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@ ABSTRACT
- The study comprehensively evaluates the safety of contraflow left-turn lane intersection,

This work is licensed characterised by unique traffic operational features distinct from conventional intersections.
under a Creative The evaluation specifically focuses on the process of left-turning vehicles entering the
Commons Attribution 4.0 receiving lane within the intersection. The vehicle arrival rate of left-turning vehicles is
International License. analysed to identify vertical conflict features in contraflow left-turn lane design. By
Publisher: subdividing lanes within the intersection, the study delves into the lateral displacement of
Faculty of Transport left-turning vehicles to establish lateral conflict features. To quantify the overall conflict
and Traffic Sciences, potential, a multiple unit conflicts index is derived by integrating both vertical and lateral

University of Zagreb conflict features. Furthermore, the double index left-turn conflict model is constructed by

introducing the potential collisions severity index during the conflict process. The results
indicate that conflict hotspots along the vehicle travel path are primarily concentrated in two
regions: (1) at pedestrian crosswalks and within a 2-meter extension; (2) within a range of 6
to 18 meters from the pedestrian crosswalk. The proposed model demonstrates good
evaluation effectiveness, providing valuable insights into enhancing the safety of contraflow
left-turn lane intersections.
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contraflow left-turn lane intersection; traffic conflict; double index; traffic safety.

1. INTRODUCTION

With the development of the global economy and the acceleration of urbanisation, road traffic has become
increasingly important in people’s lives. However, accompanying this trend is the frequent occurrence of
traffic accidents, resulting in casualties and property losses. According to the 2023 Global Status Report on
Road Safety, road traffic injuries remain a leading cause of death for individuals aged 5 to 29, and rank as the
12" leading cause of death when considering all age groups [1]. A reasonable evaluation of road traffic safety
is fundamental to improving driving security, reducing traffic accidents and mitigating the severity of accidents
and losses. Therefore, road traffic safety assessment holds significant practical and engineering significance.

Signalised intersections, integral to urban road networks, play a pivotal role for managing traffic conflicts
and congestion. Among them, left-turn traffic flow has been a bottleneck for both safety and efficiency
improvement at signalised intersections. In recent years, researchers have introduced diverse unconventional
intersection designs aimed at optimising traffic flow efficiency at signalised intersections [2—3]. In domestic
and international research, the term ‘contraflow left-turn lane (CLL) intersection’ is alternatively referred to
as ‘exit lanes for left-turn (EFL) intersection’ [4-5]. These intersections have gained attention in China due to
their cost-effectiveness and minimal reconstruction requirements. Unlike conventional intersections, CLL
intersections exhibit distinctive operational characteristics that may contribute to unsafe driving behaviours
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among left-turning motor vehicles. The effectiveness of the designed CLL is reduced by the driver’s
inappropriate lane selection. In the process of completing the left turn, the safety of the vehicle is easily affected
by micro-driving behaviour.

Existing studies mainly focus on safety evaluations of left-turn vehicles at conventional intersections.
Considering that the concept of the CLL design is proposed specifically for the left-turn motor vehicles, as
illustrated in Figure 1, the CLL intersection incorporates a designated placement of the median barrier opening
at an appropriate distance from the stop line at the entrance [6]. Additionally, a pre-signal is positioned at the
opening, allowing left-turning motor vehicles to use opposing exit lanes N; (i=1,2,3,4) for executing left-turn
manoeuvres. This coordination, considering both the main signal and pre-signal control conditions, enhances
the overall capacity for left-turning motor vehicles. Within the theoretical signal control system of the CLL
design, traffic flows 9, 10, 11 and 12 are subject to pre-signal control. Special attention needs to be given to
the fact that there is an early close time for the pre-signal. For instance, traffic flows 11 and 12, controlled by
pre-signals, are closed a few seconds earlier than traffic flows 7 and 8 controlled by the main signals. The
purpose is to avoid any left-turn traffic remaining in the contraflow left-turn lane after the end of the stage two,
which may lead to conflicts with opposing through movements. The value of the early close time of the pre-
signal is related to the length of the contraflow left-turn lane and the average speed of vehicles. By adjusting
the opening and closing times of the pre-signal, conflicts with opposing through movements can be effectively
avoided. Therefore, this study does not consider conflicts between left-turning vehicles on the CLL and
oncoming vehicles.

