J. Korean Soc. Transp.
Vol.35, No.2, pp.160-168, April 2017
https://doi.org/10.7470/jkst.2017.35.2.160

pISSN : 1229-1366
elSSN @ 2234-4217

Received: 15 March 2017
Revised: 17 April 2017

Accepted: 25 April 2017

Copyright ©
Korean Society of Transportation

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commerdial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

ARTICLE
3122} DTG CiO[E{S #8% D452 Zg2
PIEPZHEA

22 - Of3A - ORf - A"

SIRE2ZA EE2NEWERY CHNEHE22|Ciostn

The Hazardous Expressway Sections for
Drowsy Driving Using Digital Tachograph in Truck

CHO, Jongseok' * LEE, Hyunsuk' - LEE, Jaeyoung? - KIM, Ducknyung'*

'Korea Expressway Corporation Research Institute, Gyeonggi 18489, Korea
2University of Central Florida, Florida 32816, USA

*Corresponding author: k999@ex.co.kr

Abstract

In the past 10 years, the accidents caused by drowsy driving have occupied about 23% of all traffic
accidents in Korea expressway network and this rate is the highest one among all accident causes. Unlike
other types of accidents caused by speeding and distraction to the road, the accidents by drowsy driving
should be managed differently because the drowsiness might not be controlled by human's will. To reduce the
number of accidents caused by drowsy driving, researchers previously focused on the spot based analysis.
However, what we actually need is a segment (link) and occurring time based analysis, rather than spot based
analysis. Hence, this research performs initial effort by adapting link concept in terms of drowsy driving on
highway. First of all, we analyze the accidents caused by drowsy in historical accident data along with their
road environments. Then, links associate with driving time are analyzed using digital tachograph (DTG) data.
To carry this out, negative binomial regression models, which are broadly used in the field, including
highway safety manual, are used to define the relationship between the number of traffic accidents on
expressway and drivers’ behavior derived from DTG. From the results, empirical Bayes (EB) and potential
for safety improvement (PSI) analysis are performed for potential risk segments of accident caused by
drowsy driving on the future. As the result of traffic accidents caused by drowsy driving, the number of the
traffic accidents increases with increase in annual average daily traffic (AADT), the proportion of trucks, the
amount of DTG data, the average proportion of speeding over 20km/h, the average proportion of
deceleration, and the average proportion of sudden lane-changing.

Keywords: digital tacho graph(DTG), drowsy driving, negative binomial regression, potential
for safety improvement(PSI), risk analysis
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N e gAPE PGt & & AA| A JAZHAC-1IC) 741,127 F7hH& 2Ad e = A7gsH
om, Table 1.2 7t 7= 5 DTG "ol 9] 7|&FAFS Horh.

Table 1. Statistical analysis of DTG data in IC-IC segments (N=1,127)
Variable Description Mean S. Dev. Min Max
COUNT Amount of DTG data 11,053 14,491 1 132,679
SPD Average speed 78.995 14.837 0 116.920
STD_SPD Standard deviation of speed 34.262 7.107 2.082 61.518
CV_SPD Coefficient of variation of speed 44,728 12.362 2.481 119.667
OVSPD_20 Average proportion of speeding over 20 km/h 0.182 0.158 0 1
OVSPD_20T Average duration of speeding over 20 km/h(sec) 7.946 6.797 0 59.9
OVSPD_40 Average proportion of speeding over 40 km/h 0.060 0.066 0 1
OVSPD_40T Average duration of speeding over 40 km/h(sec) 2.319 2.269 0 21.924
OVSPD_60 Average proportion of speeding over 60 km/h 0.016 0.024 0 0.318
OVSPD_60T Average duration of speeding over 60 km/h(sec) 0.326 0.713 0 12.320
LNG_OVSPD Average proportion of persistent speeding 0.000 0.000 0 0
LNG_OVSPD_T  Average duration of persistent speeding km/h(sec) 0.329 1.091 0 14.979
SDN_ACC Average proportion of sudden acceleration 0.127 0.059 0 0.321
SDN_STA Average proportion of sudden starting 0.008 0.011 0 0.110
SDN_DEC Average proportion of sudden deceleration 0.452 0.164 0 1
SDN_STP Average proportion of sudden stopping 0.014 0.016 0 0.280
SDN_LTURN Average proportion of sudden left—turning 0.036 0.071 0 0.641
SDN_RTURN Average proportion of sudden right—turning 0.021 0.045 0 0.5
SDN_UTURN Average proportion of sudden U-turning 0.002 0.015 0 0.333
SDN_OVRTKG  Average proportion of sudden over—taking 0.000 0.000 0 0.001
SDN_COUCHG  Average proportion of lane—changing 0.098 0.116 0 0.853
AADT Annual average daily traffic(AADT) 32,531 26,377 1,076 118,775
TRUCK_AADT  AADT of trucks 8,128 6,164 230 30,024
P_TRUCK Proportion of trucks 0.268 0.078 0.079 1
LENGTH Sectional distance(m) 7,304 5,551 439 31,047
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&9 1.6%Kr} oFF 22 210 2 vrebytt

