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A Deep Learning Approach to Predict Elderly and Child Pedestrian Crash
Hot Spots in the Seoul Metropolitan Area
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Abstract

An efficient prediction of the pedestrian crash hot spots of the transportation disadvantaged is important for pedestrian-
friendly environments and the promotion of sustainable development. This study aims to predict elderly and child
pedestrian hot spots in the Seoul Metropolitan Area. For the empirical analysis, we used the traffic accident analysis
system data and collected Google Street View images of elderly and child pedestrian crash hot spots and non-hot spots.
Then, we conducted experiments using five deep learning models, including VGG16, VGG19, ResNet50, ResNet101, and
InceptionV3. We also employed the CAM analysis to visualize the factors contributing to pedestrian crashes. The empirical
analysis showed that the VGG16 model was the best model in predicting elderly and child pedestrian crash hot spots. In
addition, the CAM analysis suggested that narrow widths of roads, physical facilities for transportation safety, and low
openness were related to the pedestrian safety of the elderly and children.
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1. G972 g H =X

HEPABIHQ] BARE 2&7e49] 30 2420 S EA, FA|
A, ALS|H FHAAS FPHom 781 A&7FsE LR
Aol EAAE 7hs3HA gt B3], ngtel ASA AldE
9HL Q= SHellA] AA wE kAR T E AR Bk kel of
dojo] Bty S AR B9 WA HS F&
g Ak & 4= Qi

EAY] A&7 SHolA kRl ofjlo] HEgdAdo] F
83| = B3l ehtollA] o] 5ol et KA A ¢
o}, 2018 71 LUt HYPRFARL Bl&-S HA| wFALY
oF 40%E 248t OECD Bt th 28 srh (=2 a g3,
2020). EZH, 144 o]t oj”e] AT 109 HE B8 F APgA
= 0.36822 OECD 3|¥=t B+t 0.26781 H]af F 1.44), 6541
ol =91 217 108} B 23 F AFgA 4= OECD 393 &
7 B 11,4922 OFCD 3 ¢l= W<l 2,975 i8] 4ulut
EHERAFET, 2020). o3 A FE= AFHAE A3 U
AR WFHH o] S E|ojof 31, HYuF Apatof T
g 21532l A7 Baghe oujditt

S, BEtH S 9ol HPWFANE ek B &
Qo] gt th=e] A7} A& 3lA) K]t (EtE - H v,
2019; ©]4=7] 2], 2016; Kwon and Cho, 2020). 71&2] EAZ
At B ngAaL 7k AN o Be o] AFES FBE -+
9] dlo|HE ARSSIth: oA BYPAFALE sk 4
B3t a9 mhotol= AI7E EAETE, E3E Google
Street View(®I3} GSV) ©]n|A]e} 22 &2 o|u]z] REEF 7]
o' FE vAHY djd 7[HE A4S AL YRR B
Yugetdo] ofd FESEo) 58S 51 tHBustos et al.,
2021). EF SAREHHES 2 83le] BYPAH S BAF =&
9] 7 71%00] Q4B HeaA 2L S AR 7]
vksky Qlth(Kwon and Cho, 2020; Naik et al., 2014; 229
o]=7], 2018).

2 ATE T8 LFUAEA] o] thEt AU AIA] ¥hE- 5
go] AJrjF o R HojRltk= 353E 7= 9ld) ofio] J
4 g oR HYPRFAL PR G S A53h= Held Zd
= E5%: A BHoE Qi) B AR SEH Y =
it} offo] HauFAkal il W v]chdR| 4E skl A
2 a2 A g A4 GSV oA Y53t AFH HH
Held 7S E83te] RYPuFALL o A g3} oA g
< S8k RS 58l BrRIY, A58 3517 HEiA
T2 WEFTeA Algshs AA HYRFALL pIAY (7E
AT AL, A7), QHE 23l U giiteR B

116 =EAE, ®s6d ®M73E (2021)

A3t ERL Qi offlo] EYPWFANE FUSE F
A& A12t5}e7] 218141 Class Activation Map(°]3F CAM)
42 AT

& 7 203t ofRlelE die R HugARaLe] Hijt 7]
&9 AR aele e, A4 EuFARL A 99 2913 87
A=E vIFoR o &o] Hojd Hald 7 Hedce= A
oA abEskE, tlEo] AL 7 F8 A o izt £45 A
Alske HofiA] ddehe AhEskd AAA AAEE ATE
A0 W), ofs HPFAIL chl7hs 2| o) et &3t
A2l &S 7Fs8HA oM A4t 1} Ao AnfER
Al EEE A ARE AITE A2 7|dEn.

1. O|2% =2
1, =017} of2I0| B MEALTO} HEFRQI

43 3ol A EAHe 20w NHYRN= F7IEkaL, of=
ol 43 glon o2 Qlaf fEjuete] QTR WEA
Wstatal Qlot, Tigofte) ol gHel S3H, o 2 1t
< ojgol= "WFAR O EHED, WP YRS o]
oA BEHE Lrl= AFRCE AYsHE7IEE A A,
2021). o|2f3t WFAFREL ol 54 BEHE =7 #ut ohugl,
H3l A] algAbLe] kgE 7HgAdo] thE 1Eo] viste] A
Epdtt,

1=019] 739 ARAQ e3jet tppt 7142, Q1A 759
AslZ J4AQl Hao] oj#|Z 4= JUTHA A, 2015; BHAE,
2017). WEbA] =l S ¥l F Histe] B3 o] W
of AL Y 7h5/d0] U AARollA wEA BlojuAY, di§
st7]of A7 EATHATA - A&, 2004; HAHA <,
2015). £, Ago] woPd4E FAyES sl APl =4
HepdtHMori and Mizohata, 1995 A4 21, 2015), =izt
A, AkLe] 7FsAd JA] k=91 TFOA A vEhd 2L AE
4= it} ofglo] I1F T3 Bl A aFARL LA 7hsAdolu ¢
Zof| it Q12|71 Rk E/d0] ATHeMG - olAlS, 2014). ©]
HolEQ] 7% BT gt HF=7t BolAH HHsHA B
ol o] a3 P55 Al & 5= firk(Whitebread and
Neilson, 2000),