Throughout the left-turning manoeuvre of motorised vehicles at a CLL intersection, the merging of vehicles
occurs as those using the contraflow left-turn lane integrate with vehicles from the conventional left-turn lane,
leading to the convergence of both lanes into a single lane. In this scenario, significant deceleration or stopping
manoeuvres are generally not undertaken by following vehicles. Due to safety concerns, following vehicles
often exhibit slight steering adjustments or deceleration, which can be defined as collection conflict [7]. Figure
2 shows the specific form of this conflict.
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Figure 1 — Geometric design and signal control scheme for the CLL intersection
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Figure 2 — Collection conflicts of left-turn vehicle within the intersection
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The concept of traffic conflicts originated in the United States, and the Traffic conflict technique (TCT)
was developed to address the limitations in traffic accident data collection [8-9]. Originally characterised by
the presence of avoidance behaviours, the definition of traffic conflicts has evolved to focus on temporal or
spatial proximity [10]. Regarding conflict measurement indicators, Paul et al. [11] proposed a new indicator
reflecting the probability of rear-end collisions, which proves to be effective. Some scholars argue that field-
collected traffic conflict data, considering multiple real-time factors, demonstrates stronger correlations with
traffic accidents than single objective indicators [12—13]. For traffic conflict identification, researchers like Lu
et al. [14] use deep unsupervised learning to learn the representations of time to collision (TTC) and driver
control profiles, and clustering these representations into conflict and non-conflict groups. To enhance the
identification rate of traffic conflicts, some scholars [15-16] analysed the relationship between physical
attributes and vehicle conflicts, leading to the development of a conflict identification model.

In addition to assessing traffic conflicts, some scholars have conducted comprehensive safety analyses for
unconventional intersections. Guo et al. [17] evaluated safety using an extreme conflict model and considered
the instability and heterogeneity of conflict extremes. Cai et al. [18] examined multiple factors for traffic safety
analysis, and other scholars [19-20] analysed the impact on road traffic safety by considering indicators,
incorporating indicators such as collision severity, types, causes, speed and occupancy rates. At present,
research on the safety of CLL intersections has only been conducted by a small humber of scholars. Zhao et
al. [21] conducted an analysis of four potential safety issues based on field evaluations. But they neglected to
consider human factors in their analysis. Research has shown that an improvement in operational efficiency
can be observed when drivers possess a high level of proficiency in CLL [22]. Zhao et al. [23] employed
driving simulators to investigate drivers’ responses when they meet CLL under four different signage
conditions.

In conclusion, there is a lack of safety research on CLL intersections in unconventional intersection
scenarios. However, with the increasing importance of traffic congestion, this design method is becoming an
indispensable part and it cannot be ignored. Moreover, most vehicle safety studies treat conflict objects as
point masses along the trajectory of conflicting vehicles, neglecting factors such as vehicle size and angle
offset, which has limitations.

The purpose of this paper is to enhance the driving safety of left-turning vehicles on the CLL intersection.
In order to enable a thorough analysis of the safety conditions within CLL intersections, this study constructed
a double index conflict model. Firstly, continuous left-turn vehicle trajectories under the design of CLL at an
intersection in Xinxiang, China were acquired utilising data acquisition equipment. Then, the analysis
encompasses the characteristics of the arrival of left-turning motor vehicles, the operational trajectory of left-
turning motor vehicles within the intersection, and the lateral offset characteristics of turning vehicles during
lane operations. Break through the situation that the conflict object is regarded as a mass point in the conflict
vehicle track in a large number of previous vehicle safety studies. Finally, by considering the width, weight,
speed and other factors of different type left-turning vehicles, and by integrating the traffic characteristics of
left-turning vehicles, a double-index collection conflict model is established for CLL intersections. The model
is based on micro-units, with the internal area of the entire intersection divided into several cells of uniform
size. This paper is organised as follows: Section 2 describes the methods for data acquisition and processing.
Section 3 provides the criteria for constructing conflict assessment models. The process of establishing double
index models is outlined in Section 4. Case study is conducted in the Section 5.

2. DATA COLLECTION AND PRE-PROCESSING

In order to accurately capture sufficient data regarding traffic flow status and specific traffic conflict at CLL
intersections, an investigation was carried out in Xinxiang City. Considering factors including nearby
buildings, road hierarchy and suitability for data acquisition equipment, we selected the intersection at Heping
Avenue and Jinsui Avenue. The road hierarchy of this intersection is classified as a major arterial road. Table 1
provides the specific geometric design parameters for the intersection. The data collection period was from 7
May to 11 May 2023, one of which is a non-working day. The data comprised of morning peak, evening peak
and off-peak periods, with a total of 10 hours of valid data. This study used intersection data to develop a
double-index left-turn conflict mode and to evaluate intersection safety.
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Table 1 — Design parameters for CLL intersections

Intersection . Intersection
name Size parameter | North approach | South approach | East approach West name
Conventional 1
left-turn lanes
Contraflow left- 1 1 2 1
turn lanes
He;l]r:jgjﬁ\slﬁ?ue Contraflow left- 34 25 30 32 City Park, City
Avenue turn opening (m) Sports Centre
Lane width (m) 25 2.7 25 25
Number of exit 3 3 4 4
lanes

Contraflow left-turn opening: the length of the opening that allows vehicles to enter the mixed use area.