Table 2. Traffic accidents by each vehicle class

class Total number of traffic accidents %  Number of traffic accident caused by drowsy driving %

Passenger car 13,423 61.2% 1,634 55.8%
Truck 7,499 34.2% 1,180 40.3%
Van 480 2.2% 54 1.8%
Bus 442 2.0% 48 1.6%
Etc. 97 0.4% 11 0.4%
Total 21,941 100.0% 2,927 100.0%
24

1. 20|& 3|23 (Negative Binomial Regression Model)
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AH(underdispersion)2 A& 4= §lom 2h2 Hotgh W A2 wHE S of o] W ofv} HhAEh 4
A1 AgstAnh. Il E6kal 2ok v]=9] highway safety manual (AASHTO, 2010)& 23t
HA Ao A Sold 3] HEAS de] A8stal ItH(Daniels et al., 20105 Cafiso, 2010; Siddiqui et al., 2012;
Abdel-Aty et al., 2011; Abdel-Aty, 2013; Lee et al., 2013).

Lord & Mannering(2010)o]l 2 0|3} AR P2 S 57| 21¢H AR 13T 4= Q= §HH,
e o o]
o

EA S/W SASE E-85to] gold} AR Y-S F4H5HA. 2™, Table 33} Table 4= 22 AA| Ab 4 9 352
A Aol tigh 74 2318 et 1) A o] 24 1 el 43979l PRAL glont £ AFv) vk
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Table 3. Result in all traffic accidents using negative binomial regression model

Variable Description Estimate Star.ldgrd 95% Confidence Interval p
Deviation

Intercept Intercept -12.705 0.399 -13.488 -11.923 <.0001

Log(AADT) The value of Log (AADT) 0.379 0.044 0.293 0.464 <.0001

Log(COUNT) The value of Log
(the amount of DTG data) 0.100 0.025 0.051 0.150 <.0001

OVSPD_60 The average proportion of 7.890 1358 5.228 10.552 ¢.0001
speeding over 60 km/h

SDN_DEC The average proportion of 1,756 0.266 1.234 2278 <0001
deceleration

SDN_COUCHG  The average proportion of 1,604 0.366 0.887 2322 <0001
lane—changing

c Dispersion -8.725 0.056 -8.835 -8.616 <.0001

Table 4. Results in traffic accidents caused by drowsy driving using negative binomial regression model

Variable Description Estimate Star}da.lrd 95% Confidence Interval p
Deviation

Intercept Intercept -19.074 1.287 -21.596 -16.551 {.0001

Log(AADT) The value of Log (AADT) 0.434 0.071 0.296 0.572 {.0001

P_TRUCK The proportion of trucks 1.805 0.650 0.530 3.079 0.0056

Log(COUNT) The value of Log
(the amount of DTG data) 0.139 0.041 0.058 0.219 0.0008

