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A Study on Selection of Image Analyzing CCTV Location for
Local Fine Dust Observation based on Fuzzy AHP

BHRE" - H"
Choi, Woo-Chul - Cheong, Kyu-Soo

Abstract

This study presented a methodology and demonstration for the selection and evaluation process of local fine dust
observation sites based on CCTV images. In the evaluation process, a more rational decision-making process was
supported using fuzzy AHP. As a result of the analysis, the importance of the training dataset for image analysis (data
reliability: first priority) and the location of the fine dust generating factors (fine dust producing location: second priority)
were highly evaluated. This is because when the concentration of fine dust differs for each image (or ROI), the data set
can be built in various situations. In addition, the data collection ease (third priority) and observation obstacle environment
(fourth priority), which are the factors related to securing images, were also analyzed as high. To interpret this, the difficulty
of securing CCTV images because of personal information problems and the removal of obstacles in the screen for a
smooth image analysis were also considered. Recently, R&D is a trend that requires technology development and practical
use and commercialization through demonstration. This study is expected to serve as a reference example for local
governments to demonstrate image recognition-based fine dust observation tasks and other tasks.
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glo] =3t Adgolrt, A Ao A= AA| A 2= u|AHZ] 7ho]
SR7IGE FAA)E FaAFe| 71 HAslaL glou, A
2 AgEE 25 t97)os gRSolth ol B AQe
AARE CCTV 7|2 Al 9AE4E T3 nAEA s =S 9
Z3hs A7t A8 Foll At IEAA7|EdTEe AT 9
Q14 7]9ke] 32+ U1 mlA A AR 3= Ve AL d+2
A, AFERE AAA ] 7|HXH CCTV 7|HEe2 nAHA] &
S| 9] 271 A2) glo] Hot 2U3H nNHA] G EE A9
SollA AlFshz Aold, FAFeE AWEY, CCTVY ¥4
oA E 7|Hte R 2% 5%, I T5 F 7 HelHY &
g dloleAlE F=8tal, B 7148Ql F B FYE F8 1)
NAAEEE d5she Had A 232 7PLsia gich
9] A7t 3| 7] fAE GRS CCTV o)A
o] dlojelAlo] ZAxLajof Fitt, CCTV ofnjA|efAe] THF Y
(Region of Interest, |3t ROI) 417 A] o|v|A] /44 5 (Hue,
Saturation, Value)®] o7} A =] 2] 51, u|A|H R 50}
CCTV %4 7t 4aiA|e] A=4S isfof 3t 3g o]
EjAlo] Z2dolE (Reference Data)7t Elo] € CCTV 2&
T uAUA] 528 S 4= 7] dEeld, 4EN
< HlolejAl 53t uAHAEE A5 S YA Tl
B 9 glo|y AAe] Z=AAY ARE, M 14, Hed 2d
A% 9 slo]Hutein|elgt A4 § thgd 82059 A3 2
o] dasht, FoRct GAHEA ] Edfel P32l Hloly HE
2 QI3 FFEAE CCTVY YA Aol vi$- 528 gt
& = Qltt, ofofl & ¢ YRt o B sl = OJAMAAHIH QL
AHPOYA] Bo} 233 A7} $ Tl 7 Fuzzy AHPE
B33t FAEAE CCTV YA Aol Bt A5 351
A} 8ttt o1F 8l & =2 FAEAE CCTV ¥R 43S
gt =8 A4 845 AAsta, AA XAAY CCTV 9442
B2 B R B71E Jgsigint. HFH o2 = g I
Y A2 HIAEH =S Astal, AA SR CCTV B4 7]
Wk oA Z] 5 AR A Z2AAE A S §i

2. Oe| He A ¢E

2 9] YE-A Wl Al 79 mAHA YR o S-2 95t
A2 CCTV Qlz=e7} 1 didelt, |AE48 CCTve A
A QA& Ashe Z2A|IA AA7E 2 Ao dolet & 4=
Ak, A WA 3 A AF ARAIY A F8
AutERALR O}, AUFEWALRE 2020 A5 E AFAAITS)
THAIY 02 A5 vlE|o]EE o] FUAl =8 WA= 21320]
Az = en, M G4 +HQo0% 3k 248 A
ROI #|o] -goJa}ct,

