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Usznalne
(n199nqY)  Mathematical simulation of COVID-19 pandemic in Thailand

ﬁaﬁv‘hmiﬁuﬂ%ﬁﬁas: Y1B5TENIE oUTU  SaInAN®I 630510480

~ a2 P -

Y81915INUINW SRIANANSIANTY AT.FUTIY ASYU

YBNIIUNITEDU ﬁ%’wmamnmié m.%'suﬂf dULasey
UNANYD

nsfnuAuaIdastlunTiliinguszasdieiinuinuuinasmenginAans Susceptible

- Exposed - Infectious - Recovered (SEIR) d5uasutanainnisungszuinvsslsala
¥ o 14 1 a o dl ¥ g < 1 % 1

A9-19 Tulszimelng d3avilauvinsliasgiuuudaesnaiistuu 2 @ laun n1sm

AN3EAUNSANYENUEIY (Basic reproduction number: Ry) hagN1sMINARAELTIAIATY
(Numerical solution) Taen1sty ode23s Tu matlab mﬂﬁum?auLﬁauﬁu%’ayjammws'

szu1nvedlsnin-19 lulszmalneuaslunsAnuaSadlduussnsiinsssieenidu @ 429
a1 LouA 1 lwgu - 8 NEAIAN W.A.2564 9 NaWAAY - 5 dauieu W.A.2564 6 dauigy
- 24 NINYIAN W.A.2564 LAz 25 NINNIAN - 31 FuanAu w.e. 2564 wazldld fminsearch
algorithm Tumimﬂ"]ﬁwqmﬁmﬁwémmmaimﬁwé’mmqmmﬂmmLﬂgau (Sum of square

error) wagldmduuseansuansnisanaula (R - Square) TunsnsivdoumULILNE U
Guaqmal,aam%aéhl,asuLLazsﬁaydaﬁq %awm'maLaaaL%ﬂé}’ua%amﬂé’aqﬁue’ﬁaagdaﬁﬂw'aﬂ 1
U

WY - 8 NOBAAN W.A.2564 9 NE¥AAL - 5 AaU18U WA.2564 Uag 25 NSNLIAL - 31
Sumu .. 2564 ualiaenadesfiutonaadelurie 6 dauieu - 24 ASNYIAY W.A.2564

Abstract

This study aims to develop a Susceptible - Exposed - Infectious - Recovered (SEIR)
mathematical model for explaining the dynamics of the spread of COVID-19 in Thai-
land. The model simulation analysis is divided into two parts that consists of deter-
mining the basic reproduction number (R;) and solving numerical solution by using
ode23s code in Matlab. Then, we compare for the numerical results with real data.
Time period has been divided into 4 periods: 1 April - 8 May 2021, 9 May - 5 June
2021, 6 June - 24 July 2021, and 25 July - 31 December 2021. Using the fminsearch
algorithm to calculate the relative minimum value of the sum of square error and
validate the results by coefficient of determination (R - Square). The numerical re-
sults are consistent with real data from April 1, 2021 to May 8, 2021, May 9, 2021 to



June 5, 2021 and July 25, 2021 to December 31, 2021. While the numerical results
are not consistent with real data from June 6, 2021 to July 24, 2021.
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unn 1
unu (Introduction)

MnmsszunaSslugvedisnszuin COVID-19 iuﬂszmﬂlmaﬁu@?&Lm'ﬁm'atﬂizmﬂwuﬁ
FaiesousnisioTui 12 unsiau A, 2020 WutinvieafisnFudumadunlulssmelne
FouN U 31 unsIAL A.A. 2020 Uismvzﬂmiéfiwmutiq:ﬂ"swnlma3'18LLiﬂiuﬂismﬁ
Uszneuodndusauing Taeuseiandusousing ﬂ[,ﬁﬁm'ﬁﬁ’w'iﬂwmﬁu waginanIg
ssunmssinaidenanaieu fuieu a.e. 2020 Imaamuﬂgiaﬂuﬁ A.A. 2020 ToLARNITULNS
szunvedlsaladn-19 og 2 svaonlagluszasnii 1 nduideTui 18 duiAy A 2020
LLazﬁmiamamqaﬁmw’iﬁmL%@Iﬂ‘im—l9 oS 12 wwnen e, 2020 THuRsaUuSEeE
1381 25 fiuimﬁqmq&qmaﬁmauﬁﬁmL%Jaaa;jﬁ 188 s1esaTunarluszasnd 2 nnsung
STUNATBEBIATA-19 TeAuIULSEEZAN 103 "iuimaﬁqﬁqqqmaﬁ’]muﬁﬁﬁLﬁjﬁjaasﬁ 959
sresetu ludmvesanunisallud aa. 2021 Lﬁmmﬁzmm%ﬂw@'ﬁqmiuﬂizmoﬁlmlm

@ Qll dll = = Y] 6 1 d‘
PULUTEanNN 3 VoIUTENA haztilatlSeutNeunuUanIuUNISINITENSSZUNA M USEanNy 1
way 2 Wwiuldgainnsunsszunluszasna 3 AUl ssINnImaewi [11,2]

AsaUUITlUdnS LL‘U‘UR?’]@@Q‘VI’Nﬂﬂjﬁlﬁ’lﬂﬁli‘i’m5&ﬂ7’§1%LLUU§’]ﬁENLL‘U‘ULLU'Qﬂa;Nﬁ
Lﬁé’;ﬁua:uﬂﬁLs'Sqaiéﬁuﬁ‘aﬂﬁaﬂu'm?qLﬁu Imaiﬁﬁmqa%ﬁqmﬂlmmimL{Tu Susceptible-Exposed-
Infected-Recovered AmSUMsadaLUUSIaINTINSSEUIneedlsn Tudusdy A
fiu COVID-19 Lﬁmﬁ'ﬁuiuﬂismyﬂlm 1é’ﬁmﬂ%uwﬁwaawrlma?mmam‘l,ﬁaiﬁl,ﬁ@mmLsﬁﬂfﬂ
A fulsalade-19 wndadulunisduaifassluadadion Usvasd o Usu Ussuuu
AN N ANANERNT SEIR maﬁmawa%mgwgl,l,ws'ﬂismaL%asumiiﬂ COVID-19 ThAnguly
UsznalnauiolilFundarnseiunisfndenugiu (Basic reproduction number: Ro) 10
nslEIsunIngdguiinly (Next-generation matrix) lun1smeumean R, waginiem

