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7= 4% A8 8% %8 0|38
A 48.0 21.6 30.4
A SRt 50.0 18.9 31.1
O{xt 46.1 24.2 29.8
15-194] 38.1 35.7 26.2
20-29A| 65.3 18.1 16.7
oz 30-394] 60.3 15.2 245
40-49M| 47.3 24.0 28.7
50-59A 36.4 30.3 333
60| 04 26.4 19.2 54.4
=M 405 29.7 29.7
=58 51.9 19.9 28.2
HEREME) | SEE 50.3 22.5 27.2
MEH 46.4 16.7 36.9
M 44.3 23.1 325
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= ol Ot
A 76.0 24.0
A At 87.2 12.8
° Ofxt 65.6 344
15104 6.0 94.0
20-20M| 577 423
oz 30-394| 82.2 17.8
40-49K] 88.9 1.1
50-504| 83.7 16.3
60K OJ4} 83.2 16.8
SN 90.7 9.3
s29 716 284
RAESN: PN s=2H 83.3 16.7
M 65.3 347
M 77.0 23.0

2AAA A F BHE F= 840 ol B4R SHElES ot 1 A%t &
A F EHS F= 84= Wi 5 olEAF (65.1%)F 7S Hol A =
A2 (43.9%), ‘F2 A 5 B934 TF(40.0%)°] HE ot ZHE &5
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A 40.0 439 32.0 38.2 65.1

o i 37.8 46.6 29.0 36.1 64.1

o 01Xt 428 407 35.7 407 66.4

20-294| 45.4 50.5 38.1 36.1 56.7

30-394 36.4 55.2 28.7 36.4 64.3

o1 40-49H] 325 44.4 33.8 38.8 66.9

50-594| 38.3 44.3 28.9 436 66.4

B0 O} 46.6 33.2 32.7 36.5 67.8

cA 40.8 51.0 38.8 38.8 59.2

soy 38.7 423 30.6 36.0 67.1

HERYME) | EEH 423 44.6 26.9 429 61.1

Je=E 342 46.8 35.4 418 69.6

M 413 426 345 35.3 66.0

2) UL 2H T ANEE 0|8 0
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B3 F APIEE ALS o350t 84 F APIEES] ALS oNE dTAS ek
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15-194 0.0 100.0
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50-59A] 36.9 63.1
60A| 04 313 68.8
A 34.7 65.3
23 40.1 59.9
HEX|A(MS) =43 32.6 67.4
N=H 32.9 67.1
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A Ol M5 01 18.2 81.8
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T= 3t = Frs] A S8 =2f
A 72.8 86.0 3.6 3.2 9.7 35.8
g = 74.1 87.6 4.7 35 1.2 35.9
OIxt 70.6 83.5 1.8 2.8 7.3 35.8
20-294 67.7 80.6 16.1 9.7 19.4 45.2
30-394] 58.1 85.5 1.6 6.5 12.9 50.0
k= 40-49A] 72.7 89.4 0.0 3.0 12.1 28.8
50-59M| 76.4 85.5 1.8 0.0 5.5 32.7
B0A] 04 86.2 86.2 46 0.0 3.1 27.7
=M 76.5 88.2 0.0 11.8 11.8 35.3
=23 70.8 89.9 2.2 0.0 10.1 42.7
HEXNGMS) | s 70.2 77.2 7.0 10.5 12.3 36.8
MNEH 69.2 84.6 3.8 0.0 7.7 26.9
AN 76.7 87.8 33 1.1 7.8 31.1
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=23 19.0 20.6 35.5 245 | 03
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M 18.4 20.0 35.4 259 | 03
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[E 4-5] H 7I=SAY

T2 ilAl s Z=mxt Z|oHzk E|2
XpE7 E2 Z0|(km) 2.20 1.18 5.48 0.32
ey B TR 36.56 1.70 4250 319
HE HE(mY) 23,788 7,997 54,730 8,952
2 Z0|(m) 5,842 1,870 12,782 2,586