AT HRHEH R A7 % AN dA, 71& H ARl F

& AT uff A|A A o)1 Fe| Al thet o] 7Fsste] A9
A F= E85= t7le 7R (Multi Criteria Decision
Making, °I3F MCDM)2 AH&3H3t, MCDM-2- 37F41] 4
7171E, Higt, Algzol digt ojaiE vhEeE e Hiet
AAZE 7hsd AFE 7ol 53], £ d7-= MCDMQ]
A2 HPHQl AHPOA] H7] o] 20] HEE|o] K} AR WYHE
2l Fuzzy AHPE &30, F77|&e] digt A4 $8%= 4
7reh tigh A AE i3t A A 8% F7HE ofstals} g

I, M2 &k
1. OJMIHX| EX| M3 B2t

AR AL nAHR] =7F S44 AXE AAE] H9 <
T o] ojgt ¥, 3 A9 Qi Y 5 Qs THoERE
o] A7), A& Y7} 7Fss AH(AE § Fojrre 1) 58
F8 A4 71508 T3 Y7 29 33 AIE 71E 84497
AR RFH, ES0115). B7P1EE A=Rsl7] 91t 2 A9
T o 2ok Aad- 29742012)2 IDW, Kriging#h 2
2 7 BP0l g3t BAXY vlAHR] 440 wix] A
A4 B7h A48 SR 534 Y] B7kE Y8 e,
AR, add 5 AAGH 848 B VIR0 28319t
%2 02018) JAl IDW E2171H& S8l FFETL At 1]
AR E34 A& 93t T A8 P8 3U0E
Aof BgH HsRE 7% 3AAY, fHE AYAL AY,
EF W {5A7 ARSEINT 0542008} I E
7118k AHZR] e EAIQIF et AlE7HE B4 a8
i), =4 F2t WA ngsE, =4 FHATE 1
AlHA] gakaglo 2 HAste] FHEAE S35k, oty
BAEI(2016) A GISE o183t =44 di7]1 o9 S3%e] &
A2 Aol #F A7E 3G T8 UrRE =AY
=, EXYE, #7 Fo| FE= Ut $A4 A42(2016)}2 1]
AlR]e] 29 A ot AP el B3t A5 skt
A Ao 22 BASE A AL QI AF Y], & ATt
29zl 97 S 7H 5 S-S AT 4 ULt #
Agk 2132011 A& 71 A58 40 F57Ms4S B
713kt 7] 2540 PSS FoUACE ALE 9
3t IAE 018} ATHEAIAE S HEe A2Al &
7| e B $AEY SHAY AA dFE FPsA F
2 WeRE uE Ed@Ae, A7 5), AR 55
=+, A7 Bo] EEE QI AYATE AHBS o, njAwA|
BEA ARl afEE Fo 2L vAUR] WEY, 2EF,
ATEE(LE, §5207 ), AR njAHz] ¥} 502 o
g 3 AFES A d3h e 23 glA
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A, vAEA] A o B, wER] AR gl 5 uAEA| 2
Alefl et Frka ]l A Al = 7sE AR AThE,

2. 4RI J1Ht OMIH| 2= 2 A

A AFTRO] & ATt G4 71N nHA R 45 o
2d B4 915t dloEAlS XA A o A-83}7] SIdt BHo=,
3T HeEd w4 Al A =3 Foll k. B d1=2A g
& 9(2020)= CCTV AL 2RE nA A F404 S59
A 2%, 718 A G0l B n|AE 9% #4 978 9
aolct, dl&2o] 2 2] RMSE 3 4.79, R28k>0.932
2, 3T A7 AAA 2§ 9 A831o] 7|t E Fol= d7 2
I7F =&, Won et al.(2021)2 ¥Eid £](2020) =82
N=IRE AFRA 7)E G Y 2, S, v IF T E
AdlolElet FFlolE Y] 7| dREE F7T FYste] ZgE A
2o F=31%ct, 1 A3 PM2.59) 1A 23 E Haghe sy
3t AAIE H§ 2ol 9 RMSER 1.325(R*=97.9%)2] <+
3 o&2 e el ol CCTV 94 71¥ke] AT vAHR) s
& S5 o digt A4S ERI% 5 9l Ao}, Tl A
% didol AAA CCTV =&t ofd HAE 539 QA4S
L3tk ofgfo] Had, ol & A& F3l AAA AF
< 98 QAR E AR 71E dgste] s nieig davt
et T olA4 (201992 CCTVE ol€3te] ROI ¥99
A7 7|¥ke 2 ulNHA] FEE ohs B Bet AE
it AeA £4 A, o] ZF=g njAHA] FE 4
Ke] #A 7} 87.5%2] AEEE Hoj, GRS 53 ujAHA]
Bk olE Aol tigt 7Fe A ER1E 5 sl B B
AR =g A5tk A F9ollA B ] ZlgE]
o] $It}. Liu et al.(2016) H|o]A, Asto], w2 ] 9] 4 e]
oju|zlE EXE vNHA % FFEA AFE Rt
ROT A1 Al EAe} 7H2} Ate] ] Ajol ©hE Fag-2 1123}

