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1. Introduction
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1. Introduction

Contribution
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2. Data
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2. Data
DTG Data
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2. Data - 110 &

Classification Truck Evaluation standard Bus Evaluation standard Taxi Evaluation standard
Speeding Speeding Driving 20km/h over the road speed limit
Type Long-term speeding Driving 20km/h over the road speed limit for more than 3 minutes
. Accelerating 5km/h per second at higher than 6km/h * Accelerating 6km/h per second at higher than 6km/h Accelerating 8km/h per second at higher than 6km/h
Sudden acceleration
Acceleration speed speed speed
Type Sudden start Starting lower than 5km/h speed and accelerating 6km/h | «  Starting lower than 5km/h speed and accelerating 8km/h Starting lower than 5km/h speed and accelerating
per second per second 10km/h per second
Sudden Decelerating 8km/h per second at higher than 6km/h » Decelerating 9km/h per second at higher than 6km/h Decelerating 14km/h per second at higher than 6km/h
Deceleration deceleration speed speed speed
Type Sudden sto Decelerating at higher 8km/h speed and becoming lower | « Decelerating at higher 9km/h speed and becoming lower Decelerating at higher 14km/h speed and becoming
P than 5km/h speed than 5km/h speed lower than 5km/h speed
Sudden left turn A sharp turn to the left/right (cumulative turning angle * A sharp turn to the left/right (cumulative turning angle A sharp turn to the left/right (cumulative turning angle
- ranging from 60° to 120°) in 4 seconds with a speed of ranging from 60° to 120°) in 4 seconds with a speed of ranging from 60° to 120°) in 3 seconds with a speed of
:I'rum Sudden right turn 20km/h or more 25km/h or more 30km/h or more
ype

Sudden U-turn

Driving left or right (range of 160° to 180°) in 8 seconds
with a speed of 15km/h or more

Driving left or right (range of 160° to 180°) in 8 seconds
with a speed of 20km/h or more

Driving left or right (range of 160° to 180°) in 6 seconds
with a speed of 25km/h or more

Lane change
Type

Sudden overtaking

The vehicle changes direction to the left or right more
than 6°/sec at a higher than 30km/h speed

Cumulative angle is less than +2°/sec and acceleration
or deceleration is more than 3km/h per second

The vehicle changes direction to the left or right more
than 8°/sec at a higher than 30km/h speed

Cumulative angle is less than +2°/sec and acceleration
or deceleration is more than 3km/h per second

The vehicle changes direction to the left or right more
than 10°/sec at a higher than 30km/h speed
Cumulative angle is less than +2°/sec and acceleration
or deceleration is more than 3km/h per second

Sudden lane
change

The vehicle changes direction to the left or right more
than 6°/sec at a higher than 30km/h speed

Cumulative angle is less than +2°/sec and acceleration
or deceleration is more than +2km/h per second

The vehicle changes direction to the left or right more
than 8°/sec at a higher than 30km/h speed

Cumulative angle is less than +2°/sec and acceleration
or deceleration is more than +2km/h per second

The vehicle changes direction to the left or right more
than 10°/sec at a higher than 30km/h speed
Cumulative angle is less than +2°/sec and acceleration
or deceleration is more than +2km/h per second




2. Data

DTG Data
- EMIHO HA Eeot Gt X2 PEES AT OIOlH oAl (1270 & & 1E HIO[H)

OPT TRANSCO CAR_ OPT Speeding Long-term Sudden Sudden Sudden Sudden Sudden Sudden Sudden  Sudden Sudden Geometry

