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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 neurat 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.
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Figure 1 The framework of the research process for predicting hourly PM 2.5 concentrations
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Figure 2 Multi-Layer Perceptron Neural Network
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Figure 3 A comparison of RMSE among different learning rates and momentums

Table 2 Neural network model.

Model Learning rate

Momentum [teration RMSE

5-6-1 0.05

0.6 10,000 2.5610
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Table 3 Markov state transition

States [ (1) | (2 | (3) | (4) | (5) | Total
(1) Y 0 0 0 1 1
2) 0 0 0 0 0 0
(3) 1102144 21
(4) 0 0 116 |44 ] 4 64
(5) 0 0 3 7 2 12

Total 1 0 ]21}65]11 98
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Table 4 Probability of n-step state vector

2.5 lupsou sretalue {prediction hourly PM2.5
concentrations value) s 38 lasstnguszan
Wi (3) unugasnisvihunsaniugiadguniaev
(Markov prediction interval) (4) wunuwINLABS
mnudzifuvemnisying (probability) (5) unu
asuSuAIMIHENsalmeiasldunsaen (adjust-
ment value) Tnafvuanmesainuinasiluves
n1svhue (4) anautiiesdugegaveusiae
1NABST n §anansenised 4 uarldiden
Anadugrsnisiunsaaueaslgundaonly (3)
dwilunisusumswensaluinnasuazeninunin
1Ay 2.5 luaseu s1edalus (5) Arevaaly
wéeew Tamsdl 5 uansaegraniswennsal 1

States | Step 1 | Step2 | Step3 | Step 4 | 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
@ 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) 4 (5 B-PNN B-PNN B-PNN B-PNN
ave |7 M eme TN g me

(18.153]19.054]| 0.00

{19.054119.956]| 0.00
1 |2218.813{[19.956|20.857] 0.00 [22.209 {14.486 %|-0.951 % | 3.187 |0.2093|0.1449|0.0095

{20.857|21.758]10.00

[21.758|22.660]| 1.00
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Total [2.4864{1.1890(7.2877(3.2972
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Figure 5 Comparisons between actual value and forecast value of PM2.5
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