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Abstract

The objective of the research was to study the prediction of particles less than 2.5
micrometers in diameter (PM2.5) by using neural network and the hybrid of neural network and
Markov chain model based on hourly data at the South Phra Nakhon Power Plant Station, Bang
Prong sub-district, Muang district, Samut Prakan province from October 1, 2020, to November 11,
2020. A total of 984 observations were secondary data collected by the Pollution Control
Department, Ministry of Natural Resources and Environment. In this research, prediction values from
back- propagation neural network were classified by using Markov chain to adjust the prediction
value of PM2.5 concentrations. The results showed that the root mean square error (RMSE) and
mean absolute percent error (MAPE) of the hybrid of neural network and Markov chain model were
1.1890 and 3.2972, respectively. Simultaneously, the RMSE and MAPE using back-propagation neural
network were equal to 2.4864 and 7.2877 respectively. It can be said that the hybrid of Markov
chain and back-propagation in multilayer perceptron neural networks performs the higher

forecasting accuracy than the back-propagation in multilayer perceptron neural networks.

Keywords: PM2.5; neural network; Markov chain model; back-propagation neural network; matrix

equation method

1. UM ﬂ'ﬂﬁmﬁﬂmmwmmﬁ (air quality index,

HagUuuanvludsemalneduligmid Q) Wudiaviildssifiuaniunisaluafivma
mmﬁﬂﬁ“ggLLasm’immquLLiamﬂﬁu ilesnania o eluustazitudl nyinfviiamunine1nieliain
nsmssdiaiidsuutaslvuagnindiudues AMsAUINUTUIMEITUAN YN1991N1A 5 vl

FuulUszrIngeg19sIns ibinudesnis  laun duazessuialdiiy 2.5 luaseu (PM2.5)
nineInsTUINTud 8 srudenisidulaniu duagessvuialiiiu 10 luaseu (PM10) A

QNANMNTIU NITANUIAN NWATNITN Feadawalil Talau (0, A1wAnsuauuauenlyd (CO) A1

'
N

NSNYINTSTIUYALE sulnsuuazanasliagna lulasiaulasenlan (NO,) wazdigdainesia

59057 vauzieatuidsdmarliiinuanivde  sanlad (SO, lasinusinvinmunineiniAves
Aauandeufiuandsiu 1dun uafivniseinia Uszwelveuualu 5 sedu Ao AQI 0-25 nuedia
uafiva vafiwmades vafiwneiadonn  AmnINeINARLIN AQI 26-50 MBI AAMN
Wudu Tnsuaiwnisorniadutgmdinglu 91N171A AQI 51-100 Mu"efienunINeINIAUIY
Jagthuiivanideddenuazifodequain lagas  nans AQI 101-200 manefsnainime1nieis uil
WA ¥N1981NA LU {UALEBIVUIAEN @15 WANTTNUABAVAIN uaz AQl =201 nuieidl
SunsieUszameg o Mdudousgluiuusseima  aunimenefinanssnureaun gL [1]

753



Thai Science and Technology Journal (TSTJ)

Vol. 29 No. 5 September-October 2021

USunaasuaienieonandsunsigse
quamunfianiu Ae Juazessruiadntiiiu
2.5 lupsau (PM2.5) iesaniuaseas PM2.5 3