£, ol =AE YA ROV} Y &3] Eg0]
Bl AE AARITE 2 d7olA CCTV 3Md = U] 94
ROI A9 715 o7} B717]E0] Holof & AR AlmHr,
o] ¥tofl ged Y w4le)d 7]¥ke] VGG, ResNetS0, AlexNet,
RandomForest 5 TH3 3t 28-S 485t PM2.5(Chakma et
al., 2017; Rijal et al., 2018; He et al., 2018; Bo et al., 2018)
F2= PM10(Kim and Kim, 2018; Kim et al,, 2019} o3t
A7t Z1E v glok, =FEoh Zol= AR ded 242
g8slo] nAHA) FEg d&3hs A9 FaHS A 9
O}E ZHeth, AAF LR o9} n| A HA| FETRS HER A
A AR FHAEE F7RE o d58o] Foll A ¢
T A% 2 A 9 BrPIE AR A 71 LY Y &
BB EE A A7) ejsjor € Ao s wtE, w3
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g A5 A D AAA oA Helsle 2F CCTV7} ot
d A7Ake] &9 4, 33 2E Hol & 883t dolE
A A4 £ Ateh= Zlol7} ot AASE sty 7|E
AAA CCTVE 7|82 n iR s =g A58k 2 9479
YA} 3E CCTV R ES AAsh= & =5 xS &

% gl Bt}

3. Fuzzy AHP 0|2 3! 2 i3

1) Fuzzy AHP 0|2

AHPE B3 QAR A%ollA it Mee] 2317} 7Hs
sh1, HE7te] FE, AAS 7INte s AF/A4E a4, 3/
A a40] Fjto| Gojdt AL et olol AR AMlgt
FARALE FRH7L AMEEE A5E AAFEA 7ol
AHP+ Saaty(1986)°1l &J3] 7= Ao, Ao a4 7+ 4]
H] W (Pairwise Comparison)—g' F3 JAHEAS APt
Saaty(1986) ©1F 52 AAREol o3l oheFst a7 Ho) A
AlElglch, HEHOR Zadeh(1965)7F Aat HA 01 (Fuzzy
Theory)& AHP| H=3t Fuzzy AHP7F e}, #%|o]22 3
7F Al F8A wido] Zh= 548 9 ofu A (Imprecision) S
FE37] $18 H A= (Fuzzy Logic), MR- (Fuzzy Set) &
& =903t /idoltt. Fuzzy AHPE= B934, 83
o] E3MAIRH vk 5o ofufidt AN Ao R wdl 7Fs3t
of g2l&Ql YAHAA tigt =&o] 7hssi o]e £ A4 1L
A AHP Aol A Bop WEE WHES] Fuzzy-AHPE 2835}
o] CCTV 7|49t =54 vz &5 did] 4% 71& 2 digk
Bt 2AE sPtarzt gt

2) Fuzzy AHP 2 Si32

Thengane et al. (2014} AHP®} Fuzzy AHPE &7 283t
of i A7|E0] v1g diH] 28 FRE B4S vRsigl,
71 Zx}, B71Ae A g ofnfido] B Fuzzy AHP
7h ek AR E7E woha AASHITE 58 21(006)= 42
HA S B8t A2 BAE e 2 Y dHE T
e, AT T8 FREE EYR 98 ARS o
Hop A2 A2 HestgS w44 E ol o 43 &
Ao] Helw]o] IFHA A=t Mk zopd Ao 2 wHsigit,
+71]- 0] 32002)= =A19 E93 4% FEIE A3 §
3| Fuzzy AHPE 218313l did A7 =A] T9lolAe] 53t
A S g 5| AN S HEsle] Hof {48 33t
BAS A=dt 9oE Zheth AT 2(2013)= Fuzzy AHP
7I¥E Bsto] FaEA Au-SAIE 9 UAAEY A4S
Fatact, e AAA W F2AE 4R AAS S8
Fuzzy AHP 71" 759 32|12 Ql SApaA oS AR 919
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£ 7HAt), 744840202002 AHP ¥ #7] 23S F-835H] A
2k212] CTP(Critical To Process) A& @2 7jdksl i}, Abd)
B7tg 53 W& 7R E AR 5, B71EE sHEE
et B7EE edshs WAl 289 2Q2014)= EAE A
A g ol F7tolgof gigh BEE 248 53 A EARE A
HAeR HPste] AY £&398 AABIGT, o)F A7ES
Fuzzy AHPE &-839] Bt I8¢l A ERAAE st
12} 8190k, & AT HA| Fuzzy AHPE 88315, B7P71&0
gt Ay FL= £4, dihE7EE §ig Adid Fa s B4
£ Ao F3ste] A AT ] AA AT} Lol Al
Fohe AEAS RSt g, E3 2 A3 HAQ
CCTV 7|8t =27 vAHA] &5 iz 43E % Fuzzy
AHP 38-2 Hzx d7eh= APEAS 21 9l

