

Population: 84

n: B4
® e® o °q
- + ° P o ® ° [ ] restart
infect: 10 ]
j ﬂ A ° pause
® o
birth: 0.020 ® a ®
¢ ® Gy plot
- + ® L™ -» ® . ® °
mortality: 0.050 o ™
™Y close
virulence: 0.020 ,Q .‘,‘ ® ® ®
e .
j ﬂ 7 @ L healthy 43
duration: 50 ® o .'_sick 3:
oy immune
j ﬂ 9 o ® "\ deaths 53
speed: 1 N o) o - 0 ,‘).
RS ™ o o °
barrier: 0.000 B :1.
ot
- + 2
Time: 335

5UN 3.3 MIAMAnIHANITINaRINa ANITUNITIEUIATBLSA

Step 3: A739dRUNBULY I1T88ELIAMAGRIANANNNIMUA (tmax = 10000) kazyUe
a & Ao . %y
Aaedia1tlu 0 (Sick = 0) idugan1snAaes

# the simulation is paused, or the maximum time is reached

if (t > 0 & count(2) == @) || get(paws, 'value') == 1 || t >= tmax
continue;

end
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Step 4: ns1vapuReUly WutisRneitun lninuyinIaidvun Tusngy

YUYNUUVDINUTNITNARDS

% Introduce new sick individuals at regular intervals

if t <= epidemic * duration && mod(t, infect) == @
introduce sick;

end

function introduce_sick
% Introduce a new Sick individual
n=n+1; % Increase the population size
narg = findobj('tag', 'n+');

display_parm_value{narg, n); % Update the displayed population size

A.type(n) = 2; # Set the new individual's type to Sick

A.x(n) = 1; % Place the individual in the upper right corner
A.y(n) = 1;

A.u(n) = -rand; % Set a random velocity

A.v(n) = -rand;

At(n) = t; % Record the current time step

A.p(n) = line(A.x{(n), A.y{(n), ... % Plot the individual as a red dot

'linestyle’, 'none',
‘marker', '.', ...
‘color', colors(2),
‘markersize’, ms);

end

o 1

Step 5: UAMIHIUITDINGNUTEYINTUAREUTELAN DINENUTEIINIAUTUVBUNTD

=3
T bR
MunanUsiuiug Tinseiiueenanoukagiilng
Time step: Move agents based on their velocity
X = A.x + stepsize * A.u;
.y = Ay + stepsize * A.v;
=t + 1; % Increment time step

+ I = 3=

Bounce off the sides of the simulation area
= find(abs(A.x) » 1 - stepsize);

x(k) = sign(A.x(k)) * (1 - stepsize);

ulk) = -Au(k);

> = & R

k = find(abs(A.y) > 1 - stepsize);
A.y(k) = sign(A.y(k)) * (1 - stepsize);
wvik) = -Av(k);

=

Bounce off the central barrier

= find(abs{A.y) »>= (1 - barrier) & abs(A.x) < 2 * bw);
x(k) = 2 % bw * sign(A.x(k));

ulk) = -Aulk);

> = & R
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Step 6: nyyadUaUluN1sAREe (virulence) andlEUneRae (Sick) aglnarugnl
Anto (Healthy) azyinmsiuasuundugeioie (Sick)

% Possibly infectious encounters
z = Ax + Ay ¥ 1i; % Represent positions as complex numbers
d = triu(abs(z - z."')); % Calculate pairwise distances
[r, q] = find(® < d & d < virulence); % Find pairs within infectious distance
for k = 1:1length(r)
rk = A.type(r(k)); % Type of the first individual in the pair
gk = A.type(q(k)); % Type of the second individual in the pair
if rk == 2 && gk == 1 % If the first is Sick and the second is| Healthy
A.type(q(k)) = 2; % The Healthy individual becomes Sick
set(A.p(q(k)), 'color', colors(2)); % Update the color to red
A.t(q(k)) = t; % Record the time of infection
end
if gk == 2 & rk == 1 % If the second is Sick and the first is| Healthy
A.type(r(k)) 2; % The Healthy individual becomes Sick
set(A.p(r(k)), 'color', colors(2)); % Update the color to red

A.t(r(k)) = t; % Record the time of infection
end

end

Step 7: 9579@0URUlYdNIINIIINYEIUTEYINS (birth) Wetiiuyanatraiidiuily
Wundaes

% Births: Introduce new Healthy individuals at a rate determined by birth rate
if rand < birth * n / 160

narg = findobj{'tag', ‘n+');
n_callback(narg);
end

Step 8: A5IAARURAUIENTINIINIBVRIUTEYINT (Mortality) LileauduiugUiehn
e (Sick) niegmeanlsauaziigiauiy (mmune) Audnsn1InigveUsesng uwagld
#WAdu n_callback TunsiinvioandnuIulsesIng

% Deaths: Remove Sick or Immune individuals at a rate determined by mortality rate

nv = count(2) + count(3); % Number of Sick and Immune individuals
if rand < mortality * nv / 10

narg = findobj('tag', 'n-');
n_callback(narg, nv);
end
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function n_callback(arg, ~)
% Callback for increasing or decreasing the population size
if get(arg, 'string') == "-'
ifn==1
return; % Cannot decrease below 1
end
if nargin > 1 % Limit to Sick or Immune individuals
j = find(A.type > 1);
if isempty(3j)

return;

end

k = j{ceil{rand * length(j))); % Randomly select a Sick or| Immune individual
else

k =1 + floor(rand * n); % Randomly select any individual
end
delete(A.p(k)); % Remove the individual from the plot
A.type(k) = []; % Remove the individual's type
Ax(k) = [1; % Remove the individual's x position
Ay(k) = [1; % Remove the individual's y position
Aulk) = [1; % Remove the individual's x velocity
Avik)y = []1; % Remove the individual's y velocity
At(k) = [1; % Remove the individual's infection timd
Ap(ky = [1; % Remove the individual's graphics pointer
n=n-1; % Decrease the population size

deaths = deaths + 1; % Increment the death count

else % '+
=n + 1; % Increase the population size
.type(n) = 1; % Set the new individual's type to Healthy
x(n) = randu(l, 1); % Set a random x position
y(n) = randu(l, 1); % Set a random y position
u(n) = randu(l, 1); % Set a random x velocity
v(n) = randu(l, 1); % Set a random y velocity
t(n) tH % Record the current time step
p(n) = line(A.x(n), A.y{(n), ... % Plot the individual as a blue dot
"linestyle', 'none’,
‘marker®, ., ...
‘color’, colors(l), ...
"markersize', ms);

PPPPPPPS

end
display parm_value(arg, n); % Update the displayed population size
end

Step 9: nsasuIINUefnlte (Sick) unludinieainlsauazdgiquiu

Y

(Immune) Na9aNNASUNNUASLELIAINISAAD (duration)

% Sick -> Immune: After 'duration’ time steps, Sick individuals becpme Immune
f = (A.type == 2) & (A.t < t - duration);
A.type(f) = 3; % Change type to Immune

set(A.p(f), 'marker', 'o', ... % Update marker to a circle
‘markersize’, ms / 4, ... % Reduce marker size
‘linewidth', 1, ... % Set line width

‘color', colors(2)); % Change color to green
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3.5 YURDULAZITNISNAFDU

31nN13eenwuUlUskNINTIa0INGANIIUNITTEUINTRdlsARnelaFalalsun 2019
(Isalada 19) Tuniundndn dsnanadiadu azvinismageulusunsudiasds WeliusIus
v < | 4’4” . 1 1 o [ ::l'
YoyanUuAINUg U (Baseline) vasnguiszriniknazlszian Lagninisnaaosusuilasu
ANALUSVB9T998 4 wuu bawn Srerrneanyinlifnidie (virulence), S¥EELIAINISAALY D
(duration), ¥asansiiugUes1elnd (infect) M luiunTIaee LazANNYIVBINIUNS
(barrier) Wiauusiuiiundaesesndu 2 diu naansilaihunagtinseiladendwansenu
FENOANTIUNITIZUIATBILIATRINGUUSEIINTUAATUTHLAN

A5199 3.3 MUUAAIALUTVBIUIFENG 4 WUU aSeuigun1snaaauluswnsuINasd

= i i - -
ANTNAGDUN 1 NITNAFABUN 2 NITVAFBUN 3 NISNAFUN 4 ANTNAGDUN 5

Jady AFILUS Wuszosinadl  anszezim igfle ATRRIE
Sud VnliAnide MsAnLe anluitud wUaui
svezvheivinliAnde 0.020 0.040 0.020 0.020 0.020
SYEEANIAnTe 35 35 17 35 35
FaamnsiingUaelil 10 10 10 20 10
ATIUENIVDIALN 0.000 0.000 0.000 0.000 0.900

91NM151991 3.3 ﬁwma%‘u1s%umauu,az’i%‘mwmaaumﬁLmimﬁwaquaﬂssmmi
szumaslsnfnidoldalalsun 2019 (saladn 19 luiudisrda lnensvaasuazduan delu
fufinssaedldiifinefndomdeny (Sick = 0) wiofanarfidivun (tmax = 10000) u§wh
nstuiindeyadiuulssiniuassresnatluntsndey TnsiseasBondel

