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Abstract

During recent 5 years, it was recorded that 20% of total accident frequency and 30% of total
number of death have been occurred due to drowsy driving. Drowsy driving accident is result from
the loss of driving ability due to driver’s accumulated fatigue. Continuous driving time can be
measured as a surrogate variable to quantify the level of fatigue. The main purpose of this research
is to investigate statistical correlation between the proportion of continuous driving vehicle (more
than 2 hours) and the number of drowsy accidents. To carry this out, continuous driving time was
measured using GPS route-guidance trajectory data. Also, accident frequency, traffic volume and
segment length were collected to estimate safety performance function (SPF) for Jungbunearuk
expressway in Korea. Through various types of estimated SPFs, statistical correlation was
analyzed based on estimated statistical indices. This research can provide theoretical background
for enforcement to regulate commercial vehicle driver’s continuous driving time. In addition,
throughout the trajectory data expansion, it is expected that strategy for anti-drowsy driving
facilities installation can be established based on the suggested methodology.

keywords: continuous driving time, drowsy accident, GPS driving trajectory, over-dispersion,
safety performance function
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Aog gk ﬁ}tﬁ %ﬂlﬂl}io ¥ A7 2 g Boll FF A A4E A AAE Aok W 4

200} A&FGYAZY, ELALT, GPS AR, T, H S

oA L 2] N2 Tt FAE S W o85S AR 237k A a9l o 2 RE TS H
th. Highway safety manual (AASHTO, 2010)of] T2 14 Q10 2 HE] WML wEAITE o] 93%=
1j}

[e}
Ak glo, %IHOM H”“FJL A ow GAVE were Ew. 27 SAzH I TS TR AR (C

dog i
‘Zlﬁ} 131 i Hﬂﬁ 0}°ﬂ EEARL Zl*}g J}#/\}J——J 2,481 50 £7-5 VMSe] &5t A= 4= 2
FA712 FAE Saks o] AaE 1 gk

Z5olgtal ol 2747Ee] AAA Q] 27 (Biometric condition)¥ 27do]gtl of= PF7d
(Acting condition)©] FA] o] Fo] & wff WA HtH(Korea Expressway Corporation Research Institute, 2016). ©]
% A BAL LANTI0] ASB4E ST Z71HE A0 YelA 9lon] HE7Es Z71E 2
A2} FAo] Astslo] AEHoR WEATE Fre & gl o] Aoy

¢

12
2o] ofsl, A 4

(Brown, 1994). o] o,

s

SN A2 B 71570 AR, LA LAY 12T HFAH (AT
=4 D)o F549 GF Wik 55 £ L 02 5 AT LAY A9 D22 5O BAR F3 2

< AAAQ 229 TS 3= A&sljof she Aol A A SH| Bt olEAbs A 233 2B A
(Korea Transportation Safety Authority, 2013)°] @2 =2 A2 AP S HAAIES 7.947o|H, 18]
2 Al et 252470 A4 AThE 2= A o' AT AA SEAS 80%7t S22 7 ot
SHIROH, B T 32%= F12] Ak SoS BEct e Al w YA A

L4, WEALL FUQ 02 YA F= S5 A w2 of 2 A Q) Ayde o, SkEAk
A7k} %ﬂi}%xﬁ} W A RE A2 AR SHee] 2ol fEo] B dk)o] 2ol 7Py
9oz 2H-g9tH(Lee et al., 2008). o] et AIXHA Bt 2 72p0] 4] Al 45302 oA ttes 5
Qlo] "t 2oyt "AEF P -2 E-S3 M- FAL 2 AAEE T2 7]EE 0l eH B 9o
L, AZ dlolg 7ol FA12 S sk A RIXIRE el Beak et al.(2005) 9] Aol A= FF0
w7d0] Al E = YARQAIZDE o]-8-5te] FAARALH] & (potential accident ratio)& AFALASEY S A=
Albstdet. T2iu 114 & @54 ODHOIHE o-85t37] wlZell *32k2] AA| F4] FHE dl2{sh=t]

