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Analysis of rear-end risk for driver using vehicle trajectory data
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Abstract: To explore the relationship between rear-end crash
risk and its influencing factors,
conducted for measuring the individual vehicle trajectory data
associated with novice and experienced drivers. The rear-end
crash potential probability based on the time to collision was
proposed to represent the interpretation of rear-end crash risk.

on-road experiments were

One-way analysis of variance was applied to compare the rear-
end crash risks for novice and experienced drivers. The rear-
end crash risk models for novice and experienced drivers were
respectively developed to identify the effects of contributing
factors on the driver rear-end crash risk. Also, the cumulative
residual method was used to examine the goodness-of-fit of
models. The results show that there is a significant difference
in rear-end risk between the novice and experienced drivers.
For the novice drivers, three risk factors including the traffic
volume, the number of lanes and gender are found to
significantly impact on the rear-end crash risk,
significant impact factors for experienced drivers are the
vehicle speed and traffic volume. The rear-end crash risk
models perform well based on the existing limited data
samples.
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lation has taken up a considerable proportion of the li-
censed drivers in China. The traffic safety problem of
novice and experienced drivers has become a high-priority

s an increasing number of Chinese people obtained
their own cars and licenses, the novice driver popu-

issue for traffic engineer professionals. From this perspec-
tive, analyzing the rear-end risk of novice and experi-
enced drivers is thus of great interest for evaluating colli-
sion potentials and designing traffic control strategies in
real time.

As discussed by Weng et al. ", there are mainly two
types of data available to assess rear-end crash risk. One
is historical crash data, and the other is vehicle trajectory
data. It is possible that there may be no rear-end crash
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accident data available for traffic safety analysis for nov-
ice and experienced drivers. In this situation, vehicle traj-
ectory data can be used as an alternative data source for
the assessment of the rear-end crash risk for novice and
experienced drivers. A number of studies have been con-
ducted for the analysis of rear-end crash risk using vehicle
trajectory data. For example, Ossen et al. " studied the
car-following behaviors of individual drivers by making
use of vehicle trajectory data extracted from high-resolu-
tion digital images collected at a high frequency from a
helicopter. Przybyla et al. ™' developed a dynamic car-
following model to estimate the probabilistic risk associat-
ed with distracted driving based on vehicle trajectory da-
ta. Oh et al. ™ developed a methodology to identify real-
time rear-end collision likelihood by using inductive loop
detector data.

However, it should be pointed out that these rear-end
crash risk studies based on the vehicle trajectory data did
not take into account the differences between novice and
experienced drivers. Several studies showed that there are
significant differences in car-following behavior between
novice and experienced drivers due to their physical and

1 Therefore, there is a criti-

operational characteristics'
cal need to analyze the rear-end risk for novice and expe-
rienced drivers separately.

The objective of this study is to analyze the rear-end
crash risk and develop separately rear-end crash risk mod-
els for the novice and experienced drivers, which can be
used to examine the relationship between the rear-end
crash risk and its influencing factors, and predict the rear-
end crash probabilities of novice and experienced drivers.
More specifically, this study includes the following two
tasks: 1) To investigate the characteristics of car-follow-
ing behaviors for novice and experienced drivers; and 2)
Analyze the impacts of contributing factors on rear-end
risk. In this paper, the time to collision (TTC) which is
a well-recognized safety indicator for traffic conflicts is
selected to analyze the rear-end risk. A TTC threshold
value is usually chosen to distinguish relatively safe situa-
tions from dangerous scenarios highlighting traffic con-
flicts.

1 Methods

TTC, namely, is the time remaining until a collision
between two vehicles has occurred if the collision course
and speed difference are maintained. The TTC can be
mathematically expressed by
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where L, | and L, denote the locations of the leading and
subject vehicles at a particular time ¢, respectively; V, _,
and V are the speeds of the leading and subject vehicles
at the particular time #; [, _, is the length of the leading
vehicle.

n-1

According to Ref. [4], a greater possibility of crash
occurrence can be measured by a TTC that is close to 0.
By contrast, a larger TTC results in a lower likelihood of
collision. Based on the above conditions, the potential
rear-end crash risk of one driver can be measured as the
probability that the TTCs are lower than a predetermined
threshold value 7, which is given by

Ni.TTCST (2)

i, TTC

R, =Pr(TTC,<7) =

where R, is the rear-end crash probability of the subject
driver i during the survey period; N, . is the total num-
ber of TTC samples during the survey period; N, e,
the total number of dangerous TTC samples with a value
of 7 or less.