_HHMISSS _CD REG_NO _SPD speeding acceleration start deceleration stop left turn rightturn U-turn overtaking lane change
0 2019- 153100 25959 LC{M75H} 0 0 0 0 0 0 0 0 0 0 0 0 POINT(127.39
01-01 8374 703, 36.34135)
1 2019- 1522500 i 504} 0 0 0 0 0 0 0 0 0 POINT(127.37
01-01 1rro7 360 12 0 0 856, 36.38239)
2 2019- 1524000 17797 CHX50HF 101 4 0 0 0 0 0 0 0 0 0 0 POINT(127.37
01-01 3260 865, 36.37831)
3 2019- 1524200 17797 CHX50H 106 0 0 0 0 0 0 0 0 0 0 0 POINT(127.37
01-01 3260 880, 36.37780)
16754544 2019- 17025400 01374 CH™75%t 56 0 0 0 0 0 0 0 0 0 0 0 POINT(127.34
01-31 2355 929, 36.31461)
16754545 2019- 17030000 01374 CHH75%t 58 0 0 0 0 0 0 0 0 0 0 0 POINT(127.34
01-31 2355 894, 36.31557)
16754546 2019- 15543200 01374 CHH75%Xt 60 0 0 0 0 0 0 0 0 0 0 0 POINT(127.34
01-31 2355 883, 36.31549)
16754547 2019- 19571300 01374 CHH™E75Kt 106 0 0 0 0 0 0 0 0 0 POINT(127.31

01-31 2355 683, 36.29257)




2. Data

Accident Data
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2. Data

Accident Data

ACC_YMD HOUR DAY_CD BJD_CD WEA_STA_CD ACC_GRD_CD DEATH_CNT WND_CNT
0 2019-01-01 3 3 3.020013e+09 1 3 0 1 127.372955  36.407769
1 2019-01-01 12 3 3.011010e+09 1 2 0 1 127.454109  36.306999
2 2019-01-01 13 3 3.014010e+09 1 3 0 1 127.415028  36.333411
3 2019-01-01 13 3 3.020011e+09 2 3 0 1 127.332033  36.351625
8333 2019-12-31 22 3 3.020011e+09 1 3 0 3 127.346471  36.348741
8334  2019-12-31 22 3 3.023012e+09 1 3 0 3 127.420927  36.427734
8335  2019-12-31 22 3 3.020014e+09 1 2 0 1 127.311831  36.396221
8336  2019-12-31 23 3 3.023011e+09 1 3 0 2 127.440084  36.365900
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2. Data

Legal Dong Perimeter Data

Ak YA B

43 5Ex x4

1ol

EIPNE=

A2 EX EE

A
e

=
o
8r
_|_l
%0
g

Y
g

<
L
-
o
TH
1k
o
0lJ
LHo
%0
gl
o

0| d

EME

™ G| Of &

B4

13



2. Data

Legal Dong Perimeter Data

geometry . ol ¥YS ClOEE 32x

0 30110101 Won-dong HE POLYGON ((994102.259 1814631.711, 994103.803 1...
SIG_CD ENS (!;GNM KOSIIQGFIM geometry

1 30110102 In-dong ols POLYGON ((994532.876 1814101.870, 994523.422 1... = =

0 30110 Dong-gu ST POLYGON ((999321.491 1826867.967, 999239.953 1...
2 30110103 Hyo-dong as POLYGON ((994753.444 1813546.801, 994759.890 1...

1 30140  Jung-gu R POLYGON ((995945.175 1811588.887, 995945.178 1...
3 30110104 Cheon-dong HE POLYGON ((995219.804 1813575.229, 995224.703 1... +

2 30170  Seo-gu M POLYGON ((988338.682 1810216.004, 988338.685 1...

3 30200 Yuseong-gu FHT POLYGON ((986874.610 1814985.122, 986851.599 1...

= POLYGON ((1000250.013 1828657.481,

- =)
173 30230123 Hwangho-dong &= 1000250.615. ..

4 30230 Daedeok-gu CHE+ POLYGON ((998333.118 1831051.084, 998569.440 1...

174 30230124 Samjeong-dong APHE  POLYGON ((996646.973 1828731.022, 996710.241 1...

175 30230125 Miho-dong O=zs POLYGON ((998587.400 1830908.578, 998591.377 1...

176 30230126 Sintanjin-dong  AIEXIS  POLYGON ((993918.575 1828783.517, 994067.199 1...
14




2. Data

Transportation Company Code Data
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Multidimensional Analytical Framework