§H, APATE0] w2H B3 wFgAlae] §FE A= 8
AEE 29, 3T A&E F ulf gkt 8los AAE
1 9Jth, Haleem et al.(2015)% 9--ollA] 7HQ1e] 54 831 9
A5Fo] Yl RAR, 5L A, 22 AR &E 5o 529
=93¢l g7o] wFARaL FFale R yeihths 29E A
AJBEAL Qle}, Brosseau et al.(2013)9] Aol B3t Als
7} & 79, BgAl5o] A7tHT} AlF| Bltho] Aaj= A|7ho]
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ZehA A2l Fho| A 2] F3o] AlAtE o] wFAkLY =&
2 7/l AZ 4= Slrke 2& AARL. o83t ke %
5-0]57](2018)S] ATl TGS A # = U= BHEY
75 WFARNLY AA4ETL A vepdts drane 4 &
o)RTiL & 4= AUt wWEkA Bz} 4159 T2 nF AlAFY
AAH HdA7F BHagate] b e 4= Qe 8 890YS
AlAFsESITE,

%1, Leden et al.(2006)2] AT-ollMe 29 ofdo]o} i
QUE 3P} QFAS FFFAI7]7] fiElA] =2 $HE2] 7HAI A (visi-
bility), "#%d(orientation), B (clarity)& E0]1L &= A
3t AAgE A2 o) WAE A E 3 2HAEY Hale] of
gt FE 7S ook gtk S AAE I E3Ak ot
A4S 913t B9 =232 e AFPA1E FAAE ot
oF%t 4= Qlh, 258k FHE e E B4 g7o) B ¢
Aol vl FFE 24T - ¥RF(2012)8 A=
HE 9 BofE, g A& i, =2 UAE Fol 1y ¢
M=o Fee A 8%e® EAERT AA]4l-o]57]
(2016)] AolMe JPr o] Yyt Bz}t wFAIY 4
(+)9] T4, A Y= Bz wgAtae &(-)9 B4
£ Holz A& Y, 159 253Q2019)9 Atllxes
2o} ke 54, AL 38 59 MEA 543 vEo
AAR, PAHE ST o aF AHEY ojde] HETY
o5 5o IR E4o] BPA} wFAL Y4k FEFadl
o2 EAH, Y d1ATHES E2ALER FHo w2t
Hajzie] agAtare] the FE v 4= S-S onlgith

WHH, Ewing and Dumbaugh(2009)2] A-ofl4= 3% U=
7} &3, E2 Fo| Fouj T FoER Qo] 7zto] W
& oA XA AFALIL A DAY= AIE AA R
3 270 Fiehe RE B U4E A= 2FF &30l o
£ FOUE 7]80lH AL 87| lizolrt, o] Ak Uk 7
Wt £2)0] BE3HEE &go] Fu9 S Sun] By A
o ZHE S TS 5 Tk Jacobs(1961)9] FEHE AS 2
ojgtt}, 7|E& HT-ES T8 LBA} ofdlo] Fef gt =9
£ ANEYS o, 2F2A ofdo|e T2 wEA IFY
£ 4421 25 viste] 1ol ot AR AR BHg- 5ol 4
Ao Hojtrh= 540l EAY5te] vldt 8QlSol + 1
F9 29 aFALe]| G v AL e 5= Sl SAlel
THE AR IFo vidte] Qlat ofglo] M wFALLL GEFacl
< OE 7 %S ARRITHRAG - olAls, 2014). 9IS el
BREE] 21201009 ArollA LAF HaA; A 4Zkzof ]|
£ J¥8eR A £27t 71 3A Uehten, vjug B
sizb= 2 o] 287} 7P 2 ofgkq el o 2 UEldth Brosseau
et al.(2013)2] AT-olA= 41550l gl oAl Hagzte] df7]
AlZto] AW H¥AE0] 413F e AP IS B 7ks

Aol & AT ol A =0t AA™ =B/ A} 1
oA g0l Bars FAREE siEle ¥l woRER
ARaLe] =39 7Fs/gdo] At ofdlo] A= wERF o
FHAFEY ol et Yo 2 el tidt <A glol 22 ¢ 7t
730] 710l AL keZ 7FsAdo] A YERE Ae AT
At

2, ADIE HPWSHHE 7=2 fet Heldel HE

712 BagALLe] g AYPATEL G Bt o
oJHE AMBIe] HIWFARIL o] st AFE APFo 2
A Aeet ggkale] sfotoll= A7t EA3ict, 53], A3
o7 e A9E L% AT EoM 9 BYPuFA 4
2 A3t a9l meto] o]t} B A 7|89 APATFE0]
73 Qle AEA Q) @97t 7HE 4 e SIS S5
the AellAl 2Jul7t ik,

3HH, AULE ZA|E FE3H) WA 71eS B8ste] 712
B Asp] olHHd BARAIES A8FZ AT =
teg weaw glrt £3|, ALAQ ZAAYS 9J8iA 2F
Hool|4 Hgjo]E|e] -go] TuBLA o]FolA| L = HE
WFARLE BA3] gt ikes ey 7ol 88t 9
E}‘(Najafabadi et al., 2015), 'ﬁE‘]‘é(Deep lea.rm'ng) 71 o
et HjAY R H] 23S vl o R ol gloje 52 &
e Az Y #4AR1 715 2 WS 8RS Aledhe 7 ASKS
(machine learning)vg«] deE|Ee] ez AoHEcHgeA,
2017). ©ed 7|HE R R g2 glojgE W 5313
o2 S5t FAlof st Ao it XA} AR L2 E
Wy - AT o] Qit, ol2ijt o= Bt @At
A B3 84847 AL BA% O ok 39, &
ol& 3] T3 22 AFAA BA WL 7Ivre R ZgP=] gl
cHel 2, 2003; o238 A, 2015; 5%, 2014; AlY
7] 9], 2015: Lu et al., 2013; Cafiso et al., 2013). 454 54
7|8 B8 7|1E AYETFEY AL, dH B viges
)4 33 HyagAliiete] g3 B S 9% frejv
T AAE GF 25T 5 0l Ty A E4 WS 9
A TR dlolde] Arkge] ashe, W F7H e
digt £423} A g7l =28 o]§dk= o[ 8AY QA4S HpE
83k 59 SN Yyt oigt U g7} EICHF
5, 2018).

