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— ABSTRACT
@ @ Urban intertunnel weaving (UIW) section is a special type of weaving section, where various
lane-changing behaviours occur. To gain insight into the lane-changing behaviour in the UITW

section, in this paper we attempt to analyse the decision feature and model the behaviour
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under a Creative from the lane-changing point selection perspective. Based on field-collected lane-changing
Commons Attribution 4.0 trajectory data, the lane-changing behaviours are divided into four types. Random forest
International License method is applied to analyse the influencing factors of choice of lane-changing point. More-
Publisher: over, a support vector machine model is adopted to perform decision behaviour modelling.
Faculty of Transport Results reveal that there are significant differences in the influencing factors for different
and Traffic Sciences, lane-changing types and different positions in the UIW segment. The three most important
University of Zagreb . . .
factor types are object vehicle status, current-lane rear vehicle status and target-lane rear
vehicle status. The precision of the choice of lane-changing point models is at least 82%. The
proposed method could reveal the detailed features of the lane-changing point selection be-
haviour in the UIW section and also provide a feasible choice of lane-changing point model.
KEYWORDS
urban intertunnel weaving section; choice of lane-changing point; random forest; support
vector machine.
1. INTRODUCTION

Vehicle lane-changing behaviour is a process in which drivers complete the lateral lane change after com-
prehensively considering information such as road conditions, traffic control measures and their own driving
characteristics after developing the intention to change lanes. According to an analysed report, of the total of
5.25 million car accidents in the United States in 2020, rear-end and sideswipe accidents accounted for 27.8%
and 11.8%, respectively [1]. During the lane-changing process, the object vehicle needs to continuously inter-
act with the surrounding vehicles, and the possibility of rear-end and side-crash accidents exists. Therefore,
lane-changing behaviour has also become an important factor affecting road safety and traffic efficiency. Ac-
cording to the motion trajectory of the vehicle, the process of lane-changing can be divided into two stages: the
car-following stage to find the timing of lane-changing execution and the lane-changing stage after starting the
lane-changing execution. Among them, the choice of lane-changing point is an important decision that drivers
need to make before the start of the lane-changing stage. In particular, in the weaving section with limited
lane-changing space, the choice of lane-changing point directly affects the safety of lane-changing behaviour
and the efficiency of the weaving section [2].

Urban tunnels have the advantages of being enclosed so that they are able to resist traffic interference well,
and they frequently play the role of rapidly diverting traffic flow. When the main and ground auxiliary roads
between adjacent tunnels exchange traffic, an urban intertunnel weaving (UIW) section is formed, as shown in
Figure 1. Statistics reveal that 80% of traffic accidents in urban tunnels are caused by lane-changing behaviour
and 32.6% of accidents in the UIW section are lane-changing accidents [3]. The structure of the UIW section
1s shown in Figure 1.
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Figure 1 — Structure of an urban intertunnel weaving section

The configuration of the UIW section is similar to that of the urban expressway type A weaving section;
however, in comparison, the UIW section has the following characteristics: (1) limited by the interval between
the upstream and downstream intersections of the ground auxiliary roads, the length of the weaving segment
of the UIW section is usually less than 300 meters and the usable interweaving space is very limited. (2) Ve-
hicles are usually prohibited from changing lanes in urban tunnels owing to the influence of sight lines. Some
vehicles that need to leave must complete continuous lane changes in the UIW section. The concentration of
lane-changing behaviours has a great impact on the main road traffic. (3) The merging and diversion of the
weaving section of overpasses are accomplished by setting up ramps, and traffic congestion is common near
the ramps. In the limited space of the UIW section, vehicles need to be merged in and out simultaneously, re-
sulting in a large number of lane-changing behaviours and complex interweaving behaviour, which can affect
mainline traffic.

In this paper, the focus is on the lane-changing behaviour in the UIW sections. The lane-changing point
selection behaviour is taken as the research object. In this work, we attempt to analyse the influencing factors
of choice of lane-changing point and construct a decision model for vehicle lane-changing point selection
behaviour. This research can help in understanding the lane-changing point selection behaviour and provide a
method to accurately characterise the behaviour. The proposed method can be embedded into simulation mod-
els to enhance the reliability of the simulation environment.

The remainder of the paper is structured as follows: Section 2 reviews the research on lane-changing be-
haviour and choice of lane-changing point. Section 3 introduces data sources and processing methods. Section
4 presents the methodology used in the article and Section 5 presents the results of the study. Finally, Section
6 presents the conclusions and direction of future study.