As suggested in Refs. [10 —12], 2 s is used as the TTC
threshold value in this study. Statistical test techniques
are used to statistically compare the difference in the
mean rear-end crash risk between the novice and experi-
enced drivers.

Next, for novice and experienced drivers, a rear-end
risk model is developed to describe the meaningful rela-
tionship between rear-end crash risk and influencing fac-
tors, including environment characteristics factors, driver
characteristics factors,

is

road characteristics factors, and

traffic condition factors. Each rear-end crash risk model

can be expressed by
14
In(R) =B, + X Bx +e (3)
j=1

where 8, j=0,1, ..., p are the coefficients of the explan-
atory variable x;; & is the normally distributed random er-
ror. According to the rear-end models, the relative effects
of variables on rear-end crash risk are analyzed. In addi-
tion, the cumulative residual (CURE) method, which is a
well-recognized method to examine the goodness-of-fit of

13-16]

models in transportation studies' , 18 conducted to eval-

uate the prediction performances of the rear-end models.
2 Field Data Collection

The field data analyzed in this paper were collected
from road sections on the Longpan Road with two lanes in
each direction and Zhongshan East Road with three lanes
in each direction in Nanjing, China. It should be noted
that the mentioned number of lanes hereinafter represents
the number of lanes for single direction of the road.

2.1 Experimental equipment

The experimental equipment was mainly composed of a
laser rangefinder, a GPS and a micro-computer. The laser
rangefinder was used to measure the distance from the front
of the following vehicle to the rear of the associated lead-
ing vehicle. The GPS can locate the position of the instru-
mented vehicle by measuring its latitude and longitude co-
ordinates. The micro-computer was used as a data record-
ing terminal. Other equipment included a video camera
used to record the experimental scenario and a laptop in-
stalled the related supporting software to read data from the
micro-computer. The experimental vehicle was a Ford Fox
sedan. Features of this automatic transmission car include
a discharge capacity of 1.8 L and a length of 4. 178 m.
The experimental equipment is shown in Fig. 1.

Micro-
computer

Laser
rangefinder
GPS
Laser
rangefinder

Laptop

Fig.1 Experimental equipment

2.2 Experimental subjects

Subjects included 50 novice drivers and 50 experienced
drivers. It should be pointed out that there is no uniform
standard to distinguish between the novice and experi-
enced drivers. In order to accurately reveal the car-fol-
lowing behavior of the novice and experienced drivers,
two standards were used in this study to select the sub-
jects: 1) Number of years for holding licenses and 2) Cu-
mulative mileage. Drivers with a driving age of less than 2
years and a cumulative mileage less than 30 000 km were
classified as the novice group, while drivers with the driv-
ing age more than 10 years and a cumulative mileage grea-
ter than 100 000 km were classified as the experienced

group.

2.3 Experimental process

Half of the novice and experienced drivers drove the in-
strumented vehicle on the Longpan Road, while others
drove on the Zhongshan East Road. Each subject drove
on the selected route for about 45 min. In the experimen-
tal process, the following distances between the instru-
mented vehicle and its leading vehicle were measured by
the laser rangefinder every 0. 1 s, and the positions of the
instrumented vehicle were located by the GPS every 0. 1
s. Additionally, a video camera was used to record the
traffic volume during the experimental period for each
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subject. Temporal trajectories of the instrumented vehicle
and its following distance were immediately recorded.
The raw data referred to position coordinates which were
measured with high precision by GPS.

The following information was recorded for each sub-
ject in the experimental process: 1) Drivers’ individual
characteristics; 2) Road characteristics; 3) Environment
condition. Environment conditions include detailed infor-
mation regarding the weather (clear, rain, fog, snow,
and others) and the day of week ( weekend, weekday).
The road characteristics consist of the road surface condi-
tion (dry, wet, and others) and the number of available
lanes. Driver characteristics include drivers’ age and gen-
der.

