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A1 AE

Al" AT g 2 BA

A

% v AH A (PM, Particulate Matter)e] W1H 3 @l o 2 of7] g7
of #g FHAl o] %%‘S}J— ok PM10 %‘X}J A717F A& 10 ym ©]
sko] =dS, PM25c YdAe] =717F A& 25 um °lste E2S 747
sgkth

TR WES EA Ao F 7HA WAl o g PM & =90 g
= Aol g AF A w7k wjEolth w7Vt E Aol AR E
Axshe BAGAA A7IH, A7), 31, 285 59 YA FHEAd R
shgt=, AadstE 59 7IAlE AT 71A, 53] AAAstES F
7l Tl F57], L&, dEYol 53 3eihES Fa PMOo®E W
tH(Biswas et al, 2008; Bergmann et al., 2009). t}& 3= 2o

=
gk 2HF A< PM Al Hlu 7] wiEoltt. olefg HldA wMES A
o] mE2E T u), Byola wfE Eolo] miR wAWHXA] Au]A 5
o 2 WAt (Kumar and Goel, 2016; Timmers and Achten, 2016).
HMAEAE f7leds EAA7L 7o 7HAA e Aetd Bt

ol 557 W oy FY ARe Aot ofd HM]UWE Z o))

98] t]& xzF=Fo] DPF(Diesel particulate ﬁlter)% d %] gk 7H(Krecl
et al, 2017; Martinet et al., 2017), A 7]}, A&7 AsA=2 dgst
= A A (Qadir et al., 2013; Sun et al, 2014)*‘:‘0] Al a9l

WEF 540 AA mAAA R WXe FAS VS —)F neH™
Hoh g34Q0 mAHA Az dAS FHE & Ak SRR 2A4A Y
NM = wEF 540 BAflel Watr] wEol wAHA or Al AR
o A, o R ¥ £-Ee oS5 2ol st
tF=41 7 " (MLP, Multi Layer Perceptrons)& Ht3l djolE] & k53
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of FolME MAWAE FuE ot WEF SHS 1B, 99
d 7IHe olgete] MAWMA FEE d3F AT AABT olF

Fo 2 AAME T 2 Ao de S AAgT
A1A AR 52 RER B AT

HA, AAAE fFadetes wesF 54 Fol agdo] o BH
= = of < P des BoAE
A5 g7t F7Fstd PM v & HEgE F71sth(Giovanis, 2018
Azhari et al, 2018; Gu et al, 2022). o= Eo°] Hd PM103} A= o
o AF Ag= 062¥9 T (Azhari et al, 2018). WFl2 9 F3 Zﬂd
< % wETF %Liﬂ A A T8 AR o]ojA A Fethe

w3 =AY cH(Mishra et al., 2019; Zhang et al., 2020; Chen et al.,
2021).

T A, AFY SETF AR s dstel] S WG AT
v S59 PAIEA FE Afolo] oFg SO AHAAATE USS HAEH
(Jezek et al., 2015; Yazdi et al., 2015; Abdull et al., 2020; Zhang et al.,
2022). vt HY A9 EARG 1ERER 5 SR =& WERF X
AL mAHA Fret o A#AdAe vt Husr]E Pri(Gillies
et al.,, 2005; Belkacem et al., 2022).

Al HA wE FA4% 7S 3 ES o B2 d8E AHlee O
W w77t wjEE o] 2t (Kuppili et al, 2021; Gao et al., 2021;
Munjal et al, 2022). d & S, wi7]7}~ W& %S -05~05m/s29] %
= 7S ®S WA kA AeIar o] WeE "MW T
(Kuppili et al., 2021). =3+ 1.3~15m/s29] 7[EEoA 9 A5 ALH=
0.3~05m/s2 Aol 7h&EmolMret oF 3u] © ®WAdtHGao et al,

o

i
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o
rJ
[‘J
)
N

.

P
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2021). WI¥g 7 2 7SS T o B2 Hur] wEsEs Zgen
(Ketzel et al., 2007, Karjalainen et al., 2014; Xu et al., 2020).
npAero 7 ApeF FEo] FASTE WEE= PMY Fo] Bopxlt H
2 e gy Age dut F8x1 T vl 7] 7t~ EF(Emission Factor) 7}
H =t (Sofowote et al., 2018; Kinnon et al, 2019). & &9, FA7}
°F 1,200kg®l <&+ T3 A=ZnHo 08gel PMI10¢], FA7F oF
18,000kg?! W3d & AHS Z=ZvuHT 48ge] PMI10°] wlE#Htuh
(Gillies et al., 2005). 28] 22 PM10¥} PM2.59] thal =4 ¥ HDV(Heavy
Duty Vehicle) EF= LDV(Light Duty Vehicle) EFEt Z+7z} 152, 37.0
vl ©] =9kth(Raparthi et al., 2022).