MneuLdsinavlildndsmmiinesimunzay 62'7'&ﬁﬁmﬁﬂlﬁﬁmumauLsummiﬁﬂm AD
ANYILUUTIABINTUNTIZUINVBILIALATIA-19 Iug‘daumiLﬁt’?ﬂ@i{ﬁuﬁ‘mﬁmé’uﬁwﬁﬂm%
Anwaniznsunssrunlulsemalne ity LLaz%’agm’g@m%@Iﬂim—19 ldlunsAnw
Iuﬂ%\iﬁlﬂju%@yﬁf}zﬁﬂL%@IMﬂW‘JLLWiiSU’]@‘JBaBﬂﬁ 3 ludsewlne Faus¥ud 1 wwou
A.f. 2021 A9¥ud 31 Funau a.A. 2021 SIWUS LAY 40 FUAvEausraaniianig
szuaviinfianluussmelne uaﬂmﬂﬁfi]’mﬁwwiﬁmumamﬁgmﬁummiﬁﬂm lneauali
nawUszrnsimenisalaia-19 LLé’aﬁmziﬂmmmﬁmL%‘Jaﬁ]wmﬂa;uﬂizﬁanﬂﬁﬁﬁmLiﬁzaiﬂ
19-19 1980 wazlidsnsnnsiiasssuIALasdnsINSIEuTINGITUIGA



NN 2
y & N
AUINUFIUY (Preliminaries)

2.1 aunualsa COVID-19

COVID-19 (Coronavirus disease 2019) Lﬁuiiﬂm‘“mL%amﬂLﬁumd%ﬁﬁmmmh%ﬁ Corona
‘uumwumiﬂuwumammiamw SARS-CoV-2 (Severe Acute Respiratory Syndrome Corona
Virus 2) aﬂwmvmmwmﬁvmamaﬂwmvmeﬂulsummivimimammiLLWiL%aivaﬂu oR
LﬂumaimmmaqaqhmaaLuawa vsailidlonnauey 1 Lauve lummsaaqmuaasg
uenant FadulaZadiinge duuenivy s %ﬂammgé}’a defuifafuansdnwenyse
ay TngosrniseusielanlduaasnisaimsiinlSasslnidileSud 31 Sunew A 2019
musrenunauiUielsavanuman¥adludes g8u uumand avs1sassussnwuiu
[31,[4]

2.1.1  vuavaslisalalsun

¥V
U

hiaiﬂiimvmaiiﬂiumuwsf[,uﬂﬁ]%u Navun 7 vila [4]
wilai 1-6: TsASAGTIUAN
widanl 5: 15A SARS (Severe Acute Respiratory Syndrome) 91nla¥aaneiugiva o A,
2002-2003
¥iin7l 6: 15n MERS (Middle East Respiratory Syndrome) anntaSaangiuglug o A,
2017
sila7i 7: 15m COVID-19 (Coronavirus disease 2019) nnhiFameiuglng o ALA. 2019

2.1.2 ssgzWnalvaslsa

v

seezind (Incubation period, IP) ynsEornansaLAsUdeauR LsuTe U
sezainiiaadlsn COVID-19 wihity 2-14 Yu Fuduwepadlitiuialsedostniuinau
du 14 Fu
Nnsenufuisuenilesgdu sewing unsAy - nuadius ar. 2020 wudnenisegiu
(median, A1NA4) yossvoriniveslsal Uszana 5.1 Fu(95% Cl, 4.5 to 5.8 days) uag
97.5% GUaqc’iﬂ'ﬁaﬁswsﬂﬂé}’waﬂiﬂﬁaamﬁ 11.5 7u (95% Cl, 8.2 to 15.6 days) [4]



Uf\]%mmammwmﬂm laun

1. Uimmamahiaﬂmu FunnazvinliAnlsasifosyainigy

2. yadveaiolh¥a COVID-19 mnidngUenlaensameayn uazUinziinlsaiiniinig
%UL%@V]’NL?JIE]QW]

3. mmL%‘Hﬁtj@ﬂﬂﬁLﬁmﬁ’wmulﬁaiuiﬁqmawwj‘

a. qmmwmmﬁ‘ﬁlé’%m%a

5. Uﬁﬁ?mmwﬁmyjmaqc’gﬁﬂLﬁsam'al’s%fa Fainanslumsiniaite uaz nsdnaudadinald
INeINT5YadlsA WY M to e

213 S2YLLIEINITAALYD

Nndeyariuie 55,924 518 1viAndisegu (median time %38 AMNA19) V89 T¥82LIA1IN

U

Sudennisauieuiisuniughainnsdae (4] i
1. ﬁ'iﬂ"gaﬁﬁmmiﬁaa (mild cases) 2 dUa
2. wmwmmmi‘muﬂ (severe or critical) 3-6 &Un %
- Butheaudenisuiin 1 §Uan
- Butheaududedin 2-8 dUam

2.2  uUUINaIneAmadAansaInsulsannme

2.2.1 WuUUa1a99 SIR

[ . < o
LUUINARINNAMRAAIENS Susceptible-Infected-Recovered (SIR) LUUWUU1@DINY

a

ﬂmmmam%ﬁ"lﬁﬂumﬁﬁi’wammiLLWi’izmmaﬂiﬂm“mm'aiusqmuimaﬁmmzﬁm%ﬂﬁﬂﬁlﬂﬁ
5383%@1’1%@1%1LLasﬂdmﬂuﬁmaﬁué’a%ﬁqﬁﬁmﬁuﬁﬂﬁlﬂﬂé’umLﬁukmﬁu%‘ﬁﬁﬂ lay
mmﬁaLLU'@ﬂa;mJiz%'miaamﬁu 3 nay [7] il

1. ﬂa;llﬂi%“mﬂiﬂﬁimLgﬂﬂﬁ?ﬂzﬁﬂl,%@ (Susceptible) A ﬂﬁimﬂszmﬂiﬁﬁlmﬁamsﬁ@L%@ nau
ﬂﬁz%nmﬂ&imﬁammué’w S

2. ﬂa:uﬂizﬁmﬂiﬁﬁm%a (Infectious) Aa ﬂa:mﬂizmmﬁﬁmﬁﬁmL%ammaaﬁw,t,wiﬂizma
L%@lﬂqjﬁguﬁ ﬂﬁimﬂizﬂj’]ﬂiﬂﬁi%ﬁﬁ]mmuﬁ’m I

3. ﬂ&iuﬂismﬂiﬁmamﬂim (Recovered) A ﬂdmﬂizmﬂiméﬁ%mﬁﬂmLLazmwmmi
Wulsa ﬂ&iuﬂizmﬂﬁﬂdmﬁammﬁw R

