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Abstract Concern and caution for the atmospheric environment has been increasing recently; the air quality in urban
subways, a major means of transportation in large cities, is a major concern. To manage this situation, the Korean government
has installed real-time monitoring devices at all subway stations and its data is made available to the public. In this study, we
carried out an influence analysis between the indoor and outdoor environment, and future concentration prediction (1 hour
later) using machine learning; real-time data was measured at Suyu station. PM;, concentration on a platform at Suyu station
was 146.0 ug/m?, exceeding the indoor air quality standards. The annual average concentration of CO, was 530 ppm, which
was below the indoor air quality standards. The correlation analysis between pollutants and measurement points showed
that PM; ¢ had a high correlation coefficient for train passing number (TPN), tunnel, concourse, and platform. NO showed high
correlation for concourse, platform, and ambient air. The prediction results (R?) for big data obtained using machine learning
was 0.69. We confirmed that it is possible to predict indoor air quality of subway stations by employing machine learning and
real-time monitoring data. In future, the results of this study can be used as basic information for establishing an indoor air
quality management plan for subway stations.

Key words: Subway station, PM;,, IAQ monitoring, Machine learning, Prediction

1. & =2 A ol1l P YFuFTFHOZ JAAE T Uk

(Xu and Hao, 2017). = EA|EEE 1974 A2

il 2 B FFY97A] 2gctk= A2A 5k NS AR

WEARIS] fddo] A, FFA7E A FEoeE 07 QQA~AIAVA AAE= FEH B Ao]
3t

AHgSH] 2ol e @A o] viEoe] A9 glof A +RYEL QLo AL o i, et 22 F8

=7 1stE|x| M 38 H M 15


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2022.38.1.30&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

FAA 72| FfE]o] RFEIL Sty EAEE o]
7 4= 2003 1,98295F oA 20191 2,6459H
Ho g 1334 U6, SIS a8
E T3 16.6%0014 18.7% 2 &Aoo 7 Z751al Q)
TFH(MOLIT, 2020). o] 49 o] &4} 5 S7h= =
AEE A A”S] 2 S-S 7EAgkow, T1o whaf
o] g TAEE o] qhol thgh 8+ 3k STt

A= 47 2 A4S AlQlskar 2]
sto] dolE I 2945t wiEel L AwAlel o

o ol 2 oo

|

AARl TAEE 371 Tl Higt A7t 43
o] 2t} (Kim et al., 2019; Lee et al., 2016). <
TFollrs EAIEE AR W] F7 o] A} L=
ZRo] 7ol oGS & 4 vk et A,
3] £79] otdI AFHTE s S| A3
o] (platform screen door, PSD)& AX|3F o] F Eg
Wl 57182 HE ¢ Fobtl Z o & SRIEHA o]
it o] Q3= 3T QUTh(Han et al., 2014; Son et
al., 2014, 2013; Kim et al., 2012; Lee et al., 2010).
gH= 19979 AsPEEI 712 wEvle Al
Hstol Aok SiAte} ASkE Al et HelE At
5}, BA|HZ] (particulate matter less than 10 pm,
PM,0)E Z3tsto] & 7719 edEde TS
= A5t (MOE, 1998). 2006 °ll= S5
o AYE71E e rtol=etele dAste] Fat, H
28} tEo] TAEE 2] digh 37182 st
7] A12FsFATH(MOE, 2006). 20218 @A 57372
oz AAZE 2| A] (particulate matter less
than 2.5 pm, PM, 5)9] 1A13F @9 SEE SIS 4=
U= AEE 719k A A AFAE AAsHe
o Aok oA, Aok 47} 2 ok ofe o
ato] 7271 67l WA= 4 & 5 1071 2 8=
5kl TH(MOE, 2021a). 20180l AR A
dEor “AUs7Id He 71249 (2020~2024)”

lu

A o A

EAEE 3713 A/ FE AN S Ha o

I

31

< Yote] g Aot Jaret 573 37175t A

A, % 27)d8] 1A, 1oT 715 3714 BUH
& (PM, 5) Zl], Al AR Abeg m| A 2] A7) 5
2 5-& 37 Zof tH(MOE, 2020). SHATE HiEE
o] At Eo] WA thet AL RUE ol A

TAEE W o949 A W A R
Qloz R Yo o aglest &
A 2% ol A Bellol et 4, @] ot
o] ofa] A= BLRYAE 5 4 9L, ol9] A}
e el A AR AAE] ofd Al ko) M
Jefze] ut 5o] It (Jung et al., 2010; Kim et al.,
2010; Chillrud et al., 2004; Birenzvige et al., 2003). £
T frdoRE AAWFE T FH od=d]
U2 5 5 9led 58] m2y ko] Aoz A
g7 S A fgo] ot BAZ

%
il
=3l Itk (Namgung et al., 2016; Son et al.,

o o
so, M 4y

2
=
a

2000).

o|9} T2 TAIEE SHRAE oS, Adstr] 9
sf 2 Hdleoly 742 5% HAHY 714
(machine learning)©| Tk 8517 Q1T (Nam et al,
2020; Loy et al., 2020; Liu et al., 2019; Kim et al.,
2016). Al 712 QA5 -85t HolH
A4S 9 Bl S AEsste] AL ES o7t
tlolelS Higro® ShsEshal, dielS Fohfjo] o]&
CHgRE 2okl E-8st== A Ush= TAolth (Lee
and Lee, 2020; Cho et al., 2019a, 2019b). Chellali et al.
(2016)-2 Q1-HA173% (artificial neural network, ANN)
= &85t PM,, TEH2HE 9551310 M, Perez et
al. 2000)= A5 At ol tigt PM, 5 sl 5of &
25ttt o Yo7t Chaloulakou et al. (2003)2
ANN©| Z Sh3 ot w|A| Q= A4 wziu & o=
wopll A 7ted Alow oSyt 181
Park (2021)-2 ThJRE HlHo]H 24 7|9 2-85}o
Aot A 24 FEete AAISHAE ol A" ™
e 712 HdolE oh52 Sl Tt =2oF o