3. Multidimensioanl Analytical Framework Data cube, Star schemaS Z &%t framework 18 24 Of

Data Cube Modeling
Overall framework of our research
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3. Multidimensioanl Analytical Framework

star schema

- &2 HF0M ArETH Star schema

- 6702 X2t/ At 2 FolE

+ Time, Location, Driving Behavior, Transportation company,
Exposure, Road traffic accident2| | 7tX| Xt H9|

o 1O AE2T9 countS SHULE HE HO[S0f #A

. DU WL M2 2N BHO MSY 4 AT A, 2
. .
5%, 20| K83

Time Dimension Table

7

time_key (PK)

year

quarter

month

week

day

\

Driving Behavior
Dimension Table

I
\

driving behave key (PK)

behavior feature

behavior type

behavior_sub class

Exposure Dimension Table

exposurc key (PK)

exposure_feature

exposure_ftype

exposure sub class

X

k- Fact Table
L

time_key (PK)

location key (PK)

driving bchave key (PK)

trans corp key (PK)

exposure_key (PK)

i road_traffic accident key (PK) |

sudden start count

sudden stop count

sudden uturn_count

sudden_rturm_count

sudden_lturn_count

sudden overtkg count

sudden course chg count

sudden_aceel count

sudden_decel_count

‘overspd time

overspd_count

I Measurements

A Location Dimension Table

location key (PK)

metro_province

city

district

neighborhood

spot

Transportation company
Dimension Table

trans_corp_key (PK)

company ftype

company_sizc

company sub class

N\ Road traffic accident
Dimension Table

road _traffic accident key (PK)

accident occurrence

accident severity

injuries




3. Multidimensioanl Analytical Framework
Concept hierarchy
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3. Multidimensioanl Analytical Framework

Concept hierarchy

ﬂbe]wfiwr feature
long term speeding

4‘ acceleration
—‘ sudden acceleration

—{ lane change
1 sudden left tum

—‘ sudden right turn
“—{ sudden overtaking

sudden U-turn
sudden change course

|

behavior type

Driving behavior

concept hierarchy

Al ansportation company |

|
|

company sub type

Transportation company

concept hierarchy

trip drive

accumulate drive

average speed

maximum speed

—‘ stop and go

4‘ stop and go ratio

brake time

Exposures

concept hierarchy

accident severity

injuries

Road traffic accident

concept hierarchy

20
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3. Multidimensioanl Analytical Framework
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Experiments and Results



4. Experiments and Results

Scenario
Scenario I

v Analyze risky driving behaviors by time of day and transportation company

Scenario II
v Analyze the relationship between risky driving behavior and accident severity
Scenario III

v’ Spatial analysis of district clustering by GPS



4. Experiments and Results
Scenario I Analyze risky driving behaviors by time of day

« 2019 CHEX| oMo 4B E AF =2 ?lH=2T 3=+

« T57}%0]|45,393,5063| 2 7t& =1

!

=2t£0] 18,296,2823|, 1H& 0| 17,254,6783| 2 =L

o A7ISHE 2 11£0] 17,264,678% A0 = 750 HY|MHE2
CHotRH I SAMSHR] QIQICH M2 1t it Ets el Sete =

Mot = 2Ot 20km/hZ= D81 A 3 Of&f 2 AHSHA| RiRtE =2&0|

=Lt

Speeding

Long-term speeding 40
Sudden acceleration -
Sudden start 192,855
Sudden deceleration
Sudden stop 5,638,314
Sudden left turn - 6,411,577
Sudden right turn 4 4,213,088

Sudden U-turn 4 972,814

Sudden overtaking 1 2,317,787

Sudden lane change 8,701,197

17,254,678

18,296,282

45,39

3,506

T
0 10,000,000

T T
20,000,000 30,000,000

Count

T
40,000,000

24



4. Experiments and Results

Scenario I Analyze risky driving behaviors by time of day 26,722,146 27,919,257 30,032,062 24,618,633

H H “ ” “ ] Type
»  Drill-down on time (from “all” to “quarter”) 00 speeding
L« -t di

Sudden aceeleration

O|5] QXS 22 48 C Hl&d S Ho
- 91 STUSO| HES 48T BF HIST FUS HY B Sudn st
' ' i Sudden stop
- o o = = - Sudden left turn
° —?'l oI:-II _E_IX_-IQID.I—?'l 9| _é_ %&I_)IK_E 4_5'__7|§ X-Ilgl OI-—_'LE E_I|:_ Sudden right turn

Sudden U-turn
20,000,000 4 d Sudden overtaking
Sudden lane change

25,000,0003|7} H2

15,000,000 4

Risky Driving Behaviors Type

10,000,000

5,000,000 4

Quarter 25



4. Experiments and Results
Scenario I Analyze risky driving behaviors by time of day

January February
9,575,061 7,877,535

Total
count

November
9,618,152 4,381,090

December

*  Drill-down on time (from “quarter” to “month”)