Data collection for this study was conducted using a combination of DJI Mavic 2 drones, cameras and
rangefinders. Field data collection was conducted following specific requirements and methods outlined. Data
collection requirements specify that the areas surrounding the CLL intersection should be open and flat with
minimal tree shade, facilitating aerial drone photography. Figure 3 shows the specific data collection methods.

Figure 3 — Specific data collection methods

The vehicle’s running trajectory, lateral displacement and collection conflicts data were obtained by using
the Tracker software, primarily developed by researchers for tracking object centroids in videos, based on the
collected video footage [24]. The validity of the extracted vehicle trajectory data was verified [25].

In the actual measurement data, the identification and exclusion of abnormal data follow these steps: (1)
As a result of the influence in wind direction, the coordinate axis of the drone’s got shot was changed,
necessitating real-time data correction to achieve uniformity in the data axis. (2) Given that different quantities
of mixed-use zones can result in varied driving behaviours, the data in this study is solely focused on the
northern entrance of the surveyed intersection. This study primarily focuses on the investigation of traffic
safety between a standard left-turn lane and a contraflow left-turn lane. The specific data acquisition type and
processing are illustrated in Figure 4.
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Figure 4 — Data acquisition and processing workflow

3.DOUBLE INDEX MODEL CONFLICT JUDGMENT

3.1 Vehicle trajectory characteristics

By observing, investigating, analysing and processing the sample data, we established a coordinate system
for the intersections. The intersection centre served as the coordinate origin, the median separator at the north
entrance was utilised for the y-axis and the x-axis was aligned with the east entrance direction. Figure 5 depicts
the measured trajectory curves of vehicles passing through the intersection. It is observed that left-turning
vehicles choose the third and fourth lanes when entering the exit lane, which may lead to the occurrence of
collection conflicts. Using the trajectory of the observed left-turning vehicle in the collected data as the
centreline, this study traces a curved diversion path with the same width as the lane to analyse the lateral offset.
By analysing the trajectory characteristics of left-turning vehicles within CLL intersections, the driving paths
of these vehicles were determined. This section laid the foundation for lane boundary and lateral offset
analysis.
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Figure 5 — Trajectories of left-turning vehicles

3.2 Microscopic unit establishment

To assess traffic safety conditions at CLL intersections, the internal area is subdivided into grid units. The
intersection’s centre point serves as the coordinate origin, and the medial divider of the north approach
designates the positive x-axis direction. The grid unit dimensions, both in length and width, must be smaller
than the vehicle width. These parameters characterise vehicle arrivals, with a unit considered occupied if any
part of a vehicle is within it. In this coordinate system, the unit at the i row and j™ column is represented as

(i.)).
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3.3 Conflict judgment criterion

In the process of completing a left turn, vehicles coming from two different entrance lanes are prone to
track crossing, resulting in collection conflict. In view of the collection conflict, this section establishes many
micro-cells of the same size within the intersection. The criterion for identifying a conflict is the simultaneous
presence of two vehicles in the same cell.

4. DOUBLE INDEX LEFT-TURN CONFLICT MODEL

4.1 Multiple unit conflicts index

In the process of constructing the first index, the traffic characteristics of left-turning vehicles at
intersections are studied. This includes analysing statistics related to the vehicle arrival rate of left-turning
vehicles, which constitute the longitudinal characteristics. By dividing the lanes within the intersection, an
analysis will be conducted on the lateral deviation of left-turning vehicles, thereby forming the lateral
characteristics. When a conflict appeared, the left-turn vehicle was not treated as a mass point, and the whole
individual of the left-turn vehicle was fully considered. In this section, data fitting is performed using the
statistical analysis software [26].

Accounting for conflicts between vehicles entering CLL and conventional left-turn lanes, a predictive
model for the conflict probability of left-turn vehicles in any unit of the CLL intersection is established. K
represents the vehicle trajectories, where generally two trajectories pass through a single unit [27]. The specific
number of conflicts in unit (i) is determined by the following Equations 1-2. Equation 1 represents a certain value
indicating the conflict probability in unit (i,j). Equation 2 represents the probability of a vehicle arriving at unit
(i,j) along trajectory K. If there is no traffic flow arriving at a certain unit along a particular trajectory, the
probability of a vehicle arriving at that unit is considered to be 0.

