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An Application of Deep Learning for Detecting Bicycle Collision Hotspots
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Abstract

As the paradigm shift in transportation has led to an increased use of bicycles, the need to ensure the bicycle users'
safety by preventing bicycle collisions has also gained importance. This study aims to predict bicycle collision hotspots in
Korea by using collected Google Street View (GSV) images of bicycle collision hotspots and non-hotspots. We conducted
experiments with five deep learning models (VGG16, 19, ResNet50, 101, and Inception), and employed Class Activation
Map (CAM) analysis to visualize the factors contributing to bicycle collisions. Results suggest that the VGG19 model is the
best model for predicting bicycle collision hotspots. Additionally, the CAM analysis indicates that larger roads with more
vehicles and more physical facilities (such as crosswalks, traffic lights, and pillars) are related to bicycle collision hotspots.
This study indicates the effectiveness of using GSV images together with a deep learning model and suggests more
concrete and specific policy implications for building a safer environment for bicycle users.
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29l 9L Ehe A7EPE HHAl 9rHDe Hartog et
al., 2010: Oja et al., 2011; Rabl and De Nazelle, 2012;
Rojas-Rueda et al., 2011; Wen and Rissel, 2008), Th2tA] £
gutet A SRS AHA o8& S| s F3AA
9] =9l AAAER F A=ete] et o] tpefdt Al=E Al
gstar glom, 1990t SHH-E AEA AHEAIS AAsta
AAA 01§ S A WES A= 59 =32 7|29
STHAAIE- 21, 2008). ol2f3t A4 A o8 B/det AFef I
o] 20174olk= =W AFA o18UT7E 1340TF 22, A 2
T9 33.5%% AAdh= ACR Yehgen(FEasadTY,
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2017), A&A19] FHAAAQ] whgol'e] B¢ 20220 Bl =
A% ] oF 6'd Tholl Aol g7Fo] 19 Hofl EdpATHAIEE
A, 2022.04.27; 5o, 2022.04.27). L&Y o2gt A3t o
A #€]e] AlEef vl aatele W vin|dh o] 3ol @
= Qlch,

A7 ol8 BA3LE flEiM= Tl A7 o] 84| ¢t
Hepurt Zasi, AAR AR R g AHA o] 8AE B
31l Gl HERE, Y, g2 52 A7 o] 89 HagR
& 9o elvehict Zelsta A4 Q] MA=E Al 9
tHE7E% 9, 2019). E2u53He HEAR w2d Sy
2te] 2pHA WFEARLE 20184 4,7717914] 201949 5,6337,
2020 5,6677712] FES| F7Fohs S Bolw, 202189
€ 5,509 28 &% Ao o8] S don A
A o]-§Ae] QbHo] A YFWAL U3 ERIY 4= Qlt, ¥hi,
FEA AL ity Aoz AHA9} tEo] FEuIT Q=
waol AL, HIPFAILI} 20199 46,6827 202097
2021 242} 36,6017, 35,665702 A= F2LH9R Q15
QREE HAAE RBEltete A gAY g ALFA
AL 57} 3A) S-S 1T 4= QITHTAAS, 2022.08.09).
E3|, BYPAFAL AFFRR= 201619FE 20219 Atolof| oF
41,1% thE 748 9T ol THeHA 9 Ho| F3of I3ty
E.9) Aot TP F3A, o) AlY § Baae] Qg
HE 93 ookt k9o Aueia @ 4 Qlok, E=3L QMg R
50302 TiAoly, ojdo] HETd QHALE Wl -9l 7Y
o] 5 23R A Y & 4 HFFERAA 5
FeuAA, 2022). oA ¥ QHAEEE 93t W A= S84
2 5aMdE ERIT 4= glou, ofA7kA] A A o] ALY A
< % FAHRI Jo|u A=t glrke HojlA] (o g A[A »
SARLE s A% A e 9 art i

olo]] 27t A5 EEWFFTO] Yo WBARLEAA]
2®l(Traffic Accident Analysis System, ola} TAAS)elIA A
Foh= AARA AFALL ARE B3l 1 S FF5tA}
e}, AYATES YR JHA RFARLL L
Aoz A AHA AR AR Heldt 52 213 a2l
I} 7k, ITAAE, EXolg 5o $77 81E AAsH
Att, o] F 1H 819 ¢ 7} Afare] EA o2 A wFeH A
AL 915t duiste] §AI7T Atk AOX(FES, 2018; A3F
9], 2021), £ A= AAA BFARL S Het AR =&
< S8l 43 e 23S A 53] AFME 7R
230 FEstaL =3 vl 7F A H3 Aol F HFS8lAL
A 3t3iet,

gHH 27F AEALLe] QS vXE A 801E UE AT
2 PHF 59 tol"HE ARSIt HollA AlatE 4
3k B AlRAQl gl motof= §HA7} £, o]

