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Abstract

Highway is mainly in charge of middle-long distance of vehicular travel. Trip length has shown a
growing trend due to increased commute distances by the relocation of public agencies. For this reason,
the proportion of driver-driven accidents, caused by their fatigue or sleepiness, are very high on
highways. However, existing studies related to accident prediction have mainly considered external
factors, such as road conditions, environmental factors and vehicle factors, without driving behavior. In
this study, we suggested an accident index (FDR, Fatigued Driving Rate) based on traffic behavior using
large-scale Car Navigation path data, and exlpored the relationship between FDR and traffic accidents.
As a result, FDR and traffic accidents showed a high correlation. This confirmed the need for a
paradigm shift (from facilities to travel behavior) in traffic accident prediction studies. FDR proposed in
this study will be utilized in a variety of fields. For example, in providing information to prevent traffic
accidents (sleepiness, reckless driving, etc) in advance, utilization of core technologies in highway
safety diagnostics, selection of priority location of rest areas and shelter, and selection of attraction
methods (rumble strips, grooving) for attention for fatigued sections.

Keywords: AR(accident rate), FDR(fatigued driving rate), navigation data, path travel time,
path travel length
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Table 1. Factors of Traffic accident model research
Variables number Studies
human factor sex 5 2,3,4,79
age 5 1,2,3,4,7
vehicle factor vehicle type 6 1,2,3,9,12,13
environmental factor time 9 1,2,3,4,6,7,9,11,12
volume 6 6,8,10,13,15,16
speed 6 1,5,6,8,9,10,17
season 3 1,2,4
number of accident car 3 2,34
weather 2 2.8
road factor vertical alignment 9 3,5,6,8,9,10,12,14,16
horizontal alignment 7 3,5,6,8,9,10,12
road condition 4 1,3,9,12
radius of curve 3 14,15,16
length 3 13,15,16
shoulder width 3 2,4,15
lighting system 2 2,4
lane width 2 2.4
number of lanes 2 6,15
number of curves 2 13,16
sight distance 2 2,4

notes: 1=Ali(2014), 2=Joaquin(2013), 3=Lee(2008), 4=Juan(2013), 5=Venkataraman(1995), 6=Vatanavongs(2014), 7=Martha(2000),
8=Yun (2012), 9=Moon(2011), 10=Won(2009), 11=Kim(2012), 12=Lee(2011), 13=Moon(2012), 14=Choi(2012),
15=Park(2014), 16=Hwang(2010), 17=Jeong(2011)
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— Evaluation method : Correlation analysis,
Hegression analysis

Figure 1. Research procedure
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Table 2. Test beds and characteristics of traffic accident data

accident factors

total number of

test bed . driver vehicle the others
accidents
no. pct. no. pct. no. pct.
kyoungbu expressway 7,285 5,102 70.0 623 8.6 1,560 214
seohaean expressway 3,930 2,941 74.8 472 12.0 517 13.2
2. WSAIIE(AR) 4+
BEALEL 7150] ATEOIA BEALT SARAS(EE A4S REALT LB A2 Lro] 4l 9]

=3 Sl L Z 5% (Traffic Accident Exposure) ] E+= WAL 2]-7F
Q) GG 1 K902 ATE WANZ 5 9 715le] Seke AdeR HelslT Uk, TEALT PAHE
£ e AT ALILE, AAsAHeE U AHLE, T2 AT ALE,

=
£ AT Y E2T0Y DEFS 12T LEALEZ/ AR km) S o] glod, ol AFF9] Tkm
2 100954) A550] SR o A BT Sk 8] AMelek ADBAR © Accident Rare) A

; .
ARy = 265t <Tengii, <10 Vi L)
o714,
not ARSI/
aadt 1 AHAFLWFFHT/ L)
length (ﬂ@'( m)

3. UWH|AI0ld A2sY 2 7k

A9 AEE AsE7] $15te] £ Ao GPS7Ie Car Navigationdle] :
AR SUI|ID, YD, SR, FLL) AU, DEAZE PRt 2} AAS FAG AR
B2 2 girt.