A o] ZARITE Lee et al.(2016) 2] Aol A= vlHAlo]d AtmE ARgste] 2 u 25k 2ot AL

_4

Z7H] ABPAE AT oY B o] APA(RY, Pearson statistic)-2 7FEsH=H 58 2742 #a9lch

& A= HEAClA ElolBE ol-85te] 1 )FA AR aLefet A&EFYAIS link = 2|2}, ii)sf
G Aot ESALE A EE AR AUEAE st H 7 S w0 2 G 9573
o] Sthol uhE 24} 7 Q1] el 2] Wato] 23 gr57] Kt g2 7]9ke] A tlojd S| AES 7
SHAT. =, MWEAFS] A&4FPA700] F A0 HAS tEshs HeQARE o) A&+ A vle) 7 H e o
S B A7 Hel s WS S A0 T BFA EAS A AW & dleAel 282 92
At ol £ FIsll, WEA HlolBE path /E &2 #5513l &5 A+E GISA 2Edhe 8ol AA =,
AEF P SSALLYZES] ABUA S #7571 flet 22 FA1715 (parametric statistics) ©] A A T
ERF AEFIA o HiFt TRt FAA AS5S Tl 71D ApEGE AASIALH, EFALE FASH]
Qe ALEFPAIE W0 L8 eta Aashlth nhAgt e 2 2] o]of Bl k% AA|E] o] AE o] A|AHTt.
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FAH A HO|EIS o83t ASKFAAIZ L=

2 AFoM = LTS AT HgR 4SS | o 2 U F2HE v Alo] A F 1A Hlol el & &-&
}0“‘\1]- o5 93f|, =/t EDBAIE o] w5 H T AF (KTDB level-6)7F §AE q17F Uu]A|o] A 2tw & -85}
o, 2014 47H€E(3, 4, 10, 119) BL@EL, 7, 5) 51 Bt AEE2E o83 A tid o2 g ¢A]
7‘41}&7} TFE=E I 2 A= sHE7] F7HE, TE7) 71detEl ol E ] Fd Al flel ' - = Al
A& ot on, A&EFP S Ahote eFEAte] EAS BHYgsh] 9ol +5-53S & AsE 5513
T2 i YA —zr’f‘%‘ 7320 w2 o9 link FH-E HH Q) F22 Aol 9lo], b9 link & AFF
9] 115 ID= A sto] o] (path)i Heksh= 2] ¥go] @7-5Inh ot GPSO| Wit 55 Hdlo s F347
=7HEIFH AR &3S %% F, AFgo] & 2ol A 5041t AR H A= F e Al PSolE 26k
L2 shte] P07 7| BEE Q{7 A 0] o] & #AF5HAY lE AR A A|Q]shE T
o]]ﬂ]—EiQ“l 7o FA gl %7& Bz R Eo g oLy 237t Eoﬂ/\]ﬂ_q X]-O] 7F S
FeEe A ¢ glek (s
A= Q §_ 5 ‘Wﬂ 1}01% A 7hs). et IS E 2 S 97 ?] A Eﬂ"lﬂ# 785 AEFRAY S-S 9
o FAA B SS5HE Y U o7 E T T} o5 {18l A= 398702] At FAlAt
170710] Z54E 9] HARFEE GISFel BEst o TP E o] MiAS 53l A4 W RE T,
HAEFPA ofV‘*(exparlslon) F+= 74 (reset) 0] 7FSES SFGITE
D&ER F3 Hloly &, i)leld miA, i) AR, w)FARHT +og2 H A2H Aae
14,614,137 =38, 148,3227119] 71% 2o 2 LA =T B o] A= Beak et al.(2005) 2 Lee et al.(2016)2] A
T2} U}{WW?—L o2 FP 0] o BE Wt & Ql= QLT3 AIZHe] AAAE 247t = AAstgl o, ol & 23t
SF 240 Hl& (%)< JLE=E TA9ket A3} Figure 19]] AJAIE T, Table 12 A&538 2417t o|4Fo] 2% Hl&
= WHAe o 2 AE6te ol 4491 107] #2HIC-IC 7158)& YetiH, 1-99171A17F 5% SR UFA 91216t
AL Lo, Ao F7HA] W el= AASHH.
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Table 1. Top 10 ranking for % of continuous driving car

% of continuous
Line Milepost driving car
(more than 2hours)

Jungbunearuk 102.7-113.9 29.3%
Jungbunearuk 115.5-82.1 26.9%
Jungbunearuk 133.1-123.5 26.7%
Jungbunearuk 187.4-166.6 26.2%
Jungbunearuk 118.4-114.0 25.8%
Jungbunearuk 206.3-209.2 25.7%
Jungbunearuk 76.5-74.1 25.6%
Jungbunearuk 245.8-251.1 25.6%
Jungbunearuk 222.1-225.0 25.4%
Jungbunearuk 143.1-143.6 25.3%
Figure 1. GIS-map for % of continuous driving car (more than
88 Olynpic 139.6-138.4 25.3%