F=F 611‘1’X PGZI‘/ 1)
Pki/:%yx 31]5'/ 2

where Pﬁij represents the longitudinal arrival distribution of vehicles along trajectory k in unit (ij); Pﬁ
represents the lateral offset distribution of vehicles along trajectory k in unit (i,j).

i

Longitudinal arrival characteristics

CLL intersections exhibit distinct traffic operation modes, leading to differences in the arrival distribution
of left-turning vehicles compared to conventional intersections. To observe the arrival of vehicles at specific
points within the signalised intersections, we conducted periodic observations of both the conventional left-
turn lanes and the CLLs. The analysis of data from an intersection in Xinxiang City, namely Heping Avenue
and Jinsui Avenue intersection, revealed that the arrival of vehicles in the conventional left-turn lane and CLL
follows the Poisson distribution.

Vit 6,-2 (3)

Pi)="—

The above Equation 3 represents the general distribution form of left-turning vehicles that have arrived. The
specific parameter values and the goodness of fit of the distribution are as follows. Since the vehicle arrivals
mentioned above follow discrete distributions, an Anderson-Darling test was conducted on the distribution
represented by the equation. The test data is shown in Table 2. The null hypothesis (Ho) states that the sample
distribution follows the above function. If the statistics 4° are less than the critical value within the 99%
confidence interval, with a significance level of 0.01, leading to the acceptance of the original hypothesis.
The vehicles reaching the fitted curve can be seen in Figures 6a and 6b. The range of error for conventional
lane vehicles is between 0% and 4%. The range of error for CLL vehicles is between 0% and 7%.
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Table 2 — Goodness of fit test results and related parameter variables for vehicle arrival counts

Data category A A’ Critical value Test result
Conventional lane 5.13 3.501
3.907 A% < critical value
Contraflow lane 3.76 3.743
0.30 0.30 -
_— —8— Actual arrival probability % —m— Actual arrival probability
=27 [—®— Distribution arrival probability 025 —8— Distribution arrival probability
£0.20- £0.20
= =
< <
o <
£ 0.151 £ 0.15
= =
£ z
E 0.10 ’<C 0.10
0.05 | 0.05 -
-.
0.00 T T T T T T T T T T T 0.00 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 1011 0 1 2 3 4 5 6 71 8 9
Number of arriving vehicles Number of arriving vehicles
(@) (b)

Figure 6 — Vehicles reaching the fitted curve: a) Conventional left turn lane vehicle reaches the fitted curve;
b) CLL vehicle reaches the fitted curve

Lateral offset characteristics

In existing studies on vehicle safety using traffic conflict indicators, the vehicle’s trajectory is typically
treated as a consistent straight line. However, in actual situations, vehicles exhibit lateral distance between
their final and initial states, known as lateral offset. The conflict value discussed in this study is not limited to
a single point but represents the value within an area, termed as regional conflict value.

Investigating the running trajectories of left-turning vehicles at the intersection Heping Avenue and Jinsui
Avenue intersection in Xinxiang, the lateral offset is analysed. The entire lane is divided into six intervals, as
shown in Figure 7, with the O located at the lane centreline. The lane is divided into six intervals, and the left-
turn lane width is 3 meters. The right side of the left-turn direction is considered as the positive offset direction.
Statistical analysis is conducted on the observed sample data, and the same approach is adopted to examine
the lateral offset of left-turning vehicles with the vehicle centreline setting as the boundary used the centre of
the license plate.

Figure 7 — Vehicle offset diagram

Using the described method, we investigated and analysed data at intersections to extract lateral offset
positions of left-turning vehicles. Video data processing revealed that the lateral offset during the turning
process conforms to the normal distribution:
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where ¢ is the distribution of standard deviation, with a value of 1.64; x is the mean distribution, with a value
of 0.63.

The above Equation 4 represents the general distribution form of lateral displacement for left-turning
vehicles. The goodness of fit of the distribution is detailed as follows. The measured data was subjected to an
Anderson-Darling test to examine the hypothesis H,, which states that the sample distribution follows the
distribution. The conventional lane vehicle statistics 4° is 0.875 and the critical value is 3.907. The CLL
vehicle statistics 4% is 0.534 and the critical value is 3.907. At a 99% confidence interval and a significance

level of 0.01, the results indicated significance (4°< critical value). Therefore, the null hypothesis was
accepted.

The probability of lateral offset signifies the likelihood of a vehicle occupying a specific point within a lane.
This is represented by the difference between the vehicle centreline and the lane centreline. The probability
calculation formula for left-turn lateral offset is as follows.

b
A= fdx ©)

where, a and b represent the interval occupied by the lateral offset of the vehicle. The comparison between the
predicted probability values of the distribution and the actual probability values can be observed in Figure 8.
The margin of error ranges from 1% to 5%.
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Figures 8 — Vehicles lateral offset the fitted curve

4.2 Potential collision severity index

The key to the evolution from traffic conflicts to traffic accidents lies in whether drivers can successfully
take evasive measures after conflicts occur [28]. By analysing the severity of the potential collision, we can
find out the seriousness of the accident collision caused by improper risk aversion in the traffic conflict [29].
The interaction between vehicles during accident collisions can be derived from the conservation of kinetic
energy.