4) "IEAE, M7 7S (2022)

2 A7 AAA dFARL PR Ao YAHRE B85}
Google Street View(°]3t GSV) o|W|AE F=3slo] £4& 2
o 2H APALso] de BT dAE FEA
st Xk A0 2 Aqls GSV oln|R|9] £49 glof
A vlAE g2d 7S &8st A FARL iz
A& A3k 2FS FEskA} dick, B3, AFA BFAL
PRt vjehA] -8 ALESl= o]u)A)/de] EA(feature)
A|Z}88R= Class Activation Map(©l3t CAM)S 33l thi
Q1 A RFALE sk B 20S EAEtA} g,

ol2|gt Al 7o) A gor AHA wFALY FHalS
&8l AulE LA A S|4 AHA o gAY hHE
HE 3 2o AR AYH AAES =531 3t o]
£ Yot ALt tEo] ZYugsto s SR U =3
8, AFZEE 59 7MR1F o5+ Personal Mobility, ©I
3} PM) ©]-8-2] QISR 7|ofF Holzt 7|t Et, wEhA &
Aol EAL B8 =2F AAA FALL q¥e] go = o
S toFaid g QhustE e Telg AlFd Aol 7
o 4= ot

1. OIEH =2j
1. XA nSAtD Sl

AAA aFARLe] W3 APAES AbaLe] WA ds- 2 4
Zzo] PEFS mAj= 8912 3 14 Ay} gEF aglos
T-asto] AAERL Qlek, WA AHA ALY ¢1F 8Qlof=
ARAA A Jis 95 5 AAARN HaFRE ol 2§
Hro}, Aol ¢ AT EE F5ALE Y o AAA
WAL WAPATE wom(Aldd 9, 2012; 28-AEA,
2020; F3]- o4, 2016), AZH=e] oA Z<53l9t o]t
(2016)2 el e} 2P A FALL AMIR =9 2p)7} QS
F UE HR71E Pk, A9 F9 AU o Al 2
T 9 AZ4=71 o Eoba el d753HBrown et al., 2002;
A1) -d1R 9, 2012), ALHEOA o B ARA ZFARLE
WAk 1 A2 JA] Erbal 93l 750l (Rodgers, 1997;
A7 9], 2012) SAB1, Abxzof H kgt A A 21A4e] AP
= A4y 1P2AYS I = AH(HHASF 9T,
2017). M FSIEte] 39 AAA o] 82T Y SutelE o
o] AlZkg Az A 4= glem(AEA 9, 2012), 27 A
7 ZFALES] H9AE A2 AR QMR Folgfo]
7H WokA, 1 HE 94 A, A5k, wAtE SRy
S5k, QFRA e v|ekE, Bz} W5 ol odt Fo| wiitt,

AAA WFAILY A qRlol= 7287, ITAIA, B
o]§ o] Xt WA 71287 217 AAste P2 AF



I

|

RFH7] mEMDT CHUXIS 6|52 28t Held 282 HE

E0] a4 Q] AHA AFALE WFoE AFE P3|
e}, HAR FRoA AHA WFARLTL F7RRITh Aol vy
Fon, ol a4 wFFo] F7Iste ALt ApF 7t
%o doju7] dlioletal HEHIE=E 2], 2008; 73]
9], 2017; 784 2, 2007; 254, 2018; 24 2], 2007; Lee
et al., 2017 Wang and Nihan, 2004; Wei and Lovegrove,
2013). o2} FARH W2to A Harris et al.(2013)2 A2 A
oA =2 7t BAY A-A 9 A ofFgol B A¢
ARA Ao A=t 228 Wit ® o2 7t28E a9l
O F PR} Qe diEe] aT7-s0] YTREe] F9 A
AA, A}, BPAE wapsiy B YR &5 4 e
ER AAdo)7] fiZof Al WgEo] Hrhs H2 WHHHRSH
9], 2007; ZFE, 2019; 3AZ-0147], 2021). AHA 0] 89
HO)YE FBIaL o] 8-S AEdl: AAAZZY ZHAA e
4 5O AAA Qliel JA| AHA wFARLY| F3E vl A= 7}
287 8108 Hrh QP A A o] 82 7hssH dl7l=
3t2]9HKaplan and Prato, 2015; Lusk et al., 2011; Marqués
and Herndndez—Herrador, 2017), A% 7] o] 45+ 543 2}
A Apae] A 9 HZiEe] g v|Re] ¥ A7 = st
(258, 2018; 2FEF, 2019).