Y

uwazannsadgusEuUauNsidseuiusandiyluidadulased :



o
ﬂ]—»R

gﬂﬁ 1: WEUN WA ULUUDNaDY SIR

mﬂzﬂﬁ 1 aamﬂé’aqﬁusswammavﬁmuﬁuﬂﬂ@qLﬁuﬁLLammuﬂﬁauuﬂawamﬁaLlsdi
AN 9 WEUAULEAN ¢ LRt

dsS

2 _BST
dt b3
dF

&2~ BSI—al
o BS «
dR

> ol

dt @

1997 8 NG TNTINITWNTNTLANBTBVDILSA BaT o NUIYDY TRTIN1TUI8IINLSA

2.2.2  WUUIIa9ISEIR

WUUNADINNARAIERS Susceptible-Exposed-Infected-Recovered (SEIR) Wuuuy
$raeefildlunsnennsallsassunnmanednsulsafifssernnivende wu lsaldudalng
15AlATA-19 1@ ImaLﬁum'ﬁﬁi’ﬂaaqmiLLwiﬂizmaL%aiuﬂeimﬂizmﬂi Tnevluud9zuus
poniu 4 nauusyans [7] ol
1. ﬂa;mﬂismﬂiﬂa:mLgaqﬁ%ﬁm%a (Susceptible) AD ﬂﬁlﬂﬂﬁ%%?ﬂiﬁlﬁmm'@ﬂﬁﬁﬂL%’e) nau
Uigmﬂiﬂdmﬁammué’w S
2. ﬂdﬂﬂi%%’]ﬂi‘ﬁlﬁuﬁmﬁ%@ (Exposed) A8 ﬂa:mﬂismﬂiﬁ?fl,%aimamiﬁuﬁaﬁuN:U"JEJ woiagfly
izazﬂﬂﬁﬂmEJﬁﬂa:uﬂizsuﬂﬂsﬂﬁé’ﬂm’mmmﬁ%LLWi'ﬂizmsJL%aqujb’ﬁulﬁ nanusyInnay
Jasunudne E ) )

3. nauUsEINTAAALE (nfectious) Ao nauUTzyNTATNMIARTANLITANILUNTNTZY
L%aiﬂqjﬁgulé’ ﬂdﬂﬂi%%ﬂﬂiﬂdmﬁﬁ]mmuﬁﬁﬂ I

4. nauUszansiveanln (Recovered) Ao nautszannsildyunis¥nyinasmeannnis
Wulse mimﬂisﬁmﬂimimﬁ%t,muﬁw R

¥
=

gldsruvaunisiseuiiusandayladadusiadl



y5] K o
E —— I —R
gﬂ‘ﬁ' 2 WRHUNINEIUSULUUINAD9 SEIR

magﬂﬁ 2 ﬂaﬂﬂémﬁ‘uw‘U‘Uﬂum‘JL?QNEJ‘l{ﬁuﬁﬂlu'LﬁﬁLﬁuﬁLLaﬂx‘iﬂ’]iL‘UﬁdEJ‘NLL‘Ua\‘i?JEN(;T’JLL‘U‘J
A9 9 WEUAULEAN ¢ LRt

% = —pBSI

C;—? = pBSI—kFE
% = KE —al
% = ol

1A89 £ NU1EDT DRTINITNNAIVDIYD

2.3 NISWIAN R, 19825 Next-generation matrix

NsMAsERUNSARLYaUgIU (basicreproductive number) lun1sfunindaseiazly

a . . % d‘l ad ¢ Y o J % a gl z
75 Next-generation matrix lngwuntlsludsnsildmuumenseiunsangaiugIukay
WL AULUUTRDUTIAIRAIERS
lngfmuali X = (21,20, ..., 2,)7 ABININGVDIT MUY NS IUUAENaNUTEEYINT

lnglfiusernsAanio I m nauit m < n Wefl n Ao IWIUNANUTEYINT IUMUY

$raeeianun uarludants Next-generation matrix Jazrmuslian doi — Fi(X) — Vi(X)
dmSui=1,2,...m Lﬁ:a Fi(X) e
wn3nduasnisnuiandelnalunauuseying i uag Vi(X) As wvsnduelssmnsiUasy
amuzﬂw}jﬁm%‘a

wagmnuald F unwuninganlaideures F uag V wnuuvinganladeuves v 1ng
WVYULNUMB A anEal F(z) = (%—é’”) wag V(z) = (B‘QT?)) dMIU 1 < i < m uay
1<j<m

dmSuamsng FV-1 ifluunn (i x j) fe wn3ndiuanssiuiudsyunsimadnaziu

¥

Hanieriagluduinlugunannauiiawonauusnlunauusswng i lngdnideannay

Y 9

Uszanauusevns j fdudeagnaniladn FV-' Ag Next-generation matrix kagazladn



Ro = p(FV-1) Ao andnwagiamgndanannngavesuning £V -1 lagil p(FV-") vy
fi4 AasARveIAdNYSalveIAanYzIaNIziuAe Spectral radius YouUNING FV ! [8]
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A5n13Anwr (Medthod)

3.1 wuuINadsnenaadansainsulsaladn-19 Tuusswndlne

v
Ay Y

nsfunidasateliAua i lEvhnsEs U aemnnsineES Susceptible- Exposed—

U

Infected- Recovered (SEIR) Lwammaﬁmﬂwa’mﬂf]iLLWiiwmmaﬂsﬂIﬂfm 19 wmmﬂﬂu
Useinalne szﬂumulmmvm@ammmulmmmuﬂiwmﬂimwmmsumﬂm‘m nANUTEYINT

Fvnganlsalain-19 azliannsofndelain-19 mﬂﬂigﬁmmﬂqwmmwalmﬂ waz lad
BRIINISLNATITUY IR LAL DRSNS FLTINGTIUURA Imasl,umuﬁlﬁl,w'qﬂfcimizsmﬂiaamﬁu
4 nauUseng taun ﬂduﬂﬁsmmﬁtﬁmm'amﬁﬁ@Lijza ﬂﬁiuﬂismﬂsﬁﬁuﬁat,%aLLagaq‘Lu
syoENniveLLe ﬂfiuﬂizﬁmmﬁﬁmL%aLLasmmaaLLW'ﬁ'ﬂﬁ%'}&JL%@lé’ ﬂ&imﬂimﬂiﬁms

be

NsA WanglaFail

. d . - . - .
JUT 3 ¢ UWRUAMLUUTIaeaneaainaans SEIR dmfunisunsszuiavedsaladn-19 Tu
Uszwmelne

ﬁ]’]ﬂEU‘VId 3 @SN UUAAIIUNLNEVDIFILUT AT NS IHMeS LaRens 1B LUl

doyanual ARG
S ﬂdyﬂizmmﬁ?mmmiﬁm elpn-19
E ﬂeiuﬂﬁzﬁmﬂiﬁﬁmﬁal,%aiﬂim—l9
I mimﬂwmnaﬁﬁm%aiw‘im—l9
R ﬂa;mﬂazﬁmﬂiﬁmamﬂkﬂiﬂ‘im—l9
8 $nInIsuNsnIEeeveslsAlATa-19
K Snmennivedevedlsalaio-19
o PR31NIMLAINLIATBILSALATIA-19
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JUN 3 anansadbusyuvauNMndleuiuslidaduiiianinisiasunlaaiiuyseng
§ EUAULIAN ¢ LaeeT