During data investigation and analysis, it was observed that different vehicle types have different masses,
as detailed in Table 3. After a vehicle collision, kinetic energy transforms into destructive energy within the
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traffic conflict. Therefore, the potential collision severity between motor vehicles can be represented by the
conservation of kinetic energy, as depicted in Equation 6.

1 MM,

T 2M+M,

where E represents the destructive energy inherent in the traffic conflict, in J; M, and M represent the

weights of the following and leading vehicles, respectively, in kilograms (kg); V1 and V- are the instantaneous

speeds of the following and leading vehicles at the moment of the collision (km/h), with the collision angle
represented by o [16].

[(V; sin a)? +(V; cos a-V,)?] (6)

Table 3 — Different vehicle types

Type Vehicle Mass
Micro-electric vehicle 1000 kg
Small vehicle
Small car (Width less
than 1.6 meters) 1200 kg
Bus 20000 kg
Large vehicle Tour bus 30000 kg
Van 10000 kg

4.3 Double index left-turn conflict model

In this study, the multiple unit conflicts index will be combined with the potential collision severity index
to construct a double index left-turn conflict model. This approach enables the assessment of the risk of
collection conflicts occurring among left-turn vehicles within the CLL intersection. Due to the index unit
differences, we refer to previous literature [30] and use parameters of 0.4 and 0.6 to construct the model. After
normalisation, the energy released by traffic conflict collision is expressed as C, and 112500 J is used as the
energy classification threshold [31]. The conflict risk index of left-turning vehicles is expressed as ¢. PGI;;K
represents the probability of a vehicle arriving at unit (i,j) along trajectory K. The calculation formula is as
follows:

E
— O<E<
¢ = \razg0sEs11250) @
1,E>11250]
P=0.47C+0.6"Py ®)

5.CASE STUDY

5.1 Model validation

In this study, analysis was conducted using a unit length of 2 meters. The coordinate system establishment
and the threshold analysis of the results are illustrated in Figures 9a and 9b. The south and east directions of the
intersection are taken as the positive directions of the X axis and Y axis, respectively, and the X axis is aligned
with the central separation zone of the north entrance. The model thresholds are defined as follows: 0 to 0.18
is considered as a slight conflict, 0.18 to 0.34 as a general conflict and exceeding 0.34 as a severe conflict.
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Figure 9 — The process and results of double index left-turn model construction: a) The coordinate system of
the intersection units; b) The conflicting results of the double index model

In order to minimise the error, considering that the time measurement index is widely used to describe the
traffic conflict safety problems in the existing research, this study uses the PET (Post Encroachment Time)
index to study the vehicle trajectory of the CLL intersection. The results are compared with the model results
of this study.

The PET index, as a type of time measurement indicator, is particularly well-suited for addressing conflicts
involving trajectory intersections. The PET value refers to the time gap between the departure of the leading
vehicle’s rear end and the arrival of the following vehicle’s front end at the conflict point. By referencing
previous research [7], the PET thresholds are selected as follows:

PET = | General conflict 1.5<PET< )

Severe conflict, PET<1.5 Z}
slight conflict 2<PET

After the thresholds are chosen, several units are randomly selected to compare the severity of conflicts
with the results of the model proposed in this study, as shown in Table 4. Through comparison, it can be observed
that the conflict categories occurring in the same locations are largely similar. The model results are essentially
consistent with the actual observations.

Table 4 — Comparison of verification results

Coordinate Probability of this model Degree of conflict PET Degree of conflict
(-17.78, 3.182) 0.224 General 1.71 General
(-6.913, 6.882) 0.419 Severe 1.44 Severe

(-22,0) 0.413 Severe 1.208 Severe
(-8.992, 7.004) 0.417 Severe 1.242 Severe

5.2 Model applicability analysis

In order to verify whether the double index model proposed in this study can be applied to other CLL
intersections, an analysis of the model’s applicability was conducted in this section. During the applicability
analysis, the potential impact of different approach widths on various driving behaviours was taken into
account. In this section, intersections with different lane widths are selected to verify the applicability of the
double index model. Data collection, processing and analysis were conducted for the intersection of Xinfei
Avenue and Pingyuan Road in Xinxiang City. This intersection also has the design characteristics of CLL. The
applicability analysis process is consistent with the processing and analysis of constructing the double index
model in this study. The specific geometric design parameters of this intersection are detailed in Table 5.
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Table 5 — Specific geometric design parameters

Intersection . Intersection
hame Size parameter | North approach | South approach | East approach West hame
Conventional 1
left-turn lanes
Contraflow left- 1
o turn lanes
Xinfei Avenue School, Librar
and Pingyuan Contraflo'w left- 47 31 30 30 S ) Vs
Road turn opening (m) quare
Lane width (m) 2.8 25 3.4 2.8
Number of exit 3 3 4 3
lanes

The goodness of fit test results and related parameter variables of the longitudinal arrival distribution and
lateral offset of left-turn motor vehicles at this intersection are shown in Table 6. At a 99% confidence interval
and a significance level of 0.01, the critical value is 3.907. Therefore, the null hypothesis was accepted.

