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ABSTRACT

Bus, a major transportation mode, doesn’t have a systematical evaluation system for dangerous
driving behavior yet. This paper analyzes the characteristics and pattern of bus driving behavior
using Digital Tacho Graph(DTG) data on express bus. 8 types of dangerous driving behavior were
considered according to timeslot, the day of week and weather condition. As results, rapid
acceleration, rapid left-right turn and rapid deceleratio accounted for more than 97% and relatively
high percentages were shown in dawn, on Friday and on the clear day, respectively. From the
statistical analysis, correlation between the dangerous driving types and difference according the
timeslot were found, and 3 groups considering the level of the dangerous driving were suggested.
This study contributes to setting an efficient and reliable eduction system for using driving
simulators.

Key words : Dangerous driving behavior type, Express bus, DTG, Safe driving education, Driving
simulator
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430
. ¥ DTG A=
1. X2 He
2 A7 W2 AP e da 2487 s FHuFTIATHEoERE 1S5 2 ARE
FA A S StdTHo M 237524 A 2Bl (eTAS, Digital Tachograph Analysis System)< 53]
DTG7} 42 W2, 9|, stExte] AFed 43S AN E B9)eg 71Esta vk B dAFolA=
20164 102 1Y% 1 BY7HA 1&ERE LA 1E5M 2 5Tl thY DTG ARE FHHAT ARE &
FAA, YA, dALYAY, FHALYAY, £EE, £F AISAFRPM), ol AT, XFHE, Y
35, B9, HEEX, HEEY, JHEE Fo2 T4 itk
(Table 1) DTG data structure
Data list Description Example
Date YYYYMMDD 20161001
Time HHMMSS 103406
Trip distance Trip distance(km) 50
Cumulative trip distance Cumulative trip distance(km) 26870
Velocity Velocity(km/h) 68
RPM Revolution per minute 1534
Break If the vehicle’s break works, 1 0
X-coordinate X-coordinate 1270145
Y-coordinate Y-coordinate 375044
Azimuth Travel direction 112
Acceleration X X-direction Acceleration -12
Acceleration Y Y-direction Acceleration -18
Status code If the vehicle is moving, O 0
2. X2 5%
Bl Sl AE Bl w2 sUNE 28 7 £31E E 14079 9 AR F 2 e o
U LAl 44T ol 11309 ABF BEIAAT BY AR S EFARN AFE <Table 209 2
ot F 1130 Y0 ARE &3 ARIE A4 EE 1450087}

(Table 2) Descriptive statistics

14.02/1 23l o, Fat AT

st o2 HAHNY. Ha ST
< 8834702 YEMT

Sample size Sample size Min travel time Max travel time Average travel time
(vehicle-day) (vehicle-timeslot) (hous) (hous) (hous)
113 1,450 4.06 14.02 8.83
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7P AA st HES Bk 71ARH T Y e 72 &3AHY FeFel 10mm o] 3] A=
AAstglon, i X7t B w(oF 81.1%) +3T ASE YEht.
<Timeslot> <Day of the week> <Weather condition>
8 9 10111213 1415161718 19 1 Monday ~ Tuesday Wednesday hursda, Friday Saurday  Sunday Clear Rain
imes | Day ith onditi

(Fig. 1) Trip distribution

1. HA 22N 7 & TEDIE

r)~

APeHolH 2+ wFALE LT F e 9 dej Ao o3l thkst fF3Eo] A
o=o] 9t} B dAFe uEWA A g 7] 98] Korea Transportation Safe

P ty
Authority(2016)1 41 AT AFLH FEE L8ttt AL FFL w715 338, 345, %84,
wAEHA, FUA27], 33434, FUhe] $AE etk 7 A FH ol g Fdr]1EL <Table
3>3 2th A £33 E 1EH 2~ DTGAE(E B LA 2)d 87 9PLA 538 AR/ 2S A 83l
7 fEE F 2 A9 Yol TSI =A B4
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(Table 3) Evaluation standard for dangerous driving behavior

