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A Particulate Matter Estimation Using Deep Learning and
Patch-Based Kernel PCA

O|XHS, QIX|S"

Jae-Won Lee, Chi-Ho Lin’

2 o & A7FE olvA 71t vA™A(PM2.5 2 PM10) & 952 fs] A 7I8k #'d PCAS Hdg o8&
HA 37 HHES AR A'd PCA= olulA 9 HAE A 54 51#"40?-_ Z3t1, CNN B2 o] & &
2= A% doe 2% 3 s 79t vhad HASe} tOF 71d S8 9 S et o5 a8l

TR, g oA d8d 452 AR A A, Agd Ho

HoAol A AAZE HUE o] 7hsste, AAR StEgojol e S=3t AAZE A

7oA oy =A% 2 HH5E F A 88 TedS v &ole o 9T Fo

Abstract In this paper, we propose a methodology that combines patch-based kernel PCA and deep
learning for image-based particulate matter (PM2.5 and PM10) concentration prediction. Kernel PCA
effectively extracts the nonlinear features of images, and a CNN model is trained to achieve high
prediction performance. Through reinforcement learning-based mask optimization and multi-kernel
integration, we improve the prediction accuracy and learning efficiency, while maintaining consistent
performance in different environments. Experimental results show that the proposed methodology is
capable of real-time monitoring in a wider range than existing sensor-based methods, and shows good
real-time performance even on low-end hardware. Future work will focus on data collection in different

environments and model optimization to further enhance its real-time applicability.

Key Words : Patch-based Kernel PCA, Deep Learning, Particulate Matter Prediction

. A 2 o =g & glon, ols st 557 A AEH
A, 193 2] A 2L A2 A% BAS S8
o AAA(PM2.5 2 PM10) 0F2 A AlAZoz = & 4 gyt 2 B3], PM2.5% th7] FollA] o

83 T35 B4 AR qFEL QEYnh PM2.5et . HEE $= 3lo] W X 9o A 2AS FA7IH, Q1

£ SUAUAE A G2 Y DIQS Tl A IR AL AV L TR, e
olshE s TF7IE B Aol A AFEsto] Hz= G W&ol A AA B2 TAl= vAEA] s E

A3, At ARE s Received: 28 August, 2024 / Revised: 8 November, 2024 /

HEAt 20249 89 28Y, Y= 20249 11 8Y Accepted: 6 December, 2024

AAEFLA} 2024 129 6L ‘Corresponding Author: ich410@semyung.ac.kr

School of Computer Science, Semyung University, Korea

-135-



A Particulate Matter Estimation Using Deep Learning and Patch-Based Kernel PCA

AboE HUEPsL oo wek Bl e A
Algata gl

A wHEA BE 5 e F2 B2 A
g 7oz Uit ojd AMES B2 YUEE

zﬂw B 421 9 52 1ol 0l 22, 27
A

o @_% el ,
Ao Qe 2 Aol ol *il/ﬂ
& FUAA WG| oISk T 0

e 54 AHolA doleg 9% 4 9

A A 719 vk dle WA U & UB

I ‘m le
e

:5] g8 7le9 EHS
33 ATE BoiFgsu”
oleleh 1o ol 4 249, A8FHAT, BoF 7
A A2EE S Tkt 58 Bopo A AMSE I glon,
ojmz] 7|5t WA = FHo= H-gd 5 AFU
t}. o& E0f, CNN(Convolutional Neural Network)
I 22 gdEd BEE ojn|R|oA bRt EFE As
07 &S o] RO R w2 AYLY &S 5
b5 gy 10
olu|7] 7|5t A2 7\1“]51—-—5:' BT AH9 37
;54_— BUEYT FsAe Ayt P Antex,
E, CCTV 7H2ke} 22 tofet o|u]A] A ZAE
0'5]'?15_ £ AAE AR ol B F9 b
oJElE AT 4= AUFUTh ol=E HlolEl: EA| A
9] 3718E& AARRIC R HUEHSH, WA 55
FAol= d W 785 AME & EUTh &S
ojm|A] 7|¥t H{IHL AITHA, FH ST} EoF &
7 Aol oid B AFoA 9 3714 HkE ard
o7 AT S gyt 1,
£ A9 HHL Hx] 79t Ad PR EA(kernel
PCAT} FeldS ZAes A2 WHES B9 ovA
HlolElE &&5te] nAHA sEE BNH o R A5}
L AQYS 19 712 Aol gix 7E Ad
PCAE AMESto] oju]x]9] BEX3t viAg 4 EAS At
Hog FE311 olE Held B9 Yo R ARGFe
24 2d9] 58 I FE Azrt YPgsud