XAt S5 i) 10,536 2,320 17,358 4,132

ps | 2¥E Use 6.04 0.23 6.65 5.55
A " 58 &= (km/h) 24.30 1.67 29.30 19.50
> ot AR(3/d) 281,3265i 023,72077' 445,107623; 228,621
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ﬁﬁjﬂ”ﬁ At 1982 10,212 86425 0
AIZITHE ME0171(H) 54,466 23,357 242,684 2,105
LM 41.95 2.20 50.90 37.48

ﬂ;‘ MRUFI S0l 4,202 349 24,942 233

xm | B ) 27,202 26,081 | 174,582 1,167
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= A AREA == EA(H) 26,838 11,361 83,904 1,574
g;ﬁ:?jg;‘j” ATt = 57,887 22639 | 151322 3,642
=9 U ASA 2+ FAZ) 26,806 10,515 73,719 1917
Sad W MEA = 43013 17.761 | 120884 2,503
TA(E) ' ’ ’ ’

o171 wA N AR = FHAE) 8,133 3,604 23,773 411

o] | 28 ¥ AEA £ EA(Y) 32,711 13,031 90,340 2,139

Bl | &% 8 AKX & FA(Y) 33,892 14,258 100,257 2,068
28 o AJRRF & EH(T) 17,236 11,117 85,304 575
Y N ALZA = HA(E) 23,617 9,336 62,376 1,552
UWE N ALBA = TAE) 8,052 3,429 26,437 497
HHSE S ARRA} 2 FIAH() 7,877 4,854 40,465 293
FIHC OH AlSH S|A
o o) | 470018 | sty | 40502
MAND 749:(742) 55.02 33.35 209.00 0.00

sl SHALLD A7) 21.12 12.30 67.00 0.00

AT | BAAID 2718 28.57 19.48 154.00 0.00

(BS | FMRAITE(H2/102 =) 8.53 3.30 22.93 0.00

SO EY P T 3.36 141 9.53 0.00
AT E((S/102 F) 437 2.03 15.71 0.00
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9] gt FUshH £8359 Rt FHATY et 22 Vot 2493 119
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[ 4-10] HRAD 24 23 &

MY 2y 2

Ha Coef. std. err t-value p-value ReYrE
= 54.889 0.600 91.471 0.000 Fxx
A E2 40| -2.286 0.812 -2.815 0.005 Fex
AESAt ofF Bt 3 A2 -1.613 0.720 -2.239 0.025 **
He #HY -5.097 0.980 -5.203 0.000 *rx
ANEX S2 O 5.455 0.970 5.621 0.000 *rx
g Ay 2.823 0.795 3.550 0.000 bl
AEH 5 8.154 1.344 6.067 0.000 *rx
FUSEQIH 2.626 0.966 2.718 0.007 *rx
SAA 5= -3.5620 1.563 -2.252 0.025 **
Haety JiM AR -4.024 0.729 -5.623 0.000 *rx
o &ofRt Q1| 2.537 1.309 1.939 0.053 *
MEOITL Z[CHE 22.882 1.453 15.753 0.000 *xx
=8 A AEX = T 2.967 1.066 2.783 0.005 *rx
ZIHE o Ml =l HA -3.413 0.822 -4.154 0.000 *rx
*0€0.1; **p€0.05; ***p(0.01

B 4-11] SHAL 24+ £H MY siZY 2t

H Coef. std. err t-value p-value f9YxE
o= 20.969 0.228 92.058 0.000 *rx
AHA E2 20| -0.746 0.303 -2.464 0.014 **
He #HY -1.034 0.367 -2.817 0.005 *xx
AESA S5 i 1.740 0.345 5.041 0.000 *HX
I o 2.252 0.300 7.493 0.000 *r¥
AEA| 5 3.400 0.486 6.999 0.000 *rx
FUSEQH 2.081 0.339 6.145 0.000 *rx
EININIES -2.186 0.594 -3.681 0.000 Hx
2 g3 Z0| 0.670 0.267 2.515 0.012 **
Haety JiM At -0.727 0.275 -2.641 0.008 Fxx
AMEOITL Z[CHE 9.006 0.489 18.422 0.000 *xx
=8 U A=A = HA -1.867 0.384 -4.860 0.000 *rx
ZIHE o Mol 3 TA -0.718 0.311 -2.311 0.021 **