A FEHE Hdax PM 2T A#adAAES ZE=t(Timmers and
Achten, 2016; Lin et al,, 2022). @etA wiE 2] o] FAAX A7) A
5*HEV, Electric Vehicle)= WA 713 2=FACEV, Internal
Combustion Engine Vehicle)Z} 553tAY H B PMS dl&T 4+ 3l
tH(Beddows and Harrison, 2021; Liu et al., 2021).

dEFE vAE= 80 BAT 4G

[e) R
AFE 2T A3} v AEA R0

PN
OSL' M

o

9

o2

b e 2ARGE AxS A PM FE7F =9hti(
Krampah et al., 2021, Kliengchuay et al., 2021; Sarmadi et al., 2021;
Nwosisi et al., 2021). 53 2% WX AHAFE 7A2AZD F 9
o wrepA Huly] o dlEe F&3 A RY AxE AN Frhske
Zd3Fo] th(Abu-Allaban et al., 2003; Amato et al., 2009).

=74, PM F=¢ S5 Atololl= &9 AadAZE AtH(Sritong—aon et
al.,, 2021, Krampah et al., 2021, Sarmadi et al., 2021, Sindosi et al.,
2021; Nwosisi et al., 2021). 23t F&52 UI7]& EAHAAA PM 5525
AN g e, 4 S5 s AASH el 544 di7]
24ds Fud sAS AFIHKIm et al, 2017, Duan et al, 2021;
Nuria Galindo et al., 2010).



AR Gt 713 PM w9 59 A##A v (Kliengchuay et
al., 2021; Bodor et al.,, 2020) PM25 s5+v Agd+v =k o5+
okt (Cheng et al., 2021; Srimuruganandam et al., 2010; Zhang et al.,
2015, Wang et al., 2021). o]+ A&Z<e 7|29 ddo=2 ds PM
gike]l oy A LdEHZES FH87] "ol (Zhao et al, 2013;
Zhang and Li., 2011).

A2 d AEA & dFd T AT

i 2} 3
% 2 AIAE 9o UTASE A9 AR qRE AEAT
s}

Q2 N
o
)
2
o
r>,
o
ol
td
oo Tl
o
>

omt OtO o
ol
2
ut

A W= ]Eie ] §E‘ﬂr. = el ]
W FAE g AT @2 047-0.78 HE e O] AT = A
7 dlolHE A" 3 AFolM BS3E Zoal, HolyUt A s W

(04, 7k, CNG, LPG) x-gZFolgte= sHA7F St} Suleiman et al

(2019)+= HA Y S Agste] =2W PM10 ¥ PM25 #H4a Ay 04
2e4S HUe)

t}. Kujawska et al. (2022)= 201734 2019 A}o]
HZ==Ho A wjA 7 FRT 714 L gi7] 2 dolgE AFgE. 7]

dolgeol= 712(T), i F%@®RH), FHWS) 2 F3(WD)o] x3ty
dom SAEY By PMlO«] %2 MSE(Mean Squared Error)
63.09 o2 o =3t} Bozdag et al. (2020)2 7] 7kgtol 9 A%
TN =24 2009.01.01.~2017.12.31 Alelo] =AH¥" PMI0 dHolHE
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e WAt Bk =EbLe AFTAAY S A vjwe 3
Aol A Az Add AzelA %8 A FER Fdag vEs Aol
.

of #F(epoch)2 HlolH AEZ AAQdYe 343 sl+E oIt U+

B2 o ES BARES, UF A o FS HAaA P (underfitting) S YL

1~>&°L

o
ny

mj %] Abe] Z(batch size)™ T HOlH HMES oy Z7Zto@ w9
, shue] ZZbell &ek= dHolE & ojw|gith Hj A Ape]=7} A
g5 & HAAR 7tEAE QulelEstes #Ao] o W Sojyd
AlZbol o Ael= o] vk HlA Atol=rt S5 3 W B
ol & A&sfoF stnz & &3S a3