=

il

SO Llzla=Tt 7HE = A LIEHE
« 10¥0]10,619,3913| 2 7% = LIEIS D

1220] 4,381,0902| 2 7% RA LtEr

Count

900 94

—a— Speeding
—o— Long-term speeding

|+ Sudden acceleratmnl
_| —8— 5Sudden sta

—&— Sudden deceleration
—&— Sudden stop

—#— Sudden left turn
—8— Sudden right turn

| —#— Sudden U-turn

—&— Sudden overtaking
—&— Sudden lane change

<
sl
5

26



4. Experiments and Results
Scenario I Analyze risky driving behaviors by time of d %]
Drill-down on time (from “all” to “week”) —_—
Dice for '
(measure = “Sudden acceleration”) and
(month = “October or month = “December”) 125.000 1
8
102 3Y HHP(R), 102 9L B2 (F), 2o
122259 2| A0 ($)E SHYR FLE §
TESID 24 1Y
DE 50| FTh4 W 347 FLECE el
SIAb = O
O O IT O
U A0 SUE YD HHS Y7 HEI| oo
=20 o|2 2 A7t LIERSCE D 42}
0

—8— \Weekdays (October)

—8— Weekends (October)

== Average Weekday (October)

—= Average Weekend (October)

—8— Weekdays (December)
Weekends (December)

== Average Weekday (December)
Average Weekend (December)

1 2 3 4 5

T
14

T
15 18 17
Day of the Month

T
18

T T T T T
19 20 21 22 23

T T T T T T T T
24 25 26 27 28 29 30 31
27




4. Experiments and Results
Scenario I Analyze risky driving behaviors by time of day

*  Drill-down on time (from “day” to “time”)
Dice for
(measure = “Sudden acceleration”) and
(month = “October or month = “December”)

« 10811280 AZHHE =M= H

0
o
+>+
k>
T

IE

ie]
rr
HL
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>
=
HL
_l'_l_
Hm
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10
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o
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o
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N
ol'l_l:l
o}
|o
HU
Ip
|.|-|
mjn

Count

300,000

250,000

200,000 A

150,000 A

100,000

50,000 +

OCT Sudden Acceleration
DEC Sudden Acceleration

01 2 3456 7 8 9 10111213 14 1516 17 18 19 20 21 22 23
Hour
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Age_AVG

51.333

53.857

56.000

56.000

55.455

12 6.3339 =

ST B2 Z

o

Total_Carrer_AVG

12.777

14.000

9.889

11.929

10.091

|AF= 2] 7|AtE

Now_Carrer_AVG

6.333

4.714

2.000

2.714

3.091

Grouped

4. Experiments and Results

Grouped_A

Scenario I Analyze risky driving behaviors by transportation company

Grouped_B

Grouped_C

=2 AF 827 HOHE 2

Grouped_D

Dbscan clustering2 Sdl ¢

Grouped_E
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4. Experiments and Results
Scenario I Analyze risky driving behaviors by transportation company

« 5ol OF W 44 &%
M5 X|(License_Stop), ®5{F 2 (License_Cancel),

H5{F A= 2|(License_Cancel_Recall)2 A& 210

- A2 dSS BOl ot 2T B X2 20 =1

lg28s A & =5 B X2 H|&0| %oty

- BY| F 20 H[E2 H Y B Ligt=H Bol Fao 7|E2

A -

Grouped

Registration License_Stop License_Cancel

License_Cancel_Recall

3|At HE E2| SE &l 74 (Registration)2t

Grouped_A 14,081 1,577 376 43
Grouped_B 4,443 466 96 5
Grouped_C 622 65 18 4
Grouped_D 5,262 497 144 o5
Grouped_E 7,386 680 189 o5

= Bl F 27K = &K

Grouped License_Stop_Ratio(%) License_Cancel_Ratio(%) License_Cancel_Recall_Ratio(%)
Grouped_A 11.20 2.67 23.84
Grouped_B 10.49 2.16 20.60
Grouped_C 10.45 2.89 27.69
Grouped_D 9.45 273 28.97
Grouped_E 9.21 2.56 27.80