AT 201419 197 YAl ARARES BAjel] A5, Slgw g Sashs A Eage] dhe
7)ol o] AREBARY, SAANELE AR E FESIG ARTE A FAL/ZLAE 5L olgat 7

346 Journal of Korean Society of Transportation Vol.34 No.4 August 2016



LEE, Soongbong + CHANG, Hyunho - CHEON, Seunghoon - BAEK, Seungkirl - LEE, Young-lhn Article

18 Aol5}7] Slste] T&E = BA A4 ool WAT FAe BAA AolsiA, TLEE o]2]o] mao
A Bapgo] ol 2oldl Auuke thato 2 A g Sstat,

Back(2005)-& A2 4:310] FHA|2 7144 T&E o] et A|7+e AT 5 glo] FANNBERE
o] Ag519rt. 2 ATOIAE WAl d AR Baste] AN T&E o] ek A R 4
QI Aol Qltk. AZFAAZ R 1REE9R 0-5005, FAAE 1kmT<]= 0-500kme] W9l 5o 2}
25 7Esot

/ 1
Lo %
-~ \\ N
! B Hwirs
jo ~—>
: o ’,/ - /,"’ : I Road section I
1 @ @ ,I Path travel time/trip length distribution
\-. ______ ’ from origin to road section
Origin

4

ratio{%)

Caution driving status
== == = = (Careless driving status

T

—
S~y

threshold(time : t., length : d.) unit(min, km)

Figure 2. Car navigation data collection

=IO EX(FDR)AIE 7HE

02 2| ZE(FDR, Fatigued Driver Rate)+= WH|Alo]d A 2225 o]-8-oto] g7 Tl AA Ab=F
Z QAR E Zdoh= AFe) Hlg= 7“—40}‘31 ﬁiﬁ"gﬂﬂﬂ} PAe] 7|5te] 2| B2 :rL—v—O}oq 7roReict.
A AT 2 et A )& 1Rt A3} 5 O] Aol A 1A7E o] $HE| = AFaL9] 9
Q = 5

—

o] ZrlslH, 247t o|FHE L 24 ] 7}@_ 2= 98-8 BAL B AAIS 9o (Kim et al.(2003),
Lee(2006), Sung et al.(2003), Baek et al.(2005)), =l A7 HE@H=E2FA) =Abs2t |3, a4t

T BN TEEE 0] gholA] 2417 4 F FA1S BT ek,

2 Aol oﬁ%%i% SR Aol ARARE FE5te] AP APl AGHAA Y AT

A7, EAAE ARE $AHAL, o5 1-500%-or km) o] W12 FE3 A

SARE A A SIS BBARL, BBAL ] QAN AAATES] AVE vieo )FS A}
T, U RS Fote] AR T0] ApkTh Aol b e ATE Holk g 712X 2 44 stct B
A1ZFE- 60, 90, 120, 150, 180%] ciste] WIS BA1gH 20} 1208 o]} g xpero] ] &glvh A8 7ho] 4
AT} Aol /1 e A0 ettt SaA] i 4A 3
o, 7‘]ﬂ% 60, 90, 120, 150 180km ©]% Zf— P+ Z}=FH]
150km oA+ S
171 3475 Table 3, 49} 0.7, Eoﬂ% 1A 24
2 eAnRE ARE Holsiart

o

ol
rol
_NH
ot
L
=
o
o
2
=
o
=
i2
o
e
o_>.:
:__l‘
S
o,
= %
o
N
o2l
o
&
2
pars
|o
frl
Eh
o)
1,
%2
Do

|

t3|2], H| 348 | 43, 2016\ 8Y 347

ol



Article Development of Traffic Accident Index Considering Driving Behavior of a Data Based

Table 3. Sensitivity analysis result(path travel time)