MsvaaeuR 1 fvunAdLUsSuRY S1uau 4 dauds leun svavinediviliRnde o
Ay 0.020 (virulence = 0.020), S¥8EIa1INSAAEE TANLTY 35 (duration = 35), 7291787
nstiiugUaestelug dandu 10 (infect = 10) uagAuevasiuws Tandy o (barrier =
0.000)

MsVAdRUT 2 Auuardauds “Szazvinadivilinde (virulence)” sty Ny
firdu 0.020 (virulence = 0.020) wiawidu 0.040 (virulence = 0.040) Taen 3 fauvs e
WAL (duration = 35, infect = 10, barrier = 0.000)

MINAEeUR 3 fmuaAdauls “szeznsanide (duration)” anas arnLpudATy
35 (duration = 35) anaatdu 17 (duration = 17) 1ngdn 3 duds AA1viL@L (virulence =
0.020, infect = 10, barrier = 0.000)

nsnaaeuil 4 fvuadauls “dananisfiuduasll (infect)” Wyt anifud
Ay 10 (infect = 10) Wudwdu 20 (infect = 20) Tnodn 3 FwUs dANALAY (virulence =
0.020, duration = 35, barrier = 0.000)
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nsNAdaUR 5 AvuRAdaLUs “AruEIesung (barrer)” WuTy anRusAn
\Ju 0.000 (barrier = 0.000) WiuTwdy 0.900 (barrier = 0.900) Inedn 3 Fauds anvufa
(virulence = 0.020, duration = 35, infect = 10) Iaa 14 #H9A9u make barrier uagWaAdu
barrier _callback Weaeiunautsiuiuiilunssiassesnidu 2 d wasfudosiunsinans
Tinquussrnsanunsadiujduiusiula

function make barrier(barrier, bw)
% Draw the central barrier
bx = [bw bw -bw -bw];
by = [1 1 - barrier 1 - barrier 1];
grey = [.9 .9 .9];
delete(findobj( 'type', 'patch')); % Remove any existing barrier
patch(bx, by, grey); % Draw the barrier on the top half
patch(bx, -by, grey); % Draw the barrier on the bottom half
end

function barrier_callback(pm, ~)
% Adjust the length of the central barrier
if get{pm, 'string') == '-'
if round(10@ * barrier) <= 98
barrier = barrier - .18;
else
barrier = barrier - .01;
end
else
if barrier »>= 1
% do nothing
elseif round(18@ * barrier) »= 90
barrier = barrier + .01;
else
barrier = barrier + .10;
end
end
display_parm _value(pm, barrier); % Update the displayed barrier lehgth
make barrier(barrier, bw}); % Redraw the barrier
end
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n: 112

infect: 10

birth: 0.020
mortality: 0.080
virulence: 0.020
duration: 35
speed: 1
barrier: 0.900

[ +]

Population: 112

o Q
L @ ) b tart
R ° o« = °© . ° _restart |
] ° Lo P
° ° d ° O :l pause
o
L] [ ] 8]
s} o @ PY plot
s o B
.. 1 .. b e close
° ¢ o
@e —‘ e® [ ]
L] L4 o || ® healthy 86
[ ]
° ® L] sick 8
immune 18
‘ ° ’ e .‘ deaths 19
®
[ ] Ll
o % e o ° ¢
® o o
® e}
Time: 248

SUN 3.4 MPauanIHaN1 SN0 ANTIUNMIITUIATRMLA Inekusnuunass

mmﬂw 3.4 LLammawmmﬂUiLmimwaaqwqmmsumsi surnvedlsainiielada
1Alsun 2019 (IiﬂIﬂ’Jﬂ 19) Tuiluitsnin Afinisadrafunsiuuisituiisiasseondu 2 dw Tne
AUNTAAIRUAAINY IR NI LG LLaxL’JuéuammmqﬂmﬂwﬂquﬂizmﬂsmmsLﬂaaumwuqu
ansadufduiusiule

3.6 N1 ugulUsHAsUaINa9 COVID-19 NUKUUIIaY SIR/D Model

WUUT1809 SIR/D Model (Susceptible-Infectious-Recovered-Dead) Tus1u3danan
Weuas aedila wazane [18] WukuuiItasmeadiardansvadlsalada 19 Tulsenalne 9

wusnguuszynseenidu 4 nau wazinuduiusaagun 3.5

Susceptible

al

1
—IS

IS Infectious

vl

Recovered

5UN 3.5 UHun nAuduiusvesUssynIuaanguvauuInged SIR/D
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[

wusnguuszns Tukuudiass SIR/D Model sanilu 4 ngu il

1. nguauiifiauidsslunisinlsa (Susceptible: S)

2. ﬂicjmuam%a (Infectious: I)

3. nauaumeUleantsaladn 19 (Recovered: R)

4. nquidedInanlsaladn 19 (Death: D)

1n3UT 3.5 dhundeuauniseyiussiuau 4 auns ieltlunisedurediua
Usemnsluusaznguuasisalain 19 il

s _ B
dt NIS

(3.1)

qun1s 3.1 vuneds dnsnsiasundaeinquanniaiudssdunisialse (S) se
MR

BICCoPRY A1
Ao NIS yl — al (3.2)

#1113 3.2 vneie dnsnsiUasuwlasvesnguauinide (1) sieviiena

(@ I (3.3)
dt = ’

AUNIS 3.3 NUNYDY é’mwmiLuﬁauLLUaamaQﬂduﬂumaﬂazmﬂisﬂiﬂ% 19 (R) fi®
PUILLIAN

dD I
V(@ a (3.4)

aunns 3.4 mnefis Sasnsiasunlasvesiideinanlsalain 19 (D) deviae
1381

TusAdedanan dideyassruaniunsalsafndel¥alalsu 2019  Suil 4
U . 2563 aansuaruAnlsa sdusuaudtasBusunge 1(0) = 2067, filsnu
meanlsa R(0) = 674, {idedinainlsa D (0) = 20 uazldnadnsarsmudsdnsnisuns
e P =0.2169, dnsimsmetae Y = 0.0267, 8051015078 & = 6.5353x10° LaTANSLEY
vasauiiiaudedunisialsalain 19 S(0) = 2762 el N fo sruauuszwinsiianun
(N =S+ 1+ R + D) aguaruusing 4 :nuuudiass SR/D Model léiamsnsit 3.4

40



A19199 3.4 AIAILUTHE 9 VBILUUIIE09 SIR/D Model

s Foyantol ARLLUT
Sruudszrnsiann N 5523
nauauifadsdlunisinlse S(0) 2762
nauAuRnLYe 1(0) 2067
nauaumetienlsaleda 19 R(0) 674
naudideInaNlsaladn 19 D(0) 20
Snsnsunside 5 0.2169
gnsnsmetae 14 0.0267
9MIINTANY a 6.5353x10™*

NUITovenTiouds mdeeila wazame (18] 1Jun1slduuudiass SIR/D Model
(Susceptible-Infectious-Recovered-Dead) #13tAs1z%anUN1TAINSARsovolsAlAIR 19 Tu
Ussinelng Tngluwuudiasdldaunisonius 9110U 4 aun1s 11esnkuukagasulglulliy
Sruautszeinaiia 4 ngu feil nduauiifienudsdunsielse (Susceptible: S), nauAuAnide
(Infectious: 1), nguAuMetheanlsaladn 19 (Recovered: R) uagnguiidsdinanlsaladn 19
(Death: D) tlevihmsvhunganiunisainsunsnszmevedlsalada 19 lulsemalngain

Tudwineriinusaduil Wunsfinvngiinssunisseuinvestsafnidelifalalsu
2019 (5aladn 19) Tuiluiisain Tnseonuuulusunsunissiaesielusunsuneufinnes
MATLAB wagflvauiunnisive fmusliiuiilunisiiaesivundn wu Tuenas fesUsze
vi3esyuuINATaNsIE salasansusEdinie ol wedesdu uwagyhnisvaaeuldsunsudians
deLfusrusndayanifudritugiu (Baseline) vosnduUszsinsudazUszian uagyiinig
naaeIUuAsuAILUsTastlady 4 wuu Tiun svezaiiviliRaide (virulence), szawiian
AM3AnEe (duration), szmnmﬂmﬁm:iﬂamw‘[,m (infect) Adnanlufiufisiass wagaue
vpartung (barrier) iowvsiuiufidraeseenidu 2 dau nadwsilldiunasuinnesitaded
dawansznusdengfnssunissruiavestsaladn 19 Tuituiisidn lunduuszannsusazussinm
Wetnliduuumanswieunmmdernuwuivioaniunsaimsunsssuavedsainite
Tuszeziuusn waziuimslunmsesniuvanasmstesiunazaivnulsaiimuzasldegiad
Usgdnsnn

MnmsiUseuiisulusunsusiass COVID-19 vesuiduatuil fuuuusiass SIR/D
Model lunuifeveaiiouds wdedila wazams [18] Twazidennuansedl 3.5 asuldin
WUU1889 COVID-19 hazlkuudnaad SIR/D Model fiTauansinamaudiuin 3aliaiunsaii
AFILUS LLazmamimﬁsmuﬂawamejmﬂszmﬂs wnUseuiisuiule
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A19197 3.5 Wisuieulusunsusians COVID-19 funuusians SIR/D Model