Zt28 33 gEe] AMA RFALY FFS U)X BEH
fRlo& QITAlAe] girt, QITAIA 8¢l F WAYFAL HA
A ALaLe] b 7he S AR 9T e AL AT
e, T ol E TES WA fls) AHA R AFsAt, 28
I WA QAR AR &3] gigele B QI(HEE
9], 2008; 738 2], 2007; Wei and Lovegrove, 2013). & t}
£ YA 29 TS AAA o8 % 1YY F71HE ob13]
AAA AL WA 9 T A7t o) JFFS n]A= AR U
EPTH 8, 20185 Al o]4=7], 2018). Uolrt A &
AR Y2 jR]= 3 aQle 2 EX|ojgo] Qi) EX
ol§ 2Rlo= FAE AU TUE EX o8I EXo|g-2F
E7h aEEy), ol 8l AHA AL njA|= Gkl
Al ARATEn AR g2 ARE =E&8ka JohES
A 9], 2007; 78, 2018; AL ©]47], 2018; 2021; Chen,
2015: Ding et al., 2020; Kamel et al., 2019).

o|AY AYAFE2 AAA wFALL WA 2 4zt ot
et Q1A ajiat g3 4 g glo] kS nlFck= A& el 9l
o}, 12y Q13 8R19] B9 Adat A, Hiw 5 2 Al
4o axj52 dyisle] 3HAI7L EA8H(FES, 2018; A3
A 9, 2021), AHA LFALE oME5L7] A% FAA AAEE
EE3He o) §A7F ok, ARA EALTE hiA o g whAgs)
£ Ao fFt 2] B2 A AFALLE U
U= Bk A8 AARY E&E 7Hs3H gt

2, 2SAISE 82t A WS A

FF WFARLE oS8k d] $lof M4l2d (Machine Learn-
ing)eItt ©&'d(Deep Learning) & 215215 (Artificial Intel-
ligence, Al) 7I'& &8 A7-50] Holuat Slt}, A4 F
A7IHE 8T AFAL AFE2 AdHeR WS AHS =
et 2| &2 B HlolEE B3l AFALY] 89S &
A7 ol wEARL A A F o s HHEE 2% 9
os}7] o ZEe] Sltt. AFAF 71t blofE
2 B ARE AfF 0B AT 4 glof Akx AHef 23
& W50 8Q0& =& = glo], 7I€ AFEe] 7H AFEA
g9le] S SE 5 ke AolA FEUL JrhAsY
€], 2021; Ibrahim et al., 2021).

olo]] w4l d-& &3 AHA AFALL A= BE EA 3t
L, o] A% tiFE B34 2kt 913 2912 oI JITH&
23] 0|14, 2016; Lu et al,, 2022). 71 WFALL HlojEH=
F2 LR Al 4% F AAA L J-9RE o 21F 2
Qlojut AL JA] I, =2 0] EHAE 5o Y-8t Algsia
o] 2 A WEARLZF ThF o2 doju= SIS %t
A2 A2o] ot

ol &3] sl AR ARl Wt HolEE sk B
o] §lo}, o= W Al Hl-8-2] F1lE 84 HBrownson
et al., 2009; Ewing and Dumbaugh, 2009). °|°] 9] &
TEFE EAREE Uehlls GSV ojn]x|e] 80| Fojun
Ut} GSV oJujAE F8 54 A2 f4of izt HoleE 4=
Hoks 2 AY @4l YWhe AHd agFoln, d7A}e]
Fyo] ° YRk FollAl f-8490] ¥HChen et al., 2020;
Griew et al., 2013; Li et al., 2015; Lu, 2019; Wang et al.,
2019). 2A| o2’ GSVoIr|AE A8 E-E0] eited]
(Hanson et al., 2013; Kita—Wojciechowska and Kidzifiski,
2019a; 2019b), Shirani-Bidabadi et al.(2020)2] ¥4+ GSV
o[z E 53 =2o] Fe W RFHRE F, WAR 2, HA/FH
A o8, X155 EA ofF, AHA T2 ofR F)olu FH A
FAY, AR o) 22 R4 820S £ £A4S
A AHAA wEARLY FFE HAE 8UES FEIE
stk

GSV on|Rl= 92 7|k e vA7/E S8 4]
=lof gich 22 HAlede) g Holel HEdd AFAFT
(Artificial Neural Network) °|&< 7|9t g B8t |4y
FAE 71A7F 248 8145 S| A3k 7 oltH#AR3], 2017). ©]
of G4 A 14, &4 4], A& F9, 2RFE}, AAAY
T Tkt EokollA] B85 5 Qi) 53] Hed 71 AT
FEH]A FopollA FYalA H-E= U}, A Hof
= 93 BRE B2 FA(Task) & HH=dl, 235 HEAQ A