Table 6 — Goodness of fit test results and related parameter variables

Data category 2 o i A° Test result Error range
Conventional longitudinal arrival 6.2 1.964 0%~6%
Contraflow longitudinal arrival 3.39 3.572 A ja?{]ietical 0%~9%

Lateral offset 1.67 0.29 0.944 2%~10%

Through the establishment of the double index model for this intersection, conflict location studies were
conducted in this section. For details on the conflict locations and their corresponding severity levels, refer to
Table 7. It can be observed that the construction method and conclusions of the double index model remain
applicable to intersections with the same characteristics of the CLL. Although intersections with the same
characteristics of the CLL have different specific geometric parameters, the conflict locations remain
consistent at the same proportions corresponding to specific intersections.

Table 7 — Conflict locations and corresponding severity levels

Conflict location| Coordinate Probability Degree of PET Degree of Original model
conflict conflict conflict degree
9.624 (-4.05,6.095) 0.069 Slight 2.04 Slight Slight
Pedestrian
crosswalk (-19.06,1.124) 0.260 General 1.96 General General
Pedestrian } . .
crosswalk (-19.01, -0.916) 0.124 Slight 2.48 Slight Slight

Conflict location: refers to the distance between the location of the conflict and the crosswalk.

5.3 Discussion

To assess the safety implications of the CLL intersection, a case study is conducted at the Heping Avenue
and Jinsui Avenue intersection in Xinxiang. By dividing the conflict zone in the intersection into two different
areas, it can be determined that: (1) Zone A contains the crosswalk area, which extends for 2 meters along the
direction of the vehicle. (2) Zone B is about 6 to 18 meters away from the crosswalk, which is characterised
by the obvious lane-changing track of left-turning vehicles at the intersection.

The reasons for the model results can be explained as follows: (1) Zone A. In this area, left-turning vehicles
from both the CLL and the conventional left-turn lane have just entered the intersection. Vehicles in the
conventional left-turn lane are eager to choose a smaller turning radius and a closer distance to the receiving
lane, resulting in a certain degree of turning driving behaviour and collection conflicts with left-turning
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vehicles in the CLL. In addition, at the pedestrian crosswalk, some non-motorised vehicles still choose to cross
at the end of pedestrian green light time. At this time, when the main signal turns green, conflicts arise between
the left-turning vehicles in the CLL and the conventional left-turn lane and the non-motorised vehicles. This
generally leads to braking or deceleration by the contraflow left-turn vehicles, hindering their normal operation
and causing safety issues. (2) Zone B. Within the intersection area, conflicts arise between the left-turning
vehicles in the conventional left-turn lane and the CLL. Considering the trajectory of turning radius, drivers in
the conventional left-turn lane typically attempt to change lanes to enter the normal driving trajectory of the
CLL aiming for a closer left turn.

The traditional method of conflict computation is calculating the PET values of two vehicles after a conflict
has occurred to determine the severity of the conflict. In the calculation of this method, there is a problem that
the location of the vehicle conflict is different from that of calculating the conflict threshold. Researchers have
to wait for the vehicle tracks to cross before they know the specific threshold. There is a certain delay. And in
the process of the study, it was found that the position of calculating the conflict threshold of each pair of
conflict is not fixed, which brings some inconvenience to the research. The model proposed in this study can
take the conflict coordinate as input, calculate the severity of conflict when two vehicles arrive in the conflict
coordinate. The result of the model has real-time characteristics. The research results are helpful for the vehicle
to avoid in advance when it reaches the conflict point. Moreover, it helps to implement road safety measures
within the intersection and is convenient for active safety management.

6. CONCLUSION

By incorporating the lateral indicators and the longitudinal ones of left-turning vehicles, we construct a
comprehensive collection conflict model that considers both factors. This approach avoids the issue in previous
traffic conflict safety studies, where vehicles were taken as points and their trajectories as lines. It offers a
more realistic representation of the traffic conflict situations within the intersection.

By applying the principle of kinetic energy conservation, the potential destructive energy is used to measure
the severity of traffic conflicts. This, in conjunction with the probability of collection conflicts, forms a double
index left-turn conflict model. The conflict severity rate is then combined with traffic volume as an evaluation
parameter.