2 hours)
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Tl EHSo] W AAu A0 B E tHsHA Het. Kim et al (2013)2 S48 7S
sto] 3712 SFoz AEsHH 1&Eg of d*é S8 7Skt Korea Expressway Corporation
Research Institute(2014)-2 =] —i,‘— 2B 94 A42 &, B 9 w=F ZHze| it A s g
A s e ZF AL AlG-2] 51482 HASEAL lof ZAdAre] o ©=2Ql & A str] §o]
St 2|9 7t ol gt 4= 3 01 AASHTO(2010)014] H115}k= ot
+ DA B 1022 5= Bernoulli trial o] A¥f= oJgt 4= Qlow, Apal ¥HA/mEAy
SIes olgh= 714 stofl o] 2] FHI = A5 T 4= QlTh. of7| A, AR EE (p)7} IR S A
WEF = /\]631—7—(1\/)0] o 2 W o] A= AokE FLE ARG E 4 ‘:’“:}( kin et al., 1980). 245
o] F4&:H 40l AL A= H- 244 (non—negative integer)©]7] 2] H|AAFHOo R —ir@ = dutel Ay
(ordinary least squared regression) th4l Z| -5 (maximum likelihood estlmator) FAsl= 7 SR
% (count data regression)2 A-§-¢Ith(washington et al., 2003). A A+ Aol F A whof H|FS of, W5
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A7NA, A= E O] B AR ARLAE oo, g = AP HS X of et 2| AASE vebdTh T8 2hEAt
& HEFst7] ARt A7) exp(e;) 2 Bt 1, #AF o (R4 AP E Ze APHEEE TE 2ol AR F
A Al EH 24t Alg=(over—dispersion parameter, o) 2] FAA AAS S0l ALl 49 FEAHIS R0 4
oIt TEAF AGe | )AL A0 FHEAM] of B @ A 2wk i )McFadden's Pseudo R%¢}F §7 B3] B4
A A (goodness—of—ﬁt) AA], iii)Empirical Bayes -8 913t 7Fs2|(w) A1 59] H&ds fbeh. 18 &
o] 9] Q

FEG2 shte] gho 2 FAHHE ogts F6ll T2 o] Aol A 310l 24 Fdsit= 7He WEet
ot 284 Kim(2015)2 &= = ARIAR Of diqld AF(EA/ B o] sig—++712] AADT ghatf o] ]

7t QA-5& A Aokl Lo, IHREA AlS=9] thFA] (varying dispersion)& HHst7] It i o 2 Autsle So|gt
3] 22 (Generalized/heterogeneous/modified negative binomial regression)& A Aokl ict. Axtald Solat
3R Y2 Equation 33} Zo] IR Al (e Ti= 1/0)E A HS(Z)9 SAAF(y) e 2802 470t

a = exp(y,+ 2 34) or & =1/exply,+ Y i%4) (3)

k k

2 Ao FAFYPATo] 5T WAL v|X] = SAE S 5] 91t e HEAds
A4S AFERITH KTDB W3 32 =0 FEH9E 2 JAE S5 9 FAHU AA A4S S5H52 Ao}
a1, offd 7Fe] AB L EH(H/Y), Segment A Aol(m), 2417 o4} A&4F3 A5 H]-&(%) o] SHHSFE
AeHct 2 Aol 37 Wl SHUE IEE2 = e 715 64970 (A9 3287, S 3217H) 9] o2

SE W ZF 70 Al S o] o mher T ARt ”HX]/—TL?TQQ' 047]/\1 A7t o)Ay A&l A Hl-g2 2014

A 2710 BAZ AN AT 4R B0l At 0] £ o
o, 20141 AHRLAS(A/Q), 201285 E] 2014871 AR ALLAL(/30) S B4 ALgste] Z17te] =
go] A9 ele vlmalalrh. Table 2= S40% B Exiuiso] 7|4 E A2 Yehic,

Table 2. Descriptive statistic for input data

Dependent variable (‘12-'14) Independent variable (‘14)
Model Number of crashes due to AADT S length (m) % of continuous driving car
drowsy and careless (vehicle/day) egment fength im (more than 2 hours)
Average 0.52 14,753 1,117 17.8
Std. Dev. 1.23 8,929 1,366 6.4
Max 12.00 44,307 8,200 32.5
Min 0.00 3,153 100 4.2

=

2 AFoM = AEFPAT o] S5l PR = TAA TS 8 ot7] 1ol Figure 2014 A Aot H]
& Q= g5}t 7122 ¥ (base model) 7 toF & (alternative model) 1-& 5 20| S| AR F O] &
™, 2A|7F o) AL YR 2FFS] vl & §EY o FE 5ol ofF W] FAA on]E Hol=t
20]60} ﬂ%ﬂiﬁéfﬂ FH = A7t —’?ﬂﬂ‘ﬂ EHO} w3y 1374' H] %

