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ABSTRACT KEYWORD
Purpose: In this study, an indoor particulate matter (PM, s) prediction model was developed to improve air quality ~ AH37|&
a2
in the classrooms. Employing the artificial neural network, the developed model is able to conduct iterative (‘%‘lg*i'ﬁ%*
self-training in real-time and adapt itself to the various class environments. Method: A school building, which was o=
used for data acquisition and performance evaluation of predictive model, was modeled by coupling 3 simulation  Indoor Air Quality
programs to consider various factors that influence the formation of indoor PM,s concentration. The ANN Artificial Neural Network
prediction model was developed using the Bayseian Regularization learning algorithm following the performance ~ Prediction Model
optimization. The optimized prediction model was applied to different classroom in the same building for the
adaptive performance evaluation. Result: As a result of the performance evaluation, Cv(RMSE) of the optimized
prediction model was 5% and R? was 0.8757, indicating high accuracy and stability. According to the real-time ~ Received Jan. 15,2021
.. h dually d d af Therefi . d d that the developed ANN Final revision received Feb. 8, 2021
traln}ng, the error gradually decreased a ter' occurrence. Therefore, .1t. was demonstrated that t e developed A Accepted Feb. 15, 2021
prediction model is able to be adapted to various environmental conditions and expected to be applied in the optimal
control algorithm through future research.
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Fig. 1. Scheme of Interworking Process
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Table 1. Parameters of Simulation Model

Contents Information
CIOREE & DS OaE ‘g |m
? ® IE
O B g PN B B
e} s
Modeling °
Image \
b ;
\\ I
N —
<>
Location Seoul, South Korea
3 Total Floor area 5,091m?
Bu11d1n'g Classroom area 88m?
Information Number of Floors 4F
Floor Heights 3m
Size 1lm x 8m x 3m (W x D x H)
Classroom Floor 2F
People 20
09:00 ~ 09:45
09:55 ~ 10:40
10:50 ~ 11:35
S(cé‘fa‘i‘s‘;e 11:45 ~ 12:30
13:30 ~ 14:15
14:25 ~ 15:10
15:20 ~ 16:05
Occupancy
Hours 08:30 ~ 09:00
09:45 ~ 09:55
10:40 ~ 10:50
Schedule 11:35 ~ 11:45
(Break) 12:30 ~ 13:30
14:15 ~ 14:25
15:10 ~ 15:20
16:05 ~ 16:20
. Effective Leakage 5
Infiltration Area at 10 Pa 879.5cm
Contaminants | Generation Rate 50/g/min
(PM2.5) Deposition Rate 0.09/h
Low : 150CMH
Ventilation Air Flow Rate Medium : 250CMH
System High : 400CMH
Filter Efficiency 99.97% (Simple Mode)
Simulation Calculation & .
. . Smin
Settings Output Time Steps
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Fig. 2. PM,s Concentration of Measured and Simulation Results
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Fig. 3. Process of Applying ANN Model

o, vl s, iee BES AGL0R 48T 5 glon] nl
7] 2 olAtsheka: Bl et 371530 Aol Btk F71FFS

°F(150 CMH), =(250 CMH), 73(400 CMH) I 2 EEEH
HEPA (High Efficiency Particulate Air) ZEE A 2F 99.97%2)
H| A A2 7 A A" GA AlEH o] 7H 8= Table 1.3+ 2,

22. A&l nd B34 HF

Algglold Bl Je HE-S $lote] B4, 7| A AH
7V, 4717} gl 717411 20209 128 014~06Y
AU PMys 5= 9 AE4 Algdold 23ghE 712
@} Cv(RMSE) (Coefficient of Variation of the Root Mean Square
Erron)E& &dl vttt Cv(RMSE)E= RMSE (Root Mean
Square Error) o] M5 A2 0% 2H S L=t =0 A5
A A2 A PM,s 5= Bt 13.85ug/m’, Al B 0|4 Aol
P HEE 1479g/m’E 93.66%2] ASIEE Uehdon
Cv(RMSE)= 24%2 ASHRAES]A] A A5Hs 518 2]el 30% o]
S THEotginh. A PMys s ol et A4ty A3 Fig. 2.
oF A,