% = —jBSI (3.1)
Cz—f = BSI—kKE (3.2)
% _ kE—al (3.3)
% = ol (3.4)

ﬂa"rﬂé]"g"maiuﬂizsmﬂﬁﬁ?flﬁ'mm'amiﬁmL%a (S) utant fuszdsruiuanaaiosanniin
ﬂﬁﬁmL%Qmﬂﬂzimﬁzmﬂiﬁﬁm%a (1) Fredmsnsanide 3 Gﬁaa'awaﬁwiﬁﬂaimﬂizsuwaiﬁ
ﬁuﬁaL%@LLagaq"luiwzﬂﬂﬁwaﬂL%a (E) Wy ven ¢ mntudleasuszeznanting
veadelada-19 Wuaa L dUami ﬂdmﬂiwwmﬁé’mﬁm{i‘éaLLazaqiuissgﬂﬂﬁaﬁ?u%ﬂaw
Lﬁuﬂa;mﬂszmmﬁﬁm%a (1) LLazﬁﬁﬂJ’]iﬂLL‘WilﬂizmﬁJL%aqjﬂdmﬂizﬁtj’miﬂa;mLgﬂﬂlﬁdﬂwalﬁ
ﬂa;uﬂizsmﬂiﬁﬁmL%aﬁai’m’;mﬁu%u e ¢t LLagﬂqmizmmﬁ'ﬁ@L%@%ﬁaﬁmua@aq
esnszeznatlumsmeannlsalain-19 Wunan L §Uni Sedsnaviilinauuszannsd

o 9

MeINLIA (R) SIUAUANTUIUDIAIAIT 8l 1380 ¢ Wazd N UNUINUIUUTEeInsvisnue
MAvveanulsAssuIAWdglAT N =S+ E+ 1 + R

3.2 anduna (Equilibrium points)

d‘ dl Y] 1 v @
NOUNLMAAAUAAVBITLUUANNT (3.1)-(3.4) 191 9gLUdeuszuvaunsienad iy
szyvaunsntinie Tagl
x S x _ B _ 1 ) _ R
S*=5 E =L r=Lugg gr==2

fatusTuUENnIg (3.1)-(3.4) anusaeulaeail

dj: = —BS*I*N (3.5)
dg = BS*I*N — kE* (3.6)
% = kE*—al’ (3.7)
dz* = ol (3.8)

AAUAVBITLUUAUNNT (3.5)(3.8) enunsaleann &8 = dB° — dIf _ dir _ ) gy

< =
E* =0, I* =0, R* = 0 4oz 5" wWudmuasla o uilleswn §* + B + I + R* = 1 98
1991 57 = 1 fetiurnaunavesssuvauns s S* =1, B* =0, [* = 0 Wag R* =0



3.3 A19EAUN1SAnaNugIu (Basic reproduction number)

Mnuuuaeseadiamansluaunsi (3.1-(3.4) Li?ﬁ]%‘lﬁ’]ﬂ'ﬁ%ﬁumiﬁﬂL‘%@qug’m
(Basic reproduction number) lag75 Next-generation matrix mﬂamuzmiﬁm%ﬂuiwu
aunsaunsiseuiusliivady £, 1 Tuauns (3.2)(3.3)

Sl X = {1, 20} 1087 21 = E wae a5 = I
wag & = F(X) - V(X)
wldnnwed F ununsandslmifAstuanslussogininveade

F ={pSI1,0}

¥ o d’ = d‘ L:ll < va 5 ¥
UBNIIN F LA 3N UA YV %QWNWHQQT{Q@@WLU@SU&@WU%LﬂUﬁiWWLGU@LLa'ﬂUﬁNﬂ'ﬁ (3.2)‘
(3.3) aglan
V ={rE,al — kE}

polUazAmuINlAEY F 910 F LAgnandnail
Avue f(E, 1) = B1 wag g(E,I) =0
NAIT0UN

OF o1
99(E.I)  9g(E,I)

F =

Of(E,I) 3f(EJ)]

oFE oI

981 01
_|9E oI
20 o
OF ol
LA

F:
0 0

0 BS]
nnauna o an1elilse aglan (s+,B+, 1, R*) = (1,0,0,0)
0 3
0 0
wazAUIMANAEY V 270 V 1aeazlen

AU f(E, 1) = xE wag g(E, 1) = ol — kE
WATOUN

F =

OE oI
99(E.1)  9g(E,I)
OE oI

V:

Of(E,I) 8f(E,I)]
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V:

ANUIUMADUNDTAVDIUNING 1V LA

10
-1 __ K

wolUvgltiuming F wag vV lunisiwinnwmindsudaly duae FV -1 agldi

=l
0 0
B 8
5 3

A1 R, @9AARaINUANSNEMLaNE ABlUTIRLLanIIsNISTANGNYMLNIL AT
WU

Q=

Q= &=
Q= O
-

B_»y &
| FV - M| == |° “@ 1=0
0 0-A

awldin A = £ uaz A, = 0 wiulddnan v luffeilawduay Senanldnendnunsiane
hiﬁﬂ'ﬂLﬁuauﬁaaﬁq{"fuﬂ'ﬁuﬁumiﬁmL%@qumummmLs‘ﬁaut,mué’aaﬁmé’ﬂmiﬁa Ry =
p(FV1) Gaynefls Spectral raidus veauming FV-1 wisnamlddnde srduysoigean
YOI ANYAlLANIY ezjqLLammmiﬂﬁvmammaqmmLszjamvmﬂw,ﬂm Ry @94AYDINITUNS
ﬂismwﬁdmuﬂqmammaqu
é’qﬁmﬂé”i’]ﬁ'ﬁzﬁumaﬁmL%awzugmﬁm%umei’ﬂamﬁ%ﬁa

nan e sEiunsAnenugutuAnalaaNdnsINITunTnsse o vadliala
A9-19 MIANIELINTINITNIINIEIINLIALATIA-19
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3 gl . . A % 1 d‘ [ !
A1TEAUNIIAALYBNUFIU (Basic reproduction number) %38 Ry LUUANRRYVDIATIEIU

ASARLYRlUTUAY [41,[5],[6]
ANUS0LUINTEIUDY R, wiaznsallamadl

N6 10 Ry < 1 uanedn I uiulfindioanas uazazliiinnisssuinvedlsaluiign
NSEA 21 Ry = 1 4aned 31uuKUI898ApuI9AINnIoan1uen155eUInadi

PR

N6 31 Ry > 1 Uaned Inudieiindunuaifu uazagiinn1sszuinvelse

3.4 2515998 (Numerical Method)

dl dl < a U 1 a b 74 ﬁ] 1 o
\Wesanluauns (3.1)(3.9) LUU38UUﬁNﬂ’]iLSUQEJT{WU§I3JL%QLﬁU%QIMﬁW@JWiﬂ%?ﬂW@@U