.,_.
ofl
2l

L NTN

I=J rr

o] 27t A|A ek,
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Alternative model 1 Alternative model 2 Alternative model 3

Crash data : 2012~2014 (cumulative) .
= Continuous driving time data : 2014 .
= Model : Negative binomial

Crash data : 2012~2014 (cumulative)
Continuous driving time data : 2014
Model : Negative binomial

*  Crash data : 2012~2014 (cumulative)
* Continuous driving time data : 2014
Model : Generalized negative binomial

= Crash data : 2012~2014 (cumulative)
= Continuousdriving time data : 2014
= Model : Generalized negative binomial

Model Variable OfX Model Variable O/X Model Variable O/X Model ‘Variable O/X
AADT(X)) O AADT O AADT @] AADT O
Crash Crash Crash Crash
Length
Frequency Length(X) o Frequency Length o Frequency Length o Frequency cngt ©
Prediction | 9 of continuous x Prediction | % of continuous o Prediction | 9% of continuous o Prediction | % of continuous o
driving car(Xs) driving car driving car driving car
Over- Length(Z)) X Over- Length X Over- Length X Over- Length O
Dispersion - Dispersion _ Dispersion } Dispersion -
Parameter % of continuous x Parameter % of continuous X Parameter % of continuous 0 Parameter % of continuous X
Estimation driving car(Z,) Estimation driving car Estimation driving car Estimation driving car

Comparing model 1-1

]

Crash data : 2014 (single year)
Continuous driving time data : 2014
Model : Negative binomial

]

Comparing model 2-1

Crash data : 2014 (single year)
Continuous driving time data : 2014
Model : Generalized negative binomial

Model Variable O/X Model Variable (@124
AADT @) AADT @)
Crash Crash
Frequi:ncy Length © FreqTxchy Length ©
Prediction | 9% of continuous o Prediction | % of continuous o
driving car driving car
Over- Length X Over- Length X
Dispersion Dispersion
Parameter % of continuous X Parameter % of continuous o
Estimation driving car Estimation driving car
Figure 2. Model estimation scenario
7|EDTONA AAE G edrE A A e T FH LR log HEHd SHHSE A-85HA Y
ALAGE P02 Wro] KmE Afle & Hehshe iNla ARgshalow, & Aol e A45F33H vle
o] FAA oquE Frcted S B Qo] 712AQ] Sold I BPAe A8t Table 3= 712 &
%, Table 4, 5, 62 T2 1, 2, 39 4 AWE 242 e 5743174 o] HolE f1sf SA5714] STATA ver.

11.0= &85t

Table 3. Parameter estimation result for base model (negative binomial regression without variable ;)

Variable Coefficient Std. err. t—statistic Significant level
Neppe By -2.765 0.200 -13.81 99%

By 7.6x107 9.39x10°° 8.10 99%

By 3.34x107* 4.41x107 7.57 99%

o 1.140 0.189 6.03 99%

Table 4. Parameter estimation result for alternative model 1 (negative binomial regression with variable X;)

Variable Coefficient Std. err. t—statistic Significant level
Ny By -3.705 0.326 -11.36 99%

By 7.47x107° 9.33x10°° 8.01 99%

By 3.40x107 4.26x107 7.97 99%

By 4,974 1.262 3.94 99%

« 1.031 0.174 5.93 99%
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Table 5. Parameter estimation result for alternative model 2 (generalized negative binomial regression with variable Z,)

Variable Coefficient Std. err. t—statistic Significant level
Ny By -3.668 0.321 -11.44 99%

By 6.98x107 9.04x10° 772 99%

By 3.98x10™ 4.27x107 9.33 99%

By 4.801 1.289 3.73 99%
Function of & % 1.722 0.465 3.70 99%

% -11.341 2.966 -3.82 99%

Table 6. Parameter estimation result for alternative model 3 (generalized negative binomial regression with variable Z)

Variable Coefficient Std. err. t—statistic Significant level
Npr By -3.778 0.305 -12.38 99%

By 6.86>107 8.41x10°° 4.52 99%

By 433x107 4.20x107° 10.30 99%

By 5.153 1.140 4.52 99%
Function of @« % -1.008 0.320 -3.15 99%

% 8.81x107° 2.60x107° 3.39 99%

Y 3745 247t o] AL F30eE A= Hlgofl High Al gto] o =5 E oM, A% 73 2pgo] gol
U AAYSE, FE 9 A A7 A AR S 81T 4 ik 270, £-8-9o] 1]A o
Fe A9 F AEFW AT BT FA L ZRE WS ATL0) B THEATIE 4TS Bt ol A
A dlolele] FAEFH A2A F5 287 A dlofele BAal) g 22 Agale JPe Fn