l. OJMIHX] BSCfAX] MEL21 U SHX]
HYEA

1, THAIK] Aol

SA AT E AP AT nAIEA] BE4 A ARE A
T7H FRA, £ =52 AR CCTVE 8831 Al 9%
A& $1g vAIAA] FE & glo|HAl 15 EAolzk: A
F4go] sLejE|ofof qitt, &, AA|H 24ET= HeEd 24
g dlojE 4 74, E5E9 W =3R4 9389 5ol 7=
aajsofok Fivk, A=A =2 tAA] AFasl A4S s A
27F g AZEY(Focus Group Interview, °18t FGDE
Rt FGIs thshal A5 =9abdE §3l del 2
2% AW 30| 7Fsd AF zAMPo |t & ¢iFte} Zo 1|
AR B, Hel'd G4, AR 2lzet Fo] BEiFer
ZRg8he dtol Ateitn waE|gleh £ A FGI i
£ T4 o d 4 9 873 A&7L "l AR7t ARA EA
Al 37 5 1022 A5 Aert HetelA a++ 71
2 9 AYAT FE Y82 AR F, NPz A A%
£8S A0 FS ASES Zaf, A ARese =2
Al A% diolE 884, nlAUA] BES, vjAuA] HAPa gl
o= giEEI A=A = vlAEA] A% HlolEet CCTV
G4 dlolE F50] HAF ook Hald FdeA o] 7hsdag,
AZ Hlojy &84 FEL dlojE oy &olA, dolE A=A
o) Al o 4850 2 ARG, vlAHA] S B A
A, U3 22 ARME W3} F0]7F e Hlo]E Wa} g
%, BEA 3 TR B FofE 874, Y BAE 9
g =8 HY 879 847t EE2EQIn upAg) vAHA] A
819 B¢ T, TAME F HAIHA] 22919 YA AR,
Az, Azuxe, wEFUAAd Fol 1E AFF F8F 2

& on AT R

E2 8, 35X H 7 EE(E, fedT e S =
5. oo mE ANAE, FNFEA AT AsT=E=
(Figure 2)°A A& 5= I,

2. RHX| EZAL

%7t FHA= Figure 13 o), AFA Y AnfERAR F
g Aol 7FskaL, AAA] FlF FFEA 0] ol
& AR5, CCTV F783 94, viAdA] $4717F 4218 &
8 AT 40714 3] BE 59 FEA AR 2ARIAS. B
IPIEEE 2ANE W8-S ATEY, Hlojg 3 ol R Al
242 AR AT W= R, FHA FH oA HA] 35
AME7IEA4, KT 544, nAEA] 2UE™Y A7A 5), 8
2'd £4& ROI A< &0, CCTV ¥4 4= 52 371
ZAPIt. HlofE W3l 879 ¢ Fha| FH F7p5H 4
DAHZR] S A3} o8 Hlwsiglon], WE FojE LS
CCTV F4ehd F=4 Foladld A= 33 wAlE
9%t E2 vy 832 FEAME =8 v@sATd, AdTy
o2 HESU. vAA] AR dA] qF= F HE =

Figure 1. CCTV screen by site (A, B, C from above)

Journal of Korea Planning Association Vol.57, No.3 (2022) 153



B R

P e - - Goal -
goal CCTV-based Local Fine Dust Observation Site Selection

i o o
upper — Measured Data Utilization the Causes of Fine Dust
bl Loy S : ik LZE el

e = i ety
3rd ) ] s
e o Observation| Drone flight| | Sources of | Vehicle/road|| Use area &
c;‘::r-]a PRuERa R Dataveliability | |Data changs obstacles | environment| | fine dust ||envirenment|| population
ah e ¥ <_._____________I
Alterna Site A ; ! Site B : ! Site C ;
tives | - I