At the pedestrian crosswalk and the entry section for left-turning vehicles into the intersection, a significant
proportion of slight conflicts occur. During the operation of left-turning vehicles within the intersection, a
substantial proportion is constituted by severe conflicts. The section where vehicles are about to complete the
left turn and enter the exit lane is primarily associated with slight conflicts.

Considering that different design characteristics of intersections with different left-turn lanes may lead to
varying driving behaviours, the proposed conflict model for left-turning vehicles did not take factors such as
the length of the opening and signal timing into account. This will be considered in the next work.

In future studies, it can be considered to draw two white dashed lines from the contraflow and conventional
left-turn lanes to the corresponding exit lanes. This white dashed line design has not been applied in the
research intersection of this study. The occurrence of conflict may be reduced by this approach. The limitations
of this study can be summarised as follows: in the process of constructing this model, there is a shortage of
large vehicles. Considering that driving behaviours may vary among different vehicle types, more instances of
large vehicles are needed to further refine the impact of vehicle types on traffic conflict.

ACKNOWLEDGEMENTS

This research was funded by the International Science and Technology Cooperation Program of the Henan
Province, grant number 242102520030. This research was funded by the Foundation of Cultivation
Programme for Young Backbone Teachers at the Henan University of Technology, grant number 21420157.

REFERENCES

[1] World Health Organization. Global status report on road safety 2023. 2023.
https://www.who.int/publications/i/item/9789240086517 [Accessed 6th July 2023].

1065


https://www.who.int/publications/i/item/9789240086517

Promet — Traffic&Transportation. 2024;36(6):1054-1067. Traffic Engineering

[2] Fernandes P, Coelho MC. Can turbo-roundabouts and restricted crossing U-Turn be effective solutions for urban
three-leg intersections?. Sustainable Cities and Society. 2023;96. DOI: 10.1016/j.s¢s.2023.104672.

[3] Wu N, Liu Y. Potential of ecological benefits for the continuous flow intersection. Promet —
Traffic&Transportation. 2023;35(1):106-18. DOI: 10.7307/ptt.v35i1.20.

[4] GuoR, LiulJ, Zhao Q, Qi Y. Signal timing and geometric design at contraflow left-turn lane intersections.
International Journal of Transportation Science and Technology. 2022;11(3):619-635. DOI:
10.1016/j.ijtst.2021.08.003.

[5] WuJ, LiuP, Zhou Y, Yu H. Stationary condition based performance analysis of the contraflow left-turn lane
design considering the influence of the upstream intersection. Transportation Research Part C: Emerging
Technologies. 2021;122. DOI: 10.1016/j.trc.2020.102919.

[6] WuJ, etal. Stationary condition based performance analysis of the contraflow left-turn lane design considering
the influence of the upstream intersection. Transportation Research Part C: Emerging Technologies. 2021;122.
DOI: 10.1016/j.trc.2020.1029109.

[71 Qu Z, etal. Release characteristics and safety evaluation of intersection with reversing variable lane. Journal of
Transportation Systems Engineering and Information Technology. 2018;18(4):76-82.
http://lwww.tseit.org.cn/CN/abstract/abstract19663.shtml

[8] Saunier N, Sayed T. A probabilistic framework for the automated analysis of the exposure to road collision.
Transportation Research Record. 2008;2083(1):96-104. DOI: 10.3141/2083-11.

[9] Sacchi E, Sayed T. Conflict-based safety performance functions for predicting traffic collisions by type.
Transportation Research Record: Journal of the Transportation Research Board. 2016;2583(1):50-55. DOI:
10.3141/2583-07.

[10] Sayed T, Zein S. Traffic conflict standards for intersections. Transportation Planning and Technology.
1999;22(4):309-323. DOI: 10.1080/03081069908717634.

[11] Paul M, Ghosh I. Development of conflict severity index for safety evaluation of severe crash types at
unsignalized intersections under mixed traffic. Safety Science. 2021;144. DOI: 10.1016/j.ssci.2021.105432.

[12] Fyhri A, Johansson O, Bjornskau T. Gender differences in accident risk with e-bikes-Survey data from Norway.
Accident Analysis & Prevention. 2019;132:105248. DOI: 10.1016/j.aap.2019.07.024.

[13] Sayed T, et al. Feasibility of computer vision-based safety evaluations. Transportation Research Record: Journal
of the Transportation Research Board. 2012;2280(1):18-27. DOI: 10.3141/2280-03.

[14] LuJ, Grembek O, Hansen M. Learning the representation of surrogate safety measures to identify traffic conflict.
Accident Analysis & Prevention. 2022;174. DOI: 10.1016/j.aap.2022.106755.

[15] Ding S, et al. Insights into vehicle conflicts based on traffic flow dynamics. Scientific Reports. 2024;14(1). DOI:
10.1038/541598-023-50017-3.