. Path travel time(min)
line Index

>60 >90 >120 >150 >180
total correl 0.57 0.69 0.77 0.74 0.69
R 0.33 0.48 0.59 0.54 0.48
kyungbu correl 0.47 0.65 0.83 0.81 0.74
R 0.22 0.42 0.69 0.66 0.55
seohaean correl 0.69 0.80 0.81 0.73 0.65
R’ 0.48 0.63 0.65 0.54 0.42

Table 4. Sensitivity analysis result(path travel length)

Path travel length(km)

line Index >60 >90 >120 >150 >180
total correl 0.57 0.61 0.69 0.75 0.72
R? 0.33 0.37 0.47 0.57 0.52
kyungbu correl 0.51 0.53 0.68 0.81 0.77
R? 0.26 0.28 0.46 0.66 0.60
seohaean correl 0.66 0.71 0.76 0.79 0.78
R’ 0.44 0.50 0.57 0.62 0.61
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Table 5. Index calculation results(kyungbu)
Section Length(km) AADT AR FDR (time) FDR (length)
1 2.68 108,015 0.04 0.06 0.02
2 5.09 91,731 0.07 0.06 0.02
3 4.39 81,154 0.05 0.06 0.02
4 3.89 88,337 0.02 0.06 0.02
5 13.27 92,629 0.03 0.09 0.05
6 4.83 86,795 0.03 0.07 0.02
7 11.61 79,364 0.05 0.08 0.03
8 8.36 78,433 0.08 0.10 0.03
9 6.7 71,545 0.05 0.11 0.04
10 3.53 43,406 0.05 0.10 0.03
11 24.8 40,378 0.10 0.11 0.05
12 4.62 36,839 0.07 0.16 0.11
13 3.89 65,385 0.08 0.16 0.14
14 3.55 53,492 0.07 0.19 0.18
15 10.07 54,445 0.08 0.18 0.20
16 5.09 48,669 0.08 0.19 0.24
17 5.45 42,161 0.06 0.17 0.22
18 9.89 17,430 0.14 0.24 0.30
19 12.03 17,154 0.20 0.31 0.37
20 797 15,608 0.20 0.29 0.36
21 9.12 17,025 0.12 0.29 0.35
22 5.48 72,465 0.14 0.34 0.37
23 7.68 64,491 0.10 0.31 0.33
24 4.09 62,673 0.09 0.26 0.29
25 9.26 36,422 0.14 0.24 0.25
26 16.45 24,176 0.18 0.29 0.32
27 17.73 20,650 0.21 0.35 0.36
28 10.4 20,450 0.22 0.34 0.35
29 28.15 21,076 0.17 0.24 0.22
30 1.63 28,410 0.09 0.09 0.07
31 6.43 29,159 0.05 0.08 0.06
32 14.11 30,915 0.08 0.08 0.06
33 5.08 35,492 0.10 0.06 0.04
34 7.78 30,777 0.07 0.10 0.08
35 2.02 28,064 0.03 0.09 0.08
FDR(A 25 PAIHA EE R?=0.69, r=0.83, FDR(AZEPAZ])E R?=0.66, r=0.81 2 TFAHS0] gt A
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Figure 3. Distribution of FDR(path travel time) and AR by road section Figure 4.

Relationship between FDR(path travel time) and AR

349



Article Development of Traffic Accident Index Considering Driving Behavior of a Data Based

— = 0.25
m o . .
ﬁ Seoul »Busan g < Correlation=0.81
$0.25 0.4 @ T .
2 = - °
5 0.35 s 0.20 y = 0.3484x + 0.0392 o®
. 2 |
- R?=0.6598
€0.20 c ° L4
3 \ 03 2
3 0.25 S 0.15 e
gos v . g ° .9 °
e
I r 0.2 be® o
0.10 % ° e
0.10 % 0.15 | e °
° loe ® o
r\ } 01 o .eole ®l.
0.05 d QJ %Q![ ' 0.05 |-af%®
0.05 o
ee:& ie e %
0.00 0
15 9 13 17 21 25 29 33 098,00 0.10 0.20 0.30 0.40
‘—Q—Accident Rate —e—FDR(path travel Iength)| Section FDR(path travel length)