*n¢0.1; **p<0.05; ***p<0.01
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[(E 4-12] ZEAD A5 £Y MY 2 20

H Coef. std. err t-value p-value f9YxE
Al 28.594 0.393 72.707 0.000 xxx
ANEH =2 20| -1.759 0.528 -3.327 0.001 *rx
AISAt ofF Hat e 72 -1.388 0.479 -2.899 0.004 *rx
HE HA -3.925 0.633 -6.200 0.000 *rx
Asx 35 i 3.601 0.594 6.061 0.000 *x
AR 2 3.771 0.753 5.009 0.000 *rx
SAAL 5= -1.495 0.863 -1.733 0.083 *
2 23 20| -8.07 0.468 -1.723 0.085 *
S2alietd JiM AR -3.026 0.461 -6.559 0.000 *rx
o SolAt Q1A 1.893 0.795 2.380 0.017 ¥
MEOIT =Gzt 12.094 0.7665 15.800 0.000 *rx
ae U ASA = TA 5.022 0.694 7.231 0.000 Fex
ZI5E O ARl Sl A -2.445 0.539 -4.539 0.000 *rx
*0(0.1; **p{0.05; ***p(0.01
[E 4-13] THAnE 8 U HZY 2
Ha Coef. std. err t-value p-value RerE
o= 8.499 0.091 93.748 0.000 el
ANEA E2 20| -0.342 0.122 -2.808 0.005 *rx
Arsxt ofF Bt =8 A2 -0.294 0.105 -2.8184 0.005 *rx
He HA -0.755 0.145 -5.206 0.000 *rx
Asx 35 i 1.003 0.145 6.941 0.000 *rx
B A 1.065 0.120 8.910 0.000 *rx
APRHA| = 0.778 0.197 3.958 0.000 *rx
FUSEIT 0.533 0.135 3.943 0.000 *rx
SAAL 5= -0.692 0.236 -2.935 0.003 *rx
S2alietd JiM AR -0.404 0.109 -3.706 0.000 *rx
SO X(Cigt 0.835 0.179 4.654 0.000 *rx
Z|HE O el A= A -0.374 0.095 -3.930 0.000 Hk