[16] Pan H, et al. Evaluating and forecasting rear-end collision risk of long longitudinal gradient roadway via traffic
conflict. Journal of Jilin University (Engineering and Technology Edition). 2023;53(5):1355-63. DOI:
10.13229/j.cnki.jdxbgxb.20210912.

[17] GuoY, LiuP, Wu Y, Li Q. Safety evaluation of unconventional signalized intersection based on traffic conflict
extreme model. China Journal of Highway and Transport. 2022;35(1):85-92. DOI: 10.19721/j.cnki.1001-7372.

[18] Cai X, etal. Road traffic safety risk estimation method based on vehicle onboard diagnostic data. Journal of
Advanced Transportation. 2020;2020:1-13. DOI: 10.1155/2020/3024101.

[19] Pu Z, Li Z, Jiang Y, Wang Y. Full Bayesian before-after analysis of safety effects of variable speed limit system.
IEEE Transactions on Intelligent Transportation Systems. 2021;22(2):964—76. DOI: 10.1109/tits.2019.2961699.

[20] Mullakkal-Babu FA, et al. Probabilistic field approach for motorway driving risk assessment. Transportation
Research Part C: Emerging Technologies. 2020;118:102716. DOI: 10.1016/j.trc.2020.102716.

[21] Zhao J, Liu Y. Safety evaluation of intersections with dynamic use of exit-lanes for left-turn using field data.
Accident Analysis & Prevention. 2017;102:31-40. DOI: 10.1016/j.aap.2017.02.023.

[22] Liu Q, Zhou X, Zhao J. Modeling the operation of left-turn vehicles at exit lanes for left-turn intersections.
Journal of Transportation Engineering, Part A: Systems. 2021;147(5):04021022. DOI: 10.1061/jtepbs.0000520.

[23] Zhao J, Yun M, Zhang M, Yang X. Driving simulator evaluation of drivers’ response to intersections with
dynamic use of exit-lanes for left-turn. Accident Analysis and Prevention. 2015;81:107-119. DOI:
10.1016/j.aap.2015.04.028.

[24] Douglas Brown. Tracker 6 Help. https://physlets.org/tracker/help/frameset.html [Accessed 22th January 2024].

[25] Chiriacescu, et al. Dynamic study of torsion using tracker software. Romanian Reports in Physics. 2020;72(3).
https://rrp.nipne.ro/2020_72_3.html.

1066



Promet — Traffic&Transportation. 2024;36(6):1054-1067.

Traffic Engineering

[26] MathWave Technologies. EasyFit — Distribution Fitting Made Easy. https://mathwave.com/en/home.html

[27]

[28]
[29]

[30]

[31]

[Accessed 22th January 2024].

Ma Y, Qin X, Grembek O, Chen Z. Developing a safety heatmap of uncontrolled intersections using both conflict

probability and severity. Accident Analysis and Prevention. 2018;113(2018):303-16. DOI:
10.1016/j.aap.2018.01.038.

Arun A, et al. A systematic mapping review of surrogate safety assessment using traffic conflict techniques.

Accident Analysis and Prevention. 2021;153(2021):106016. DOI: 10.1016/j.aap.2021.106016.

AF, et al. Probabilistic field approach for motorway driving risk assessment. Transportation Research Part C:

Emerging Technologies. 2020;118(2020):102716. DOI: 10.1016/j.trc.2020.102716.

Pan H, et al. Evaluating and forecasting rear-end collision risk of long longitudinal gradient roadway via traffic
conflict. Journal of Jilin University (Engineering and Technology Edition). 2023;53(5):1355-63. DOI:

10.13229/j.cnki.jdxbgxb.20210912.

Wen H, et al. CP-CS fusion model for on-ramp merging area on the highway. Journal of South China University
of Technology (Natural Science Edition). 2020;48(2):50-57. DOI: 10.12141/j.issn.1000-565X.190227.

By, #fs, sREM, EEk, A0 GEMEE)
BB TE A F 32 X A ISR 6 IR 2 Fe i AR R

S

WS SO G, A8 2 3 58 ST A 2 8 2 A B R B A AR [R] ) 22 i
ik, ASCEBRET AR B ARICEIER R, PLUORVEAL 8
MW Zatt, ST AR EIER I, SIHATIE /25 2B I o
RFFAE o FEXF G HEAT WOW X RI A FEAL |, 5T 72 B AR A 1) A A4 17
R P RFAE . R A AR RF AL REAT AR, 13- 82 Honrt R bR . IR
TEREREARbS, A 7 ORbs e ph R AL 45K, R ELEERENA

DX (1D ENATROE R 2 REMEREA;  (2) BB AATHOE 6 % 18 K
MUV N o BEXT A ™ ERE S, Pl PR R EAT By (O A R

1067