EAEGETRL lUsunsudnaes COVID-19 wuud1aes SIR/D Model

JGENGERN Agent-Based Model (ABM) Compartmental Model
109N ANTTUVRIUARTYAAR

nguUszrng 1. filiiaide (Healthy) 1. nguauiifinudsddunsinlsa
2. ;Eﬂwam%a (Sick) (Susceptible)

3. fiivneannlsauarilndduiy 2. nguALARTD (Infectious)
(Immune) 3. nquawmeUlgaInlsalain 19
4. fid@eTIn (Deaths) (Recovered)
4. nquiidedinannlsaladn 19
(Death)

Funouns finsmuadeulusng q wu ~ifinssiaesnisedeuiivie

ey - Mm3draesmsindeuivesyanauar  Uiduiusszrineyana
Ufduiussenineyana - Iaun191@souus (Ordinary
- maundifoiintudieynnadesauay  Differential Equations: ODEs) Lite
Tndruluszogiidivun (viulence)  eBunsuasuIumsiasuuUaes
- MewAsuaniuran Sick 1y nauUsEINTUAazUsEam
Immune Antundsaniiyanatis
Huszezinamils (duration)

NSWARSHA  WARNHAWUU Real-Time wansraLduns v
Tnouanshumisiaganiuzvossior  lnsuanInsiUAsuulasesUszying
qmauuﬁuﬁﬁﬁam wazhanans  Tuusiazngu (S, 1, R, D) m1ab3an
UINYARAILAAZAN Y
(Healthy, Sick, Immune, Deaths)

Tgusvasd  NsAnwINsunInszateveadlsaty N15ANYINITLNINTEABVRILIALY

YRINITIHNY  FEAUYARA WASHANTENUVDY JEAUUTEYINT Wagn1sVnuIeLuIldy

AN \ionAREUIATINITA 9
WU NSIIUTTIEWINNEIAL
(Social Distancing)

W39N131NA3 (Quarantine)

ANSHNTTEUIALUAING U
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unii 4
HaN15ALATIZYURYA

TaguszasAnazvauluavesinednusi iunsiiausnis@nwingfnssunis
seunveslsadawaliFalalsun 2019 (saladn 19) Tuiundnde wu lue1ens esdssyu vise
JEUUBUAAI51TE Salaga1susedInie sall el WWesaniuiimani duseains
wdusaziilonaaanbisaszunsnszatlidie lngviin1seenikuudnaeangAnssunssEuIn
vaalsaladn 19 melusunsunauiiimes MATLAB sagunl 4.1

° & 4 ° i = = | ovaw s &

Avuaruaiulunsiaes wagnquuseyinseenidu 4 nay fe nqulifnde

Y

(Healthy), naugUlefniie (Sick), naunmeainlsanazdginuii (Immune) kagnquiidedin

Y
(Deaths) Iﬂaiwﬂauﬂiummmq 3 maaummuaﬂuwummaaa waEANUAAIAILUTAS A
A15197t 4.1 nduiinisnageulusunsusiaes LW@LﬂUi’JUi’JN“U@M@M’]L‘lJ‘L!ﬂ’]‘WU%’m

(Baseline) vaenguusevnsuaazlseLnm

Set Para:
n, birth, mortal
duration, infect,

Count individuals:
Healthy, Sick, Immune, Deaths

Add new Sick individuals at (1, 1)

Bounce agents off walls and central barri
Calculate pairwise distances (d)

Healthy individual becomes Sick

Add new Healthy individuals

U 4.1 Flowchart WWsunsudnaesmginisalinisszuinvedlse



A1519% 4.1 MuuaAIFlUIEe 9 Alglunmeass

s Foyantol AFALUT 971999
SruuUsErnsBuy n 100 Assumed
ﬁi’NL'Jﬁ’lﬂ’liLﬁNﬁﬂ?ﬂin infect 10 Assumed
SnsnsiiinwesUssens birth 0.020 Assumed
IRIINTANLVOIUTLUINT mortality 0.090 WHO [1]
syyyineTviliaade virulence 0.020 Assumed
SvevnaINsAnde duration 35 WHO [1]
FLULIANVDINITLNITZUIN epidemic 10 WHO [1]
AMUETRITILNG (WUsiiuTis1aes) barrier 0.000 Assumed

4.1 wan1snaaaulusinsuanasy COVID-19

HaN13MAaaulUTWNIUTNa9 COVID-19 N191809NgANTIUNITTEUINURILIARALYD
Tasalalswn 2019 (Asalaia 19 Tuiundndn AlgAIFILUTAINAI5197 4.1 Inenisvadouas
duanas WeluiuinisiraeddddgUlefnweasey (Sick = 0) nTefieIarifinum (tmax =

10000) kdwinstuiindeyadnuiudssynsiasseegianlunmmegey

Population: 83

n: 83
-] ] ‘e ® . restart
[ ]
infect: 10 @ °
® o
'S
-l 4] )8/ T AN _pause
birth: 0.020 ° e e O
]+ o . ° ol |
e L ] D Z d
mjhtyJ.l].l]Bl] ’ .. > e O close
- +
virulence: 0.020 % .':' @ ~ :
|+ 2 e
healthy 62
duration: 35 ® = ® sick 0
. (8] ® immune 21
j j L o deaths 58
]
speed: 1 ® .. P
-1+ o o
® )
barrier: 0.000 [ ] ®
- +
=l Time: 422

JUN 4.2 mieauananaradlusunsudiass COVID-19 mea1iiklsinmuasusi
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Population: 83

120
healthy
immune
Lo deaths
%2] .
= 80
=]
-
=
=
E
S
5]
o
o
E
=]
=

50 100 150 200 250 300 350 400
Time: 422

UM 4.3 nyiuanaran smageulusinsudiaes COVID-19 amgAulsnimuaisuny

mnsﬂ‘m 4.2 LLﬁﬂﬂNaﬁﬂﬁNﬂ’li%ﬂa@UiﬂiLLﬂillﬁﬂa@\‘i‘Wi]G]ﬂiillﬂ’]iiu‘U’lWUENIiﬂIﬂ’m
19 1uwuwmnm FeAIAUUTNANT9T 4.1 Maqmﬂauammﬁmaawnm 422 (Time = 422)
LLaSQ‘U’JEJGW]L“UEJ (g9@und) AT 0 (Sick = 0) wadnsldAe Q‘vﬂ.mmsua (a;mammu) fiandu
62 (Healthy = 62), fifimeanlsauazilgfiduiu (enaudide) fandu 21 (mmune = 21)
wariidetin (suansdoydneal) fidudu 58 (Deaths = 58)

PNNTANNANITNAGBY L@JammLLammaIuiiJLLUUﬂsww ﬂ\‘i’i‘lJ'Vl 4.3 aziulaan mn

lLiifiaute (Healthy) %amawum%wmLLmLmaﬁmama Iummzﬁﬂauﬂiwﬂﬂiau 3 lmm

q

fuaefnuie (Sick), §imeainlsauasdgfiduiu (immune) wagdided

a

30 (Deaths) aifiniy
uisganiluduingyeanna

Mnnvaged 1 vedusunsusiasmginssunisssuinvedlsainielidalalsu
2019 (13aladn 19) luitufisidn dreArfudsfidimunitudu wadnsildsuiueosngy
U5291nIuiazUszian ﬁ’lm@u%’auﬂa@hﬁugm (Baseline) iflevinsiIsuifisunanisvadeu
AfAUTuAsuAduls Mdutladudmarenginssunsseunvedselada 19

AvuaiuUsiaule 4 duds 1eun svegviheiivinli@ade (virulence), svagnainig
finude (duration), Franamsiiingtaesel (infect) fidnluiiufisaes wazanuenives
funa (barrier) owdstuiiuiisrasseaniiu 2 dw

a5



fvuaeduUsiUAsuuUasly mumsiei 4.2 iethuadnsiliinnasuinge
HadeidsmansznudonginssunisszuinveslsalungulssansusazUssian fanansalld
Huwumenaedeunisueundernusuiviioaniunsainsunsszunvedisaiadely
spazIuNIn wazuuwmnslunisesnuuuansnislesiunazaruaulsaimnzanliegied
Usgansnm

A5199 4.2 MUUAAIAILUSVBIUITENG 4 UV WiBSeuigunsnaaauluswnIuaIand

ASNAEDUN 1 NISNAEBUT 2 AISNAERUN 3 AISNAEUN 4 A1SNAEaU” 5

Jady AFILUS Wuszoingdl  anszezia igftae ATRRIE
Sud nlnige nshnde anluitui Wit
svazsieiviliAnde 0.020 0.040 0.020 0.020 0.020
SyeraNSAnTe 35 35 17 35 35
GzJ'NL’Jmﬂmﬁm:Jﬂaalmj 10 10 10 20 10
AIHENIVDIALNY 0.000 0.000 0.000 0.000 0.900

4.2 HANISNAGBUNUSLELUNVINIARALYD

ANSNAGBUN 2 MUUAAIAILUST “Seoeranvinlianide (virulence)” WNTW NNLAY
fandu 0.020 (virulence = 0.020) Win@udy 0.040 (virulence = 0.040) Taedn 3 Fwls fAn
WiLAY (duration = 35, infect = 10, barrier = 0.000) HAANTN e LRIT

Population: 38

n: 38

[ ]

j ﬂ =0 restart
infect: 10 o - )

| ] pause |
birth: 0.020

N R X

. L]

mortality: 0.090 close

|+ \
virulence: 0.040 ° o® ®

,j (‘:

-]+ é [ ° o ® healthy 23

duration: 35 sick o
® ® immune 15
-+ o deaths 102
®

speed: 1 ® °

1] ° °
barrier: 0.000

- +
=] Time: 386

5UN 4.4 ndsnsianinavedlusunsudnass COVID-19 Nwdsuriuussesineivinlvnaige
(virulence) a1nspnsiandu 0.020 winTudu 0.040
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Population: 38
120

100

80

60

healthy
sick

= immuneg
deaths

Number of individuals

40

20

50 100 150 200 250 300 350
Time: 386

JUN 4.5 nsmuanmanisnaaeulusunsudiass COVID-19 Mudsumiuwlsseeeinvinli
Aadio (virulence) 9niAnsiAlu 0.020 Wisdwdu 0.040

13U 4.4 Bunamndeul 2 Musseeisiivilsi@ade (virulence) Iniuiandy
0.020 WRugwu 0.040 tngldrFuusanasei 4.2 wadwsildannimaaeulusunsy
$raeamgRnssunisszuinvaslsalain 19 lufiufisidn Mﬁﬂﬁ]’]ﬂguq{ﬂﬂ’]‘iﬂﬂaaﬂﬁlfm’l 386
(Time = 386) uazithefnido (Rndune) Sl 0 (Sick = 0) fio flaifinde (grAt1IY) fd
23 (Healthy = 23), ffivneainlsauazgiduiu Qanaudideq) fandy 15 (mmune =
15) waziidedin (Wuansdrydnued) SA1du 102 (Deaths = 102)

Sothnansnaaeudl 2 nnanslusuuuunsm fgud 4.5 asdulddn fillidade
(Healthy) 92a0a38E19590L59M 1058 82LI81AA0ULAZIUNFAALARA UYWL VBINITNARDY
Tuvassfinguussensdu 4 1w fuasfnde (Sick), fitmeanlsauazdgiduiu (immune)
uay {idsTin (Deaths) asfinfuinnni warldszosnamnassiiosndn ieiUSeuidiouiuna
MsnageuRl 1 AfvunA1fILUsENAY (Baseline)
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4.3 Nﬂﬂ’]'ﬁVlﬂﬁE]Uaﬂ'igﬂzL’Ja’]ﬂ'l'iaﬂL%IE]

nsvadeud 3 AuunAdauls “sveznisinde (duration)” amas anLRuA Y
35 (duration = 35) anadtdu 17 (duration = 17) lnedn 3 @auUs dAvinAu (virulence =
0.020, infect = 10, barrier = 0.000) NadWSTALe e

Population: 103

n: 103

j ﬂ °® ® % ‘ ® o ® @

®

infect: 10 ¢ e 'Y ®

ey * % * o ool
birth: 0.020 ‘ ®

[ ] lot
_ . . __plot_|

-]+ L o * o %

mortality: 0.090 o9
® close

-1 #] o ® ®
virulence: 0.020 .4

-+ o e healthy 82
duration: 17 .. ® t ?_:_:l:ne 22

-]+ . = ® |gcaths 19
speed: 1 : J |7/ N
barrier: 0.000  {

-+
J J Time: 199

UM 4.6 ntsinauaninareslusunsudnasy COVID-19 MUAguA1ILUIITZEEN1TANLYD
(duration) annsiufalu 35 anaudu 17

910307 4.6 LTunsnedeuil 3 anszezni1sfniiie (duration) annipuiiadu 35
& Y 1w ci v gav v [ a
anaalu 17 Ingldadinusainmsnad 4.2 nadnsnlaannisnaaeulusunsudnasngingsy
n13sruInvedlsalain 19 Tuiuiinna naeaIndugani1smnaseiiia 199 (Time = 199) way
Aurefinide (gndun) dandu 0 (Sick = 0) Ae §Ailifnae (Radunt) IA1du 82 (Healthy =
82), finvneanlsauazilgiduiu (naudide) dandu 21 (mmune = 21) waefidedin (Ll
wansdryanwal) Sandu 19 (Deaths = 19)
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Population: 103

= A \\-““_
80 r
i 70 - healthy
o — cick
T 60t = immune
% deaths
=
= S0
5]
3
£ 40
S
=
30 r
20
10 |
0 | I

20 40 60 80 100 120 140 160 180

JUN 4.7 nsmluanananisnageulysunsudiaes COVID-19 Mudgurfmulsszezn1inige
(duration) 9nspufiAlu 35 anaudu 17

Sothnansmaaeuil 3 mnanslusuuuunsm figud 4.7 anduldd fillidade
(Healthy) anastiosunn aufeududunss luvnefinguuszsnsdu 1 1dud fUefaio
(Sick), giitveaintsauaziinfduiu (mmune) uazideTin (Deaths) aifiududntiosuazdian
Tn&iApstu ualunsvanesadall Wsvevnartiosiian
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4.4 wan1sagauiNugUlg it anTunundass

NsNAEeUN 4 AMvueA1eIwds “YrsaanisiiugUasll (infect)” WWindiu annuaudl
Ay 10 (infect = 10) WinTwdy 20 (infect = 20) IneBn 3 FawUs TAvindy (virulence =

0.020, duration = 35, barrier = 0.000) NadWSTLe fivai

n: 85
=Y
infect: 20
=S
birth: 0.020
K
mortality: 0.080
=Y
virulence: 0.020
=Y
duration: 35

=1 4]

Population: 85

restart

_restart |
_pause |

pause

close

healthy
sick
immune
deaths

70

0
15
80

speed: 1
L J

—~1+] ° °® °

barrier: 0.000

=1+

Time: 436

5UM 4.8 vilwinananinavedlusunsudiass COVID-19 MasuaduUstInIansiiiug Ul
T (infect) 91nAndiandu 10 wndwdu 20

1N3UT 4.8 1umsvaaeudl 4 iarhsnainsiiugiaeln (infect) anindandy
10 isdundu 20 Tngldadandsanmeed 4.2 nadwifldannisaaeulusunsusians
ngAnssunsszuInvedlsalaia 19 luiiuisadn wdsanduganisvaaesiiig 436 (Time =
436) uazifnefinde (YndAuad) fandu o (Sick = 0) Ao Fillsiiade (RrddEu) faudu 70
(Healthy = 70), gfimeainlsauaziinfiduiu enaudided) daudu 15 (mmune = 15) uaz
deTin (suansdeydnwal) el 80 (Deaths = 80)
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Population: 85

120
healthy
—Sick
immune
Lo deaths

80

60 -

Number of individuals

40

20

Ty Pl
1&_’#&‘.;}\’__’.&\‘5*\;&:H;u‘;-k:%_ v ”J-q'b—\_\_

50 100 150 200 250 300 350 400
Time: 436

5UM 4.9 nsmluanman1snagaulusunsudiass COVID-19 MuaguALUsyINIaINIsIIY
Avaelval (infect) anipudiandu 10 Windwdu 20

Fothuanisnaaeuil 4 uwanslusuiounsan Gagud 4.9 asdiuléd ilifade
(Healthy) azanasaufvgandaudauddenauna lusagiinguusesnsdu 4 léun faefnde
(Sick), fivearnlsnuasdgiduiu (mmune) iisaudntiosuasiialndifeatu uasdidedin
(Deaths) agifisdunuuannsdady
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4.5 NANISNAGEBUNISHUINUNUNDIADY

MINAEBUR 5 AuuAAIEILUS “ANe1veasuNg (barrier)” 1LY 9nHufiad
\u 0.000 (barrier = 0.000) ingwdu 0.900 (barrier = 0.900) Inedn 3 Fauds ey
(virulence = 0.020, duration = 35, infect = 10) laeTg#H9A¥U make barrier wazilsAdu
barrier_callback Weasaunaisiuituiilunssrasseenidiu 2 @i wariiurerimsnans
Tinguusernsanansodufduiusiuls nodwsiils fed

Population: 91

n: 81 ®

® ®

|+ o ! o ®° _restan |
infect: 10 ® o .' B

]+ . | o ® o0 pause

®

birth: 0.020 o °

e 0 £ e
mjlltLI].DBIJ . . e o | . ® . ° close

® &

virulence: 0.020 ® e o © b ® °

] ® .. ® o ¢ ® healthy 81

. o @ C sick 0

duration: 35 L immune 10

J j ® o © deaths 25

L ]

speed: 1 °® > ®

=+ Y —=

. 0 L () o °
barrier: 0.900 % 7 ®
R
- 2] Time: 382

5UM 4.10 nisinsuaninavalusunsudnaes COVID-19 MURgUAIRILUIANLIIVBINIUIA
(barrier) nuAndiA1dw 0.000 WaTwTW 0.900

mﬂgﬂﬁ 4.10 \Jun1sveaouil 5 iuaue19098une (barrier) a1nwpuiiady
0.000 tinauLdy 0.900 teuwvsruRuiinissiasseandy 2 d1u undaiivesinemsenansly
anunsaueaaiuld Tngldanduusnnansisi 4.2 nadnsildannsmeaeulusunsusians
WOANIIUNITIEUINTRIlIAlATR 19 Tuituiisaia wé’qmﬂéuqmmimamﬁnm 382 (Time =
382) uagiiaeinde (gndun) fandu 0 (Sick = 0) Ao fitlifiaide (grainEw) e 81
(Healthy = 81), fimneannlsauasigfiduiu (Jsnavdiden) ey 10 (immune = 10) uas
adeTIn (Linansdrydnual) dAnlu 25 (Deaths = 25)
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Population: 91