2.4 Data pre-processing

Through the data processing proposed above, the data
per second contained a following distance and two loca-
tion coordinates corresponding to the instrumented vehicle
and its leading vehicle. Then, we can directly calculate
the speed and time gap. When the speed of the subject
vehicle was higher than that of the leading vehicle at a
particular time ¢, the TTC value can be calculated by Eq.
(1). Note that the car-following state should be selected
from the collected data to analyze the car-following be-
havior of each subject. According to the HCM2000'”",
three seconds of the headway is used to identify the car-
following state. This is to say, for each particular time z,
if the headway is shorter than three seconds, we consider
that the vehicle is in the stable car-following state. The
headway can be calculated according to the relationship
with gap.

l 1
— . n-1 4
h, g+36><V (4)

n

Therefore, the data pre-processing for each subject
mainly consists of the following four steps: 1) Determine
the time that the experimental vehicle is in the car-follow-
ing state; 2) Determine the time that the experimental
vehicle is in the stable car-following state; 3) Calculate
the TTC value of time which is selected by 2);4) Calcu-
late the rear-end risk for each subject based on Eq. (2).

3 Results and Analysis

3.1 Statistical analysis of rear-end crash risk

Based on the collected data, one-way analysis of vari-
ance (ANOVA) is used in this paper to test whether the
rear-end crash risks for novice and experienced drivers are
statistically different. The statistical test results are pres-
ented in Tab. 1.

As shown in Tab. 1, the rear-end crash probability of
novice drivers is statistically smaller than that of experi-
enced drivers at a significance level of 0. 05. The results

Tab.1 Statistical comparison of rear-end crash risk for the
novice and experienced drivers
Driver Standard 95% confidence interval
Mean L. — —— p value
type deviation Upper limit ~ Lower limit
Novice 0.239 3 0.2582 0. 1185 0. 3602 0. 041
Experienced 0.354 3 0.1316 0.2889 0.4198 '

indicate the fact that novice drivers are much more likely
to maintain large TTC values compared with experienced
drivers. This is mainly because the car-following behavior
of the novice driver is more conservative due to a lack of
driving skills, whereas the experienced drivers who have
good driving skills are more likely to adopt a more aggres-
sive attitude when traveling in car-following scenarios.
Meanwhile, it is noted that the standard deviation of the
novice drivers’ rear-end crash risk is significantly higher
than that of the experienced drivers. It reveals that the dis-
persion degree of rear-end crash risk for the novice drivers
is relatively higher than that of the experienced drivers.

3.2 Rear-end crash risk models

Two rear-end crash risk models are proposed, respec-
tively, for novice and experienced drivers. Stepwise vari-
able selection is adopted to select the explanatory varia-
bles and determine the coefficients of the selected varia-
bles for the rear-end crash risk model.

3.2.1 Rear-end crash risk model for novice drivers

Tab. 2 presents the coefficients of explanatory variables
which are included in the rear-end crash risk model for
It can be seen that these three factors
(traffic volume, number of lanes, gender) significantly

novice drivers.

impact on the rear-end crash risk for novice drivers. Ac-
cording to Tab. 2, the rear-end crash risk model for nov-
ice drivers can be expressed as

R = @ %436 +0.001x +0.693x, -0. 444z, (5)

N

where R denotes the rear-end crash risk of novice driv-
ers; x,, X,, X;, respectively, denotes the explanatory vari-
ables of the traffic volume, number of lanes and gender.
Note that the rear-end crash risk model is valid subject to
three conditions: 1 338 veh/h<x, <3837 veh/h, 2<x,
<3, 1 <x, <2 because the observed traffic volume, num-
ber of lanes and gender data are within these three ranges,
respectively. As can be seen from Fig. 2, the model has
reasonable goodness-of-fit to field data.