30



4. Experiments and Results
ScenarioIl Analyze the relationship between risky driving behavior and accident severity

« (1M 2/ 2™ ES0| LtEHH DTGH|OIE + 883 EA B Ho[H) Sk =2

E1E(30~2 2 A%} -> X | At FE, & 8337

ruIZI

- AMIHO|EHS BMEs AE

(At OI0lH + B 8s dA ™ HO|H) =2

(<] I=)

M K|
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=
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my
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(W, Al

IE
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. AFIZL LOjRtS Wo| 110H YHR W HES =

» Drill-down on road traffic accident (from “all road traffic accident” to “accident occurrence”)
Drill-down on road traffic accident (from “accident occurrence” to “accident severity”)

Dice for
(measure = [“Speeding”, “Long-term speeding”, “Sudden acceleration”, “Sudden start”, "Sudden deceleration”, “Sudden stop”,

“Sudden left turn”, “Sudden right turn”, Sudden U-turn”, Sudden overtaking”, Sudden lane change”]) and
(road traffic accident = “accident severity”)

31



. Accident Grade Frequency Death_Count Wound_Count
4. Experiments and Results ; o - ”
ScenarioIl Analyze the relationship between risky driving behavior and accident severity
o " 2 1,782 0 2855
- S50/ 1€ M Y&t AL, =XVt & =5 Z0[c At
3 6,258 0 9499
« 4o SELE EREl= UEALS 3ISESNE WEAIDZF 7MY TO| st 4 223 0 267
Total_Sum 8,337 77 12,649
Accident Speedin Long-term Sudden Sudden Sudden Sudden  Sudden Sudden Sudden Sudden Sudden Total Sum
Grade P 9 speeding acceleration start deceleration stop left turn right turn U-turn overtaking lane change =
1 1439 0 6205 16 2080 742 607 385 72 278 881 12705
2 28607 0 168442 323 57834 19470 18798 10637 2339 8144 25357 339951
3 103736 0 624694 1377 213505 72795 70127 39751 8984 29542 92412 1256923
4 3551 0 19337 29 7049 2421 2155 1371 284 889 2971 40057
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4. Experiments and Results
ScenarioIl Analyze the relationship between risky driving behavior and accident severity

O Zo| ¥40| Aol =gt

11CH &

o REUMEO| DML EE HO0| ALt

L YYE |A

600,000

500,000

400,000

200,000+

100,000 -

EREEREXREXL:

Accident Grade

Category
Speeding
Long-term speeding
Sudden acceleration
Sudden start
Sudden deceleration
Sudden stop
Sudden left turn
Sudden right turn
Sudden U-turn
Sudden overtaking
Sudden lane change
Frequency

Count

6,000

5,000 4

4,000 4

3,000 +

2,000+

1,000 A

2

Accident Grade

3

Category
—— Frequency
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Accident Type
BN DEATH
B WOUND

200
4. Experiments and Results
ScenarioIl Analyze the relationship between risky driving behavior and accident severity 175
» Drill-down on road traffic accident (from “accident severity” to “injuries”)
Dice for time

(measure = “Sudden acceleration”) and

(road traffic accident = “injuries”) and

(time = “week”) and

150 4

|
[
w

100 A

Frequency

rlo

U AU SMOIR| U UL 208U )

6

N

+ 365% SO AFYXA7F 2o &
N Weekday Death Wound
FEA= otR 2 wHE R0 O 2 7
Weekday 2779 > 2478

Weekend 1960 » 1551

Weekend

1day 2596 S 2164 Bay e




4. Experiments and Results - —ul ey

Scenariolll Spatial analysis of district clustering by GPS - seo-qu

s Yuseong-gu
Long-term speeding - W Daedeok-gu

= }

Sudden start

« DTGH|O|Ee H§8s 34 H HOIHE

SUxQSHOIHE E&

o
-0
oot
Mo
=
ot
>
mjn
J\l

EEEES

Sudden deceleration

Sudden stop

Category

Sudden left turn

Sudden right turn

Sudden U-turn

Sudden overtaking

Sudden lane change

(4] 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 12,000,000
Count



4. Experiments and Results
Scenariolll Spatial analysis of district clustering by GPS
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Conclusions