Dangerous Driving Type Evaluation standard
Rapid acceleration |- Accelerating 6km/h per second at higher than 6km/h speed
Rapid start - Starting lower than Skm/h speed and accelerating 8km/h per second
Rapid deceleration |- Decelerating 9km/h per second at higher than 6km/h speed
Rapid stop - Decelerating at higher than 9km/h speed and becoming Skm/h speed
- Changing the lane recording more than 8°/sec(left or right side) at higher than 30 km/h speed
Rapid lane change - Cumulative angle is less than +2°/sec and acceleration/decelerating is higher than 2km/h
during 5 seconds
- Changing the lane recording more than 8°/sec(left or right side) at higher than 30 km/h speed

Acceleration

Deceleration

Rapid ove e - Cumulative angle is less than +2°/sec and acceleration is higher than 3km/h during 5 seconds
Rapid turn - Turing left or right rapidly with cumulative turn angle ranging from 60° to 120° during 4

P seconds at higher than 25km/h speed
Rapid U-tum - Turing with cumulative turn angle ranging from 160° to 180° during 9 seconds at higher than

25km/h speed
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7(20.1%), 57271(15.1%) 2.2 tF-2S AA Ak 2% §39 A 3 A= BAsA Fokon, 344,
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(Table 4) The number of dangerous driving behavior

Dangerous driving Rapid Rapid Rapid Rapid |Rapid lane| Rapid Rapid Rapid
. . . . Total
behavior acceleration| start |deceleration|  stop change | overtaking turn U-turn

Occurrence 2,316 0 572 19 85 18 761 9 3,780
Ratio(%) 61.3 0.0 15.1 0.5 22 0.5 20.1 0.2 100.0

e N

(aU =R =)
ot
1z
oz
A
4 o

—_
~

e >

=2

T

do

ook

- HO
r

mII

0=

o

for

4o
i qon

> Fo
)
E
ol
ofy
(i
1% o
oft
2
=
:()é
>
X
i,
o
o ok
rlr
|
A
Jpr
Al
1
b
l
N
Ho
Skt
)

g
Iz
30
A
>
o~
2

9
e 3
N o M
o o mx
P
(98]
o o (R
Y % i
i =)
o
Ty
o I{_;
'y
X
<
b
3T
'ﬂ‘ -
t
ot
i
)
Ipr
o
ol
)
o
to
2 ©
o
ot
1o
ol

123 456 7 8 910111213 141516 17 1819 20 21 22 23 24
Timeslot

= P 7 seceleration Rapid deceleraion =g Rzpid turn

(Fig. 2> The number of dangerous driving behavior for timeslot

1o
Ho
=
mII
0=
ot
Ofok

o

g T l:o
o
1

(

A7) A ete] 2 QW WAL A2k
2 RS 298 WA BEE <Fg 3>3 2ok
2% vl B-Qade] SPeAe] B ol WA ASE Heputh
AW REE AVRE, hRE At 17 vRoE Uee

P
(o}
2
lo
)
o
{‘: rlr
Iz
ol [y

2L e

ot
i Lo
ok
Mo
)
™
N

i)
&o
0%
o%
A
i

oz 4 m Ho
fo i Mt fo

©
oo

,d
o

e

r_ELL "

—_ M

=

ot

A

> o 2

2 e

=

g

d g FF
te

=

o
Ho

N ko
o e

92  PrRATSYUL|=EN| 173, M22(2018H 41)
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713 el 73] 10mm ©o)dY WE A2 ATk A7 289 T HIvE & 2 5YE #
ZE Atk WM AP A Y BEe a9y ) Bxol FUsA J1 e AdA
&, 2 190G 71 Ao S EAEE s 218 EE B BXE <Fig 3> 2} 24
74 g o M2 QEed DA} 321670 02 AA BAASF oF 85%5 AAFE AOE e
A 1T A A QEed Bl RS AvRd oA 9FHeH AT RE A
7H41°1W 14 mgko 2 Yehg B ol nis] @4 A2 AL 1T 4 Uit ol vy} o5 E 34
7F 98 Folaty xsy] Wi AoE suH