Journal of Korea Planning Association Vol.57, No.7 (2022) 43



el YMR 25Y- X3S SN

o] o]u]2] £ (Image Classification) =Ao|ch, @A H3FElH]
A BoplA £5F BAIE iFsk7] 3l AR MAnt=a
(benchmark) Hlo|EA18] Imagenet-1K £57F A9 2,
Top-5 error rate 7I&£22 Had 2§ A 26%°14 2§ +
L.3%71A] “3s0] 4lE 4%elol(Pham et al., 2021), °l= A
9] Top-5 error rate?] 5%ETHE R F=x]o|t}, wlbA 15
AL T Ato] Qlof thEA|Y B £A| | oS 2 75
ol dedE B3k ol ¥ EFlimage Classifica-
tion) EA°l4 G2'd 719 0] ¥7] dEel=r & 4 9
o Hald 7S 8851 HFALE AT A2 AHEF
22021 +EEY =9l B ofHo] HyYwFAL thlx|H9
GSV °lu|AE £yt §F 43T YEHZ(Convolu-
tional Neural Network, ©]8F CNN) 29| oj2] gy =¥
& B8 A g& AS317] % it ek AP A ALFALL
Ao o &-& Y8l GSV olu|Rof] st Held 7S A8
< BT AT ol Fol A Gofgirt,

. S
1. gtz o e

B A ARA wFALE PR Ao R dojdt R]%e] GSV
ojulz] AR E 7|9ro 2 FAFEu| AN} gl 7S &3t
AHA DFARL PR G &S &3t} g, ol & 9
g 7|2 AR E E2aE3elA AlFshs 2013804 2021
A7k A7 wgARL ohiA| g JRE 84519l s A=
£ A= 3,95639] AAA ZFAL chA Y JRE ZHB}L )
o, ojufj AHA WFAL= A off &, 2 of A, AFEAL
& AIHES RS Qo) FRF R APHA AFARL A
&of| tgt YA H R} AHA WFARL DB, APIAE, A
A, SRS, BA R, 1A 4= R 3L Qle)

AHA LFALT TR Y )5S 9% Hed By 153

T2 3 AHA aFARL A Hofl gt AR EE H-E3
ot =2 uggaola Aosls AHA BFARL thA]| %9
7|52 ¥H3 200mollA] APAAARLTL 47 o|AF Bi= AFRARAL 37
ol A1 - 0| tHTAAS, 2022.06.15). 3l Akl Z3hE 4|14 5
7H WSl A= 3,95070 AH o= A1, A7), QAN HE 23t
3k L XYL 2,857 09 HlE=E G2 1,671t

AHA AFAL TP &L i3t JEjd 2 35E 9
3o QbA] =003t AR A FALRL thEA o] GSV o|n|AE 4
ot w3, AAA wFALL x| e gzt o 24 A4
7] AL} chA o g Yofubx] oS QA Y(o]8} A A
WFARL HITRER| ) 9] GSV ou|A] E3F =3k, ofuf A}
AA AGARL vlchikA| o 7}zbo] A WAL thkA| o

44 "IEAE, M7 7S (2022)

A ATEE JARRE 7|E0R AHA BFAL thEA| g
200m ¥H32] 5 vlef] 3f3ah= ¥ 400me] 92 A4S, ¥
o] EFlol| A AT 23 o S FARS] &3] 110 Fgehe
GSV °|n|A& ¢33t A LFALL Pt QIge
A& AAA RFARL v]chEz| o 0 2 MAste FA A 2|
E402 Q3 AHA RFALEC] Zjo]7} opd Kk AIRA<
2587 9lo) AFE + US F o wdsigi

AAA wFARL iR gat g2 Mg oigt YAPEE
upgo g2 717ke] Ado| cpx|dog ARH 7P 2He AlA
2] GSV °Ju]A|E GSV APl keyEs E-8-3t0] =435It GSV ©]
u|zje] ¢ HA7I1H o= FF A Qe thigt ojulR|7} Pulo|E
Ho}, 2 AFelA Faxbae] AlZH e 2013904 20219
S2 AZHY e} EAbE o] gl ol 7[EAHAR o2 AlFH
£ A2 A ARE £33N 22 Z4zte] 2130l AAA nF
AR TP o2 AAH A0 =28 AdE ghdsiA]
£& 4 Qlek. ololl, Al 7t Aol Fol AR BAE f18te]
AAA WFARLE EAYSE 7P 3 A1 oln| A& B85t
gk, & 5o, AA wFALL v 4 0 2 20149 0f) A"
A Aol tisiA GSV ©]u]| A7} 201082 20151 9] ©o]m| x| 7} &
e 739 Az o 77k 201590 APk oluj A& 3t
o] Bajo| 2w 2 28315t