90 r
80 r
. 70T healthy
[ ——sick
g 60 F = immune
5 deaths
c
= 50r
=}
g
= 40
S
=
30r
20
v -
10 : — J o
: e =l u-\"\-\_,_,—\.\_
50 100 150 200 250 300 350
Time: 382

sUM 4.11 nsmluansranisnageulysinsudiass COVID-19 NUABUAMILUIAINYIVDS
g (barrier) anspnsiandu 0.000 Wiadudy 0.900

Sothuanismeaeud 5 wuanslustuuunsidl §isufl 4.11 anduldn §illddaide
(Healthy) anastiosunn aufeuduidunss lusazdinguuszsansdu 1 18ud guaefado
(Sick), ffitvneatntsnuaziindduiu (mmune) uagidsTin (Deaths) aifistudntiosuasiian
InalAeaiiu

4.6 d3UNan1INA§DY

Mnnsnegeulusunsusiasamginssunisszuinveddsainidelifalalsu 2019
(5eladn 19) luitudisia Freafusiisunsudununisnd 4.1 nadnsildsiuures
nguUsEIINTWARTUTEIAN ﬁﬂmudjwﬁagamﬁugm (Baseline) Ll@sinsiUSeuifisunanis
npaeufifauasuaiiuls dutldvdmadenginssunsseunvedsalada 19

SavuafiunUsiiauls 4 fauds munisned 4.2 liud szezdneiivialdinde
(virulence), 5¥8g1a1N5AALLD (duration), szj'NnmmﬁLﬁm@ﬂ’wiwimj (infect) Fitdanly
fufisaes wazauevesiuns (barrier) owtsiuiuiisasseanifu 2 diw nanismageu
aguldsed
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A15199 4.3 asUran1IVadey

. FIUIUENNG .
U v U SEEEIaN
ANSNAEBU TR AMnlsakazdl o
IR R o o NLEETIN Tunsneaeu
v AlANAY v
ANSNAABUN 1
D w & » 62 21 58 a22
ANRILUILTUNY
ANSNAFDUN 2
K VoA ee wa X 23 15 102 386
WinsEeeraNvinliRaLe
ANSNAADUN 3
- X 82 21 19 199
ANSTELAINISARLTYD
ANSNAEDUN 4
2w iy T 70 15 80 436
TG FRI TN
ANSVNAABUN 5
81 10 25 382

A PN
ATTLUINUNUN

idayadnuiudssrnsusasngu lawn galiifnide (Healthy), givmmgainlsauasil
QiAuY (Immune) uwagildeTin (Deaths) wuanwmaiUSeuiisulugduuunsu Tugun 4.12

AsMUTsuiisuInuandssensannasnaaasUsuldouaniwls

o a
1

W ilifieive (Healthy) . Bg¥mgamnisadaziinlisuiy (mmune) - M {l&0%3n (Deaths)

120
102
100
82
= 80 81
£ 80 70
.
S 62 58
5 60
Tl
=
p= §
[ "
og 40 ’
21 23 21 19
. I I . II : . I
O O H 1|
(1 2) 3) (@) (5) nnawanudiud

ST Sasznsvineivila s - NSNS E Yo ludius
AU LHRISSHEWIHNVILAARALTE  8RTSUSEIEINFRLDE L‘ﬂﬂ%ﬂ)LLi'ﬁ.ﬂ UTUT

nsvpaaulUiuniudians COVID-19

JUT 4.12 psliUTeuiieudnnudszannsannismaaesuiuiuaeuaiiudsang q Tulsunsy
d1aes COVID-19
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nadoULUUTIABINgANsINN1TsEUAvedlsainidelisalalsun 2019 (salada 19)
Tuiluitsnin fremouiinneslingldiusunsy MATLAB TngvhnisuSuiddeumfaudseng q 7
aula 4 fuus 1un szozinadivilifaide (vrulence), svazianisinide (duration)
Frsnanadfiugiiensll (nfect) Aidnanluiuiisians uazanuenveaun (barrien) Wi
wshuituiisranseenidu 2 dau

nansnadeuastiiuledn dedefidwmansznudonginssunisszuinveslsalaia 19
Tufludisnin mﬂﬁqmﬂué’uéﬁ’wﬁq flo nanaaeudl 3 “anszeriian@iaile (duration)” 2NLAY

<

Aty 35 (duration = 35) anaalu 17 (duration = 17) naawsnle dlufngendniouin
an fiAdu 82 (Healthy = 82), {ivmeainlsauaziigiiduiu da1du 21 tmmune = 21)
wiriunisnegeun 1 durndsiu (Baseline) warilduTinanastioaiian IA1du 19 (Deaths

= 19)

i
il

Hadefidamansenudenginssunisssuinveslsalada 19 Tufiuiis1ie Susuiiaes
Ao n1svAgeudl 5 “AuevBaR LN (barien” arnduiia iy 0.000 (barrier = 0.000)
Winaudu 0.900 (barrier = 0.900) Tngadrsiunsuvsiuituilunissrassoendiu 2 @ uaz
Suvesiunssnandiinduussrnsanunsofufiuiusiuld nadnsiild f7ilufnde fauu a1
(Healthy = 81), ffivneanlsauaziigfduiu daudu 10 tmmune = 10) wagfideTin e
\Ju 25 (Deaths = 25)

druvein1snadeui 2 “sepzvineivinldinde (virulence)” armpudiady 0.020
(virulence = 0.020) Wisgudy 0.040 (virulence = 0.040) uazNSVAAOUT 4 “Fraaa1n TLiiy
FUaelual (infect)” 91niAudidndu 10 (nfect = 10) inFuLdu 20 (infect = 20) dsnali
fvdedingenn dandu 102 uay 80 muddiu
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uni 5
A3UNAN1338 wazdalauanue

5.1 #3UNan15IvY

Inenfinudaduil WunsdnvmgAnssunisszuinvestsafinideladalalsun 2019
(seladn 19) luilufisida Tnseenuuulusunsunissiasadelusunsuneufiines MATLAB
youirnn1ide dvusliiuiilunissassdvniadn wu lueras Fosssau viessuvauds
a3 salasansuszdimng salu iedesdu osnniufivand fussrnsvuiuiuuesd
Tenagsihiaazuninszaelding snsmaaoulusunsudiass Inodmunafudsizudu
LﬁaLﬁ‘umummﬁayjaﬁm’mﬂfjmﬂﬁw’mﬁLwiazﬂﬁzmmmLﬁuﬁiwﬁugm (Baseline) @13y
WIHUTBUNITNAGB USRI 9 MntuinsmageuUSuas AT L UsvesTade 4 wuu teun
szoineivilaRnde (virulence), SEoz1a1n13AnLEe (duration), Stmnmmﬂﬁ'uﬁﬂamw
sl (infect) Mudrunluiiufisiaes wazaueivesiung (barren) lowlssuiiufisiaes
ponilu 2 dau nedwsildinnagliaiinmeitadofidmansznusengfnssunsunissun
voslsaledn 19 Tuiufisrin Tunduuszannsusasssuam

wanAduasUlein dadefidmansgnusnniigailususiuils veswgAnssunisszuin
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function covid19

% Parameters in the control panel.

n = 100; % Initial population size

infect = 10; % Interval between new sick individuals
birth = .020; % Birth rate

mortality = .090; % Mortality rate

virulence = .020; % Infectious distance

duration = 35; % Time of infection

speed = 1; % Interval between display updates
barrier = .900; % Barrier length

% Fixed parameters

bw = .02; % Barrier width
ms = 24; % Marker size for plotting
epidemic = 10; % Durations per epidemic

stepsize = .03; % Step size for agent movement
tmax = 10000; % Maximum simulation time
fontsize = 9; % Font size for GUI

fontname = get(groot, fixedwidthfontname); % Fixed-width font for GUI

%

A=T] % Structure to store agent data (positions, types, etc.)
data = [; % Data for plotting (counts over time)

deaths = 0; % Death count

figs = ocf; % Handle for the current figure

n0 = n; % Initial population size

%

% Function to generate uniform random numbers in the range [-1, 1]

randu = @(n,m) 2*rand(n,m)-1;

%
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% If the function is called with an argument, generate a thumbnail and return
if nargin ==

thumbnail

return

end

%

% Initialize the GUI and get handles for pause, stop, and census controls
[paws, stop, census] = init_sguij;

% Start the simulation by calling the restart callback

restart_callback;

%

% Main simulation loop

while get(stop, 'value') ==
% Census: Count the number of individuals in each category
count = histc(A.type, 1:3); % Healthy (1), Sick (2), Immune (3)
count(4) = deaths; % Add deaths to the count

% Update display every 'speed' time steps
if mod(t, speed) == 0
fork = 1in
% Update the position of each agent on the plot
set(A.p(k), 'xdata’, Ax(k), 'ydata', Ay(k));
end
% Display the current time step and population size
xlabel(sprintf('Time: %d', t));
title(sprintf('Population: %d', n));
% Update the census display with the current counts
set(census, 'string'’, num2str(count, '%3d));
drawnow limitrate; % Refresh the display
end
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% Skip the rest of the loop if there are no more sick individuals,