<O 3-3>2 & AT AR FF 73S =4S Aolvh AR
2 ZAFFIHSurvey route)S 4A AlZE B REEH o R Fest=d A
())\—]

Fol EAFLE 18 FAAL DK 678 A s
[e )=

g

Fol HolHE 1% Bolw gANe2 Sault o7k EAeAw o
% 6~78E 6~79 HolE AFE ou@rh 2 Awe ge 73
2 WEFPsy] Mol Fr17h A%EE Qo|mE WA Ao 2 6~10
Aol & WA ke A Adgel @ e eyFe] glojof A
g Aoete FHe gtk WA B Ao AFPe A% uw
sk ARHez AHe) e Fad e o
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N7 mHe] Fs Fee Aol E(sigmoid) T Al AR &
2 o) gdTh 2 U Yz A% d5s Aesy, AT 29
Zolt AIReE F5E Agste] FFEE HoluA Frh

H] &3+ (Loss fuction):= A A gy o =3k AolE =X 38t 3=
o}, X AFoA HLEF= MSEE AMEom 7hdd He oA 4l

5 F4E 5 A (Xia et al, 2019).

o
o
k)

(o3

] A (Optimizer)= H-&3-9Y HE#s e AEe S0 &
A9 FHuol A= ol (Adam)= AHEF=H], tdEd A &4
2l dAkel Zhsslw wlEE a9 ARdo] A9 gue Axlo] vt
(Kingma et al., 2021).

2ol A5 MAE(Mean Absolute Error)9t MAPE(Mean Absolute
Percentage Error)< &3] #7133t MAEE 2A g3 d=3k9 o=
Aoigtez Hshs] Hrsst Zoly, MAPE= MAEES HAEZ W33
Aoz Z}zy <2 3-3>3 <2 3-4>35 yEerdith. MAE® MAPE+= &
AgEE SAS= AREEA, o WiAHTY Fho] Aers Y9

o
tH(Wang et al.,, 2020; Khullar and Singh., 2021).

ofk

Jk,%jz
—'_'_lﬁ?L_i
N

ik
o
o

MAE = %Z| Yz'_ ?z ................................................................ <};1| 3-3>
i=1
n | Y~ ¥,
MAPE = 100 Z | <A 34>
=1 )

1) https://hunkim.github.io/ml/
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Abstract

Prediction of Particulate Matter
Concentrations on Urban Roads

Using Multi Layer Perceptrons

Sungbeom Park
Department of Environmental Planning
Graduate School of Environmental Studies

Seoul National University

The causality between particulate matter (PM) concentrations and
traffic characteristics 1s known to be complex and unclear. This 1is
why studies using traditional methodologies such as statistical models
have not clearly identified the causality. In order to overcome these
limitations, studies have recently been conducted to investigate the
causality between PM concentrations and traffic characteristics using
deep learning. However, since the traffic situation changes constantly
depending on the region, a prediction model considering the temporal
and spatial characteristics is needed.

Therefore, in this study, a multi layer perceptron was built based on

data collected in real time while repeatedly driving a specific road
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section. The process of building a multi layer perceptron consists of
data pre—processing, neural network structure setting, neural network
learning setting, and neural network performance evaluation.
Validation of several preliminary neural network models presents the
best performance neural network and identifies input variables that
improve the performance of the neural network. In addition, how each
input variable affects the PM concentrations was analyzed.

The main findings of the study are as follows. First, the
performance of the model with traffic variables and all weather
variables except temperature was the best.

Second, the increase in total vehicles, number of heavy vehicles, and
acceleration increased the PM concentrations, while the increase in
average speed decreased the PM concentrations. As all weather
factors increased, the PM concentrations decreased.

Third, through the analysis of the contribution of input variables, it
was found that heavy vehicles affect PM concentrations more than
general vehicles, and acceleration and deceleration of vehicles affect
PM concentrations more than average speed.

Based on the research results, traffic management measures can be
derived to reduce PM concentrations. First of all, traffic management
measures that can reduce the rapid acceleration and deceleration of
vehicles can be a smart strategy for improving air quality. Next,
reform of taxation that imposes more penalties to heavy vehicles can
also be an effective measure that can manage air quality. In the long
run, more research in terms of new materials should be conducted on

light but strong car frames and wear-resistant tires.

keywords : particulate matter concentrations, exhaust emissions,

non-exhaust emissions, traffic, multi layer perceptrons, air
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