o] A HFALL PR G} ofof oigh Tzl A
7 AL H|TPEA| G 2 ete] HFA 02 ou|xE SA7E
¥ 6,574712] A7olck(chd 9 vlchz| o Z}7} 328771 4),
7)1z 2472 395670 2|70 2] Ao} o7} HAYsh= o) 4
H oJujz] 7} GSV olu]A|7} EAYEHA] A, AdellA &
FE AR, o] F-2 ARl T3t Zo] A WFARL Y =2 A%
£ WHde] g Aol disiAe E40lA ALlstglr] wie]
o}, A 6,57470 A1 7hed| =L 4,324 (b 9 vjohd
A Zk2k 2, 1760019, HlEdL 2,224 (T 2 HchEx| o
Z¥zk ,111)0le, SEjvets e vleEd X9 253
I 2, QAT e Rfo|7t ZRje}7| wiRe] ofHgk FeH{<l
A¢ B4l WE Aolg FAIH] fI5te] =@ BlEA A
A& st £4S A5

g AnE v s Sl vlaEd A LFAL o
WA A3} PR g TSk B HEld 289 288 4
A A€ ARE (B DI} Zo] FE3le] A Holg NES
HAskTt GAA R AHA FFAT oA A vichEA]
A& TR, /Rt 42k Sedn veEde R
Wegle), oA e s, LEE Ao disiAl ded 2d 2§
2 §180 &0l € (train data)2} 25E©]El (validation data)Z
Zkzk gsiglet, AsulolEl 2] ¢ dolel 9] A= ulet ujE
e At A=A, WAl s 22 g2 g2 HolHE &8
& 7S A5 olEE A dolE Y 0.25%2 2% A5l S8t
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B 1. XA WEAD Cr/H|CHEX|Y HIAE Clo|H2t 43 HolH
o7z
Table 1. Data structure of training and validation for bicycle
collision hotspot/non-hotspot

Unit: spot
Capital region Non capital region
Division  trin  validation Train  Validation T0tal
data data  data data
Hotspot 2,076 100 1,011 100 3287
E:gpm 2,076 100 1011 100 3287
Subtotal 4,152 200 2022 200 6574

tHAndrew Ng, 2017). £ S-ollAl=
Held 9 s Aol @8t

ZA dlolEl9] oF 1.53%E

2, 0|0|x] ERE #l2t Held 22l 28u CAM
NS S8t AlZE

A7 HFGAL PR vthA] o] tiFt EFE H3f
Al & AelA CNN g8 728 883190t CNNZ ofH]A]
£ 9ed 29l A8317] YalilAl ek WA e 2 QITto] Azt
202 EAE A48 A4 2 ZRIBEAL 9t LeCun et
al.(1989)2 &£2ZHE AR JAlehz ol digh ==eoflA
LeNet @& AA|SHE2H, 1 o]F CNNT29] thefgt o|n|7]
ARE F3 ded ZdEo| S48kl

454174 (Deep Neural Network, DNN)2 1£2] 5444 1
2] glole & ARg3tcE, o|u|A] dlojeje} 22 thape] o]
EHE 838 o, 22 on|x|9] e} ge] & o|n|A| L A
2jafiof sh= re] it mEn|elzt S71sc 1 A Held
2ol oL B dlojEe}t FgAlTte] 2REHGéron,
2017). CNN-& DNNe| 7H] 3L Sl B2 31ds] $siA &
QHe WAjolc}, CNN 232 274 EA& &3}, Hloje 2
7| £4A17]= Feature learning B¢ 3G 54 vigo g
glo|E & FHE3H= classification TAIE 2 2|2 4= 91T}, Fea-
ture learning QA|oA1= 435 He 2] HEIE F3liA] HiolE 9
EAo] £AER] oo HA] Hlofe] 40| goltes = A
o|t}, &, Convolution F2lA= ©[9]Z|o] & (matrix) BEE
283}0] o]u] 2] EA(feature) F+E313L, Pooling #lo|ol&
Z3A dlolg 9 2718 F4 B R8s FHE AA Gt
o] HHE FMA AAE vlole= A3 AZAA(fully
connected) H°|E|9] AL 810 2 B R (classifier)3Ht, The
9] (18 D& CNN 239 725 =A33 A7 oo},