% the simulation is paused, or the maximum time is reached
if (t >0 && count(2) == 0) || get(paws, 'value') == 1 || t >= tmax
continue;

end

% Store data for plotting if the simulation has started
ift>0
data(;, end+1) = count; % Append current counts to the data matrix

end

% Introduce new sick individuals at regular intervals
if t <= epidemic * duration &% mod(t, infect) == 0
introduce_sick;

end

% Time step: Move agents based on their velocity
AXx = AXx + stepsize * A.u;
Ay = Ay + stepsize * A;

t=t+1; % Increment time step

% Bounce off the sides of the simulation area
k = find(abs(A.x) > 1 - stepsize);

Ax(k) = sign(Ax(k)) * (1 - stepsize);

Auk) = -Aulk);

k = find(abs(A.y) > 1 - stepsize);
Ay(k) = sign(A.y(k)) * (1 - stepsize);
Avk) = -Av(k);

% Bounce off the central barrier

k = find(abs(A.y) >= (1 - barrier) & abs(A.x) < 2 * bw);
Ax(k) = 2 * bw * sign(Ax(k));

Auk) = -Auk);
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% Possibly infectious encounters
z =Ax+ Ay * 1i; % Represent positions as complex numbers
d = triu(abs(z - z.")); % Calculate pairwise distances
[r, gl = find(0 < d & d < virulence); % Find pairs within infectious distance
for k = 1:length(r)
rk = Atype(r(k)); % Type of the first individual in the pair
gk = Atype(g(k)); % Type of the second individual in the pair
if rk ==2&& gk ==1 % If the first is Sick and the second is Healthy
Atype(qk)) = 2; % The Healthy individual becomes Sick
set(A.p(q(k)), 'color', colors(2)); % Update the color to red
At(glk) = t; % Record the time of infection
end
if gk ==2&&rk==1 % If the second is Sick and the first is Healthy
Atype(r(k) = 2; % The Healthy individual becomes Sick
set(A.p(r(k)), 'color', colors(2)); % Update the color to red
At(r(k) = t; % Record the time of infection
end

end

% Births: Introduce new Healthy individuals at a rate determined by birth rate
if rand < birth * n / 100

narg = findobj('tag’, 'n+);

n_callback(narg);

end

% Deaths: Remove Sick or Immune individuals at a rate determined by mortality
rate
nv = count(2) + count(3); % Number of Sick and Immune individuals
if rand < mortality * nv / 10
narg = findobj('tag’, 'n-";
n_callback(narg, nv);

end
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% Sick -> Immune: After 'duration’ time steps, Sick individuals become Immune
f = (Atype == 2) & (At < t - duration);
Atype(f) = 3; % Change type to Immune
set(A.p(f), 'marker’, ‘o', ... % Update marker to a circle
'markersize’, ms / 4, ... % Reduce marker size
linewidth', 1, ... % Set line width
'color’, colors(3)); % Change color to green
end

close(figs); % Close the figure when the simulation ends

%

function restart_callback(~, ~)
% Reset the simulation to its initial state
axis(-1 1 -1 1]); % Set the axis limits
axis square; % Make the axis square
noticks; % Remove axis ticks
t =0; % Reset time
n0 = n; % Reset initial population size

shg; 9% Bring the figure to the front

drawnow limitrate; % Refresh the display

cla; % Clear the axes

make_barrier(barrier, bw);, % Redraw the barrier

t =0; % Reset time

deaths = 0; % Reset death count

data = zeros(4, 0); % Reset data for plotting

narg = findobj('tag', 'n+";

% Initialize agent positions, velocities, types, and graphics pointers
Ax = randu(n, 1); % Random initial x positions
Aly =randu(n, 1); % Random initial y positions
A.u = randu(n, 1); % Random initial x velocities
A.v = randu(n, 1); % Random initial y velocities
Atype = ones(n, 1); % All agents start as Healthy

At = zeros(n, 1); % Initialize infection times to zero
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A.p = zeros(n, 1); % Initialize graphics pointers
c = colors(1); % Set color to blue for Healthy individuals
fork = 1:n
% Plot each agent as a blue dot
Apk) = line(Ax(Kk), Ayk), ...
linestyle', 'none, ...
'marker’, ", ...
‘color), ¢, ...
'markersize’, ms);
end

end

function [paws, stop, census] = init_gui
% Initialize the GUI controls
if isequal(get(gcf, 'name’), 'covid19-1')
clf; % Clear the figure if it already exists
else
set(gcf, 'name’, 'covid19-1', 'numbertitle’, 'off'); % Set figure name

end

% Add a restart button
uicontrol('style’, 'pushbutton’, ...
'units', 'normal, ...
'position’, [.86 .85 .10 .05]; ...
'background’, ‘W, ...
'string, 'restart), ...
‘fontsize', fontsize, ...
fontweight', 'bold’, ...
‘callback’, @restart_callback);

% Add a pause toggle button
paws = uicontrol('style’, 'togele’, ...
'units', 'normal, ...
'position’, [.86 .75 .10 .05], ...

'backeround'’, 'w/, ...
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'string', 'pause’, ...
fontweight', 'bold), ...

‘fontsize', fontsize);

% Add a plot button

uicontrol('style', 'push’, ...
'units’, 'norm’, ...
'position’, [.86 .65 .10 .05]; ...
'string’, 'plot, ...
'background’, 'w/, ...
fontsize', fontsize, ...
fontweight', 'bold), ...
‘callback’, @plot_callback),

% Add a close toggle button
stop = uicontrol('style, 'toggle), ...
'units', 'norm?, ...
'position’, [.86 .55 .10 .05]; ...
'string, 'close), ...
'background’, ‘W, ...
fontweight', 'bold) ...

‘fontsize', fontsize);

% Add a frame and text for the census display
types = 'healthy sick immune deaths’;
uicontrol('style’, frame!, ...
‘units', 'normal, ...
'position’, [.835 .20 .155 .25]; ...
'background', 'w);
uicontrol('style’, 'text), ...
‘units', 'normal, ...
'position’, [.84 .22 .09 .21], ...
fontname', fontname, ...
‘fontsize', fontsize, ...
fontweight', '‘bold), ...
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'background’, 'w/, ...
‘horiz, 'left), ...
'string’, types);

census = uicontrol('style', 'text’, ...
‘units', 'normal, ...
'position’, [.938 .22 .05 .21], ...
fontname', fontname, ...
fontsize', fontsize, ...
fontweight', 'bold), ...
'background’, 'w/, ...
'horiz', 'right’, ...
'string', num2str(zeros(4, 1), '%3d")),

% Add parameter controls for n, infect, birth, mortality, virulence, duration,
speed, barrier

parm(n, 'n: %d', @n_callback, 1);

parm(infect, 'infect: %d', @infect_callback, 2);

parm(birth, 'birth: %5.3f', @birth _callback, 3);

parm(mortality, 'mortality: %5.3f, @mortality callback, 4);

parm(virulence, 'virulence: %5.3f, @virulence callback, 5);

parm(duration, 'duration: %d', @duration_callback, 6);

parm(speed, 'speed: %d', @speed_callback, 7);

parm(barrier, 'barrier: %5.3f', @barrier_callback, 8);

end

function label = parm(val, fmt, callback, pos)
% Create a parameter control with a label and +/- buttons
label = uicontrol('style’, 'text’, ...
'units', 'normalized, ...
‘position’, [.015 1.0 - .11 * pos .187 .05], ...
‘fontsize', fontsize, ...
fontweight', '‘bold), ...
'horiz, 'left!, ...
'userdata’, fmt, ...
'string', sprintf(fmt, val));
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name = fmt(L:find(fmt == ") - 1);
pm = '+
forj=1:2
% Add +/- buttons for adjusting the parameter value
uicontrol('string’, pm(j), ...
fontsize', fontsize, ...
'units’, 'normalized,, ...
fontweight', 'bold), ...
‘position’, [.13 -.05 *j 0.96 - .11 * pos .04 .04], ...
'backeground’, 'white', ...
‘'userdata’, label, ...
'tag’, [name pm(j)], ...
'callback’, callback);
end

end

function display parm_value(arg, val)
% Update the displayed value of a parameter
label = get(arg, 'userdata’);
fmt = get(label, 'userdata);
set(label, 'string’, sprintf(fmt, val));

end

function introduce_sick
% Introduce a new Sick individual
n=n+1; % Increase the population size
narg = findobj('tag', 'n+";
display_parm_value(narg, n); % Update the displayed population size
Atype(n) = 2; % Set the new individual's type to Sick
Ax(n)=1; % Place the individual in the upper right corner
Ay(n) = 1;
A.u(n) = -rand; % Set a random velocity
Av(n) = -rand;
Atin) =t; % Record the current time step
A.p(n) = line(Ax(n), Ay(n), ... % Plot the individual as a red dot
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end

linestyle', 'none, ...
'‘marker’, ', ...
'color’, colors(2), ...