Figure 5. Distribution of FDR(path travel length) and AR by road section Figure 6. Relationship between FDR(path travel length) and AR
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Table 6. Index calculation results(seohaean)

Section Length(km) AADT AR (filr)nIZ) (1213;;)
1 4.64 49,429 0.02 0.04 0.01
2 2.67 81,028 0.07 0.04 0.01
3 1.15 65,459 0.01 0.04 0.01
4 3.16 87,645 0.07 0.11 0.07
5 4.02 55,227 0.10 0.05 0.02
6 13.62 47,904 0.06 0.05 0.02
7 7.82 43,944 0.09 0.06 0.02
8 6.53 49,921 0.06 0.07 0.03
9 12.64 40,012 0.09 0.08 0.03

10 8.07 33,723 0.10 0.09 0.04
11 9.37 31,113 0.09 0.11 0.06
12 6.58 24,227 0.13 0.14 0.08
13 13.68 16,445 0.10 0.17 0.10
14 10.8 14,468 0.08 0.19 0.16
15 19.72 13,455 0.15 0.27 0.39
16 11.99 12,646 0.08 0.29 0.48
17 8.99 15,413 0.19 0.38 0.52
18 12.55 10,779 0.14 0.49 0.58
19 13.93 10,775 0.18 0.51 0.58
20 16.18 10,131 0.22 0.53 0.60
21 9.87 10,459 0.16 0.53 0.59
22 7.91 11,410 0.13 0.50 0.56
23 4,01 11,219 0.18 0.50 0.55
24 14.79 6,462 0.13 0.56 0.63
25 2.46 15,266 0.10 0.24 0.25
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Figure 8. Relationship between FDR(path travel time) and AR

E Seoul » Mokpo g
3 0.25 07 ®
I
4 0.6
£ 0.20 j{
3 0.5
S
0 ¢ \ 0.4
0.10 . . ﬁ& 0.3
. ] i
’ f N 0.2
0.05 ./
0.1
> .
0.00 Gﬂ%@geee 0

13 6 7 9 11 13 15 17 19 21 23 25

[-s=Accident Rate ——FDR(path travel length)| Section

= 0.25
<
= >
£ o.20 -
< ‘.
s .
5 0.15 e
< . oot o |®
0.10 (ep o
10 |99 o 1@
o.f.. *‘e .
0.05 “ Correlation=0.79
y|=0.1637x + 0.0681
® R? = 0.6222
0.00

0.20 0.40 0.60 0.80

FDR(path travel length)

Figure 9. Distribution of FDR(path travel length) and AR by road section Figure 10.

2=

Relationship between FDR(path travel length) and AR

DASZAN BT AL F EUGR0L YT A AND § o 1501 A0 elstont, 4240

Wl 3k, FAGE, £89) 202 BAE shu 15t
FohrE, WL o] 27
27& 7HT Q7] g LA gt

2 AL 71 A o] ZHe GAE S Bekaly] $lste] 2417

3, S ATt PAE
ZFol Al A m2 & 7
ZA7MER AZEJA M E

20149 19 2)¢] YHAlo|d A=AF=E ARESFAL, o] ©f

S TSI, wot paw et A9l 59l E2 e oo

SRt 2428 10 ofgh AbaTH]Eo] E-Fol
1S AtE ALY B A ot 2A2a ] AFLE A5t flote

A2 7|ure] 42 2% (FDR)E Aletstgdt. A EES 9l AHeH el
fato] RP7HEE A

2] WAL ARt Ao M= e
o] =

A Agshey] A% 2 9t

1742418 1T 4
A=
=

S T

A met REAFSY] A AZe)] dotol ARTEE R, AabisERE o EapzhE A

gato] PAE BAck), BAAT} SATEE AR AT $AS GES BT, AT BF 0818
S TS 2 A0 etk QIR BEADE ST A0 Sfof sz, RaE o
3 ApT g Tre] AL Ul e SFol), shARt B o)A Alekg LA EE A F AL TS H}e] FL
A A S Hole Ao 2 BANGT, o] thalfiizA Jeig NS ?;%@} % 919icy. watA) 7)1
o] SHAIT A] AL §150]4 SHe7|ghe 2 AN B p o] 2716} L o & ik, B Aol At
| A wEe) e b} o] goket 4 gt

