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Survival Analysis of Time-to-Line
Crossing of Vehicles on Snow and
Slippery Road

LIU Benmin, CHEN Yanxu, GUAN Xingyu

(Key Laboratory of Road and Traffic Engineering of the Ministry
of Education, Tongji University, Shanghai 201804, China)

Abstract: Lane changing behaviors on the expressway
were studied by means of the driving simulator in Tongji
University. The survival analysis method was adopted to
study the distribution characteristics of the time-to-line
crossing (TLC) in lane changing, and establish the Cox
proportional hazards model by conducting semi-
parametric survival analysis, to quantitatively analyze the
influence of potential factors on TLC. The results show
that factors such as the adhesion coefficient of the
pavements, the car-following state, and the driving speed
of the vehicle have significant influences on the TLC value.
The hazard rate of the vehicle driving following the other

to finish line crossing increases by 1.29 times of the one
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driving freely. Besides, for each 0.1 increase in road

friction coefficient or 1 km * h™' increase in vehicle
speed, the hazard rate increases by 1.14 times and 1.02
with the TLC being shortened

accordingly. However, when the initial position of lane

times respectively,

changing is Im further away from the target lane, the
hazard rate is reduced by 0.23 times and the TLC
prolonged. In addition, there is no significant difference

between the TLC in different directions of lane changing.

Key words: driving behaviors; time-to-line crossing;

slippery road; driving simulation; survival analysis
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Fig.1 Exterior of driving simulator
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Fig.2 Interior of driving simulator
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Tab.1 Adhesion coefficients of pavements under
different conditions™"

IR & R EGE
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Fig.3 Scenarios of driving simulation experiment
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Tab.2 Information of experimental samples
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Tab.3 Statistics of lane changing behaviors
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T 0.8 135 130 265
bial] 0.5 131 123 254
HE 0.3 123 115 238
ZEvK 0.2 154 131 285

J=828 549 512 1042
LS BB I E RS A0
300 85.32% = 1 100
180
e
200 | 60 ;
R 1 4
100 o 0 5’%
10.26% 7 ? 120 m%
0 .’ L1 e — 0

"""' 2 4 6 8 10
LRI TA] / s

4 MZRESES R
Fig.4 Distribution of TLC data
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Tab.4 Statistics of survival time of cases at different adhesion coefficients
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Fig.5 Survival distribution function for TLC at

different adhesion coefficients
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Tab.5 Significant test of TLC at different adhesion

coefficients
DLOPIREN KI7 AiE  BEE
Log Rank (Mantel—Cox) 129. 922 1 0.000
Breslow (Generalized Wilcoxon ) 92. 396 1 0. 000
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Fig.6 Hazard function for TLC at different

adhesion coefficients
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different lane changing directions
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Fig.8 Survival distribution function for TLC at

different car-following states
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Fig.9 Distribution of initial speed in lane-changing
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Fig.10 Survival distribution function for TLC at

different speeds
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Tab.6 Correlation analysis of covariates

PSS f v d Je
f MXEERE 1.000 0.582 0.038 0.048
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MXERE  0.038 0.097 1.000  —0.199
WEMH 0.222 0.002 0. 000
THEZEEL  0.582 1. 000 0.097  —0.228
BEE 0.000 0.002 0.000
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Tab.7 Parametric estimated parameters of Cox model for TLC

AT B SE Wald

Exp(B) 95. 0% {7 1X [i]

df Sig. Exp(B)

TR EBR
I/ 1.323 0. 160 68. 667 1 0. 000 3.76 2.746 5.136
I 0. 256 0.069 13.895 1 0. 000 1.29 1.129 1.477
d —1.492 0.089 283.676 1 0. 000 0.23 0.189 0. 268
v 0.016 0.002 68. 189 1 0. 000 1.02 1.012 1.019
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