+
o5
il
o
o
b

3. AU DM oS 2 70

3.1 9FAA

H(Artificial Neural Network, ANN)

54142 HAZ Y (Machine Learning) 2] A=y &
Z 5 o=z Yo AATE BARE AlAgoltt §J¥F(Input
Layer), 245 (Hidden Layer), 2% (Output Layer) 2.2 FA 5|
M 7t 2 L E(Node) 2 4= 0] Yt} e E= HAYEE L2 & 7|
Hko & otm 7152] (Weight)2F H 9] gk (Bias) & 7HITh o9 e E

2 IAY tE A EZL AR} &2 Z(Back Propagation)&
Bl eaHE HA4s} St A &H 02 J1FR]9 WY 3 o]
EgH14-15]. & Aol M= 39 HH o= A3AATS &8
Sto] AU a|AH 2] Fk P4 7ot 8 JAE Y HgR
AU PMys EE 9 M4 R ol d52EE sttt o=
AR e S5 AT A8 Ao e Fo] E-gHTh
14 4 A Z o] H8-2 Fig 3.3} At

o Iy
o

3.2. & HolHANE 75

AU mAEA S0E A A 22 weh gu
7Hge g WAE Agetelof she ekt AlLkel 2.9 o] o}

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved. 37



SuAlg HUS7IE 28 WU S 2l AUl DIMB R (PM,5) HIS2H T
Table 2. Adjustable Variables for Simulation 2 37MNF o 7HERE ] A9 AY PM, s T =Tt F71 8559
Variables Variations

Indoor PM; 5

Generation Rate 0, 25, 50, 75, 100 sg/min

Operation Mode OFF, Outdoor Air Ventilation, Recirculation

Supply Air Flow Rate 0, 100, 200, 300, 400 m*h

Dataset Distribution Train (60%), Validation (20%), Test (20%)

Table 3. Structure and Result of Initial ANN Prediction Model

Variables Information
ANN I.nput Layer (Neurons) : 1 (7)
Hidden Layer (Neurons) : 1 (15)
Structure

Output Layer (Neurons): 1 (1)

| Normalization Cv(RMSE) = 2.99%
Pre-processing

Methods

Standardization Cv(RMSE) = 2.77%

Table 4. Optimization Results of ANN Model, Cv(RMSE) (%)
Neurons

15
2.77
3.49
3.70
2.79
3.49

Layers 10

1 [276
2.89
2.89
1.32
2.89

11
2.67
2.66
1.96
2.48
2.66

12
2.75
3.31
1.77
2.64
3.31

13
2.73
2.65
2.74
2.70
2.65

14
2.93
3.80
0.92
1.97
3.80

16
2.46
3.90
3.83
3.11
3.90

17
291
2.88
2.07
2.02
2.88

18
2.66
2.21
0.71
1.11
2.21

19
2.63
3.46
2.63
5.17
3.46

20
2.55
3.92
2.96
2.55
3.92

DN AW

12,000

10,141
10,000

8,000
6,000 5,015

4,000 -

Number of Errors

2,000 -

0 4 301 299

131

-2~-15 -1.5~-1.0-1.0~-0.5 -05~0 0~05 05~1.0 1.0~15 1.5~2.0
Range of Errors

Fig. 4. Frequency of Error Occurrence according to Error Range
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¢ Outdoor PM, 5 Concentration (1)
« System Operation (n)
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+ Indoor Temperature (1)
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* Gage Pressure (n)
« Indoor PM, 5 Concentration (1) O] 01-14 E]- T.j H _Zt A % H_%_‘ —% }\] 7],‘_1:_ ],}—7%1 O]
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* Supply Air Flow Rate (n) I

[Step B] Real-time Training

+ Compare between Predicted PM, ; Concentration (n-1)
and Indoor PM, 5 Concentration (n)

« If two values are not equal, train Indoor PM, 5
Concentration (n) with ‘n-1" step’s Input Data

!