*0¢0.1; **p<0.05; ***p<0.01



[E 4-14] SEALE =8 M

& A2y Zu

Ha Coef. std. err t-value p-value RoYrE
o 3.339 0.037 89.123 0.000 *xx
AHA E2 20| -0.146 0.050 -2.899 0.004 *HX
He HY -0.194 0.059 -3.261 0.001 *rx
AsA 35 i 0.345 0.056 6.100 0.000 *rx
&x 6y 0.486 0.048 10.171 0.000 *r¥
AIA| 2 0.337 0.077 4.351 0.000 *xx
FUSEQIH 0.393 0.058 6.791 0.000 *HX
SAAL 5= -0.393 0.096 -4.093 0.000 *rx
=2 g3 Z0| 0.091 0.044 2.074 0.038 **
AMSOIL Z[CHZ 0.306 0.087 3.494 0.000 *r¥
A N AKX = A -0.218 0.087 -2.520 0.012 **
=8 U AEA = A -0.178 0.084 -2.219 0.027 **
ZIHE o Mol Sl FA| -0.179 0.059 -3.046 0.002 *rx
*0{0.1; **p<0.05; ***p{0.01
I 4-15] ZMAIE F£H MY SR Zat
Ha Coef. std. err t-value p-value RoYrE
== 4.359 0.057 75.875 0.000 *hX
A E2 40| -0.206 0.077 -2.668 0.008 *xx
XS4t ofF Bt =3 A2 -0.297 0.069 -4.307 0.000 *hX
Hr N -0.536 0.093 -5.738 0.000 *xx
AsA S5 Ui 0.596 0.093 6.434 0.000 *rX
&x oY 0.460 0.076 6.062 0.000 *r¥
AR 0.347 0.125 2.763 0.006 *hX
FUSEQIH 0.168 0.086 1.964 0.050 ¥
SAA 5 -0.284 0.149 -1.901 0.058 ¥
Halskd e Al -0.319 0.070 -4.570 0.000 *r¥
AME01T E|CHa 0.507 0.123 4134 0.000 *xx
=8 % A=A = TA 0.345 0.101 3.427 0.001 Kk
ZI5E o Aol 3l TA -0.240 0.078 -3.059 0.002 *r¥
*0€0.1; **p€0.05; ***p(0.01
[E 4-16] 22N 2 LIt
oy B R RMSE _MAE
Train Test Train Test Train Test
2 | MM | 067 | 068 | 19.30 | 1853 | 14.19 | 13.45
tti__,: X1 0.64 0.64 7.33 7.55 5.45 5.68
M3 siss oal | 7ia | 2N | 060 | 062 | 1264 | 1133 | 9.10 | 8.26
Hal T 0.24 0.24 2.91 2.79 2.22 2.15
Al X 0.28 0.26 1.20 1.21 0.92 0.94
PME | BN 0.21 0.20 1.85 1.69 1.39 1.27
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[E 4-17] Heidat sl/EMS 018510 oliSst BSliAlT Zat H|w
2
Eama a3 R i RMSE_ MAE_
Test X10] Test XI0] Test X10|
i Haid 0.87 12.02 9.50
TR - +0.19 -6.51 -3.95
S|1HEM 0.68 18.53 13.45
SHALTT o Eald 0.72 0.08 6.10 |45 4.78 0.80
= + —_ —_
i Tar sz | o064 | 755 | 558 |
Haid 0.84 7.81 5.87
4y - +0.22 -3.52 -2.39
S|1HEM 0.62 11.33 8.26
i Haid 0.57 2.25 1.76
TR - +0.33 -0.54 -0.39
S|1HEM 0.24 2.79 2.15
Haid 0.42 1.09 0.85
2dang | B4 - +0.16 -0.12 -0.09
S|1HEM 0.26 1.21 0.94
Haid 0.60 1.33 1.05
4y - +0.40 -0.36 -0.22
S|1HEM 0.20 1.69 1.27
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Abstract

Big Data Analysis of Pedestrian Accidents in Seoul Using Deep
Learning

Youngjun Han - Hasik Lee

Due to the application of various pedestrian-friendly policies, the number of
pedestrian accidents in Seoul has decreased. However, the use of smart phones
has changed the walking behaviour, and has worsened the pedestrian
environment due to disruption of delivery motorcycles or electric scooters. As
a result, the decline in pedestrian accidents has abated, whereas the number
of minor accidents has increased. A survey of walking behaviour among Seoul
citizens indicated that 69.0% of pedestrians use smart phones while walking,
and 44.9% and 23.6% of them watch a ‘Video' or play a ‘Game’ respectively,
which leads to vulnerable pedestrian behaviour. In order to reflect this change
in pedestrian behaviour, we developed pedestrain big data including smart
phone usage, and modelled pedestrian accidents using deep learning
techniques. Compared with traditional linear regression, the developed model
provides a better estimate of accident rate. We also predicted pedestrian
accidents with respect to changes in future pedestrian environment, such as
increasing the use of electric scooter. The framework of this study based on
deep learning and big-data analysis may be applicable to other areas including

prediction of traffic congestion or demand for public transit.
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