'markersize’, ms);

function n_callback(arg, ~)

% Callback for increasing or decreasing the population size

if get(arg, 'string’) == "'

ifn==1

return; % Cannot decrease below 1
end
if nargin > 1 % Limit to Sick or Immune individuals

j = find(A.type > 1);

if isempty(j)

return;

end

k = j(ceil(rand * length(j))); % Randomly select a Sick or Immune individual
else

k =1 + floor(rand * n); % Randomly select any individual
end
delete(A.p(k)); % Remove the individual from the plot
Atype(k) = []; % Remove the individual's type
Ax(k) =[I; % Remove the individual's x position
Ayk) =[; 9% Remove the individual's y position
Auk) =[; % Remove the individual's x velocity
Av(k) =[I; % Remove the individual's y velocity
Atk) =[l; % Remove the individual's infection time
Apk) =[]; % Remove the individual's graphics pointer
n=n-1 % Decrease the population size

deaths = deaths + 1; % Increment the death count

else % '+'

n=n+1;, % Increase the population size
Atype(n) = 1; % Set the new individual's type to Healthy

Ax(n) = randu(l, 1); % Set a random x position
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Ay(n) = randu(l, 1); % Set a random y position
A.u(n) = randu(l, 1); % Set a random x velocity
Av(n) = randu(l, 1); % Set a random vy velocity
Atn) = t; % Record the current time step
A.p(n) = line(Ax(n), Ay(n), ... % Plot the individual as a blue dot
linestyle', 'none, ...
'marker’, ', ...
'color’, colors(1), ...
'markersize’, ms);
end
display parm_value(arg, n); % Update the displayed population size

end

function v = plus_or_minus(v, d, pm)
% Adjust a parameter value using +/- buttons

if get(pm, 'string) == "+'

if v<.999 *d
v=v+d/10;
elseif v < 10 * d
v=V+d;
else
v=v+10*d;
end
elseif v> 0
if v>10~*d
v=v-10*d;
elseif v > d
v =V-d;
elseif d ~= 1
v = max(0, v -d/ 10);
end
else
% vV =y
end

display_parm_value(pm, v); % Update the displayed parameter value
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end

function infect_callback(pm, ~)
% Adjust the interval between new Sick individuals
infect = plus_or_minus(infect, 10, pm);

end

function birth_callback(pm, ~)
% Adjust the birth rate
birth = plus_or_minus(birth, .01, pm);

end

function mortality callback(pm, ~)
% Adjust the mortality rate
mortality = plus_or_minus(mortality, .01, pm);

end

function virulence_callback(pm, ~)
% Adjust the infectious distance
virulence = plus_or_minus(virulence, .01, pm);

end

function duration_callback(pm, ~)
% Adjust the time steps to become immune
duration = plus_or_minus(duration, 10, pm);

end

function speed_callback(pm, ~)
% Adjust the time interval between display updates
speed = plus_or_minus(speed, 1, pm);

end
function barrier_callback(pm, ~)

% Adjust the length of the central barrier
if get(pm, 'string’) == '

73



if round(100 * barrier) <= 90
barrier = barrier - .10;
else
barrier = barrier - .01;
end
else
if barrier >= 1
% do nothing
elseif round(100 * barrier) >= 90
barrier = barrier + .01;
else
barrier = barrier + .10;
end
end
display parm_value(pm, barrier); % Update the displayed barrier length
make_barrier(barrier, bw); % Redraw the barrier
end

function make barrier(barrier, bw)
% Draw the central barrier
bx = [bw bw -bw -bw];
by =[1 1 - barrier 1 - barrier 1];
grey =[.9.9 .9];
delete(findobj('type’, 'patch’)); % Remove any existing barrier
patch(bx, by, grey); % Draw the barrier on the top half
patch(bx, -by, grey); % Draw the barrier on the bottom half
end

function color = colors(n)
% Define colors for Healthy (Blue), Sick (Red), Immune (Green circle), Deaths
(Purple)
blue = [0 0 1]; % Healthy
red = [1 0 0]; % Sick
green =[010];, % Immune
purple = [0.5 0 0.5];% Deaths

74



clrs = [blue; red; green; purple];
if nargin ==
color = clrs(n, :); % Return the color for the specified type
else
color = clrs; % Return the entire color matrix
end

end

function noticks
% Remove ticks from the axes
set(gca, 'xtick!, [1, 'ytick', [1);
box on; % Draw a box around the plot

end

function thumbnail
% Generate a thumbnail for the simulation
n =5 + ceillrand * (n - 20)); % Randomly reduce the population size
ms = 16; % Reduce the marker size
barrier = rand; % Randomize the barrier length
restart_callback(true); % Restart the simulation with the new parameters
set(A.p(L:ceil(n 7 3)), 'color', colors(2)); % Set some individuals to Sick

end

%

function plot_callback(~, ~)
% Generate a plot of the simulation data
figl = ecf; % Get the current figure handle
posl = get(gcf, 'pos’); % Get the current figure position
fig2 = figure('units', get(figl, 'units’)); % Create a new figure
figstend + 1) = fig2; % Store the new figure handle
posl(1) = 0.1 * posl(3); % Adjust the position of the new figure
pos2 = posl;
pos2(1) = posi(1) + 1.1 * pos1(3);
set(figl, 'pos', posl); % Set the position of the original figure
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set(fig2, 'pos', pos2); % Set the position of the new figure

set(fig2, 'numbertitle’, 'off', ... % Set the new figure's name
'name’, ['covid19- num2str(length(figs))]);

fisure(fig2); % Switch to the new figure

% Plot the data

hold on; % Allow multiple plots on the same figure

plot(data(l, :), 'b', 'linewidth', 2); % Healthy: Blue line

plot(data(2, 2), ', 'linewidth', 2); % Sick: Red line

plot(data(3, :), '¢, 'linewidth', 2); % Immune: Green line

plot(data(4, :), 'color, [0.5, 0.2, 0.8], 'linewidth', 2); % Deaths: Purple line
hold off;

% Set x-axis limits and font size

set(gca, 'xlim', [1 size(data, 2)], fontsize', fontsize);

% Add labels
xlabel('Times"); % Add x-axis label
ylabel(Number of individuals'); % Add y-axis label

% Add a legend
legend({'healthy!, 'sick’, immune’, 'deaths'}, ...

'location’, 'best’); % Place the legend in the best location

% Switch back to the original figure
figure(figl);
end

end
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Abstract—COVID-19 outbreak raises a global concern regarding the efficient response to such event, in both small and large
scales. Differs from common cold, the infection rate of COVID-19 grows much faster due to its highly contagious nature. Moreover,
the infected host is unaware of its capability of spreading out COVID-19 since there exists little to no symptoms. To better understand
the outbreak behavior and hence deriving a more effective countermeasure, we investigate the COVID-19 outbreak in contained
space. The custom computer simulation is developed to analyze the outbreak behavior on various demographics, i.e., healthy, sick,
and immune. The extensive studies reveal the outbreak progression, critically contributed factors, and provide guideline for early

intervention.
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I. INTRODUCTION

The COVID-19 outbreak originated in the Guangdong
province of China and later spread worldwide, causing over
8000 infections and around 774 deaths [1]. The COVID-19
outbreak came to light on 31 December 2019 when 27 cases
of pneumonia of unknown etiology were reported at the
WHO's country office in China. COVID-19 i1s highly
contagious since one can be infected through contaminated
droplets and small airborne particles containing the virus.
The risk of infection is greatly increase if one is within close
proximity to the host, especially indoor environment. One
can remain contagious for up to 20 days, and can spread the
virus even if they do not exhibit symptoms. COVID-19
progression is shown in Fig.1.
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Fig. 1. The COVID-19 progression [2].

Since COVID-19 1s highly contagious through airborne
droplets, it is urgent and important to gain an insight on how
COVID-19 propagates, especially in dense population, i.e.,
indoor environments. This is not only beneficial to general
public on preventive measure but also provide significant
parameters that have an impact on keep the outbreak at bay.

The core contributions of our work can be summarized
as follows:

o We investigate the COVID-19 outbreak in
contained space. The custom computer simulation
is developed to analyze the outbreak behavior on
various demographics, i.e., healthy, sick, and
immune.

e The extensive studies reveal the outbreak
progression, critically contributed factors, and
provide guideline for early intervention.

The rest of this paper is organized as follows: In Section
1I, we provide the related work. The simulation parameters
are discussed in detailed in Section III. The simulation results
are presented in Section IV. Finally, Section V concludes our
work.

II. RELATED WORK

In [3], the authors quantified the transmission risk of
COVID-19 on high-speed train passengers in China using
data from 19 December 2019 to 6 March 2020. It is found
that COVID-19 has a high transmission risk among train
passengers, but this risk shows drastic differences with co-
travel time and seat location and measures should be taken to
reduce the risk of disease transmission in confined spaces.

The stochastic model of COVID-19 transmission in a
confined space is proposed in [4]. The authors give a detailed
about the interaction between dispersing virus and mobile
individuals. The model offers a relationship between the
epidemic statistics and the physiological parameters of
individuals and may serve a theoretical guidance for
COVID-19 prevention and control.

In [5], dispersion of droplets as well as evaporation
caused by coughing at various velocities is investigated. A
multiphase computational fluid dynamic model based on
fully coupled Eulerian-Lagrangian techniques is employed.
The results reveal that droplets smaller than 150 pum
evaporate before 10 s at different heights. For droplets
smaller than 30 pm, they evaporate rapidly and exhibit
Brownian movements. Lastly, the trajectories of droplets
between 30 to 80 pm are govemed by inertial forces while
larger droplets are influenced by inertial and gravitational
forces.
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Fig. 2. Outbreak progression m contamed space.