The relative effects of variables on rear-end crash risk
for novice drivers can be calculated by the model shown
by Eq. (5). The estimated coefficient of the traffic vol-
ume is positive and statistically significant at the 0. 10
level. This suggests that rear-end crash risk for the novice
driver increases with the traffic volume. Specifically, a
1% increase in the average traffic volume of subjected
novice drivers will increase the rear-end risk likelihood by
1.92% . This result is not surprising because the average
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Tab. 2 Results of the rear-end crash risk model for novice
drivers
E);]jgzz;(;ry Coefficient Standard Tolerance  p value VIF
Intercept -4.456  0.870 <0.01
Traffic volume 0. 001 0. 000 0.711 <0.01 1.407
Number of lanes  0.693 0. 197 0.592 <0.01 1.689
Gender -0.444  0.202 0.535 <0.01 1.869
Model R* 0.782
F statistic 9. 588
p value <0.01

Note: VIF represents the variable inflation factor which quantifies the
severity of multicollinearity.
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Fig.2 Plot of cumulative residuals against the rear-end risk
model for novice drivers

gap between two vehicles becomes shorter as the number
of vehicles per lane increases, which eventually increases
the occurrence likelihood of rear-end crashes. The num-
ber of lanes is positively associated with the rear-end
crash risk of novice drivers. It implies that rear-end crash
risk for novice drivers on a road with two lanes is lower
than that on a road with three lanes. In addition, the esti-
mated coefficient of gender is negative, indicating that a
male novice driver is strongly associated with higher rear-
end crash risk. More specifically, a male novice driver (x,
=1) has approximately two times the rear-end crash risk
compared with a female novice driver (x, =2). This find-
ing is reasonable due to the adventurous spirits of males.
3.2.2 Rear-end crash risk model for experienced
drivers

The results of the rear-end crash risk model for experi-
enced drivers are shown in Tab. 3. The explanatory varia-
ble vehicle speed and traffic volume are selected to build
this model. In comparison with the novice driver, the ex-
planatory variable number of lanes and gender are not sta-
tistically significant. The rear-end crash risk model for
the experienced driver can be expressed as follows:

RE _ e—l.299—0.069x‘+0.00h1 (6)
where R, denotes the rear-end crash risk of experienced
drivers; x, and x,, respectively, denote the explanatory
vehicle speed and variable traffic volume. It should be
noted that the rear-end crash risk model shown by Eq. (6)
is valid subject to two conditions: 16.9 km/h<x, <45.4
km/h, 1 368 veh/h<x, <3 135 veh/h. The cumulative

residual plot of the rear-end risk model for experienced
drivers is shown in Fig. 3. It shows that the predictive
performance of the model is reasonably good.

Tab.3 Results of the rear-end crash risk model for experi-
enced drivers

Explanatory - Standard
. Coefficient Tolerance  p value VIF
variable
Intercept -1.299  0.912 <0.01
Vehicle speed -0.069  0.022 0. 839 <0.01 1. 192
Traffic volume 0.001  0.001 0. 839 <0.01 1.192
Model R? 0. 865
F statistic 27.323
p value <0.01
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Fig.3 Plot of cumulative residuals against the rear-end risk

model for experienced drivers.

According to Eq. (6), the relative effects of variables on
the rear-end crash risk for the experienced driver can be
calculated. The coefficient of the vehicle speed is negative
and statistically significant at the 0. 10 level, suggesting
that an experienced driver driving at high speed is strongly
associated with a higher rear-end crash risk. Similar to the
novice driver, rear-end crash risk for the experienced driver
is also adversely affected by the traffic volume.

4 Conclusion

Taking the differences in car-following behaviors be-
tween the novice and experienced drivers into account, a
methodology is proposed to analyze the rear-end crash
risk and the risk factors are investigated for these two
driver types based on the individual vehicle trajectory data
obtained by on-road experiments. The statistical test re-
sults show that experienced drivers have a higher rear-end
crash risk than those of novice drivers.

The rear-end crash risk model is respectively developed
for novice and experienced drivers in an attempt to inves-
tigate the relationship between rear-end crash risk and its
influencing factors. According to the model results, three
factors ( traffic volume, number of lanes,
found to significantly impact on the rear-end crash risk for

gender) are

novice drivers, while the vehicle speed and traffic volume
are significant impact factors for experienced drivers. The
results of cumulative residual test indicate that the pro-
posed rear-end crash models perform well. The findings of
this research can be very useful for driving education, par-
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ticularly, for rear-end crash prevention.

It should be pointed out that the analysis with limited
data samples in this study may not be adequate to validate
the relationship between rear-end crash risk and its influ-
encing factors. A further study with more data is needed

to further calibrate the relationship.
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