2 Aol A A A wFARL chl/H|ohd A 9E EF7317] 9
4] 83 CNN 2E2 VGG16/19, ResNet50/101, Inception

1111111111111111

FEATURE LEARNING

d8 1.CNN 289 &
Figure 1. CCN Structure
E7(Source): MATLAB website

oltt, §F RS2 ojv|A] U4 H &7 Hee Bcke
Imagenet Large Scale Visual Recognition Competi-
tion(ILSVRC)IIA gl cigt AT 4348 253 w50l
E]r VGG E.%.J 73% Oxford Visual Geometry Groupc’ﬂ)-‘l 7H

Hol Relz F7hE3l JItk(Kaiming et al., 2016). ResNet &
- Microsoftoll A 7id?t H2l'd Ly oz 7]Ee] gejd 23
< Rd9| Zo|7t ZE4F Go| oYk TS SEIT
£ 54& 7HaL 8l Inception ZH2 GoogleNet 7]8ES.
2 8hs BYURA AROE 3719 TeE E8slo ojujz|e] £
AL #E3he WS FEA e I B oIt (Karen
and Zisserman, 2014).

£ Qe ol 57l BEE ol A A aFARL ohd/ujch
W 2199 GSV oJujA] £ ASSIAT. ol 2 Hed 2d
o] i FAgEe SA = EEY T2y 2 452 o
Aol 4] ojw g Fig FaA Hiet 52 5h=] wjefsly] of
Hchs EA1E Hct oebd, SRS FE51] AsA Class
Activation Map(°]st CAM)9] ¥12]&S Held 23 A&
33t CAM2 geld o] oju]x|ofA ojudt i £4
o] ZAFHA AFARL ThL/H|cPY 2| g TSR T oflA] 78
T3 Agshe 54 TS A= 2se Yol
CNN 23 9] F200|A Pooling layer B4 Z25|= o]u]x]9]
F8 54°] CAM E4 27 2=, & gdojA«= oln|
Aol A regtillo] A EAH F2o] o|v]AE £573le ol &
a3 Agshe F2old, F&old, g (Id 2+ CAM

[==Zca\

Class Activation Mapping

AR RE

8 2. Class Activation Map (CAM) 7%
Figure 2. Class Activation Map (CAM) structure

X (Source): Learning deep features for discriminative localization

umd—m.m
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1. AR mEAL CH/HICHE X1 oSS fet
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(E D& & 7oA AAR Had 2359 AHA 1%
AR chl/ujchd 219 BL& Hdo] g tidt Aatito|t,
ARA FAL hEA] A1} vjcpEA| Y o] E
Hl&=Ed Yo St zrzr Tl wet gejd 23S
Z-g3tod ojulA] B 2¥ 452 A5 23, AA 2E ¥

T+ 9F 70.3% &2 AAA ﬂiﬂh_ ch 2] o3 vohi |
g8 o&sh= Ao vtk 579 249 7ked VGG19
zmeo] £5& 4ol 7F Hojd A2 ek VGG19 B

S AA AGoH AHAA ZFARL thEA g vk S

< 747} £k o Hat oF 73.75%9] 45-S Jehid, 2ot
TAHLRE VGGI9 ZE9] A& AHEH =8 A7 &
FARL ch | ol gt AIEE-2 oF 60.0%°10, Hchd 2Y
2 o 87.0%%= UERHTE o= s=HA oF 10329] A~
WFALL TR o]n)Z] 7| 6732 TthIA| 2R A o

B2 XM DEMNT CH/H|ICHY XY 28 E 45
Table 2. Performance of CNN model for bicycle collision
hotspot/non-hotspot classification

. Hotspot Non- Average
Model Location
(%) hotspot(%) (%)

Capital region ~ 58.00 81.00 69.50

ResNet Non-capital
50 region 74.00 66.00 70.00
Pooled 66.00 73.50 69.75
Capital region  54.00 83.00 68.50

ResNet Non-capital
101 region 64.00 77.00 70.50
Pooled 59.00 80.00 69.50
Capital region ~ 71.00 71.00 71.00

Non-capital
VGG16 region 77.00 60.00 68.50
Pooled 74.00 65.50 69.756
Capital region ~ 60.00 87.00 73.50

Non-capital
VGG19 region 69.00 79.00 74.00
Pooled 64.50 83.00 73.75
Capitalregion  61.00 71.00 66.00

: Non-capital
Inception region 79.00 64.00 71.50
Pooled 70.00 67.50 68.75

46 "=EAE, M5TH HTE (2022)

3, HIthE A ofn|7] 1078 7hed 8% oS HlthEA|

Aoz ‘3!’711 ]-— < U}, HlpEUS A e
gq& A= & oF 69%°]H, BITHER] 9L o S3k= 4

T 79%= ‘—}EH:I'E} i mdo] Al E o, Inception
oA vk R 9 d&sh= 450] 79.0%% 7H
A vebgT