3 1A s a v |
wurendnun 1ifid ladndu anansadnlugssuy

madumeglavewyedlagnss awnsaneaidngns

q
v

Uanvtudt deifud uazeasuuiadnimaniFeinla
Ann1sseAePLaziinasiaaunn lnglanizlsa
maAumela awnsaiateeiuazaesszuunig
wWumelalaenss wazdwihlminnisssaeLAonn
seAnene wiunen welad nasnausniau in
a1 veuiin geanldanesld laed w.a. 2561 Tu
Uszmalneiinanefiuiindvsunaeunduduves
PM2.5 128 8318 TiAunnsgiuluusseinia 4
dvualifl 25 lalasndudegnuaard Haddnng
AvuaA1inAuA e uaresuualiiiy 2.5
(PM2.5) Tifovun 5 seudneriu (2]
nMIneInTalUIUIAANULTNTUTRS PM2.5
anunsadnndudeyausenounailisy Tananm
omefianinduluewian Tneflvnisefivuaue
Bnswensal 1wy newause [3] laleislaseng
Uszamiiisuuazisuaeldunsaen Tnewarsan
gaumndl lulnsiau fuazeesvuialiiiy 10
luaseu wavAsueuteuenlys ienensaininy
Wududuazessvwialiiiu 2.5 luasew wuinis
TssneUszanmifienlinanensaifiudugininis
wadlgusaen nigyaun [4] Taldislasednenes
L%W@samwwmB%uimmﬁ’amsﬁwfl,wuLLWS'
doundudmsunensaiusuauazesvunall
\Au 10 Tuaseu (PM10) Suduansuaivnseine
Adudgmudnluiiuiismindednl Tnawuin
IunlnuagoulinasonugndedunIsnensal

Tumenduiwilimnudilunisieszideyat

aabuu1ned Uiy weLdl el n15.U8 sunUaan

754

Tuwuiuuazsasnsisous ilennasunansenui
AatulasfuadiminiSududienatu wud
asalunisusziiadeyaszuusiuniuen
TuufunardnsnisFoudidintudae ommnu
[5] lauauanisneInsaluai un19e1ne o
dadaya Useinansi medslasseussamiion
TAgN1sNeINTAILUL 1, 2 Uag 3 Tuarwmi wuh
Wesldudanuaainindsuduysallodsvosnns
viue 3 Yudramid fadindnvesidudany
AaeLAdeuduysalindeveanisvinuneuuy 2 Yu
daamth Tnsanugniesuasianuumsvhuedu
Juogiudnudeyalussuy nsufudeudunn
Tnualuduid Fudsoon waznisimuanis
Weusvesszuu Ya1da [6] lanimuatiening
JUUTIRIANTAYNNIDINA LiemATIine iy
AUTURTIVRIA TN WS [7] 16
UILAUBNITNYINTAANAINBINA U LT 0305
Usginaniady ade3svinelgunsaen lasuys
anmuzmsvinedu 5 aoug Ao Aunwened
AaNMEINEUNA Aanmeinias uidgyuide
UNIN AUAINBINIALY UATAATNDINA
duns1y nudranuiasiduvesnunineinie
au1sagleatnnIsalenniAluauIanla wuid
TonainAan monasunsielusuianizg i
(0.9737) 1NN 4 aauzivie
msfnwadsiiingusrasdifieouiiiou
N1sNeINIlUTUINAIINLTNTUYRY PM2.5 518
Falus neFslasenoUszamifion uaziiuanves
TasangUszamiiouuazviaslgunsnev 4
fi9130191NTINVRIAAAINIAG BUTAIEBdLRAY
(root mean square error, RMSE) wazluasidun
AuAATIALAG ouALYTRIlRAY (mean absolute

percentage error, MAPE) %’ayjaﬁi‘zﬂm’m%’aﬁ


https://www.greenpeace.org/seasia/th/campaigns/Urban-Revolution/Air-Pollution/Right-To-Clean-Air/City-ranking/2018/

i 29 Uil 5 Aueneu-gatau 2564

215815 Imemansazinalulad (3am.)

\Dudoyaiifaale o aandlssluifiwszuasld
Auau1eluse guneiiles Janinaunsusinig
sewineiuil 1 \eunaiau wa. 2563 Gatudl 11
Weungednieu n.a. 2563 viaiikaiildainnisg
Anwidvanunsatluldlunisnununisaivay
vafiwileifuusgloviieuszmvulunsisedin

Tupunam

Start

v

Caollecting hourly PM2.5 cancentrations data

v

Seledt input node, number hidden node and
output node

V’

Dividine data irto 3 datasets:

Training, Validation and Testing dataset

J

Training the model and
Hyperparameter tuning in Neural Netwark:

Learning rate and Momentum

v

Madel evaluation by using Validation dataset

"