[Step C] Prediction by ANN

« Predict Indoor PM, 5 with Input Data (n) which is
Predicted PM, 5 Concentration (1)

!

[Step D] Decision and Operation

« Decide system operation by using Predicted PM, 5
Concentration (n)
« Control the device

END

Fig. 5. Real-time Training Process

NWOW W A
Thmh o h <o

-
2
I

PM, 5 Concentration [ug/m?]
[ W
=) =}
\

mn
I

<

1 201 401 601 801 1,001 1,201 1,401 1,601
Time Steps
Calculated —Predicted

Fig. 6. Calculated and Predicted PM,s Concentration

40

=0.8757
35 4

30 +

Predicted Concentration [ug/m?’]
b
.

10 T T T T T
10 15 20 25 30 35 40

Calculatied Concentration [pg/m?]

Fig. 7. Correlation Between Calculated and Predicted Results

4.2. 378 A5nd 4537t

A qEnde A4
o2 3 2719] Fte
7Fa k- o] gteh. AA]
A Step AdlA = S dlo
(n)& F53tt. Step B A

o
>
N,
ol
lo
H

tolw o] oS Rdo]
i) /‘Oﬂ oJef 2|4 2t7}
2& Fig. 5.9 Zrh
7}11 Ho] A 2
HAEH o] F Ato]Z(n-1)

O

e
28 ofo

oo oo

fu 1o o
o HI
= >
o=
}-ﬂ_{[‘-}l-a EOIV

—
—_'-s

28

o
r]r

~

|

=
ol
oL
El>

n—
A A PM,s 5% Y
t}. Step Ci= Aot5S A% § G0 EH A SHE & n+]
PM;5 5&5 Sk 7ol Step D= ©f gh&
A 2" 7hEE A sHE B ol
ol ZRAAE v e
7+ AASHIh A8 tid2 59 A=
2] 94220209 129 14~642] 7144 &
th AlBdold A= Fig. 6.9 Zon AEyd J=
CvRMSE)= 5% w9 & o5 =5 Yetilrh. ox A
ghol W2 0.74, At ©.2H= 3.372 1,4008 4 Time Step ©1F
27t F7kohe e Bk Leu = o) A 24l st
A ARASRY) ghol 0.87572 &2 APAdS vehd o (Fig. 7.)
ol= AjA o= 2 97t WGt el 2| GA5HH Aets
of olaf] & 5}H7} o] Fo] A& o] it whata] AW n|A|HA] oS
R ohE 200 | H-go] 7Hsokn AR ok
Sofl A=t S R 4 gl o= HoE

ok

5. 28

2 oA SA 8718 AR Slel ABAEY ]
wbel AN oA 2 nEe sty A2 L H5EE 5
s getzol b gL shstelek A A g 8 B4 F U o
_‘-qu. 71-1;}

(1) A wARA B2 GHel G e 984, 1%, A7),
A2 52 FFH 02 M) 919 3744 Aol me 19 e
QEste] st 4 DSttt Bg4 £42 3 CyRMSE)
L 24%2 5§89 BEAA O Hg REe 51 dold 44
2 209 45 B71E 915 e

15702 FAENLH Bayesian
Sl M et A2 B
V(RMSE)7]' 2.77%= 714 Aso] 2451

Regularization &5
B0t AAe 24
St
Q) e x7|mdof dish 2953 24 7o 45 WA

o H205H8 AASISIEE, LA £45 3, 2

O

oY w187 =

o] Cv(RMSE)7F0.71%= 7V 48 Ad 5= WErRth T3 Test

Datac]l tiet & ol &gko] 31]'7]' 0.5~0.5 H9{ell 93.86% 7}
[e]