2. LITERATURE REVIEW

Lane-changing behaviour is the focus of traffic behaviour research, and related research can be divided into
three aspects: modelling lane-changing behaviour, research on influencing factors of lane-changing behaviour
and the impact of lane-changing behaviour on the external environment. In terms of lane-changing behaviour
modelling, in addition to traditional lane-changing behaviour models based on the cellar automata model [4],
survival model [5], fuzzy logic theory [6], hidden Markov model [7], etc., machine-learning methods have
been widely used in drivers’ lane-changing behaviour modelling in recent years [8—10]. For example, Balal
[11] compared the applicability of the fuzzy inference system, support vector machine (SVM) and multilayer
feedforward (MLF) neural network to freeway drivers’ lane-changing behaviour. Research on the influencing
factors of lane-changing behaviour mainly divides the influencing factors into subjective factors of drivers
and objective factors of the external environment. Feng [12] found that the driving style had a significant
impact on lane-changing intention and lane-changing success probability and established a lane-changing
behaviour model considering a driver’s tendency to analyse the influence of different psychological factors
on the lane-changing behaviour. Huo [13] studied the interaction between different road risk situations or
angry driving styles and drivers’ lane-changing behaviour. Hang [14] analysed the influence of the location of
the lane-end sign and traffic volume on drivers’ operation at different stages of the lane-changing behaviour
through a driving simulation experiment. Furthermore, in terms of the impact of lane-changing behaviour on
the external environment, Gan [15] found that the closer the lane-changing vehicle is to the work area, the
more likely it is to perform dangerous lane-changing behaviours. Pan [16] simulated the queuing effect of ve-
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hicles and the diffusion of congestion caused by lane-changing behaviour to reflect the spatiotemporal impact
of lane-changing behaviour on road traffic conditions. In addition, the research of Deng [17] showed that the
smaller acceleration of the lane-changing vehicle means the greater speed change in the target-lane.

The construction of the lane-changing behaviour model usually includes two parts, namely, the lane-chang-
ing intention generation stage and the lane-changing execution stage [18], and the choice of lane-changing
point is at the demarcation point of these two stages. In the research involving lane-changing points, the
selection of lane-changing points is usually at the moment after the lane-changing intention is generated or
before the lane-changing execution, which is included in the two stages of the lane-changing behaviour, rather
than being an independent research object. Nilsson [19] defined the lane-changing starting and ending points
through a driving simulation experiment. Moreover, Ross [20] defined lane-changing initiation as the moment
when there is a lane-changing intention and the steering wheel angle is greater than 3° in an investigation of
the influencing factors of distracted driving. In a natural driving experiment, Antin [21] defined the lane-chang-
ing starting point as the moment when the driver starts to turn the steering wheel or activate the turn signal.
Peng [22] determined the lane-changing starting point from the lateral position of the vehicle on the lane and
the rate of change of the steering wheel angle. Further, Yang [23] proposed a dynamic lane-changing path
planning model, in which the lane-changing start point is judged by whether the lane-changing safety speed
requirement is met. In the established lane-changing path planning model, Wang [24] defined the lane-chang-
ing starting point as the position that simultaneously satisfies the constraints of vehicle safety, power demand
and passenger comfort. In the above studies on lane-changing points, the selection of lane-changing points can
be summarised in two ways. One is to judge whether to start changing lanes through the driver’s operation in
the natural driving experiment in the process of lane-changing path planning, and the point that satisfies the
constraints is considered the lane-changing starting point.

The main method of lane-changing point selection in existing studies enables the vehicle motion to satisfy
the safety constraints of the lane change, while there are not enough relevant studies on lane-changing point
prediction by analysis of influencing factors. Using the real lane-changing behaviour trajectory data in the
UIW section, the present study intends to select the choice of lane-changing point characteristics during the
lane-changing process, analyse the factors that affect the choice of lane-changing point, and construct a vehicle
choice of lane-changing point model. The proposed method may be used as a new approach to studying the
choice of lane-changing point.

3. DATA COLLECTION
3.1 Collection of field data

The field video was collected in Nanjing, China. The length of the UIW section captured by the video is
200 m, including the weaving segment with a total length of 120 m, and the upstream tunnel exit section and
the downstream tunnel entrance section of the weaving section are both 40 m long. The road connecting the
tunnels within the weaving section is the main road of the expressway (referred to as the main road in the fol-
lowing text), and road outside the main road is the ground auxiliary road (referred to as the auxiliary road in the
following text). Both the main and auxiliary roads have three lanes in one direction and the width of each lane
is 4 m. In order to take into account the rules of vehicle choice of lane-changing point under different traffic
loads, the survey period was from 16:00 to 18:00 on weekdays, including some off-peak and peak hours. The
collection method was unmanned aerial vehicle (UAV) video shooting, and the hovering height of the UAV
was 200 m directly above the research area. To ensure a clear view, all videos were shot under good weather
conditions. The vehicle trajectory data were extracted from the video by the automatic road conflict recogni-
tion system provided by the UCF Intelligent and Safe Traffic Laboratory [25], and the raw trajectory data were
the pixel coordinates of the vehicle position.