Fuitasald FetrlumsAnunidazl i Ssiiandaasldmas ode23s Tuldsunsu Matlab il
WHALRAYLIIAILAYE S ULUUT1a89 SEIR 1185U18naInnIsunsnsza8Ltevadlsaladn-
19 TuUseimnelnesewneTui 1 wwiey faui 31 Su1AY W.A.2564 WU 40 Fup
Tnganunsasmusioulusudy waswsidnesisudusd [9]

S(0)= 400,000

E(0)= 100
1(0)= 168
R(0)= 242
dyanual | AMNITIEWReS | e 971999
B 3.5 fodUAY | ANNUALDY
K 0.9859 | @wdUa v | [10]
a 0.5 podUAN [4]

AN 2 © AT NLEAIATNITINLEDS IULUUINADINANAANENS

d‘ < 1 a o dl Y 1% % 124 a 2/ =
WO LUUNITATIVEDUINALRAULTIANAIN LA AU FOAAR DAY VBHATVINUINUDYLNEN

T TunsAnwnidsladheduussansuansnisfnaula (R-Square) 11918nTI980UAINY
donnansfena oy deulasail

SSE
2:1__
h SST

1Ae7 SSE MuN8i NaTINAISIEIU89IANAIALAGDY (Sum of square error) Way SST

MNYDY NATIATAIADIVDINITNAADY UTDNATINAAIABIVDITIMNA (Sum of square
total) ANvuAsil

SSE =

SST =

>(q — gdata)?
>(q — gqdata)?
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Taediluen R-Square fifneg5n319 0 89 1 Ined R-Square Wity 0 waadliliuIm
AEUTBILUUSIABINIAdAmans T LeunTuldannsaosuis Ay iuuUsvesriiudsaey
aunsinszaresauraly lumandufiugh R-Square WiNfU 1 MNgAIINI AIRDUDS
LL‘U‘Uaﬁ’waaqmqm’immam%ﬁ?ummzauﬁus’ﬁama ezl ladaan R-Square MlndiAsefiy
1 Iumiﬂumwaaiﬂumnﬁlmnﬁ Simplex algorithm 1@&1Lﬂumﬁumqwgmmmmﬂeﬁm
278 NANN1TAD ﬂmaamw:uuwmmvauLwamm‘mmmvammmﬂwamﬂivam Tnglu
mmum’]aaﬁvluﬂiﬂﬁl% fminsearch algorithm Gadunisthudnnns Simplex algorithm
1N E I AT LN d IﬂEJ‘VTaﬂmi‘mﬂ’lu’eJEJﬂﬂ“UENWQﬂsﬁu%a”IEJWJLL‘lJiﬂ'Mi‘U‘UZUWW]LUu
unconstrained problem ImmmmwnimmaiLimummiﬂﬂm’;m LAY NI9IUNITUINS
LaaaLﬁ'{?ﬁ@]’ua%aqLLUUf\ﬁ’waawwmaimmam%LLasmi‘m@hmmzﬁqmmwnﬂﬁma%mmLLUU

31899 wanslaFal

SEIR Model

0de23s

@umer‘l’co& resuh‘s)

R — Square ~ 1 R — Square ~ O

fminsearch

end New Porm

fegnalUsunsuAouIne shaenadasfuisutarflunsmnanasdadauas s
ﬂ"lmmzﬁqm

function COVIDFitting

clear all

close all

clc



load seird0.txt
format long
tdata = seird0(;,1);
edata = seird0(;,2);
qdata = seird0(:,3);
rdata = seird0(:,4);
tfor = 1:0.01:40;
tmea = [1:100:3901]’;
a = 0.37;
b = 3.5
c=09;
function dy = model1(~,y,k)
a= k(1);
b= k(2);
c= k(3);
dy = zeros(4,1);
dy(1) = - b*y(1)*y(3);
dy(2) = b*y(1)*y(3)-c*y(2);
dy(3) = c*y(2)-a*y(3);
dy(4) = a*y(3);
end
function error in_datal = moder1(k)
[T Y] = ode23s(@(t,y)modell(t,y,k)),tfor,[400000.0 100.0 168.0 242.0]);
q = Y(tmea(,),3);
error_in_datal = sum((g-qdata).A2)
end
k=[abc]
[T Y] = ode23s(@(t,y)modell(t,y,k),tfor,[400000.0 100.0 168.0 242.0);
yint = Y(tmea(:),3);
ficure(1)
subplot(1,2,1);
plot(tdata,qdata,’r.’);
hold on
plot(tdata,yint,’b-");
xlabel(’ anlumtheduait’);
ylabel( Iuugfnige’);
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axis([1 40 0 150000]);
[k,fval] = fminsearch(@moder1,k);
disp(k);
[T Y] = ode23s(@(t,y)Xmodell(t,y,k)),tfor,[400000.0 100.0 168.0 242.0]);
yint = Y(tmea(:),3);
subplot(1,2,2)
plot(tdata,qdata,’r.’);
hold on
plot(tdata,yint,’b-");
xlabel(’ nanlumtheduat’);
ylabel( 31ufnige’);
axis([1 40 0 150000));
end
Iﬂ&]‘ﬁé’ﬂ ﬂ’]ﬁVTWQWH’U@QIUﬁLLﬂ'ﬁN NN ﬂauﬁ’ama%ﬁ?u L'?ll 10 miﬁﬁayja ﬂqiiqﬂﬂqu%ﬁﬂ

o s 40 duamilagisesandeyaiian ﬁi”m’;uﬂizﬁmmﬁﬁﬂL%aiuizazﬂﬂﬁa U
Uizmﬂirﬁﬁmﬁféa u,azﬁmauﬂ%zmmﬁ’iﬁmaamim MUY N T A neULTaiaY
YILUUTIa8IN9ANRAERS taely ode23s Lﬁaiéfﬁmaummwmﬁ’wamLLé’aﬂivmumﬁ
maiﬂaiwmﬂ%umammim NaTIN AN IERIvRIANAIRLAGEY (Sum of Square Error)
mmmauﬂivmﬂiwmmﬁua (I) wagly fminsearch algorithm Tumimmuawamm N
s EoseImunaAGet (Sum of square error) LLagmmmLmaﬁqﬂim’lmmmﬂ
wsileesisudy Mntiuswansnsiisuiousernasmoudsiiausudulasidiousu
TNz auLa
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Wan1sANE (Main results)
4.1 NTIATIARAITTAUNIANYDNUGIY