2, RFH7| wESALD Cr/d|cie X|Hojl cist CAMEA]
Zat

2 A= ¥ 4ol M #A vEbd vGG19 EEo] o]
u]z)9] ojE EXL Z=A)0 2 2pHA WEALT chikx] 93} )
thz| Y o 5g wsh=A] FRIEH] Y8 CAM 4 F
712 AAET. (A" D= $Ed A9 Ad7A aFARL
chi g} vicht RS CAM B4 Z3el, (29 5)& vl
Tl N9 AHA AFAL thA| g HIEP%R]G] CAM
Héiéiﬂ@lt} ojuf oju|z|o) A FFM O R ZHA BH

2 geld 2] ojujx & it Fa35H %‘%ﬂ 5
%Ml 814 32| (attention) 7} o] 7432 Fio|c},

B AFE= g BE B0 $ed oA g} vjee
A IR g9 F59 Aot EARTH: FE HIFLE =
d cpd/uichd, vleey opd/uohd 2 9o digk CAM 2
& dizste EAS mofsiqltt, CAM #4238 s

Collision hotspots Non-collision hotspots

Capital region

Yeongdeungpo-dong, Yeongdeungpo-gu, Seoul
(near Yeongdeungpo Station Intersection)

Macheon-dong, Songpa-gu, Seoul
(near Macheon Intersection)

CHS HO[X|0fl Hl(Continue on next page)
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Collision hotspots Non-collision hotspots

Capital region

Hogye-dong, Dongan-gu, Anyang-si, Gyeonggi-do
(near Bangjuk Intersection)

Jamsil-dong, Songpa-gu, Seoul
(near Galleria Palace)

Songjuk-dong, Jangan-gu, Suwon-si
(near Jangan-gu Office Intersection)

Jamsil-dong, Songpa-gu (Olympic Boulevard)
(near Baekje blast furnace ramp (3))

J3 4. =7 CAM E41Z1t
Figure 4. CAM results in the captial region

H AAA AL ohEA| 3 vjepE R o] g o5k 2
< BT AojHE FEY & AT UA, £E R
i CAM 2423 2%, =2 F2E, 7I25) dE 79
7t AFEen, £EA vthEz| g Hjg] JdiFo ¢

59 =2 FHIE FUE 4 ATk ¥4, = H|hEA g
o] B¢ A& ¥, W&, 3, UF, shs, AW F7t
AFHA o, A g2 =R Lo| Fri= Bl Y
ERSiTH HIeEY IR o3t vopiR| o] E4E vl HE
g A, HeEd A oA s sEE IR G [fARSH
A A, B2 F2EC F7F FFEU. i, = v
A G2 AE 9, Wi Fo7t HAFET =29 Fol
F 5L 04 Ao

O|E HIFLE thER| Q3 HopEA| e EE o 2
o] AT 4= k. AR, =R FRoJA ol BN 5
Atk (2 59 139 vle=d thiA| o2} vjehEa) o ()=
Al 4T FEUAR F2)9 F ARlE vas e ohiA| o
o] 35 Ap=2] Fo] njthR|Hof v|3f FrjFoR gt} o]
£ CAM 2423} Aol 7Hg F=A= 54 7k 8t

Collision hotspots Non-collision hotspots

Non-capital region

Jungdong, Suseong-gu, Daegu City
(near Jungdong Negeori)

Chimsan-dong, Buk-gu, Daegu City
(near Chimsan Samik Mansion A)

Yongdang-dong, Mokpo-si
(near Yongdang Square Intersection)

CHS H[O[X|ofl Zi<(Continue on next page)
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Collision hotspots Non-collision hotspots

Non-capital region

L s
8

Bisan-dong, Seo-gu, Daegu
(near Tapsung Intech)

Pyeonghwa-dong, Gimcheon-si
(near the main gate of Gimcheon Girls' Middle School)

Tanbang-dong, Seo-gu, Daejeon
(near Hanjun Building)

J8! 5. dl==3 CAM 2421
Figure 5. CAM results in the non-capital region

Yot} thix|g o g ui2A ERH AHEY oA B8
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S °|FIL At ol= A3A 2](2021)9] AtelAl Aol =
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o] Aol mapRel 22 =20 271 g AHY AL &
F e AHAL T3] Wot A wFALS 42Tt
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A, AAA LFARL AR 9] - ERAFe] At 8
TRE QI A4, EHEC]E) 5 EAE AAA wEA
I PR Y E &3l F8 EAo R FHHG A S
T3l B tpA o] Fe, PUEE TAO AF E: ER

48 "=EAE, M7 7S (2022)