Testing the model by using Testing dataset

=

2. W/AUUNTIY
n15AnwILT oL suLisunisneansal
USunaumnnuidudunes PM2.5 s1edalus Tne3s
TAs9U1eUsEa Mg LAyl dNaUDIlATIUNY
Uszamiiiguuasvinlgursaen Usznaunie
Fumoumsiudurudsgui 1 lasesureae

avidunluiite 2.1-2.4

Find Root Mean Square Error by neural netwark

v

Model of forecast by neural network and markow chain

v

MNarmalization of the adjusted residual rate

l

Definine state of normalization

v

Calculating state transition matrix, probability and

state vector

’

Adjustine value by Markov model

\"

Find Root Mean Square Error by neural netwark
and markov chain

End

Figure 1 The framework of the research process for predicting hourly PM 2.5 concentrations
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Table 3 Markov state transition

States | (1) | (2) | (3) | (@) | (5) | Total
(1 0 0 0 0 1 1
2) 0 0 0 0 0 0
(3 1 0 2 14 | 4 21
(4) 0 0 16 | 44 | 4 64
(5) 0 0 3 7 2 12

Total 1 0 |21 )65 11 98

A5 3 uanss U weInnsIADY
anurananuenilslus B nanuzuils Tnewui
maasunanuy (1) s (2),(3), (@) 1
nMswasuudasanius 0 ase 9nanus (1) U8

an1uy (5) dnsidsunvasdniuy 1 Ase lag
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2 14 4
Py =—=00952 py =—=06667 py =—=01905
21 21 2
0 0 16
Py =—=0 ppp=—=0 p3=—=02
64 64 64
44 0
Prg =— =06875 ps=—=0065 ps; =—=0
64 64 12
0 3 7
Psop =— =0 piz =—=025 ps =—=05833
12 12 12
2
pss = — = 0.1667
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0 0 0 0 1
0 0 0 0 0

p=[00476 0 00952 06667 0.1%05| (16)
0 0 025 06875 00625
0 0

025 05833 0.1667

widndnutnezdud (16) anunsem
nnwesautiazduresnisiune §saunse
FUNALNIST (14) wanssmsedl ¢

31971 5 fsuellsd (1) wudainay
avooswuialiliiy 2.5 luaseu fifnduluusias
7 2Tu4 (hourly PM2.5 concentrations value)

(2) wnuAmeInTaiUTua uaveeuuInliLil

Table 4 Probability of n-step state vector

2.5 luaseu s1899%us (prediction hourly PM2.5
concentrations value) 1ng351Aseg18UsEa ™
Wign (3) unugaenisyinunganiugnslgunsnon
(Markov prediction interval) (4) wnuLInNLABS
Anuthaziduresn1siune (probability) (5) unu
nsUSUAIAISNENNSalRIuslgunsAen (adjust-
ment value) lngfmuannnesauuiazidues
n1svhue (4) anauiiasidugeanvesusiaz
NAABST n G auanstins1ed 4 wagldiden
ALed sYenshusanusalguns ety (3)
dmiunisusunisnensalusunauagaasuunn
TaAu 2.5 Tunseu 51894109 (5) druvacld

115A% LAYA1519N 5 wanIfiag19nIsNeInsal 1

States | Step1 | Step2 | Step3 | Stepd | Step 5 Step 97 | Step 98 | Step 99
(1) 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
2) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(3) 0.00 0.25 0.21 0.21 0.21 0.21 0.21 0.21
(4) 0.00 0.58 0.66 0.66 0.66 0.66 0.66 0.66
(5) 1.00 0.17 0.11 0.11 0.11 0.11 0.11 0.11

Table 5 Forecast one hour in advance
Error of prediction RMSE MAPE
Hour | (1) | (2) 3) (@ | (5 | B-PNN | B-PNN B-PNN B-PNN
B-PNN B-PNN
& MC & MC & MC
[18.153[19.054] | 0.00
[19.054 [ 19.956] | 0.00
1 ]22(18.813[19.956|20.857]| 0.00 | 22.209 |14.486 %|-0.951 % | 3.187 [0.2093(0.1449|0.0095
[20.857 | 21.758]| 0.00
[21.758|22.660]| 1.00
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Figure 5 Comparisons between actual value and forecast value of PM2.5
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