Imamwumﬂismﬂiﬁméfuﬂu S(0) = 400,000 E(0) = 100 1(0) = 168 wag R(0) =
242 warmsrmuasTwelumsei 2 SangauEnTnsunTnsE e ved
lsaladn-19 Wiy 2 JulegszeziaInsmeanlsaladn-19 Wiy 2 dUanvinie 14 Tu
92y AlAIINANTERUNSAMTONUGIY (Ry) dawifiu 7 nanalaan o syt Tneiadeayd
r;?ﬁm%aswim 7 AU AREvENLIA 1 AU

‘Vié’qmﬂ5%1@1’wwmﬁma§ﬁmimﬂmﬂmﬂ%’ﬁ'}ﬁﬁ frinsearch 2g1§Amsdmesa
Wiy dndeaz A uansnemn e siaedisudu Faduensziunisd Lﬁzaﬁugm (Ro)

zdanvasundaslugaaznaniduiiidensly

4.2  NALRAYLTINILAY

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
DA WHIEFUAM DA WHKIL duam

TUT 4 Swudssrnsiiaade (1) luduanvid 1 s 40

suluf 4 Mwualdd S(0) = 400,000 £(0) = 100 1(0) = 168 Uag R(0) = 242 Uaym
WISNHDIAIN1TI9N 2 TUkUUINa9 SEIR %Lﬁmﬁgﬂmq%ﬂaaﬁmﬂﬁaﬁﬁﬁmLs'z?aﬁaj’wmu
Lﬁmqﬁuiusu'mLL'ﬁﬂLLaxLﬁana’mﬁuvl,ﬂﬁi’ﬂmuﬁﬁmLﬁ'ﬁa%aﬁawuﬁ’]qj 0 LLazmﬂﬁuﬁﬁm%

¥ 1
Yy a

dl Co{ dl (] gj gj 1 o
zldsululszunsinmeannlsalagluluuinasensatanneanlsatuazldauisandu

Y
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mﬁmLé‘ﬁ@iﬁé’ﬂﬁﬂ%ﬁmﬁﬁmauLﬁ't?ﬂéw’aLaﬁuﬁm%uﬁwmum:ﬁmLsﬁaﬁu%h'ﬁmﬂﬁwﬁuﬁﬂgﬁaL‘ﬁa
Wiguiiguiiudeyadds wnlianunsathgansdmesduneSuienainsnisunsnszaneide
15alAIn-19 1o

Tugynuanldlddds fminsearch Algorithm mhelunismensanduinsvoina
o U dl o ldIQ z = 1 QI v d
AUANAIFDIVDIANUARIALAGDU (SSE) UBIT1WIUUTEIINTNAMTD (1) TnedmSuAulu
a & ~ ° Yo o < A v o ¢
WISITADSHINTITNN 2 LAZAIAUALAIUN 1 WU W.A. 2564 un1siSuduaUua1vin 1 Tu
wuudaed welilsngsrmsdinesyalvy

1 15 2 25 3 35 4 45 5 55 6
nawnwisdam

JUT 5 Saudseynsiande (1) Tudavin 1 896

mﬂgﬂ'ﬁ' 5 fanunliusznasuduladu S(0) = 25,000 £(0) = 0 1(0) = 168 uaz R(0)
- 242 uayAvuan e fSud U B =35 k=098 haza = 0.5 G‘zfaﬂa;uﬂﬁv%WﬂiL?m
aulutuudnasunandlaiusnmussnunsinsszuiavedlsaladn-19 [9] fauaiud 1
LB - 8 WAL .A.2564 130 6 AUANMLIN IuiﬂmqemaaﬁmaLﬂmﬂummummwa

lsAlAdn-19 ﬁlmmﬂwwaﬂmmaiLﬁmuﬂanlmmLmaiuaunmmum 1 aﬂmﬁlmﬁmﬂ@mi
iummmeuﬁummmummL%@Iﬁﬂimm 19 LLawmﬂuummummL%mammmmmaum

mLafuﬂﬂmuumlmmmwamwayﬂa%ﬂmwmL'smmﬂa’n LLﬁJLH?J‘UVIN‘U’JWVLWVHﬂ’]iUiU
Tmnzanlnefide fminsearch mﬂgﬂLﬁuié]’%’mﬁﬂdmﬂﬁzmﬂiﬁﬁmL%@Iﬁﬂiﬂ‘im—w ORI
FunapAsEELIIAN 6 é*umﬁmﬂs’z’fqﬁmauL%@é]’jLﬁ&UﬁU@@ﬂaimﬂﬁmﬂiﬁﬁmL%@ﬁmmmmz
frudeyaas Tnemsusulimngaluaeildundimuamuidiaesvosnnuaaininiou

(SSE) w1AU 3.191465 x10° NaTIUAIAIADIUBINUA (SST) tMIAU 1.826108 x10° way
genduusgansmssindula (R-Square) wnfiu 0.99998 wagldnsdwesynlvy Ao 5 =
0.001709 x = 0.4017 uag a = 0.1402 naaldan amnﬂml,waﬂivmmaqLﬁuaimm 19 Ao

585.137 &UA19 %50 4,095.9626 U 6@37ﬂ'131/\|ﬂ(§]’3‘UENL?JE]Iﬂ'J® 19 Ap 2.4894 &Un1i 138
17.4259 Julagdnsinismeainlsalume 7.133 a1 %30 49.9287 Ju ﬁ]'?ﬂ‘W’ﬁWllL@E]’ﬁlﬂ
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Ty lilanansefunisindenugiu (Ry) Turiesseziian 6 dUuamidenwinfu 0.012189
1 1 a s : v J % a z Z 3 1 v o/ % a
IENUPAMTRsTlANIwaEATERUNSAnWaN U LLUlIdonAdDIfUAINI LIS

1 15 2 25 3 35 . 4 45 5 55 6
DA TwHLFIAM

U 6 : uuUsETINITaade (1) Tuduan 1 8 6 nasuSulivungau

Y

Eﬂﬁ 6 Iﬁﬁwmiﬁﬂsqmmﬁﬁma%‘ﬁmmzammﬂEﬂﬁ 5 narnundsulualdneselaenig

ﬁ’muﬂﬁﬂl’w\l’li’]ﬁmaﬂumi’jmi’luﬁ@ﬂﬁ’JLﬁ"UIUﬂ%\iﬁ%ﬂu B =05 « = 04017 uaE a

= 0.1402 AUAIRY mﬂﬁﬂaﬁmaimﬂmmuwmL%@Iﬁﬂimﬂ 19 AzARY 9 STy
nnduaiLsnlnglurisszesiian 6 aﬂmwumluumiamawaqmmuﬁimL%@Iﬂﬂﬂanlm
iﬁﬂiz“mﬂﬁﬂfllﬁm%ﬂuwwL'Jﬁ’ﬁﬁﬁi%ﬂ%L?ﬁﬁﬂﬂﬁ?‘ﬂﬁ]x‘i@%%?ﬂ—” WU 2.4894 dUavi
w30 17.4258 $u wayszernansnuiivionsmeainlse Wiy 7.1327 dUavinse
49.9289 Ju LLavié’dmﬁmaimﬁﬂé’qaawaqmwmamﬂgau (SSE) nfiu 3.748468287
« 107 HATIAEsER DL (SST) winffu 1.692279463 x 10° LLavimmamUivammi
findula (R-Square) Wifiu 0.7785 eammmwﬁmLmaiﬁlﬂmmamﬂwmimumsmLﬁuawu