PHEH S SEslL, A vlojg 49 EAf Hoju
H13% dlo|eE 3Rt el 71¥S A8t £49] Fo=
g =ol7] 9% 4771 AEE YHHuang et al., 2016;
Talebi and Milanfar, 2018; 2549 2] 2014), H2d-S 94
24 Q14], 4 14, Zg 73, 2R3 AdojAE] F ¥
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gk FofollA B85l i}, gedE dA 7to] 2 ekt
BAES st 9lon, T S04 HHlolH &8 % 4
714, AFE sI=Eole] WAdt AUAE o7 WAk 9l
t}, o]5 oju|A] Hio|HE FHOE A f E]2] 7 df
g B4S At A e 240 889 HeolHY &
Z 7Fs4E =5t AN a9 297t e, sl
gloje] 2] Wo|(variation)ol W} F=7} Aol Ueha 4
Uch= Fo) A3

SH, B9 o|n|A] Hlo|HE &-83t HYPuFeHo] gt
Y A7 EZ s Y Foloh, v ol47]Q2018)=
7IEFZOIA B3 TR olE5S Q1A GSV oR|AIE HaEd
mggof Agsle] £A42 215921, Kwon and Cho(2020)
9] 739~ T3 Naver Street View ©|0| A& &-8-3}0] 7}2371]
gt on|RjoflA Z}zFe] Fio] 2|8k vl &o] thet Segmen-
tation 71" B-85}o] A|ZH =29 QFAAne] IAE ulef
31l ojEfd A5 B Y dlojg SL vlHolHE 8%
S|4 =AY aFa HAH EAY g BlHlold 1M
83k o7t St shAjE, AEzAR] 7]Nlste Q17
F2| 914jo] Zghe Rt ul obd Al Avlel ¢iAste] B
ARtz AellA A17F Qlet, olof AA| RPuFAL} o= o
ofd 2|9 & FLESL o] 5 ATA Ar=H E-83lo ofof it
E& ou|AE F53la F3FE B gy 7S H 83t
H ot a8FQl AutE EARE| kS =& = Qi)

. S
1. g7AlE | e

T8 AFA R E2 W 5EHolA Alesl= 20129 7-H 2018
A7) 9] BYRFARL chlA| Y ARo|t}, 3P AEE A7
o= 10,365%9 RYAFAIL tpIX Y FRE EF3}IL 9l
B, BYNFAL P S B w=Qlaka, B ofgojAta,
AFE ofRlo|AbaL, Fosiek ARl APHA AlaLY] fEos I
3L ik, E3E, Zp7te] wEAlaL thdA| oo oigh $1A] AR
oF AL U A, AR, AP, SARE, BARL B 8
gkl 9Jet,

2 At 913 ofo] HuFALL thA o] 3t &
BHS PS5 53] oA B FALL TR AR
% 13 19l B3 oo, AFEo|Ro] Alae| tf3t HRE &
£33t 2 uE e BuFAla oA g Ao o}
29, 23 kQIAlL o] Qo] H$- 654 o142 Q1R 3A}7}
SR AW At AR A1 200m ool diAF Akat 37
OJAHAFHALLL B A] 27) WHAYRE Ao}, B3 ofFo] Ak
PR 4 9] -9 124] ©]3 o] BPR7} cpR AU ARgEH i

118 "2EAE, Msed M7= (2021)

FTALEA LFARL Z]A 200m ool thid AkLzt 37 o)A
LY GAPGALL WA A] 27)0]H, 2FE ofdo] AlrhiA]
o] A AZE YollA 124 o3} offe| B3uFAaLr} 24
o E= APFALILZL PR A o]t

S HlE AE, A, 718 TR = A Yoy 4=
58 XY Y B3 L=QIAkL, B ofglo] Alxl, AZE ofRoJAL
I oPA e F 1,469 (AL 830, A7]- 21 A 639)0ltt, =
A el gH3te] s A2 Ax RYaFARIL cpdA| e of
49%% A8 B nFALL YR Y ¥t ope} et
el 7F 9 52 A3 (built environment)2] A}o]2
Leh s 1EE 9] 2|9 71 AolE 4 = 97| giiolt

HPWFAL PR G S 5ol Held 239 & Al 2
YL FAt B|chikx| o] 2hs £3F Hasich o] $iate] Ky
WFART vt GSV AR HEFALT Thix|g ¢l
A Y gk #AEE F A9 FE22 59 A9 Agst
ek BYPRFARL chA| A QI Aol A vchR| Y GSV A
A ARE $A% o= thadt 2} BARL WA= o
A ATE dSsla F4sk= A9 A5 d¥F 4Y ATF
(AADT)ol E29] tjst AA 84 58 HsE B3lA U
PHFES, 2018). oW, A2 4=, E2 &, uFE, FHEA
o8- 5o} Fo] WFARL chIx| 3t fH A S W 2}
o7} U= A ¥ 9] F§- oli= iFe 2| Rpo|7} ofat Ao 7H
Aol 2 Qlaf Uehhe A2 A £ AFolA ek 559 o
DS RETT WSt webs, RYuFALL o9 ¢
= A Gof4 BEaFAn vt =2 on|AE FHdh=
7o) 483t melg FE3h= ol Aesickar waaytt,