Zof -8 et

e’}

rol

J. Korean Soc. Atmos. Environ., Vol. 38, No. 1, February 2022, pp. 30-45



22 ARNE &
el EA71EA
AQMS)I #F2 &4
EEE I

AAE erte] 3714 pele
T (air quality monitoring station,
HAZE 2701E Ask A
p_% Sk 9low (KECO,
2021), B2 & A=t SHEHHEA W olHE I
S gl & 7 1 A A ST ARE
Bl BAAE A4 ) 3714 B 24ste] 14
B molst, B o] ZHARE auta o o
A7) stat vilole 24
AR CEEE EXE:
AP EAAE A4 %
Qro 89 4 9l Aoz JYH,

_>,i
N

A7 Wy

2.1 CHA AL M

EAEE Al digt Aue] JekEA
= 4549 5L o Atz Agstart 4
FoL e AERA| o] A5}, A} 92 FE

67Hi w29} HAFA o] 2Auo] ek Bt
A& F49 SrhEt A o2 FriEa Ry
=27, FALA AN B34 23
=2 E%Po] A% oI5

E&ﬂ **115401 ou51,
HE] 0.45~1.8 m =] Qo
2z Loﬂ {8l glol T3 2 Fdell
ol @& 7o 7 woELt,

2 2542l 1~45
Ao] 27] Z|sFE ]l 5~8 5] Hlsl| A7} W2 el
o, 17] Ao e] ¢ AHo2HE HA=27i=]9 7
o7} WHH o2 10~17m¢l Ao ¥l 27] A&
18~24 m= Zt}. o] 27] Z|5pd o] 3¢ 17] A5k
T A7 S ool AR By 7]E Y]
E& maff o 72 ol AAES] dielch o
APl 469 HJA] ZH O B HE A7 o] Axrt
ol TR FUE 2HE

ok
=
(2 _lu:
Jo

12.7 m2 2 Hoj|

Fig. 1. Measurement points and position of air quality monitoring devices.
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Table 1. Measurement item of each location in Suyu station.

Location PM;q NO NO, Cco,
Ambient o o 0]
Concourse o o o o
Platform 0] (e} o) (e}
Tunnel o
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Fig. 2. Diagram of LSTM used in this study.
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Table 2. Input data of each case used for prediction.

Prediction Case Input data
Case 1 PMi0_outr PMig_plat

PMi6_conc Case 2 PM;0_outr PM1g_piats TPN, VR

(inThour)  Case3 PMio_outs PM1g_plats PMio_tunn TPN, VR
Case 4 PM10,outl No,outr Noz,outl Coz,cono No,conc: Noz,conc: PM10,pIatl COZ,PIatr No,PIatl NOz,plav PM107(unn: TPN, VR
Case 5 PM]O_outr PM]O_conc

PM10_plat Case 6 PMio_outr PM1g_cons TPN, VR

(in 1 hour) Case 7 PMio_outr PMi1g_coner PMig_tunns TPN, VR
Case 8 PM1070utr Nofoutr NOZ?outr PM107concr COZ,cv:Jncr Nofconcr NOZ?concr COZ,PIatr NO?pIatr NOZ,pIatl PM]O,tunnr TPN, VR
Case9 PMio_outs PM1o_plat

PM1g Tunn Case 10 PM;0_outs PM1g_piats TPN, VR

(inThour)  Case 11 PMio_outs PM10_cones PMig_piats TPN, VR
Case 12 PM'IO,outl No,out/ Noz,outl COZ,concl No,concl NOZ,concl PM'IO,pIatI COZ,PIat/ No,Platl NoZ,pla(l PM10,(unnl TPN, VR
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Fig. 3. Daily variation of PM;,, NO, and CO, concentration measured in Suyu station.
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Table 3. Summary of indoor air pollutants measured in Suyu
station.

Ambient  Concourse Platform  Tunnel
Mean 441 61.9 146.0 289.7
PMyy  S.D. 27.0 389 800 1484
(ng/m®  Max 279.4 374.0 4940 8840
Min 0.4 0.1 0.1 2.1
Mean 0.074 0.043 0.038 N/D
NO S.D. 0.053 0.016 0.016 N/D
(ppm) Max 0.348 0.267 0.445 N/D
Min - 0.006 0.008 N/D
Mean 0.039 0.059 0.069 N/D
NO, S.D. 0.037 0.046 0.058 N/D
(ppm)  Max 0.276 0.5 0.5 N/D
Min - - - N/D
Mean N/D 530 529 N/D
Co, S.D. N/D 74 103 N/D
(ppm) Max N/D 932 1,133 N/D
Min N/D 301 301 N/D

% N/D: no data

9] (a)ol A PM,, BE= 0AE 71Ho=2 7
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Fig. 4. Diurnal variation of PM;, and NO concentration by
train operating.
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Table 4. Pearson correlation coefficient between air pollutants (PM;o, NO) and the number of trains passing through Suyu

station.
PMio NO Number
Ambient  Concourse  Platform Tunnel Ambient  Concourse  Platform of train

Ambient 1

Concourse 671%* 1
PM;o

Platform .683%* .966%* 1

Tunnel .664%* .884** .962%* 1

Ambient 595%* 428* .532%% 673%* 1
NO Concourse 492% 291 320 A432% 874** 1

Platform 221 .039 .060 .198 733%* 931 1
Number of train 31 .504* .566* .755%% .583** 491% 495% 1
% *¥p <001, *p<0.05
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