III. SIMULATION PARAMETERS

The custom computer simulation, written in MATLAB,
is developed to analyze the outbreak in contained space.
Fig.2 shows Outbreak progression in contained space with
various demographics shown in different color markers. For
each type of demographics, one can be mobile and immobile.
We design the demographics as follows:

e  Healthy: Uninfected individual shown in blue dot.

o Sick: Infected and contagious individual shown in
red dot.

o Immune: Recovered and immune individual shown
inred circle.

e  Death: Perished individual shown in purple dot.

Moreover, critical parameters are incorporated into the
simulation to better reflect the outbreak progression. They
are infectious radius, recovery period, rate of sick arrival, and
partitioning. We will discuss each of these parameters in
details below.

A. Infectious radius

Infectious radius is defined as the radius of the
contagious virus. If the healthy individual is within the
infectious radius of the sick individual, the healthy individual
becomes infected and get sicked. The infectious radius
umitates the situation that droplets from the infected
individual disperse through coughing, sneezing, and talking.
We employ the infectious radius of 2 meters.

B. Recovery period

Recovery period is defined as the elapsed time for sick
individual to recover and become immune. As shown in
Fig.1, the illness usually spans 10 days or more. However,
we employ the recovery period of 10 days in this work.

C. Rate of sick arrival

Rate of sick amrival is the rate in which the new sick
individual is introduced into the area of deployment. By
varying the rate of sick amival implies that the observed
system is loosen or tighten on the quarantine policy. We
employ the value of 10 for the rate of sick arrival as a
baseline.

D. Partitioning

One of preventive measures fo reduce the COVID-19
outbreak is social distancing. We investigate the effect of
area partitioning on the COVID-19 outbreak progression.
The partition divides the region into two halves with single
opening, that is, individuals are confined to either side of the
area of deployment unless they go through the small opening.
We employ 90% blockage for the partition.

Fig. 3. Preliminary sumulation result.

IV. SIMULATION RESULTS

We have conducted an extensive simulation through the
custom computer simulation using MATLAB. The area of
deployment is 100 x 100 m* grid and 100 individuals are
deployed uniformly at random. It is unlikely that the initial
placement of individuals incurs any effect on the experiment
since they are mobile once the simulation is initiated. The
simulation terminates when sick individual is no longer
presented in the deployment area.

Our objective is to analyze the outbreak behavior on
various demographics and observe on the impact of critically
contributed factors described earlier. We study the impact on
increased infectious radius, the impact on decreased recovery
period, the impact on increased rate of sick arrival, and the
impact on partitioning.

To determine the umpact of critically contributed factors,
the baseline simulation is needed. Fig.3 shows the
preliminary simulation result. There exist 4 demographics,
healthy, sick, immune, and death in the baseline simulation
result. The vertical axis shows the number of individuals in
the deployment area while the horizontal axis shows the
simulation elapsed time. It is clear that the number of healthy
individuals linearly decreases as sumulation time progresses.

On the contrary, that the number of dead individuals
linearly increases as simulation time progresses beyond 50
tume-step. This can be explained by incubation period and
sick period which span through the initial of the simulation.
The number of sick individuals increases during the
beginning of the simulation and slowly decreases as
simulation time progresses. Lastly, the number of immune
individuals linearly increases as simulation time progresses
beyond 50 time-step, similar to that of the dead individuals.
The baseline simulation terminates at 350 time-step as no
sick individual presented in the deployment area. Needless
to say, the preliminary results show various interesting
findings.

A. Impact on increased infectious radius

In this section, we investigate on how the infectious
radius has an effect on the outbreak behavior, that is, the
progression of each type of demographic. The infectious
radius of 2 meters s increased to 4 meters in order to observe
the impact of increasing infectious radius. Fig.4 shows the
impact on increased infectious radius. It is obvious that the
number of healthy individuals rapidly decreases as
simulation time progresses and remains constant towards the
end of the simulation. Note that the number of remaining
healthy individuals is less than 10 persons compared with
approximately 30 healthy individuals remaining in the
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Fig 4. Impact on increased infectious radins. Fig. 5. Tmpact on decreased recovery period.
baseline simulation. The number of dead individuals
monotonically increases as simulation time progresses . ! ) )
beyond 50 time-step, similar to that of the baseline We then proceed to investigate the impact on increased
simulation. However, the death toll is higher when infectious ~ ate of sick arrival In the baseline simulation, we employ the
radius is increased, that is, almost 70 dead individuals at the ~ Value of 10 forthe rate of sick arrival. In other words, a sick
end of the simulation compared with only 55 dead  individual is introduced to the deployment area every 10
individuals in case of baseline simulation. time-unit. In this case, a sick individual is introduced to the
deployment area every 5 time-unit. By increasing the rate of
~ Moreover, the number of sick individuals rapidly  sick arrival, it implies that the area of deployment is subject
increases during the beginning of the simulation, remaining 5 more relaxed quarantine policy.
constant in the middle part of the simulation, and rapidly . . I : .
decreases towards the end of the simulation. The number of Fig. 6 illustrates the impact on increased rate of sick
immune individuals rapidly increases as simulation time arrival. It 15 frightening to see T_hf-‘ 11U1¥1bfﬂ' Of_df?ﬂd individuals
progresses beyond 50 time-step, similar to that of the dead sk}n‘ocks;ml_g _thmughout the gunula:ﬂon period. The number
individuals. Nevertheless, the number of dead individuals is ~ ©f dead individuals monotonically increases and eventually
ounumbered by the number of immune individuals almost ~ Tesults in over 80 dead individuals when the simulation
throughout the simulation, only at the end of the simulation ~terminates. The number of sick individuals increases at the
when the number of dead individuals surpasses the number ~ beginning of the simulation but slowly decreases during the
of immune individuals. The simulation terminates at 310 ~ middle part of the simulation. In fact, it shows a similar

time-step as no sick individual presented in the deployment ~ Pattern to that of the increased infectious radius. The
area. simulation terminates at 410 time-step as no sick individual

presented in the deployment area.

C. Impact on increased rate of sick arrival

B. Impact on decreased recovery period

In this section, we stdy the impact on decreased
recovery period. In the baseline simulation, we employ the
recovery period of 10 days, that is, it takes 10 days of elapsed
time for sick individual to recover and become immune. We
observe the progression of each type of demographic when
the recovery period is reduced to 5 days. This can easily be
achieved through medicinal administration and vaccination.

The number of healthy individuals rapidly decreases as
simulation time progresses and the number of remaining
healthy individuals is approximately 20 persons at the end of
the simulation. Interestingly, the number of immune
individuals exhibits a similar pattern to that found in the
increased infectious radius. However, in this case, the
number of immune individuals is much lower than that of the
increased infectious radius, 30 and 350 individuals,

Fig.5 depicts the impact on decreased recovery period. respectively.
Surprisingly, almost all type of demographics exhibit a
steady progression throughout the simulation period except N — =
for the healthy individuals. It is clear that the number of A 1% .
healthy individuals slowly decreases almost in linear fashion |
and approximately 70 healthy individuals remaining at the . \
end the simulation. In other words, out of 100 individuals, ;
almost 70 individuals has never been infected and stay
healthy. The death toll is very minimal and slow increases as
simulation time progresses. It is inferesting that the number
of sick individuals is also very low and seems to be under
control. The number of immune individuals coincided with
the number of sick individuals and approximately 20
immune individuals remaining at the end of the simulation.
The simulation terminates at 260 time-step as no sick
individual presented in the deployment area.

Fig. 6. Impact on increased rate of sick arrival.

D. Impact on parfitioning

. . . - 44| One of the measures to alleviate the COVID-19 outbreak
By reducing the time mql_ur_ed fm: sick individuals to is to Limit the movement of individuals. In fact, it is

recover and become immune, it is obvious that the number imperative to keep sick individuals to the confined area, i..,

of sick individuals is also diminished since the contagious  quarantine. This is achievable by dividing the deployment

period is shortened. Consequently, the lower number of  area into 2 halves through partitioning. However, the
immune individuals and dead individuals is expected.
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Fig. 7. Impact on partitioning.

complete blockage is not employed m this work but we
employ 90% blockage for the partition, that is, there exists
10% opening between the 2 halves of the deployment area
which individuals can pass through.

Fig. 7 shows the impact on partitioning. It is clear that
partitioning plays a key role in keeping sick individuals at
bay. The number of sick individuals stays relatively constant
throughout the simulation period and the highest number of
sick individuals is less than 20 persons. Consequently, the
lower the number of immune individuals and dead
mndividuals when compared to the baseline simulation. It 1s
suffice to say that partitioning is crucial to keep the number
of sick individuals under control and ultimately the COVID-
19 outbreak.

V. CONCLUSIONS

COVID-19 has a significant impact on how people live
and drastically change the future of living, the new normal.
The alarming effect of pandemic outbreak forces human to
investigate key parameters that have major impact on the
outbreak. We investigate the COVID-19 outbreak in
contained space through the computer simulation and derive
significant parameters as well as their impact on the outbreak
behavior. Our studies illustrate the outbreak progression and
critically contributed factors that can be used for guideline
for early intervention.
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