FHO Ao FH U A= FAA B2 Fo7t FAFHR
Atk 53], (1" 99 13} 33)9] tPAA A FFET FF
EET I 3AE, (I8 Y U+ 5+ e, B §
FEo] ddt CAM #4278 AnEy YR =E ot 3
N7} AFEH= 2IE AT 4 Aot E3, A H3E9
A4 E2 FHe] EHE(]F) R =S =2 FAY
2o #9471 AHE A& & 7 YUk =2 FH YR
T A e} BeRt B A1) % gEo] RIHsHA T
A 4= Qe =29 Adejd, AYAFE(HSE 4, 2007;
ZFE, 2019; FAZ 0157, 2021) FA FDR=E AAA
AFALE A7 T8 YUoE oo Qi E3,
R FH9 435 715 2L AAEL AdA T8 Al
AR FYE Balichs AolER 288 = vk HollAl
AAA AFAL PR G o2 Pl o 78 80E &
T Ut

3, A7 AEEg27 ARA TR ST 299
T8 BEHo2A CAM #4237l et gict, di7tA] H]
ARga ditA] B AAES ARlS B o, B2 Jo2 &4
b= A AgERo| YRS T 20| AHA AEA
I g o FREe F8 BP0 2 Epdr, ol gt
oz RAAEZV AHA AFALE oA 54
9 APA+e] A3K(Kaplan and Prato, 2015; Lusk et al.,
2011; Marqués and Hernandez-Herrador, 2017)°]| I3t}
Iy ARA HEE2e) 22 A Q=ete] B8, AAA
Y HEE 7Pl fQdorA Baxel AAA £
7} AEE 7HsA0] £Y & 7] WElS 2 olfE FET
& UrHEFE, 2019). EF 3T AAA =22 - 24
T HE=2o|An, AA| AHAZ} T o, A o] &
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A WFARLY| RAH QA FFE v|AE AR E 5 Yok

=2 FHoR X3 ABIY E& FH 57 37, HA
AR 2L 2Y B3 A-A AFAL v g e R
wosts 38 §40 8 A5t QU AR A AFARL Bt
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o] FE7} 7 L ofufEQL L A EXol§ A qor
XL o}, AT 0]4=7](2018; 2021)9 A= FAE
Exol g9 79 AHA WEALY] FFE vAA P=the
AE AABLE Y, ol EAolgo] AdHes THE
7} Bobe Aol ot AT AHA o] 719 4 U2
omjF, Y, =2 FH9 724y 52|, HARHFHE 59
A9 AdA DAL B[R HoR TR 2 248
LERYIL Qi SHA TR o] 9 Re] et S
2 A3 AFARL pA| ez EREE A g, vohd
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o e ARl °E FY& AFA7I7] ¢8-S 3
ANE & 4 Qo B3 AR A, AAA &AL
B Aot 2h2 ApgFale] S o] Ao MR E M AES
st W7 SRl gigel AAA AL B TS W
T AR B 5 ATEHEE 9, 20080 HEE 9, 2007;
Wei and Lovegrove, 2013)

Held 282 53 /eaEA g e 2% 78 EF
of disir HER 23}, E29 =7t iR er 35, A
< Z3le] PR E A3F, 715 o B2 F2E, A
HAEEE Fo) EX5h= 842 A BeARL A go R
FEEHIL USE U 4= Qi) v, E29 Zo] 3o
2§, EXo)g Ejtert @ T2 Fi 52, HE, ¥
2AFAE ARA RFARL v|cpEA o8 S TR
F8 a¢e g gl Qe AeE ANE FIY & U
7t2 37t $loA 9 Wit wEehH e WAE U] Ewing
3} Dumbaugh(2009)= =2 33+9] & Yke AFAALY
255 WEUAL F45EL AtHEwing and Dumbaugh, 2009;
A3 2, 2021). ¥ AFME 2 A FFARL TR RS2
HthEA| 92 7S E3ete] =2 FHY A5 Zo]
of wel =2o| FEo] UrolAs AL AUt olAH
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Pedestrian-vehicle collision hotspots

Gyobuk-dong, Jongno-gu,
Seoul (near Independent
Munuiju-ro)

Galhyeon-dong,
Eunpyeong-gu, Seoul
(near Gusan Station)

Sanbon-dong,
Gunpo-si, Gyeonggi
(near Sanbon Intersection)

Bupyeong-dong,
Bupyeong-gu, Incheon
(near Gouldario Street)

3% 6. HAUXt WEAID CHIX|Y CAM 2AZT} 0f|A|
Figure 6. CAM results for pedestrian-vehicle collision hotspots
Ex: Maly 9, 2021
Source: Jun et al,, 2021
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