SPD Average speed 0.011 0.004 0.002 0.020 0.0182

OVSPD_20 S G52 jPLROI G 2.434 1.020 0.435 4432 0.0172
speeding over 20 km/h

SDN_DEC The average proportion of 4786 1.265 2.306 7.266 0.0002
deceleration

SDN_TURN Wie ISR PROPeNal 6 2.424 1.066 0.335 4513 0.0231
turning

SDN_COUCHG  The average proportion of 2.878 1.098 0.726 5.030 0.0089
lane—changing

c Dispersion -8.553 0.134 -8.815 -8.291 {.0001

AAALA0] 7B, QB DS, DTG 3 A=, B I&54]8(60km/h 23, Bt Mﬁ—ﬂl% el
B AR o] 2P A ] ZHE S AR Uehton] 284 Ae] A%, 9
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F ALEY, 487 )8, DTG 44 AR5, &=, W 740 &Q0km/h 27, BF FU4018, BF 33
e 9 W FAZHH Bo| —E—o1 4% E2870 AR o) Sk AR BATIA 59 5
B2 1] 23} BF 4018 (Q0km/h Z3Po] BAATAS o] Z2-2A AATASFA 2 GFL T AR e}
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IR T

T 2ol 23 S 2 ATEATEE A of
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2(1’1 _5)2 2(3/7 -y
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Table 5. Pearson correlation coefficient analysis using estimated parameter in all accidents

Log (AADT) Log (COUNT) OVSPD_60 SDN _DEC SDN_COUCHG
Log (AADT) 1.000 0.256 -0.230 0.210 0.036
Log (COUNT) 0.256 1.000 -0.079 0.111 0.071
OVSPD_60 -0.230 -0.079 1.000 -0.167 -0.160
SDN_DEC 0.210 0.111 -0.167 1.000 -0.482
SDN_COUCHG 0.036 0.071 -0.160 -0.482 1.000

Table 6. Pearson correlation coefficient analysis using estimated parameter in the accident cuased by drowsy driving

oDy PTRUK (ooikm P OV e mmg  oouci
Log(AADT) 1.000 -0.265 0.256 -0.341 -0.259 0.210 0.065 0.036
P TRUCK -0.265 1.000 0.246 0.229 0.009 0.045 -0.020 -0.139
Log(COUNT) 0.256 0.246 1.000 0.187 -0.107 0.111 0.006 0.071
SPD -0.341 0.229 0.187 1.000 0.352 -0.116 -0.115 -0.277
OVSPD_20 -0.259 0.009 -0.107 0.351 1.000 -0.545 -0.237 -0.273
SDN_DEC 0.210 0.045 0.111 -0.116 -0.545 1.000 -0.471 -0.482
SDN_TURN 0.065 -0.020 0.006 -0.115 -0.237 -0.471 1.000 0.409
SDN_COUCHG 0.036 -0.139 0.071 -0.277 -0.273 -0.482 0.409 1.000

==
() 49 AT} 212 -0.505(a s, b, 0471 v ), -0.482(a 15, )% FEEISLOL 1 Aelgte] 2
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Table 7. Estimated PSI for top 10 hazardous expressway sections for drowsy driving

IC A — Mgredmed w ]Vea:pected PSI Ranking %o
GeumholC - Chilgok Logistics Term. IC 13 2.761 0.425 8.650 5.888 1 0.09%
Seocho IC - Banpo IC 7 0.480 0.420 4.260 3.779 2 0.18%
Naengjeong JC - Jillye IC 8 1.451 0.468 4,935 3.484 3 0.27%
Icheon IC - Yeoju JC 8 2.521 0.401 5.802 3.281 4 0.35%
Youngdong IC - Geumgang IC 8 2.244 0.583 4.646 2.402 5 0.44%
Maseong IC - Singal JC 6 1.888 0.448 4.158 2.271 6 0.53%
Baegyangsa IC — Jangseong ]JC 7 1.307 0.615 3.500 2.193 7 0.62%
Haman IC - Jangji IC 5 0.802 0.501 2.897 2.095 8 0.71%
Chirwon JC - North Chanwon IC 6 2.288 0.447 4.342 2.054 9 0.80%
West Hanam IC - Hanam JC 5 0.926 0.530 2.840 1.914 10 0.89%

) ‘.’ %—" £ '..-;.1.?-.‘?“,-9»",;‘
By 1"‘
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. » ,\'_q .4

(a) Top 5% (b) Top 10%

Figure 1. Top 5%, 10% of the hazardous expressway sections for drowsy driving
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A= A5, Bt HEH1E(20km/h 23D, Fat g5 HlE 9 Fok SRR &) 5o A EF5-d Al
g GA| S7Voks AL R BAE LA, E9] kAt Hl&} B BHE5H]E(20km/h 27H)-2 ARE ARV opd S5
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73R
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