Brstozn AS: AL 9ok Ao] = A o2 BT
et o Ende 37 dznde Agstad,

@) #HH AR AN o5 755 EHH o= A S5EY
o] Aolgt 7o) A8 H A E HHEE sHs e ek B AT
NHE 5L A28 43 DAY 17 2R EL H85te] 45
B7he AAlstalnt. AlgEold Ak CvRMSE)7E 5%2 w9 %

L

H“OI

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved. 39



2l

—

_|0||

FAE ALl

=2 2

ot

3

o
=

2

5t

=13
=2

HU OIHIHZ](PM; 5) O S22 74

)

v
o
=
o
A

3 @219} Hd) A7} 242 0.74, 3.37
Hlwslo] Aoz & o e A7}
Yt A =gke] R%%= 0.8757=2 A
CESE AT o A o] § AATE
He FA1E Yreh
SE A AT A oA
32 Rt on A a5
ghelstadet. ool AA
2 2ol uk

[e)

R

e
=)

x

32 off
o b
ﬂ

2

o

i)

O

Moox

ol
2
lo
i
>
o
)
o
2
!
i

|

N
N
30
u)

rlo

fo W
2o
b

Lo el opko juorle
jilp o

o

2ax

oy
B
ol
rir

2 ol Hir
o
1o

ol rlo oX

=

&
N
Hoax
o
2

ne,
£ = Ehs

Sl rlo

ox
r2
o,

Sh
of

> e >

Al
=

to
N
N

Al

el g
do B o
Y

B
il
ol
j
ﬂlgl‘; rp'lg
oM,
ru
2
g
do bu ML > o ofp

Z op Il o
o8

do 2 gy R

i)
=)
o
N
N
olr
pok
lo
Rl
Ul
i

J?’E g
ol
5%

N

9‘_15
oo @ u
£
|\
3!
e,

it

:%‘1
e
i

finj
o
o

o

I o

>
[> ngk rlo
Ug é —l)ﬂl
SO Nl

[e)

of L ofm P L Qb e

e o
O
2 e
b 2oy

)

=
L

ne,
%
>

o

ot i

£ > 9
A
&

o x4

Wy
o &
oo

l

7

—_

Acknowledgement

o]

O] =

A

il

= 2020 = S A 9tE] X Lo o] gt ATte]
Hol 7AH 3 :2019M3E7A1113090

Reference

[1] A5, AE71d T 71EA2[2015~2019], 2015.02. / (Ministry of
Environment, Plan for Indoor Air Quality Management[2015~2019],

2015.02.)
2] XS5, StwRAY AP (WSEF A1945, A3 2019.10.24.): ['E

B 49] 371 A 59 A - #7]1E. // (Bnforcement Rules of the
School Health (Ministry of Education Command No.194, Effective
Date: 2019.10.24.): [Appendix 4-2] Maintenance and Management
Standards for Air Quality, etc.)

(B] BAY, olgld, Z5otn wAA Mg wE WA F= 749
Hgl  SEdi71EAEsts] 2004 EASkETIE =RA, 200405,
pp-253-254. // (JW. Jung, HK. Lee, Dust Concentration is an
Elementary Classroom due to Student Activity, Korean Society for

Atmospheric ~ Environment 2004  Spring  Conference, 2004.05,
pp.253-254.)
4] XS, stu WsT vz @ gHE, 2018.04.06. / (Ministry of

Education, Announcement of Measures for Particulate Matter at School,
2018.04.06.)

[5] A4, ot F71sllAt A= 9% B71783877, WddEx A4
A =AAZ AEAE 7E 2019.05.25. // (LG. Yeo, 99% of school air
quality budget used for air purifier, Korea heating Air-conditioning
Refrigeration & renewable energy News, 2019.05.25.)

[6] B7N=u57, Zu&%, = BE ot wid] 371skA] 43 £
], 2020.03.11. // (Gyeonggido Office of Education, Gyeonggido Office
of Education Completed to Install Air Cleaning Devices to all School
Classes, 2020.03.11.)