g, & ol BE-FARL thiA| S dlo|Ei= 2012-2018
Ato)9] Apmolw, 2020 9Hofl GSV AMlE 3813l GSV
o[n|z]e] 79 v|F7|H R A&HQI o|n|R]e] AYo|EZ} F
PE R, BPFAIL x| o 2 A Al T Al
S QAAA o]u|AE 15T 5= Ytk BAIZF E4TT. ol
2019\ AH|& o] @A oA AlFE= 4l ol AE T
I A" GSVE dAIR 201595 20201 Alelol] dREE
oju]zjele}, &, =13} ofgo] HEwFALT thz|Hof A F7
I GSVZF =3 A 7 Zpo| 2 Qg B o] w3kt EX)
g 4= 9l ost A= Bk, £ A HIeEd A
of| Hj3| 7ijtto] A o2 Wol o]Roj £ A HS AF
Blo] =91ut} ofgio] HPwFALT thiAgo R FAH Al
GSV oJu]]| A&7} 2 EH A 2t AlolE FAsletaiat 849
t}, o] Qo= & k= g Aol AR AR B aFAL
317} o]FoiZl A 9E BA3H= o] ofd A7|7to] AA Haw
BALZL TR A0 o] 0j7] A HE EAEY] uie] R
BAHL AJH 2l 2 Q13 FF S H 43kt 4= 9ot

AEH T FANo) B83 FHAE 3,411XLE HYPuFA
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PR 1,4693H(A12 930, 77]- 1A 739)7t H|ThEA|
1,5423(4€ 910, Z7]- Q14 832)& Z3Hshc}, o|uj Hajd 71y
o] #8-2 9laf Lagt shgdolElt H|AE Hlo|g 7 vl 2t
7} 90%2} 10%01Th, GE 1) 2 A9 1913} o o] HfmF
ARIL o] o3} W cpR] o] o] U3k Uf-golm, SAta
o} HlAEARS FE8te] A2|gh ot}

g, B8ugAla chd/nchdAge] AR ZaE HA|
3,41139] $1%] ZEE HIFOR GSV AP key S B85} 32
27 ) ARS8 GSVOllA AlFsk= A2 739 360°
o] shieetnl Fef 2 ARxlo] AlF-Het, weba, 90° TR Lol
3t Ao 430] ARE sk, 1 At 0 HA AR
13,64478& EA40f B85t 38 ARIEE 600x3008] 2
719, $12(location), %2t (heading)® 53 Zt=(pitch)?]
s EE ¢JEste] on|AE Fsch thee) (1Y D&
£ AtoflA] £38 219 9] o]u]z] o]},

S olu]z|9] L g AH49] 360° shiegtu} AH) o]u|x|o|
digt A& &8A B48h= Concat P27+ g Aaof 3 4
o] o|u]A| & E-&31= Non-Concat® W2]o] Qlc}, H 93Lof
M E2 3] BE BEO| EAS nes] 98t 439 o
u]2E 25 E83M= Concat F4]9] 8-S T4 2d9 3}
7 252 39k 99 Pie H4 A A9 oju)Re

g5t AL 5 25351 § o5 HEg thd Bl FHIRA
=2 3739 L g2 ARE T & 9} oo (Y 2
& d3o4] Concat FH] £4]2] Y2]2] =4]s} &l7 0|},

a2 1. GSV 360" oot & oAl
Figure 1. Example of GSV 360° panoramic view

Concat
2 o|o3) B B (coneat)
Extracting features in each image

| ki
u_l Mﬂ = | W Classifier 3 o EE
L& P
-

Z} imagedf CHE 81 F5
Extracting features in each image

Non-concat

e ] ~m = I - =) Z3FE
Extracting outputs

% imageo] (it 83 5
Extracting features in each image

18l 2. Concat/non-concat 71%
Figure 2. Concat/non-concat structure

2. Eleid 28| X8

£ dolA A8 HeEde FEFAAT YIEHA(Convo-
lutional Neural Network, CNN) 1t322] Helj2 A s}5of A}
&% 2H2 ResNet50, ResNet101, VGG16, VGG19, Incep-
tionV3°]tHHe et al., 2016; Jaderberg et al., 2016; Szegedy
et al., 2015; LeCun et al., 1998), oju Zal¥z e | A
3 7371/ AGE 28] 913t of o] EYuFAL o
9 gl uopA] o 2] HlofEjof gt 452 SAsI3It,

CNN2 54, o|u|A], | AE 5 ohedt wopollA &85t
#|22] CNN 249l Lenet2 1998'd¢] LeCun®ll 2J3] AA =
HLeCun et al., 1998). 71&2] Deep Neural Network(DNN)
& 244 12 dlolERke 88 4= Tk, o]n|A] HlojEje} 2
& 22K o] tlolEl= B3 latten) XA OF Tk EA171
AUZlet, o2t WAL ofu]A] Hlo|E 9 A KA, F7HA HH &
AL F3, Bl =g YA "ot CNN2 DNN o]
g ZAEE A3k $13 SRR 2, 2D FEj Q] ofn]A] o

1. 558 010} 0{210] SR READ CHEX|H 3 H|CHUX| S| B AESL E0[d IATE K|SO £
Table 1. Number of elderly and child pedestrian crash hot spots and non-hot spots

. Train data Test data
Division Total
Hot spot Non-hot spot Hot spot Non-hot spot
Seoul 830 810 100 100 1,840
Gyeonggi-Incheon 639 732 100 100 1,571
Subtotal 1,469 1,542 200 200
341
Total 3,011 400
Total image 3,011x4=12,044 400x4=1,600 3411x4=13,644
Unit: spot
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olf Al HHEA] gfal T2 ARGSte] ofu]x] o) FH R,
FAGH= o] vk, CNNE 54 992 548 F58k:
T (filter) & AMB3l=t, ol=igt Ao &80 2 oln|z] ER7
(classification) wA| A Hold 4452 #FA) =itk