An affine transformation was applied to convert the pixel coordinates into Cartesian coordinates with the
vehicle’s travel direction as the X-axis and the direction perpendicular to the lane as the Y-axis. The labelling
method of the lane number considering the Y-coordinate and adding the information of the lane where the ve-
hicle is located is shown in Figure 2. The final obtained data included time series (frame number), vehicle ID,
Cartesian coordinates of vehicle position, vehicle length, vehicle type and lane ID. According to the change
in the lane where the vehicle is located, the vehicle information with lane-changing behaviour during the
driving process can be extracted, which can be used to study the vehicle’s choice of lane-changing point. The
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obtained data included recorded information on 6,000 cars, which contained examples of 1,156 lane-changing
behaviours. Of all the lane-changing vehicles, 42 (3.0%) were heavy vehicles and the remaining were passen-
ger vehicles.

Lane 12-7

Lane 11
o Lane 10
Lane S¢m

Figure 2 — Structure of the studied UIW section

3.2 Data extraction of lane-changing behaviour

The obtained data did not contain vehicle speed information; therefore, the time-averaged speed was
used as the instantaneous speed of the vehicle. The time step of the data was one frame, and the velocity value
directly calculated by this step had a large fluctuation range with an obvious error. By increasing the time step,
referring to the study of the same research group [26], the speed value reached a stable state when the time step
was five frames; thus, the corresponding speed and acceleration were calculated according to a 5 s time step.

The lane-changing point refers to the position where the vehicle makes a lane-changing decision. Because
the vehicle data include the entire driving process in the weaving section, and the key data for the choice of
lane-changing point include only one frame, the proportion of positive data is very low in this case. Therefore,
a time window was established to reduce all vehicle trajectory data that generated lane-changing decisions.
If the time window is too short, the entire process of choice of lane-changing point cannot be accurately de-
scribed; if the time window is too long, the proportion of positive data used for the model will be very low,
which is not conducive to model training and testing. Referring to related research [22], the maximum time
window for lane-changing decision was set to 20 s. The car-following stage was at most 15 s before the appear-
ance of the lane-changing point, and the lane-changing execution stage was at most 5 s after the appearance
of the lane-changing point. If each stage was less than the maximum duration, the actual duration would be
used. Figure 3 shows the method of determining the time window for lane-changing decision. By setting the
lane-changing decision time window, not only could the influencing factors related to the lane-changing deci-
sion be taken into account before and after the execution of the lane-changing decision but the proportion of
positive data could also be increased.

According to driving experience and related research [27], the available gap of the target-lane directly
affects the choice of lane-changing point. Therefore, relevant factors that could affect or reflect the available
gap, such as surrounding-vehicle information and road traffic flow environment information, were listed as
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Figure 3 — Lane-changing decision time window
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Figure 4 — Surrounding vehicles information and symbol agreement

the characteristics of lane-changing decision behaviour for this research. Figure 4 illustrates how the distance
between the object vehicle and surrounding vehicles is calculated.

Based on the determined decision time window of the lane-changing point, the road traffic flow density and
lane space occupancy rate at each time step were calculated to obtain the road traffic flow information of the
vehicle’s lane-changing decision behaviour. Traffic flow density refers to the number of vehicles in one lane
or one direction in a unit length of road section at a certain time. The space occupancy rate refers to the ratio
of the total length of all vehicles to the total length of the road segment within a certain length of the observed
road segment. This indicator reflects the occupancy of road space. In the case of normal traffic flow, the space
occupancy rate can simultaneously represent the size of the traffic volume, and it can be used as the choice of
lane-changing point for the external environment affecting the vehicle. 7uble 1 presents a dataset of choice of
lane-changing point behaviour, which shows the basic vehicle information and the names and meanings of the

13 lane-changing decision features that were used in subsequent research.