Figure 2. Hierarchy structure

AR A RERE B3 AR, 4 59 viAHA B8
2 2AI, A SF 2 E2 842 A2 A 98 374
=9 §l RERE T WY, A=RT, ASWAR, E2 72
o2 HESAY, §EAY ¢ AFEXE AFHERE, A7 ¥
E Y 7507 52 F7F AESIA ol 7Nt E Bkl
A FEAE AALR AR} AR A8 T3l FEA o iRt
AA S wo A4 = B7HE =214} sl

IV. Fuzzy AHP £A
1. 2Nl

& 97 CCTV 714 =54 n|ARA] B3 g2 A48
BW7he AdE 8k BW71E, dAA digt W7k AU F8
= B7HE st & 972 B7ks FGIO ZeiRd A
oz, 37 9 deld Ak, =AY 3 Eet At 5 &
15%0] B7RA= el d79 & 47t AANL AHP &
Folale B =] 4ol AAEe A5 B2 A7l=
FAEA] erHAAE €, 2013). & AR oz W &
of A&7t Bt oz} FGIE $3l 2 Aol diste 523
S ENeH, gt B71 Alof= B A2 H Ak 2ERE A
F5to] @R A2 e dA714 st

MCDM %79 =] d4dS st 354U 24
883, AulaLol A e vl e E (Consistency Index) =4
B §7P71ee A A 7154 =& 3 B9 5491415 (Random
Index)E 7|¥He.2 HE Y4 HlE&(Consistency Ratio, °]3}
CR)Z =319tk CR2 0,132} 2o W d#Ao) A7} gl
Zo® F&EY duAd A5 2, B7H Bt CRE 0.055%
- G S A= A oE EAEHUYG. MCDMY 48
A T A FYS BPIE Het 2 AR,
AR AR 71202 AAs)of it & 979 FE,
A AR 3R] AR R R FEA gigke] Wit AsTE

o =LA 1

154 "REAE, Hs57H MH3E (2022)

<Figure e} A}
2. 2¥o| X

Laarhoven and Pedrycz(1983) 42 # A|5(Triangular
Fuzzy Number, |8} TEN)E AM&-31%] Saaty(1986)2] AHPS
e WHES ARSI TENS (I, m, w)2] Al 719 39
A2 P2 EEH0 (=313, m=33 u=3%), ol& |
22 TENS| Z7]°IcH@ A, 20205 B4, 2013; Lee et al,,
2009; HZ|7|&AL3], 1992)Figure 3). ¥ A7+ Chang
(1996), Kahraman et al.(2003), Lee et al.(2019), B-3-21(2013)
& Fuzzy-AHPE AA| B &3 e A5 F23to]
(Table 1) 9] HA LA D& A5

3 HA LA LDE E83te] AlSE B7P71=(Criteria) 7H 8
tju]ae] WE 715212 Balgte AFEsth ofdl A& &85}
o A £49 TEN S,=(, m,, u) 3= =23 7, B7PI|E
HTEN S5,2] B9 R 8HDefuzzification)S 8l #44ke] 114
HE Ftet 22 #AF APYSIATHERA, 2013; Lee et al.,
2009).

Har (X)

[ m u

Figure 3. Triangular Fuzzy Number (TFN)
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Table 1. Fuzzy scale

Fuzzy

g : Reciprocal
Linguistic scale F-No. Triangular e
Scale F-T-Scale
Equal importance 1 (1,1,1) 1,1,1)
Moderate
irportana 3 (2/3,1,3/2) (2/3,1,3/2)

Strong importance 5 (3/2,2,5/2)  (2/5,1/2,2/3)

Very strong

importance 7 (5/2,3,7/2) (2/7,1/3,2/5)
Extreme

importance 9 (7/2,4,9/2) (2/9,1/4,2/7)

8, = ZM x[ZZM I (1)

i=l j=l
13 M, =3l Do 3

J=1 J=1 =1
SEm-GEnEEm 55w
i=l j=| i=l =] i=l j= i=l j=

Hebsle] B9 el H2EE Tejstel AhYAE 44
stglon, HAAAAE BrIE BHS AAUL FAA B
$5t9ict. WA FRE APRS SR vTAS P TAFA
e etct n7le) MRS SiAIghe ofd) 4l 2
o]

_(Z“’Z” 20 o)

A= =(a,b,c)