CNN9 F2+= Conval©]o](convolutional layer), Relu®l
olo], Pooling®|e]o1E F4==8 ConvElo]*i2t Pooling®l
ojot= olu||e] EAE F&3h= t] o[8HT}. Convio]e]d|
A AMElE TE = olu|A] 9 Y AZEE 54 YeTE JA|
Ao Fol7in oju]x|e] EAS 531 o] IYofA] §1F o]
njzjet FE Afolo]| FAIS At ZapA o2 v A (fea-
ture map)& A4 Pooling@©]012] Z$- Convi|o]e]<]
S AAYlA & o Fofulet olm |9 EAE FE3=
982 3Itt. Pooling#©]019] F-F#E+= max pooling, average
pooling, min pooling &°] 3125 HAYe] 574 3 kol
o] Z}y7} 2Rk, Batgl, S di3gE ARt 25 9A
We AA3} Reludlolol= 8438 T (activation func-
tion)2] 3 FFEA Convil|]oj2t Poolingd|o]e] Ato]o] 917]
gt ol ONNE HAE Rdz FAsh: AEE b, ol
Bl AP Rd2=E| e A E 4 A B G’ P
2 & A-tollA 8% CNN 23 9] =413} 2t ot}

2 AqtollAs omA] Bl lof dfEAQ] "y Zdl
VGG16, VGG19, Resnet-50, Resnet—101, InceptionV3 &
& ANGBHT, o] BESE oulz] ¢4 & Ei darE|Ee]
d'5& H7I5k= t31Q] Imagenet Large Scale Visual Recog-
nition Competition(ILSVRC)oll4 257 931 55 Hel
ot} VGG 22 SAHE Visual Geometry Group®l|
A kg 2ER, 2014 ILSVRC HBlofl4] 248 2jo] & 29]
& AR5k He et al., 2016).

VGG162 727} 2Pd3le 85 majn|e 9] 757} 7] wfii
of 4 £=7 WmEde Aol ok Resnet 20159
ILSVRC w2l 1915 A% 2otk (Simonyan and
Zisserman, 2014). Resnet<> P[] T2 AT EofA] 7ilgt Hdl=
718AQ T2 VGG vIsz3ith, BA] Held 2o 20)71 2
o A4S B9 d5o] ot o] EAFET, Hlololy
& Folofe &) 23 Hdk= residual blocks &85

LY
FATTEN oo FOFTIAR

N

ro

FEATURE LEARNING

33 3.CNN 7= 23
Figure 3. CNN Structure

CLASSIFICATION
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ojefdt wAIE s Ag Zlo] EAo|ct, Hhzoll Resnet-503F Res-
net-101-> ©]4 2o v|3] Gz o= 72 Z47} 5070, 10171
AS22 S/4Ert InceptionV3 2E2 GoogleNet 2.2 Fo]
ey ot} dubAQl CNN 2E2 HE 9] 7|7} shiR
IR E|o] Qla wEkA] oju]R|9 EXE a0l 9 AV E
3 sh= a1 Ee] Sl TIo] A%THSzegedy et al., 2015).
olg3t FE-Z 3 43t7] $I3A Inception ZH2 A2 ohE 2
719] BEE &7 AMg3l ojujz|e] EAE &30, o8 F
3 2 A5S FAIRT

2 AFollM = 0|9 B2 RESE 5 28510 alFALL o
U2 EREde ThEdon ZF L] 45-& vluste] 71
gt 2dS At ARE RS2 £ Aol A
2 ‘hH{positive) 7} Bt (negative)' F 7HA9] Al fF L
E s A% AEVF Basid, gutE o ofgdt 79
35& A%317] H3lA= Confusion matrixE S84 232
458 F7FcHMuller and Guido, 2016), &9 Gt )+
2 Atela] BPuFgARL i v QS FHEskr] 9%t
Confusion matrix®| SISt AAGES 8. 0Ft o},

true positive(TP)] 3¢ AA| B wFARL tplz| e o}
Az ejoleta gt E5dh= 739-0l1, true nagative(TN)
9] 7% AA v A|HS HchiA]Holalal oS3z 7-90]
c}. B9, false positive(FP)2] 7% A4 BlcPE | g& cpi| g
og}iL df|&3l= ZolH, false negative(FN)2] 7% AA| tht
A 92 e ol gl ol &3z 3¢5 njdict

Confusion matrixs HFL=E HEQ 452 B7Fsh= H&
Al Hh o 2 AL (precision), A& E(recall), B =(accu-
racy), F1-Score & 288 & ot F¥=(accuracy)s
7P 712F R mdo] 4J5S Hrlshe WHeR, A blolE
7he-dl 85 E5¢ dlolelQ) vlEE oJv|sh= FHIEA 2
Aoz wdo] 452 yehd 4 AdrhMuller and Guido,
2016). tha-9] 4 12 HEEE ARSS= 4o,

TP+TN
Accuracy = (1)
TP+ FN+FP+TN

4] 2= AUEE AMEthe Aol FYUk(precision)= o
EA GO R |53t 79-0] (TP+EP)elA AA| ThEA (TP
ohE S Uehlle A E2A opR| 9] B9k a2s) &

B2 ZRMOjE=A
Table 2. Confusion matrix

Actual Class

Division
True False

Predicted  True  Truepositive (TP)  False positive (FP)

class False

False negative (FN) True negative (TN)
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BEE YIS E HAE dlojEQ] F4of BAIYC] LAY
3

of gt A =g ALKE 4= Qi
Precision = & (2)
TP+ FP

A& E(recall)?] 39 AA cPERA A9 ME(TP+FP) 7he]
Tdo] oz (TP)ol2ta Zopd vl &2 Qn|sks Aol o
9] 4] 32 A E(recall) 2] AFE4]0ltt.

