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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
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Figure 1 The framework of the research process for predicting hourly PM 2.5 concentrations
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Figure 4 Forecast errors
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wlasanuelanamns1en 3

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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wsnganuunazduldRaumsnegd (16) wail
0 0 0
P =_=0 Pz =7=0 Pz =_"=0
1 1 1
Pg=—=0 ps=—=1 Py =—=0
1 1 0
0 0 0
,022:_:O ,023:_20 ,024:_20
0 0 0
0 1 0
Pos =— =0 pyy =—=00476 p; =—=0
0 21 21
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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