By
2, rL]
b
[
L
rO
oK
)
or
Jll‘ﬂ

2
molt

Ad PCAE HIAY Y &4 7|Ho R Holelq] H|A
Y FZE Hhdste] B3t glole o] £ o avlE
o2 F&T + Uk ol& B olu|A9] Tyt A
97 Wols 2l vMEA v 3o HEEE
= 2 qlgugd,

mde ol Ad PCARYEH &4
to] oju|XjofA] mIAHA] FEE 7
& =01, CNN2 oJu|x]g] A|Z44 &4
te ol e AR =R, E‘rOJ—-P 719] I8 & A
lo] oluz|9] F7H4 AZ F25 g
719k 718 PCAR AAH z71 ntAI LS Y EQ A 8
7] dANAN 8% IS s, HEYIL 58
A1t sElo] JFotes LolEUtth o]E QI 4|

SHIE M FHID B A3 o HYT £

of xf,
v
ol

1
o
ol

T
.11

‘.

ﬂL?.l'.
mlﬂl ﬂJIO 'l)‘ Jlm
1o ¥0, oX

O

Lo ﬁ oo o> oy o
l‘N' ol

?ﬂ?h ofmlA] 718 WAIAA] F F8& fiet A
29 w0z wix| 7|uk A9 PCAS 9 e A%
Eo] 7129 AlA 71N R
oo w2 %J@ THE AlEstaL, AARE 371 2Y
R 7}%@—% l li of. vt @A o] Aol
a9E AFcly, 1 ARE V12

e et gol BT 1
oAl kel g %4 A e AR Il
A A9 Faeh o) et BAL AAlsh, nhxjuko.
2 WAL A7 220 §F A7 WIS =g
Y

I. 2Had 2 x| 7| 72 PCAS

Ag3t0] DIMEX| £ 23
E AFoAE T oju|x|ofA] A A& A3
EE Eolal At meAe Sisis] A WA 7]
714 PCA, A%} o5 7|4t npaa &}, #5 BEg
23t g2 HEYA S AR AU o]
71Z PCA I8t Bo] A oju]x] dito] Ex= &2
AR s S SESkaL o FEdt AA A
HE=S AAENSYS. & HolAes At HRE
of Al datet 7 dARlA 9 =2 EAE AsiH, 7]
£ Rduo] opy|dA H|TE B 2 ATolA 7
A AFGES =oshct,
AP ofulA|oflM A HES] He=
<= ZAFFE Bl ZopllA - F83 BAR
TollA A o]u]A] @912 PCA A8 At
AL, 53] B4Rt AR viigo] EAE oA
| BAE FeoHA sk b AE 7Y

o r_‘,% ok

mlm 2, rlr

r

Hl-g0]

m]n

_uFE l‘_&

3ol
A 7

_)\4_5

-136-



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 24, No. 6, pp.135-141, Dec. 31, 2024. pISSN 2289-0238, elSSN 2289-0246

BeR
-
i

|

Hybrid kernel ~ =——=1p>

RREERE

Patch Generation

Reward(rt) : It+1
Agent ¢
0
|; Attention Module
&
A
Observe State (St) St+1

a8 1. 23Y 9 x| 7|4 AHE PCAE 0|25t DIMEX| £ Zst g1n2iE
Fig. 1. An Algorithm for Reinforcing Fine Dust Estimation Using Deep Learning and Patch—-Based Kernel PCA
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Table 1. Compare architecture between traditional and proposed models
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Table 2. Performance Comparison of Airborne Particulate Matter Prediction Models
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