TP
IP+FN

Recall = 3)

F1-Score®] 77 St A9E AWE(precision)?t A&&
(recall)®] 281 E3Fo 24 AUE0] gl YJHEE A2 yha|e
o) JAIE 7H o 2H T Fho] AAsHA HFE olF= Bdo| 7}
A 2Ag mdol2tal & 4= 3o, ot F1-ScoreE B-8%T.
th3-9] 424] 4= F1-Score?] Ab&4]o|t},

Precisionx Recall

F1-Score=2x )
Precision+ Recall

3. Class Activation Map (CAM) 244

CNN 29| gejd 23 9] 79 mdlo] Ago] B3t d37}
FHZ AN Hh: A o] EAIT), wetA, olFet RRrd
9] FAE S5 HeliA £AZIL] AlZEE Y3 CAM
o] &S A4 AT Agstqint, s WS o] oS
IS =&k b §lol, olujx]Q] 7t go] o= F=o] FIF
=+ A B4tk 71Rlolt), gV R ERE TS|
213 9] 75 ohx|et AA3fully connected layer)S F3l4] &
F2TE AABR=H), & AFolAE B85 CNN 729 23
oA 52 Flojef7} o|n| ] 9] ot EAIS FalA AA| iF
AL A|HE BRBN=AIE 28 ol Al oE HHL
A 31T, (1 4= CAM FA]0) thgt A|Z}8} Ao},

Z 00 N

4l 4

[E=ool~
E=on]-

Class Activation Mapping

|

18| 4. Class Activation Map 7+%&
Figure 4. CAM Structure

Comparison of
VGG16 model
performance

{Precision/recall/

Model
Training data

Extraction of location
Information among
pedestrian collision hot
spots/nan-hot spots

Resnet-50

Resnet=101

Model
Test data

i
AT

Inception Class
5 Activation Map

a3 5. HEA9f 8 9l by
Figure 5. Research Framework

ad & 2 d7to] B ES 483t ot 94 HEw
AL TR ARE o R e Ao AFAL o
A g AL o) & HigoR HthIA| Y Q13| HRE AT
o A ARV 7R Qe A RS vEeR 2 2B
ZE §J APIE B83}0] aFARL cthA| i} vlchR| o] of
§ oJu] A& A7}, =% o] A]of thfA] Bh5-8- Hjojelet
el HAuoEE 911 HIE=E T2t F 5712 Zellof thgt 5}
52 5 449 RdEE wFAL PR o B|ohdA| o 2
7 2% A5 vlugit, vpAgfe R EiE 2Yo] ou|xjojA
ojugh 10| Hig chl]| A} H|cPR| A o8 FESH=Z]
3 CAMZ 53l 21%it,

o] A-+dA WEES v o A E4o] AAld &7
< Ubuntu 18.04.5 LTS %AAE HIZ22 Python 3.8.24]
A3 PyTorch 1.7.09] TR 4874 A8t £4
stgom, ojuf) 785 GPU A2 GeForce GTX 1080°]¢F,

V. 2428
1. E¥nSAD Cra/HichEX|S oS2Y 85 63

HEPwFALL thR| Qat vlcpR| g o|n|RE HEY 23S
2831 A, Z71/AH, +=d A A He BYuFARL ot
uh/njehz| o o] ofn| 2] Bt HE o] 452 A 3,011
9] 12,0449 VA& E5E 218t dHlolH (training data)®
ARgEFGon, o]F tPEAYL 1,46934(0]U]A] 5,8767%)°]H,
HlehA 92 1,5422(0]1]A] 6,1683)0lth. A5 B7HE S84
2235t A5 dlolE](test data) A F 40022 i
2002(01912] 8007), HITHEA] 2 20034(01714] 8007) 1t

thEo] (i 3 (F 9+ ¥4 AHH Confusion matrixE
7l¥te g w9 5S Bl A &5 Aol

HA, (& 39 7§ BYPulFAL thlR| G vjchdx] oo
gk 2 HUE(precision)®t A 8&(recall), F1-Score?
#rolct, A 71a%t A3t o] Fi1-Score? 74 A=} A&
&9 Aaggto g 3T 2 v s 299 455 71
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B 3. 010 0f2i0| B nEAMD CEXSE (=22 Mol WSS,
F1-Score
Table 3. Precision, recall, and F1-score

Model Area Precision Recall F1-score
SE 74.49 89.02 81.11
VGG 16 Gl 61.16 79.57 69.16
CR 67.12 84.00 74.62
SE 77.22 74.39 75.78
ResNet50 G 63.11 69.89 66.33
CR 69.23 72.00 70.59
SE 68.57 87.80 77.01
.Fl‘S?NEt G 61.72 84.95 71.49
CR 64.81 86.29 74.02
SE 77.94 64.63 70.67
VGG 19 Gl 65.38 54,84 59.65
CR 71.23 59.43 64.80
SE 69.64 47.56 56.52
'\?,O?QD“O” Gl 55.06 52.69 53.85
CR 60.69 50.29 55.00

SE: Seoul, G'I: Gyeonggi-Incheon, CR: Capital Region
I 4. =011} 0{20] 2 uEAIL CH/HICHEX|] o2 E Hex:
=] i

Table 4. Accuracy comparison among models of the elderly
and children pedestrian crash hot spots

Hotspot  Non-hot

Model Area %) spot (%) Average (%)

SE 8002 6914 799
VGG16 Gl 7957 5253 662 7303

CR 8430 6084 730

SE 7439 7778 760
pestet g 6989 6162 658 7088

CR 7214 6970 709

SE 8780 5926 746
TRnget Gl 84.95 5051 679 7129

CR 8638 5480 713

SE 6463 8148 724
VGG19 G 5484 7273 637 6805

CR 5974 7711 681

SE 4756 7901 621
oepion: 5260 5060 561 59.09

CR 5013 6931 591

SE: Seoul, G'I: Gyeonggi-incheon, CR: Capital region

HE VGG S Uehiie Aow e
R
A9 of 81.11%2 W), ShAlR, s 23He cpEx el

O X
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(positive) TS 7|82 RHO] 452 WHsh= AR EA
g}, wetA ol 3l A= (accuracy)E S3MA 5 7
Aoz A3t ResNet50, ResNetl01, VGG16, VGG19,
InceptionV3 ZHHEE A&, 77]/AH, =4 A 9S8l
A (accuracy)S S 299 A5 B7HE ool (& 49