£515)2] 2| 34 | 43, 2016\ 8Y

351



Article Development of Traffic Accident Index Considering Driving Behavior of a Data Based

Tefet 7)E A rgeld LefstA] 2ot LAAaglel g LAz T
2 %2 So) AL AL 5 QLS Aolth B4, £ Fobrast e aelE BekT AR} ule) g
o

L
2
)
=
4
H1
fru
— r o
R
r,
er
nb
bo
B>
i
i
HU
A
k&
ID
9,
N
J‘
N, gk
)
-,

A] et oA, w29t 0111‘410}04 °Z*7<}°ﬂ7ﬂ FAL7E A

lo

o)
S

oo

o M
1
lo
4
ok
_O'L
8
5

o o
|El
4
=
»ﬂ

o E
>_]
D
—LI
\I
)

o, %@
mj
>,
=
=
of
ool
filo
WJ
ko
2

34 o
o,
Y
@
N o
N,
=)
4

l r;a é”.:

2o
it}
o
o,
)
o
rok
X
!
o
rio
ol
el
N
It 4o
v =
S~
o |
ot
S
=2
-
)
o
-
£
ol
ol
2
Mr
%
o
>
o
ot
ne
Fo

ofo
e
4z
2,
)
ret
ol
b
i
o,
|
ol
i<
o
olt
el
B3
"
olt
ol
2
o
r
e g

REFERENCES

Ali K. C., Erkan O. (2014), A Multinomial Logit Analysis of Risk Factors Influencing Road Traffic Injury Severities in
the Erzurum and Kars Provinces of Turkey, Accid. Anal. Prev., 72, 66-77.

Back S. G., Chang H. H., Kang J. G., Yoon B. J. (2005), An Effect of Trip Length on Freeway Accident Rates, Journal of
the Eastern Society for Transportation Studies, 6, 3467-3481.

Brown 1. D. (1994), Driver fatigue, Human Factors, 36-2, 298-314.

Choi Y. H.,,Oh Y. T, Choi K. C, Lee C. K., Yun I. S. (2012), Traffic Crash Prediction Models for Expressway Ramps,
Int. J. Highw. Eng., 4(5), 133-143.

Hartley L. R. (2004), Fatigue and driving. In Rothengatter, T., Huhuenin, R. D. (Eds.), Traffic & Transport Psychology;
Theory and Application, UK: Elsevier Ltd.

Hwang K. S., Choi J. S., Kim S. Y., Heo T. Y., Cho W. B., Kim Y. S. (2010), Freeway Crash Frequency Model
Development Based on the Road Section Segmentation by Using Vehicle Speeds, J. Korean Soc. Transp., 28(2),
Korean Society of Transportation, 151-159.

Jeong E. B., Oh C. (2011), Accident Rate Forecasting Model by Using Speed on Freeway, J. Korean Soc. Transp., 29(4),
Korean Society of Transportation, 103-111.

Joaquin A., Griselda L., Juan O. (2013), Analysis of Traffic Accident Severity Using Decision Rules via Decision Trees,
Expert Systems With Applications, 40, 6047-6054.

Juan O., Griselda L., Randa M., Francisco J. C. (2013), Analysis of Traffic Accidents on Rural Highways Using Latent

352

Journal of Korean Society of Transportation Vol.34 No.4 August 2016



LEE, Soongbong + CHANG, Hyunho - CHEON, Seunghoon - BAEK, Seungkirl - LEE, Young-lhn Article

Class Clustering and Bayesian Networks, Accid. Anal. Prev., 51, 1-10.

KimJ. H., Lee S. B., Kim D. H., Hong J. Y. (2012), The Relationship Between Violation of Designated Lane Usage and
Accident Severity on Freeways, J. Korean Soc. Transp., 30(3), Korean Society of Transportation, 119-127.