The number of dangerous driving behavior per vehicle

Type The number of dangerous driving behavior for timeslot

g, 0
54
Day of o 0
S 4
the week y
/i A
050 | \ A A
b Sl I \
T 4 VAV . N \
12 35 45 6 7 B 910111215 14 1516 17 18 19 20 21 2 5 2
Monday  Tuesday Woednesday Thursday Friday Saurday  Sunday Timeslot
Day of the week —m—Monday == Tuesday =—a—Wechescay Thursilay =se=Friday —e—Saurday =——Sunday
35
3,0
2,5
E 2,000
Weather R
3 150
o 8
condition

- - “
0 123 4 5 6 7 8 %1011 121314151 17 18 1920 21 22 23 24

Clear Rain Timeslot

Weather condition —m—Clear ——Rain

(Fig. 3> The number of dangerous driving behavior for timeslot and day of the week

1) Ha SSen SEY ATy BA
Mo 19 ARed 599 wAAG ael 4ud BAL SAAG. AP £Y § 2

+4 %l—rE fé}’/ﬂ 501% Z o2 AhdE
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IEHA DTG A2E 283 HA 2™ e B4
(Table 5) Correlation analysis of dangerous driving behavior types
Type Rapid acceleration Rapid deceleration Rapid turn
Rapid acceleration 1 - -
Rapid deceleration 0.5629* 1 -
Rapid turn 0.4082* 0.3948 1
Note : *p<.05

2) AlZiche Laizis xo| A

F2 Wshe 3714 99ed 3ol Az waa
FATNYT. B4 AT <Table 67 20, FHEAH FFoIAD 3
o, the 48 Aot AR Felh UA g Aoz By,

=0

(Table 6) Variance analysis of dangerous driving behavior for timeslot

Degree of Significance
T f M F-
ype Category Sum of squares freedom ean square value b
) Between groups 292.18 23 12.70 1.396 0.101
Rapid Within groups |  12,978.99 1,426 9.10 ] ]
acceleration
Total 13,271.18 1,449 - - -
Between groups 26.15 23 1.14 1.006 0.454
Rapid o
deceleration Within groups 1,612.20 1,426 1.13 - -
Total 1,638.36 1,449 - - -
Between groups 174.62 23 7.59 3.308 0.000
Rapid turn Within groups 3,272.98 1,426 230 - -
Total 3,447.61 1,449 - - -

@ 2REA L ST
1=} = by
iy [<)

o2 K-3

Fii
M FFI

4S5l 39AZ PRkt THE4 AFA= <Table 7>J+ 2t
,\ ES A 43479 F7H45 1,009 37245, 09149 F3-5-314

T F 646709 1P o] BASATh TAPL Y AF 42/ B BRENCH, AT 28179 F7H,
85719 F3H9-31d 5 & 45279 iAol A AP Te A M Be 587H
5971] 1A o] A Alﬂ% w2 o] BATE B THEA S

of 7 2SS AEed 55 U A, 4 A5 A 1K Ao E8T 5 9le o= J&DJ%_E}

(Table 7) Categories for Dangerous Driving Behavior

Group | Sample accl:gjion lzat:;d decl:feictlion }Z?(I:;d Rilill;in;:ne ovlcjizllqtilng thlr)llld Iljfltll);i Total
High risk 13 4.34 0.00 1.00 0.04 0.08 0.06 091 0.04 6.46
Middle risk| 42 2.81 0.00 0.73 0.03 0.08 0.02 0.85 0.01 4.52
Low risk 58 1.50 0.00 0.35 0.01 0.09 0.01 0.64 0.00 2.59
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