FASA] hE vjHA|3} AP AL ot A 9714 g
= TSR, a, b, c= AZHAF ol A FASAH

Table 2. 2st class TFN & weight calculation result

FhAPEE T3l i) ARG B E&0] 7Fssith(AEA

A, 2020; 5% 2], 2006).
g=c— ﬂ(c—aglc—b),g=a+ ’(c—a)z(b—a) @3)

A AR i FASAHIE 7IMC R Fuzzy AHP 57}
71& 71525 43t Decision Value(DV)+= o] A& 53
2F AEE

(Cix aix )(c:x l(:)
v, iw[:m \, @ ()2 ® )]
@)

x=a,pB,y iW,c:l

3. MFRQI At S EMZHn}

B Aol Pri71E AlEel 2415 E 3A15ol digh Adju| g
A AT HAAAYE 7IRto R PHE AT F, HA A
S20] 7|3 EAEE ARSI o8 7[R Hrr|EE
TEN %3 v A3kE $1gt aglke] afuEgt, & 2F 71e
A& AHgEHATHTable 2, 3). 241%2] 7% TEN -2 42 do]
B &84 (0.26, 0.37, 0.53), PIAIHA] T= 373 (0.21, 0.29,
0.41), w|AIHA] AR (0.24, 0.34, 0.47)2 ZHz+ AREEIQICH
(Table 2). |5 EU|Z 25 4HH A3 715:2E A& o]
B 8-840] 0.3622 7} ¥3ton, o|ojA] njAHz] Al
0.34. DAIHA] B2 37 0,30 £22 AREQIL JAESS
23t 71z HlolE 2 CCTV oJu]®|, u]AHA] T3 glojg 5
o] AZvo|e| 9] Bt YARA] Al FoniF ZukE 37 9
gt o] B ale] Fakrt oha EA B7HE AvE dj4
Hr},

2 PR S FrIEE TENT 7HA1E
o}, HNHA] B2 e

gt
A9 dlole] 479 gol4e) TINS

Fine dust observation

2st class Measured data utilization SWTIGRaT The causes of fine dust
Measured data utilization (1,1,7) (0.98,1.33,1.77) (0.82,1.04,1.32)
Fine dust observation
bt (0.56,0.75,1.02) 1,1,1) (0.72,0.90,1.14)
The causes of fine dust (0.76,0.97,1.21) (0.88,1.11,1.39) (1,1,7)
TFN

.26,0.37, 0. 21,0.29,0.41 24 034,04

(51,5, S) (0.26,0.37,0.53) (0.21,0.29,0.41) (0.24,0.34,0.47)
Weight

(normalization)

0.36

0.30

0.34
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Table 3. 3rd class TFN & weight calculation result

3rd class Ease of data collection Data reliability
Ease of data collection (1,1,1) (0.65,0.81,1.02)
Data reliability (0.98,1.24,1.54) 1,1,1)
Measured data utilization TFEN (0.36, 0.45, 0.56) (0.43,0.55,0.70)
(51,52, S3)
Weight

(normalization)

0.45 0.55

3rd class

Data change

Observation obstacles Drone flight environment

Data change

(1,11

(0.67,0.85,1.09)

(1.07,1.41,1.80)

Observation obstacles

(0.92,1.18,1.50)

(1,171

(1.29,1.71,2.18)

Drone flight

Fine dust observation environment (0.65,0:71,0:94) (0:46,0.58,0.78) .10
environment TFEN
(5.5, 5) (0.25,0.36,0.50) (0.30,0.43,0.61) (0.19,0.25,0.35)
Weight
(normalization) (s 0] Q.
Location of producing Vehicle/road 4
3rd class o kst At Use area & population
Location of producing
¥ dust (1,1,1) (1.23,1.58,1.99) (1.68,2.09,2.52)
Vehicle/road
environment (0.50,0.63,0.81) {1, 1.1) (0.98,1.32,1.75)
Ine causesoffine " se area & population (0.40,0.48, 0.59) (057,0.76,1.02) a,1,7)
TFN
(5.5, ) (0.36,0.51,0.71) (0.23,0.32,0.46) (0.18,0.25,0.34)
Weight
(normalization) &5 DAz 26
Table 4. Evaluation criteria final result
2nd class 3rd class Final result
Criteria Weight Criteria Weight Weight Rank
. Ease of data collection 0.45 017 3
Measured data utilization 0.36 ——
Data reliability 0.55 0.20 1
Data change 0.35 0.10 6
Fine dust observation .
SRITSRPABRE 0.30 Observation obstacles 0.41 012 4
Drone flight environment 0.26 0.08 8
Location of producing fine dust 0.51 0.17 2
The causes of fine dust 034 Vehicle/road environment 0.32 011 5
Use area & population 0.25 0.09 7