2 2t =5 U

B AolA A8H Shss Bl A5 A AA A GoA
7V B2 7 A% 29 29 A% E(accuracy)’|E
73.03%%] AY=E 7153 VGG16 Bdolt}, 3 Bdl nE
A oA 7P & 772 S-S Ueld,

53], A&A99 39 chdx| gt vjepd | E5ol SlojAl
thR| S 9] 73 89.02%, HITHIRIY 69.14% 52 AREE
yetde, Bt oF 79.9% A5ES UeRlc 7|e Bdo] s
HAE ZuE AHEH ResNetl101 71.29%, ResNet50
70.88%, VGG19 68.05%, InceptionV3 59.09%2] =412 o3
29| Anpr} vpelkitt,

VGG16 2E0] BetE A5 v o8 37 24]7} fun|sk=
A& Aejstd o3 2ot ARG 39 B wFALL o
IR 102 7he-H| 9oF 8,939 A ¥E& HEYuFARL chlz| o
2 9| dS3he fx|olm, voz| g o] 739 103 7k % 7
& vjopR|g o2 g o&sk= ZAuloldt, BHAoE Y
wdo] 100%2] o]n|RE A o BFE o]n| A& HEer}
Bt 79.9%°] AE=E vehd o oF goAte] oju]z|E 2P
BARL ch/ucpR] o 0. 2 LEsl= Aot

2, H¥wSALT CH/H|CHEX|So) cigt CAM 24 Zat

B FA chil/H|chiA Y oS dah= ¥Eag AlLL o}
2 Q3 B gE FRE FERE SRR etk
ZHof|A Axte] Yl olsflef AN 71t wtA, ol
3 IS HAsh7] SJ5te] CAM E42 AAgch CAM 24
N A ZEE 72| ResNet 1019] A7E vlgoz 54

S A8Psiglth. VGG16 ZHe] B4 A FY 22U, o|F
CAM &4 23517] Yaia =88 4 VGG 29 9] 29
AL S H, 7189 di5ge] HstE:= 7|43 A7}
EATE, wetA, BEE 2y FHE 7L glen, CAM &
Mg A o 7] B9 125 A8 gl BAo] 7k
g ResNet101 229] s upgho g BAS A8g3i9ct ok
9] (1% 6)& CAM £4dx}o) YXolc}

(1 6)2] AHxlo|A] A BAJE +.
9(attention)”} ol 7}33 FHolct, &, G RES vlg
o2 HAE Ho|HE A5E v ojd o FHHo2 23L&
FI1 3 AY9E RYPRFAL hEA| ) vjcpEx| o R
F3N=AE A|ZF o0& F&35 Axjo|r},

B Sk WS W) 3
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Pedestrian Crash Hot Spots in Seoul

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

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

Pedestrian Crash Hot Spots in Gyeonggi and Incheon

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

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

Pedestrian Crash Non-Hot Spots in Seoul

Sinwol-dong, Yangcheon-gu,

Hyehwa-dong, Jongno-gu,

Seoul Seoul
(near Hyehwa Elementary (near Sinwol Intersection)
School)

Pedestrian Crash Non-Hot Spots in Gyeonggi and Incheon

Mansu-dong, Namdong-gu, Seryu-dong, Wonseon-gu,

Incheon Suwon-si, Gyeonggi
(near Jangseungbaegi (near the central office of the
Shopping Mall) Suwon Card Branch)

38 6. 017 00| EHwS AL CH/HICHUX|S CAM Zxt
Figure 6. CAM Results

AES B O R HYwFALT TR H3} v|opdA| oS ¢
g ot 22 SAE AR 4 At A, BYFA
1 IR 9] 79 E20] B0 qlof vt A|qET =2
Fo] FijH R g2 29| 9 BFPnFAL thERHoR

S3h= A2 = Y

B3, =20 U FHolA Aot W A UeF AL
I TR R Q1A= R o R YT ERAde] EXsh:
FEEY AEY FHoA & uf, 2FAL ohd A9 - &}
Zoll B2 3ol HHAL len, YR Aipji= A=
32 =8 9ol EAFt: 2F T AHE Fiol F7 FFH
of 3Art.

HHA, B3 ngAbal vjohz| o] 79 chR| g g =2
9] Zo| FL AF thrg A HoflA] RYuFALLL vchz|g e
B q&shs AR Ust, &, =27t 448 4 A A
7t d ST 202 oE3icks Folok E3, HjopEA 99| 7
S thEA XY A} 22 EAIE FolAl chdA o)t
Alsle 2 g =2 FHo EAehs U, e, 4
A FEREL F2 WETERES FA HIRGe R o
s}aL Qi

ol2fdt ZIE uiFo R R} wEAkaLe] QHA S A
£ Fo| Fil, /Yol Ao, =& FHoe WEHH T
ZES Z3e A AAEo] EAT AS A} LA}
A dojdrh= 4ES A& 4= 3It}. Ewing and Dumbaugh
(2009} =29 Ao 24H B wFf kA FA
W AE B3l =2 39 WErt 535 ALY &E
& WEths A72%E AL Yok Ade] FAY, == F
Hog 724 Zh2 Aoio] S o e 23S
=8 WA = O 23 BFARLY AFFEES YEthe 20
t}, o= & dollA] Az} wiekS o] sli= AR B 4 qlrh