71 DA 9] 49, SwAd HA AY7)d Ags A S7A2E 9
Aol W 24, FAHIEEETE] =24, 202),  2020.04,
pp-131-137. // (Y.J. Choi et al., Analysis of Ventilation System and
Control Methods for Optimal Indoor Air Quality in School Buildings,
KIEAE Journal 20(2), 2020.04, pp.131-137.)

B8] AAE, 58 AU HMHA BHxH3E 123 Ventilation}
Filtration AJo] H2f, A-&thstu BiAFsHY] =&, 2018.02. // (J.H. Kim,
Ventilation and Filtration Control Strategy considering Indoor and
Outdoor Particle Environmental Conditions of Apartment Building,
Seoul National University Doctoral Thesis, 2018.02.)

[9] "4, AA, olde]d &Y A &5 245 5% Al vA
Wz HAE o=, AuAY, 48(12), 2019.12, ppd4-50. // (MS. Y,

J.H. Kim, Prediction of indoor fine dust incidence through analysis of

indoor activities in day care center, Magazine of the SAREK 48(12),

40  KIEAE Journal, Vol. 21, No. 1, Feb. 2021

2019.12, pp.44-50.)

[10] B. Lagesse, et al., Predicting PM2.5 in Well-Mixed Indoor Air for a
Large Office Building Using Regression and Artificial Neural Network
Models, Environmental Science & Technology, 54, 23, 2020,
pp.15320-15328.

[11] SElE 9 69l, LSTME °]83t Ayl Az A&nd A, 3=
ol z]71FHs}eks] skethS], 2018.11, pp.185. / (T.H. Hong et al.,
Development of the Indoor fine dust density forecast model using
Long Short Term Memory, Korea Society of Energy & Climate
Change Conference, 2018.11, pp.185.)

[12] A4E, e, FEEAECIA9 mAER] Adx Eoleg o83t
LSTM Rl 7]ite] Auf 37] o o= a7, =] 5AF
ol R3], 2020.02. pp.1127-1128. // (SH. Kim, GT. Han, A
Study of Indoor Air Pollution Prediction based on LSTM Model using
Fine Dust Sensor Data in Kitchen Environment, Proceedings of
Symposium of the Korean Institute of communications and information
Sciences, 2020.02, pp.1127-1128.)

[13] #oks ¢ 591, ot wAo] 2rAHA] [ A% 57] 8] H=F
A, dibAzstel=2d, A36E AT, 202009, pp.119-129. //
(HN. Choi et al, Development of Supply Ventilation Strategy to
Reduce PM2.5 in Chool Classrooms, Journal of the Architectural
Institute of Korea, 36(9), 2020.09, pp.119-129.)

[14] EJ. Choi et al, Development of Occupant Pose Classification Model
Using Deep Neural Network for Personalized Thermal Conditioning,
Energies, 13(1), 2020.12, pp.45.

[15] A < 391, ZAHAUET ©vlolEAlE HH Ao dalefEFs A
Qe snd Y, SISt =24, A0d AT,
2020.10, pp.159-164. // (Y.J. Choi et al, Development of Supply Air
Temperature Prediction Model for Optimal Control Algorithm of
Containment Data Center, KIEAE Journal, 20(5), 2020.10, pp.159-164.)

[16] 7PAY, Hshs, ZE9, PM25 54 sj4e 919t CONTAME 714
tole] M =, IRANTAAEE] Skt RdlE =R, A20¢
A1S, 202005, pp.108-109. // (R. Jia, HN. Choi, T.Y. Kim,
Development of CONTAM Weather Data for PM2.5 Transient
Simulation, Korea Institute of Ecological Architecture and Environment,
20(1), 2020.05, pp.108-109.)

[17] D. J. C. MacKay, Bayesian Interpolation, Neural Computation, 4(3),
1992, pp.415-447.



	학교시설 실내공기질 환경 개선을 위한 실내 미세먼지(PM2.5) 예측모델 개발
	ABSTRACT
	1. 서론
	2. 시뮬레이션 모델링
	3. 실내 미세먼지 예측모델 개발
	4. 예측모델 최적화 및 성능평가
	5. 결론
	Reference