(0.36, 0.45, 0.56), 7F5A+= 0.450]9, glo|g] Al2jAJo] TENS
(0.43, 0.55, 0.70), 71521+ 0.552 AHFE|3ic), dlojge] 418
o] AdjAH o2 A Bl Aatolt), B FollE T2 7
& F3do|g wst g2 TENS (0.25, 0.36, 0.50), /A=
0.35, #= FollE g7 2] TEN2 (0,30, 0.43, 0.61), 7FAl=
0.41, =& v 2742 TEN-Z (019, 0.25, 0.35), 7F21=0.26
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o2 T}, 983 JFEAS §i3 T FoE 49
SRE7L oo, 3 nAHAFE 752 g =2 v]g
37 840 5= WA WSS &+ Aot nAwA
WA 2 910] - mlAHA] WA R Q1 A o] TENZ (0.36,
0.51, 0.71), 7F6&= 0.51, 2FF T8%F € =2 379 TENS
(0.23, 0.32, 0.46), 7F521E 0.32, =A% L 7 RE9]
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TENZ (0.18, 0.25, 0.34), 7FA1= 0.252 AP =T GAHE
A9] &2 B A2 S e mAHA T alle] ¢
Z|gt ROTE ©]u]| glofejAle] xpdA] eyt dast A3z 3
A 7153t 245 3AIFY 7AE 58 Y Al A8
Z3}, dlolg AlAo] 0,202 7MY A Uehden, ofojA]
nlAIz] A2 91 9AR] 915(0.17), Hele £7 8014(0.17)°]
T3 < AR eE AAE UK Table 4). A24 A= A5
dlole] e el 7FA A Q] nlA A WA HRI0] GAREA 9 ulA|H
AR R d52E Fole #4 alo g HrhE Ang )A€,

4, FEX| oot iy Se= FAZEN

£ A7 7} dieke] AdjA F8= 4SS 3l FASAHR
& B8 FAISAHR ARSI S AT RN, WrPIEE
ALALE 7I9ke 2 WEhE ARl BEgE A&
ot 1 o2 $EA] A9 F7P7IE Hold 3 80149 skstgt
a, 9% b, BTk co] AR HH gk =L offet
K4

;"f (25+3.5-435+3.5) 432

2.9
n 15 15
b
S _(3.0+40--+40+40) 500 ., ®)
n 15 15
C.
; ‘=(3.5+4.5---+4.5+4.5)=57’.0=3‘8

n 15 15

oS B3 =2E FHA A9 dlolg +3 &0l TFN &
2.9, 3.3, 3.8)& 7[Hko 2 of2fe} Fo| FAFTAHU(g) 3.345 A
E3H9ch

323_8_\,(3.8—2.9)2(3.8—3.3) o ©

Table 5. Evaluation alternative final result

Qlet L Hjog Tuz A 2] Br7|EE FASARE
B ARES ), 94 AR BoEd A E A8 AF
48 QAAREE DVEHE APgsgitt, 11 o2 $HA] A9
DV#k AP Y& ol e} e,

Y
DV =2 W,-g.

=(0.17x3.34)+(0.20x3.34)+(0.10x3.27)
+(0.12x3.20)+(0.08x2.81)+(0.17x3.34)
+(0.11x3.34)+(0.09%x3.67)

=3.42

@)

FHE AAE 382 A 329 DV §t 2 &%= (Table 59 &
o ZEZ Al X BE QKA IAAE g9 3REY] gxE
200%F B}2-8] 313k CCTV 94 730] 7hsshy R3]z
Z Zpo|7t fleu g, glojg 5 golX, Hlole A=A, 33
ol ¥z} g9 MRl thieaoldt Mol shATt &
B 4 e FAE dEAY, AXFHLR o7t F
mi(ell: xS W AL, E2R FY FH S ST AYe
Qo] E 4= gleuR ZhjsjA= ¢ 8 A oR uoEr, B4 2
I}, 82 A9 DVEe] 32 1892 AFEU §-590F
9 FaTko] WL AAlAe] IE A B 2 HHE R
2 Ao R woE, 3t g FHIo) ]3] =29} Q1] Fo]
YL e 2 E Aufloj27} Qlo] EE v3 BANME £
5 Witk o] yof mAIR] RUE P AR KT F34,
SAFAA 9 R4 Fo AR AU A Foll wet A
Hog NE PrE WL o2 Alggr],