Y 71HE B BYAFARSL thix| oy} vjohdx| ¢ o]
F2o ojugt SHE FMA BEs=A|of oo gk A¥A
= FolA wEE o), cpEA| 3} viohix o e udsh= 7=
ol =29 A S 5, F2EL ZHAA Aol Y
ERAL S-S & 5 Qlok of=d REo] FEE BeA AR &
= A qofxl o] Bzt HstHo|1, Qg =2 fHolA 4
f47} ojEdt fLgo] A oR njEolof 3R=AIE Akt
T YA =22 & ZlolH J|E) EAsk: =29 A
o] wte]| 3 23S 851 -8 o US> gt

V.'E

£ A9 HA2 ONN 29 gy WS 283l ==
o] HA| oJu]AE T3l HFwFAIL chER| Gt RS
TS BEE EE3k Zlolth 24 fld =R uEETe
WEALL TPRR Y ]3] ARE Higo 2 F 3 411322 GSV ©]
oA 13,6448 ST, AT olnlA] 712 12,0442
358 dlolEl(training data)®, 160082 % HlolE (test
data)= &Gt 24-S APt
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EA4o)| A3 AZEH-S VGG16, ResNet50, ResNetl01,
VGG19, InceptionV3E F 57H] B & A rrde] 4
o= A3 523 VGG16 BEo| B oF 13% +F 2.
2 B FARL thiA| 3 v rpiA] Qg TR 2R U
1257

WFANL A B 2] A3t AFE A Z3fe}r] Y3 71
Z CAM £4& AA gt BA443} gAlL cpix|oe] 39
E2Ako] Akl digt F=2l(attention)7t FHFH R A3
I, E29] 3 Qlo] AHeR RV Yu, 8 FHoR
TF2E A2 A QYS4E BYPRFALL thIA| G o8 &3k
ZAo2 Jeryitt g, v|cplR| o] AP £20] Fo| Fil, &
2 FHOR AEo §2 wEdtd AlMET 22 8 12
o F(attention)”} FFEQ 2w oA A Ge] HA|
ZQ1 WetoflA] FAFR] AJolE Bol: A GE] vjcpA|g e
2 d&3l= 2& gelslai.

U APATLE2](Kwon and Cho, 2020; B9 o]47],
2018) 7Hgze] S5 AXE =29 QHyo] sthe ATE
AASHL oAk, SHAIRE, ALY B9 =2 B4 Ao &
o] Qi FHol| T2 5L Wafshe a4} glow A&o) 7}
TS 7L ot A Qo) 2 f3 el et a4t
9] AJAle] m|A]= Faoll T3t A+-E T3 =2 EX4of ulet
SRAL 71&0l= Foe Aot Ytk RS TR 53,
20| Fof glojA] A9 =2 R A E2eA]Q F-L- A
I} 25 o gol SARItH: 238 AAEkL Qiot, =3t &4
Aol 1Z1E 2|3 S|4 AYFte] & E29| A=
A&l AePo] i AYAH(LTFH-oleH, 2007, ¢Y
S A, 2001)9] AFELE FA B of & AollA He
Y Hygor iEl= =7 AFE 7kt BYnFAL o]
o2 3 APAFEES AASh= A2 & 5= ok

olite] Al =05 B, b3 22 A¥A AARE
s 4= Qlok, A, =913 ofdo)et T2 wFHAE| K
AFARLE ofgela BBl TANEE fl5te] ",
ZFE v 59 A7 0] Bgo] Zasi oldt /HES B
YWFALIL IR S GSVEF Zo] RRE o] 87H53h HlolH
£ &43to o &3t ol 7MES AR, AR
B2 AR AES S8 AHgS HYshal Bt aajEo R
XQE Y 30 ofFo] M 7Y F& AT 4= L& Ho|t}

EA), x93} ojeo)o} 2he- mERIES] B A4 st
7o) dasitt, 53], /g 49 £42] Aofs g
3to] HYPRFALE EQIctil: gEA glou B Afeie
Eg2Ro] £ 7o REREH AldEe] $IA|Ee] AiE e
Z 7gze] W A o] HPuFALL vt o FEE
£ AL gopsigit, of3t AHE vigoE, BIuFAlL ot
22| o] gigt road diet?t Z2 E2EO] £ wFHH AJA
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=9 g A Z2 LAY FUE £ U= AEEY &
H7} s Eojof 3},

2 A= AAY] B2 87 7Nt & Sho] WFALL ThiA|
it} H]HER| 9E SHESHAL B Uo7t off Q47 alFAlSL
Aol FEFE vX= aQo g FE =R tiFiA oL A3
A SdollA 2] EAfo] o]FojFth= HollA 7] =7} £, SHA]
gk & A7t 7 A9 A vt

A, A=Y AR gt & dve HEFe=
dolit= HEYAFAIL 2| Ho] ofd TR doju= B
WFALL 2| H9| FAHA] HIEZ 7|HECE GSV o|n|AE 5}
27] "ol 7iE R FAaL L AT 2| G ate] 2753 Ajo]
7b EAE 4= ok, B3, B FARL chR| 9 9] Al GSV
oju]z|e] A1 7k &pol7} Ytk THolE B8k, & AT &
EGUR ofn]A|of thste] BE vId, ded 22 SEA SR
ofe] =& F4 7|HS o83l 8 WFFARI =l ofdd
o] thd HPWFALIL PR S-S PAF 0 A3k o
o]2)7} qict.

4, LA Aol tigt M52 =218t gHAjoct, o]
U|RE vpgo® FFE| Q] Sl o3t wtho] o|FoF H A
20l 49| g BAE FUshe FEolA e TAHE 7,
weha], BEE S A-tolals 191} ool e} 2L wFAE
o] B wFgAbL chiA| K] thgh Hoh Fekgh FREas et
517] $181 object detection®} semantic segmentation¥t 2
& 7182 ARESle] FofAEe] Rengegel tigth K 7
AlE AE AAEH= A7t a3tk

A=
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