2. A4 85

2 A e B 55 99% o Ao A4 o4 Kol glom, mEe 8 P77o] o] A 3ol
R SR EEEQIT o] AL kB R Bobde S AT w7 715 S oulstH A A 2Tl F
A% s Ak 2471 o A TR A 18] et A% & G BAH el Brsigon] g
T0] WA S SJvohs IR Al (o) B IREAY b0 2l AAIG () BT A Ee<E 99% o) el A SAA
oS Holil glof ol 2l AR o 2-8o] Bt Ao r FA T

OIRER 8 20] A9 T o] 24121 o4} Qe Aol vl o] Eelwisa WE . on], 1 A% 3ol &
T2 EEE I ols WEAAT T Al 2417 ol A& AL e (2)S ol whet of 22 whEA
A7t 249e elojatel, o Ze R At mEe] $A

5

24do] Erhe oJulE MRt Highway
- Equation 48} Zo] AA5ET §lom Af1
AL 71N, e = AT ASAN, o) AL BEZR(N,,, 0000 TH 7HEB S F 0l AHEH .
A OJ=m, o] 22 HHEAAGE 225, ¢F
A edel FEEe 7FeAE AXA "ot 230d, 2 AelA T4 "R Aljtele A&FPAITR A
530 BAIA A=Ade FAAA B otyat, Empirical-Bayes 7]H ©] 8-S A w5k b -85}tk
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Table 4, 5, 6914 =&F A 712] @ 2] $AH A4S v|wstr] et H o2 i )McFadden’s Pseudo R?,
ii )Baysian Information criteria(BIC), iii)log-likelihood ratio S| #]7} H] W Ht}, McFadden’s Pseudo R*= A}
Y E HA Bg7te] =g 3t
(zL(p)e] ¥l g Fof B3 HA 9] FAA AgS vehdeh ¢S 53 —%@Qh 3’3394 p29} Rkl
oJu]& s, Equation 6= 5ol EEHTh 2 54 Al A7 S7Hd 5 &
o] §l.ow BIC A= o] 2let A& s 4st7] flsll Equation 73} Zo] A4 ]’%‘ﬂﬂ 7/‘1°ﬂ ‘:H“’l' HdeE
228 4= 9Jrk log-likelihood ratiol 7| 2R @S] S =S gHLL(5M)T ARG ] SEFS HLL(5Y)el of
gk Zpo|7t A 0 2 [on|3tAE TSty 9f5f| Equation 87} o] 7ol Al 220 AAG (X T, )2 Bl RH
o} 71, k= BHAISY g (Eadd 29D, n& TE5A 2 E 9n|eit

McFadden’s Pseudo R* = 1 11O 6)
Baysian Information criteria(BIC) = kx Ln(n) —2LL({3) 7
Log-likelihood ratio = —2[LL(8%) — LL(D)] ~ x%. ®
Table 7ol 4 AIAIE Hfs} 2o], ELATASE dfZatzr] 9lo] AT Bst BAH oS 4
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Table 7. Statistical indices for estimated 4 models
Base Alternative Alternative Alternative
model model 1 model 2 model 3
Number of observations (n) 649 649 649 649
Number of parameter (k) 3 4 6 6
McFadden’s Pseudo R2 0.165 0.178 0.192 0.209
Log-likelihood function (ZL(3)) -505.340 -497.578 -488.055 -478.699
Baysian Information criteria 1030.107 1021.058 1014.963 996.251
Log-likelihood ratio LLR = 1552 > (4 (,=6.63)

LLR = 19.05 > (& 40,=9.21)
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Table 8. Parameter estimation result for comparison models (1-1, 2-1)

Variable Alternative 1 Comparison 1-1 | Variable Alternative 2 Comparison 2-1
Ngpe B, -3.705** —4.253** Npp B, -3.668** —4.323**
B, 7.47<107%* 5.22x107%* B 6.98x107** 4.870x107**
By 3.40x1074** 3.50<107** By 3.98x107"** 4.08x107***
By 4.974%* 4.111* By 4.801%** 4.299*
« 1.031%* 1.827%* Function of a 1.722** 2.456™*
g —11.341** -13.730**
McFadden’s Pseudo 0.178 0.140 McFadden’s Pseudo 0.192 0.159
R R?

X Statistical significant at the 95%(*) / 99%(**) level of confidence
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