37U (Ry) = 3.5663 I@Eﬂ,umiamewmqmﬂﬂ% fminsearch Algorithm LagINLHUAIN

voUszeInINAnelussznatinanla syezaniveudelain-19 WAy 2.4894
dUaiuseo 17.4258 U wazIzezlIaInIsWUMNToN1TIEINLsA WwinAu 7.1327 dUni
139 49.9289 T
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25 25

0.5 0.5

U 7 Swudssensiiaade (1) luduanvia 7 s 10

Tugﬂﬁl 7 fvunliusznsisududu S(0) = 30,000 E(0) = 0 1(0) = 17,871 waz R(0)
- 12,248 wavivmuansdwesisudundy § = 3.5, k = 0.98 ua% a = 0.5 YA
D5UNLNITUNTITUINYDLTATA-19 HausTiuii 9 woenaw - 5 dawguldnlusuniedenay
ﬂivmﬂiwmmaimimﬂ 19 93 Amus e s dned Sududsuudiyduluguend
7i 2 waranihuazanas LLaummUmqmwLuammiﬂiﬂwmmvauiﬂamm frinsearch
LLmamgiaaﬁmai@mmmuﬂimﬂﬂi‘mmLﬁzjaisﬂimm—w luszozian 4 daidinad
mnﬁw‘ﬁmaqs’gﬁm%‘[ﬂiwl9 othasiaLiles IﬂaﬁﬁmauLf'z?qéhLaﬁuméﬂﬂé’ﬁm;ﬁa@ﬁﬂms

PN ATNATIUNAIEDIVDIANUABIALAADY (SSE) AU 9.936745823 x 106 WAy
AAIEADIVDIVNUA (SST) WU 4.212029405 x 107 Wagyinld ko AnduUseansnisanauy
19 (R-Square) wirfiu 0.7640865 wazidloynisusulvimungauudilaansidinasynlng

Ao B = 7.7613, x = 0.5845 Uz o = 0.2565 nSonanléi Snsn1snnsvecdelaia-
19 wagdmnsmoanlsaluriedunidas 1.711 s w50 11.997 Ju uaw 3.8971
vt we 27.2797 Sumudiu Wunavhliehseifunisfadeniugiu (ro) lutheseey
nand Wiy 30.2585
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W
Iwmdaada

JUT 8 1 uaulssansnanwe (1) luduavia 11 fs 17

'g;d‘ﬁ' 8 fmunlusznsisuduidy S(0) = 50,000 E(0) = 0 1(0) = 18,309 ua
R(0) = 26,178 LLazﬁmmmwmﬁma%ﬁ'méfuﬂu g =35 k=098 uag a = 0.5 311
gﬂa%‘uwﬁi”mwﬂdmazmﬂiﬁﬁmL‘%@Iiﬂiﬂ’?m—w Fausudt 6 fauieu - 24 nsngrau
Wusuy 7 ﬁﬂmﬁuaﬂugﬂmq%’waﬁmalﬁdﬁﬂmuﬁﬁﬂL%@Iﬂﬁm-w INNITATUUAA
W'mﬁma%ﬁué]’uwaﬁlﬁﬁalé’ﬁmﬁLﬁwﬁmﬁmLéfﬂﬁaaLLazmmﬁ?uﬁﬂamaﬁﬂlﬂﬂé’ﬁu%y@
239Ul ATA N ﬂ'ﬂwwmﬁma%ﬁmﬁuﬁuiﬁﬁwmaum’?aé’uaﬂﬂﬂé’lﬁmﬁ’wﬁa%aﬁq n38Na
lé"gﬁWnswﬁt,ma%squiu'mmgau LLaz’Lugﬂmwmmmaaaﬁmaié”iﬁnmuﬁﬁﬂLﬂzaiuﬁj’sq
izazL’Jawﬁlé’ﬁﬂ'}it,ﬁm%ueuaqﬁﬁm‘%@lﬂi‘m-w Wudwnuunnuaydslaidunldilunisan

AUBINITILUNNTDLLD LLazmﬂmiﬂ%ﬂﬁmmzauﬂ%ﬁi’lﬁﬂ"}mamwwwawﬁmaﬂm’ﬁqﬁ% s
= 7.645133507590149 k = -0.073995334413445 Wwag o = -0.394199485556134 LaAN
wsilmesiamsotnlflunsiessiuuusiassnsndnmandiuazialiuay i
Hugananld Turreduasiii 11 Seduaniiii 17 5u1u'mmm’l%l,l,iiuaj’waawmmﬁmmam‘
SER wefuelivieuvudassliimnzdmivyndeyaifimaisgiunaensozim



20

Iwmdaada

2 4 6 8 10 12 14 16 18 20 22 2 4 6 8 10 12 14 16 18 20 22
[RERYCUPRIEER DA WKL Juam

JUT 9 1 Funudssansnanwe (1) luduanvin 18 fs 40

'g;d‘ﬁ' 9 ﬁmuﬁiﬁmimﬂim’miL?@Jéfmﬁu S(0) = 100,000 E(0) = 0 I(0) = 115,320
ey R(0) = 64,131 LLazﬁmumWﬁ'}ﬁma%ﬁuﬁuLiju g =35 k=098 uag a = 0.5 371N
gﬂa%uwai’wmuﬂqmizmmﬁﬁmL‘%@Iﬁﬂiﬂ’jm—l9 Fausudt 25 nangen - 31 Sunaudu
U 23 FUAR iugﬂmq%’wmmmaﬁmaié’aﬁﬂa;mﬂizmﬂiﬁﬁmL%@Iﬁﬂiﬂ?m-w 1ANTT
ﬁmummmﬁmaﬂ?mé]’ulﬁa'ﬂﬁﬂmlﬁﬁuﬁuﬁuﬂﬂmﬁwﬁzutﬁmLﬁﬂﬁaat,w"]ﬁ?umaiuiwz 1
é’UmﬁLLawﬁqmﬂﬁuaﬁ’ﬂmuﬁﬁ@Lﬁz?a%a@aaaﬂ'wimL?@f\mLﬁ’ﬁﬂqjquéw%"aﬂa"niﬁdﬂLﬁaﬁzag
nmw'm”l,ﬂ‘f’fu%iu'ﬁﬁﬁmL%@Iﬂﬁm-w an LLaﬂug‘UmwmaﬁmalﬁaﬁﬂdmﬂszmﬂiﬁﬁmL‘%‘Ja
1A7A-19 ﬁﬁi’wmuqqsﬁzuaa'wmﬂiuﬁmL’Jm 3 Fuaiuavaniuazeey q anauadadng
ﬁmiﬁm%’aaq LLazmﬂmﬁﬂ%fuiﬁmmzau‘wmﬁﬁma‘uL%{ié}’uamﬁimﬂé’ﬁmﬁw’ﬁaaiaﬁq