KimS. W., Park S.J., Lee Y. S. (2003), Development of Evaluation Method of Driver’s Fatigue by Physiological Signal,
The Korean Society of Automotive Engineers, 1208-1212.

Lee H. R., Kum K. J., Son S. N. (2011), A Study on the Factor Analysis by Grade for Highway Traffic Accident, Int. J.
Highw. Eng., 13(3), 157-165.

Lee J. S. (2006), The Effects of Fatigue Induced Both by Sleep Deprivation and Time-on-task on Driving Performance,
Korean Journal of Culture and Social Issues, 12(3), 69-83.

Lee J. Y., Chung J. H., Son B. S. (2008), Analysis of Traffic Accident Size for Korean Highway Using Structural
Equation Models, Accid. Anal. Prev., 40, 1955-1963.

Lee S. C., Hwang Y. S., Oh J. S. (2008), The Effect of the Workload on the Truck Driver’s Fatigue, Korean Journal of
Psychological, 21(2), 367-381.

Lin T. D., Jovanis P. P., Yang C. Z. (1994), Time of Day Models of Motor Carrier Accident Risk, Transportation
Research Record 1467, Transportation Research Board, Washington, D.C., 1-8.

Martha H., Carlos C., Mario F., Rafael A., Victoria L. (2000), Risk Factors in Highway Traffic Accidents: A Case
Control Study, Accid. Anal. Prev., 32, 703-709.

Ministry of Land, Infrastructure and Trasport (2013), 2013 Statistical Yearbook of Molit.

Mun S. R, Lee Y. L. (2011), Analysis of Traffic Crash Severity on Freeway Using Hierarchical Binomial Logistic
Model, Int. J. Highw. Eng., 13(4), 199-209.

Mun S. R., Lee Y. L., Lee S. B. (2012), Developing a Traffic Accident Prediction Model for Freeways, J. Korean Soc.
Transp., 30(2), Korean Society of Transportation, 101-116.

Park M. H. (2014), A Study on Marginal Effect of Geometric Structure on Freeway Accident Frequencies, J. Korean Soc.
Transp., 32(1), Korean Society of Transportation, 73-81.

Park S. W. (2010), Analysis of Motor Carrier Crash Risk With Driver Hours of Service, Int. J. Highw. Eng., 12(1), 21-27.

Sung H. M., Cha D. I, Kim S. W., Park J. J., Kim C. J., Yoon Y. R. (2003), The Study of Driving Fatigue Using HRV
Analysis, J. Biomed. Eng. Res., 24(1), 1-8.

Tucker P. (2003), The Impact of Rest Breaks Upon Accident Risk, Fatigue and Performance: A Review, Work & Stress,
17(2), 123-137.

Vatanavongs R., Sonnarong S. (2014), Impacts of Accident Severity Factors and Loss Values of Crashes on Expressway
in Thailand, International Association of Traffic and Safety Sciences, 37, 130-136.

Venkataraman S., Fred M., Woodrow B. (1994), Effect of Roadway Geometrics and Environmental Factors on Rural
Freeway Accident Frequencies, Accid. Anal. Prev., 27(3), 371-389.

Won M. S,, Lee K. R., Oh C., Kang K. W. (2009), A Study on the Application of Accident Severity Prediction Model, J.
Korean Soc. Transp., 27(4), Korean Society of Transportation, 167-173.

Wylie C. D., Shultz T., Miller J. C., Mitler M. M., Mackie R. R. (1996), Commercial Motor Vehicle Driver Fatigue and
Alertness Study, Technical Report U.S Department of Transp, Federal Highway Administration Report,
FHWA-MC-97-002.

You L. S., Park S. H., Yoon J. E., Choi J. H., Han E. (2012), Prediction Model for the Severity of Traffic Accidents on
Expressway On-and Off-ramp, Int. J. Highw. Eng., 14(5), 101-111.

OietnEstal?|, A 343 Al 42, 2016'H 8 353