LHZ| B DVE 3.328 AbEE o] 4% 2ol9] 24:91= A
A=, o] AR JEYT7T o] AF T E B2
ol o wAIHA] B a]lo] EXsh= Aol w2 BUE W
2 7o uEr ofE JAREY, FRAFYYAEE I
TS e A og ARHnt £ n|AHA] F71578 49} nlAH
A BUEE AFEE 3 A1F3] HlolH F5 goldoA=
7 7 7RAE EE 5 AT FEA] C= DVE 2.81E

Center of gravity (weight)
Measured data utilization ~ Fine dust observation environment The causes of fine dust DV
Site o of (decision Rank
Easeofdata  Data Data  Observation Drone flight Lumcaduuzr_; Vehicle/road Useareag  Value)
collection reliability = change  obstacles environment %. 7 dustg environment population
A 3.34 3.34 3.27 3.20 2.81 3.34 3.34 367 3.42 1
347 3.20 313 274 2.21 353 3.60 3.13 3.32
3.20 3.20 3.07 214 1.81 2.47 2.60 247 2.81
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7P e 918 A= Figure 1) CCTV ofa]2]of4
# 4 iAo, sizto] ol S gFsfigle] ROI A | 2l &
9] ol o] s o] 2 olF F dhttoltt’, & FHAo
H|3] ujNHA] dAaglo] Aon, zWstil At F7 74
stofl 2| BT FX ke A JA| Bl IS 73S
Ao gt}

V.

(/M

| ==

£ =82 Fuzzy AHPE °83to] JAREAE CCTV A
7ol Tt IS 9 AF IS AR WA A A
489 wrte] BFnE aorshy, dlojee] A= (1x)e]
7H £ W7HE Woke, ol FAEAS A% T8 dlo]
EJN9] Fa40] Zr2E AN 34 7Fsshct njAwA] 2L
QAR ARQEH) AA w2 B WSk, ol AE E
+ ROTIE HIAHA] =7} Afoj3fiof thefst Ad=ollA] 2l H|ofE]
g 75 7Fs37] SR wekech 4 g FRisk b
olg 4 £ol4GeE T AolE BF U)ol AHEd
ZAE ] ek, ARJNFE FAof WE CCTV B4 FE 9 o)
S AT YAEAE 93 S f o ase] AA EAZHY
A Az sjAEct, $EA it Brhe) BA A aoksd
theat A}, $8.A CE B digte]] vla) ol E2 B7kE Wk
£, ol CCTV 3Hd9] 3lzto] Yizje} glef ROI F:&0] oj8
& AolA 9] 2 acle] ule- %17] Wiolct,

FTH2 A9 B7HAHACE & H7ME W ol nAld
2| 27 FA4, KT S34, nAwA] ZYE™ Ha 3745
FH oA R] 34471 A Eo] Qlo] 2 dloje & B8 4
U= AT TR, Fh4 59 vlAHA] B allo] Sl
wiolct, 53] THA] A FET 2 g B AAA
o] Wx=lo] o] nlAHA] WA g Qlo] Kt 3o, E& |
3 o] 943 AHo] 371 0= AgEo] gt 192 A
A= gt

£ =58 5% AR ek, B A 71438 37
A CCTV °lu]R| 2] Al FAEAE B3 =24 n|AUA P LS
& 9 7&K 71& A B2 A9 EAx 9o, AR
TAAEE 7o R B =ARAE sldsh] Skt AVles
AEste HAEHE A4 A Z2AAE AXRTE 9
o5 37 Zk=th. B3, 7)€ A1) AHPO Hj3f Bk AR
=1 3t 02 HEE Fuzzy AHPE B85 A7} oA 2R3}
AolA ] =247} golde T eiste A Faw 7|5t
o] oA A el W7t ddiy S 7vke] FEA] oot 3
7He BHIRH Aol B Aete] AEAE 2 adolrt, s
& AT79] A= B EAETE AT B4 7] njAHA] B
2] Aol Bet 7k HHES Ao, B Aol
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olE A8 u E Sore 24 ZEA|IAE R HEU 7L
Y Zom Helnt, 79| a7l S WER 24 WHE
Yasltha wEL, o] ok 4 Y WHEH 1] 2
7HHo2 Had Zlo 2 Algdn. A2 ReDE 7| e of
Uzt d5e $3 483 2 A83iA] B2 3l Fololt,
& A7t A4 71 vl AHR] BE AR ofy 2} e Ao
A o] AR A Al FERE s ZHEARIZHEZ 7] R,

A=
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