Tngaz lFAnasiumasdesvasnnunannndey (SSE) Wiy 1.202381458 x 10° HATIY
& saeuoITavan (SST) WNAU 3.8702808569 x 1010 LLasléh'wﬂ'ﬂﬁuﬂﬁsﬁwémi@i@ﬁﬂa
(R-Square) wfiu 0.968932966 laaldnnsiilinasynlyal laun Snsn1sunsnIzeaves
T5AlA39-19 (8) Wihfiu 4.2475, Sns1n1sindvedlse () wihfiu 0.3816 nanlénssuziia
Wndveslsawinfiu 2.619 #Uasi w5 18.33 Ju wazdnsin1smeainlsaladn-19 (o) Wiy
0.1177 ﬂa'nlé’a'ﬁzaznaﬂuyﬂwgmsmﬂlﬁﬂiﬂ?m-19 WU 8.499 &UmN9 %38 59.43 U
Faudunarlvenssunsandenu (R,) Wity 36.08
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a3Unan1sAne (Conclusion)

ﬂWiﬁﬂEﬂU?ﬁﬂﬁﬁﬁUﬂ%’ﬂﬁﬁwUWLLUUﬁ’]ﬁ@x‘WI’NﬂﬂjWﬂ’]ﬁ@% SEIR d1uSuasurenalnnis

wnsszuInvedlsalain-19 Tulssnelney Imaﬁﬁm’ﬁﬂéfﬁwmamﬂ"ﬁzﬁumﬁﬁmL%j‘awzugwu
(Ro) I 3Snsuumindsudinly (Next-generation matrix) kagyiMsmAINauLTLaY Way
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ABSTRACT RESULTS AND DISCUSSION

Basic reproduction number ( R,)
This study aims to develop a Susceptible - Exposed - Infectious - Recovered (SEIR) mathematical model for

explaining the dynamics of the spread of COVID-19 in Thailand. The model simulation analysis is divided into two .
parts that consist of determining the basic reproduction number ( R, ) and solving numerical solution by using ]1’[] -
ode23s code in Matlab. Then, we compare for the numerical results with real data. Time period has been divided X
into 4 periods: 1 April - 8 May 2021, 9 May - 5 June 2021, 6 June - 24 July 2021, and 25 July - 31 December
2021. Using the fminsearch algorithm to calculate the relative minimum value of the sum of square error and
validate the results by coefficient of determination (R - Square). The numerical results are consistent with real data
from April 1, 2021 to May 8, 2021, May 9, 2021 to June S, 2021 and July 25, 2021 to December 31, 2021.
While the numerical results are not consistent with real data from June 6, 2021 to July 24, 2021.

this basic reproduction number shows the ratio of the transmission rate to the recovery rate and from g = 3.5, K =
0.9859 and o = 0.5. So the basic reproduction number is equal to 7. then we would expect each new case of COVID-
19 to produce 7 new secondary cases

Numerical solution

INTRODUCTION

The outbreak of the COVID-19 epidemic in Thailand since the announcement of the first infected person
on January 12, 2020, was a result of Chinese tourists entering Thailand. Later, on January 31, 2020,
Thailand reported the first Thai patient in the country who works as a taxi driver. He has a history of
driving a taxi to provide services to Chinese patients. A major outbreak occurred in mid-March 2020.
In the situation in 2020, there were two waves of the COVID-19 outbreak, with the first wave
occurring on March 18. 2020, and there was a decline in the number of COVID-19 cases on April 12,
2020, for a total of 25 days with a peak of 188 daily cases. And in the second wave, there was an

outbreak of COVID-19 infection. Total for 103 days, with the peak number of infected people at 959 Figure 1 Infectious from April 1, 2021 to May 8, 2021, the basic reproduction number(R,) is equal to
cases per day. As for the situation in 2021, the largest outbreak occurred in Thailand, which is 3.5663 > 1 when 5= 0.5, k= 0.4017 and = 0.1402 with Sum of square error is equal to 3.748468287x10’
considered the third wave of the country, and when Compared with the epidemic situation in the first and R - Square is equal to 0.7785. The numerical results agree well the data.

and second waves, it is clear that the third wave of the epidemic is many times more severe.
In this study, aim to develop a Susceptible - Exposed - Infectious - Recovered (SEIR) mathematical

model for explaining the dynamics of the spread of COVID-19 in Thailand, The basic reproduction T,
number (R ) is obtained by using the next generation matrix method. The numerical results are obtained |

by using ode23s and fminsearch algorithm.

METHODOLOGY

We apply the next-generation matrix to find the basic reproduction to indicate the behavior of COVID- Figure 2 Infectious from May 9, 2021 to June 5, 2021, the basic reproduction number( R ) is equal to
19 outbreak. The ode23s is solved the model and the fminsearch algorithm is applied to optimize 30.2585 > 1 when f=7.7613, K = 0.5845 and o = 0.2565 with Sum of square error is equal to
parameters in model. The intial parameters are g = 3.5, k¥ = 0.9859 and @ = 0.5 while the initial 9.936745823x10° and R - Square is equal to 0.7640865. The numerical results coincide with the data

variables are S(0) = 400,000, E(0) = 100, I(0) = 168 and R(0) = 242

MATHEMATICAL MODDEL

p K o
S - E ] . R

This model is described with the following system | Definition of human sub-populations and parameters in the Figure 3 Infectious from June 6, 2021 to July 24, 2021,3 = 7.6451335,K= -0.0739953 and @ =
of nonlinear differential equations mathematical model -0.3941995 which the parameters that can be used to explain the of the spread of COVID-19 in SEIR
mathematical model can not be used to explain. The numerical results agree well with the data but the
dS S Individuals who have not been infected with COVID-19 obtained parameters are not suitable.
— _ﬂLS[
dt e .
E  Individuals in the incubation period of disease progression

dE ,

dt I Infectious individuals

dl

—=xkFE—-al R Individuals who survived COVID-19

dt

dR Transmission Rate

—=ul o

dt

) Rate at which Exposed individuals become Infected

Figure 4 Infectious from July 25, 2021 to December 31, 2021, the basic reproduction number(R ) is

(X Rate at which Infectious individuals become Recovered equal to 36.08 > 1 when = 4.2575, K = 0.3816 and 2= 0.1177 with Sum of square error is equal to
1.202381458x10” and R - Square is equal to 0.968932966. The numerical results are unidirectional with
the data
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