Feature name

Table 1 — Vehicle information and features of choice of lane-changing point

Feature name

Feature description

Feature description

FrameNum Number of time series (1/30 s) dBack Gap with rear vehicle [m]
CarID Number of object vehicle vBack Velocity of rear vehicle [m/s]
xCen x-coordinate of vehicle centre [m] dFront Gap with leading vehicle [m]
yCen y-coordinate of car centre [m] vFront Velocity of leading vehicle [m/s]
Lane Number of current-lane (1-12) dBackN Gap with rear vehicle on target-lane [m]
LaneN Number of target-lane (1-12) vBackN Velocity of rear vehicle on target-lane [m/s]
Velocity Velocity of object vehicle [m/s] dFrontN Gap with leading vehicle on target-lane [m]
Acceleration Acceleration of object vehicle [m/s?] vFrontN Velocity of leading vehicle on target-lane [m/s]
LcFlag Whether lane changed (0=No, 1=Yes) Occupancy Spatial occupancy of current-lane
Density Density of UIW section [veh/km] OccupancyN Spatial occupancy of target-lane
4. METHODOLOGY

4.1 Feature selection by random forest

In the UIW section, weaving behaviours affect the order of vehicles in the weaving section. The difference
between the location of the lane-changing vehicle and the driving environment will affect the driver’s choice
of lane-changing point, resulting in different lane-changing decision behaviours. Based on the traffic situation
of the investigated section, the lane-changing decision behaviour is classified mainly from two aspects — the
purpose of lane-changing and the position of the lane-changing point, to improve the accuracy of the decision
model of the lane-changing point [28].

The lane-changing purpose is mainly aimed at the change of lanes, and the lane-changing decision be-
haviours in the UIW section are mainly divided into four categories: the mandatory lane-changing move-
ment from the main road to the auxiliary road and the auxiliary road to the main road, and the discretionary
lane-changing behaviour within the main road and the auxiliary road. The choice of lane-changing point data-
set was divided into four sample sets according to the difference in the lane-changing purpose.
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Because there were only 1,156 lane-changing vehicles, the number of lane-changing vehicles in the four
classified sample sets was limited, and their distribution was sparse in the 200 m weaving section; thus, it was
unsuitable for continuous choice of lane-changing point research. Therefore, in this work, the weaving section
was segmented, the four sample sets were further divided into 10 sample subsets at 20 m intervals, and the
feature selection and modelling of choice of lane-changing point were performed. Table 2 presents the classified
lane-changing point data according to lane-changing vehicles’ purpose and position.

Table 2 — Lane-changing point data classified by different purposes and positions

| Segl Seg2 | Seg3 Seg4 Seg5 | Segb6 | Seg7 | Seg8 | Seg9 | Segl0 | Sum

Main—-Main 46 24 44 29 26 7 9 5 0 0 190
Main—Aux 47 33 53 76 47 24 22 15 0 0 317
Aux—Main 11 11 78 64 33 31 20 13 0 0 261
Aux—Aux 69 20 89 42 49 64 26 24 5 0 388

Sum 173 88 264 211 155 126 77 57 5 0 1156

For the multifeature lane-changing decision behaviour dataset, accurately selecting the feature combina-
tion that affects the lane-changing decision behaviour can improve the training efficiency and accuracy of the
choice of lane-changing point model. The random forest (RF) model can be applied to binary classification
problems such as lane-changing decision (the result is only yes or no), and the RF model can filter features by
outputting variable importance measures (VIMs) to obtain better feature combinations. The VIM is usually
obtained using the Gini index or out-of-bag (OOB) error rate. Because of the uneven distribution of samples,
the number of no lane changes (LcFlag=0) is larger than that of lane changes (LcFlag=1), in which case the
VIM obtained from the OOB error rate would be underestimated. Therefore, in this work, the VIM score was
calculated using the Gini index.

4.2 Lane-changing decision model by support vector machine

In this study, various methods including backpropagation (BP) neural network, gradient boosting, decision
tree (classification and regression tree, CART) and SVM were tested for prediction modelling of the choice
of lane-change point. However, owing to the limited data size of 1,156 lane-changing vehicles, only the SVM
model could achieve a relatively acceptable prediction result. Therefore, SVM was selected to model the de-
cision behaviour.

SVM is a binary classification model that can correctly divide the training set and maximise the geometric
interval. When faced with linear problems, SVM maximises the classification interval through an optimisation
algorithm. To nonlinear problems, the input features are mapped into the high-dimensional feature space by
introducing an appropriate kernel function, so that the high-dimensional feature space is linearly separable,
and the conversion between nonlinear and linear problems is completed. In the new feature space, the optimi-
sation algorithm is used to establish an optimal linear classification surface, and the classification samples are
obtained.

As an SVM-based classification model, support vector classification (SVC) has some advantages when deal-
ing with two types of label classification tasks. The SVC-based choice of lane-changing point model presented
herein is a two-class model (the choice of lane-changing point is Yes-True, and the choice of lane-changing
point is No-False). The output was whether to change lanes. If the result of prediction was that the lane change
is completed at a certain point in the UIW section, “1” is the output, otherwise “0” is the output. By calculating
the ratio of the number of choices of lane-changing points to the total number in the dataset, the probability
that the lane-changing points of different lane-changing purposes fall in all intervals of the weaving section are
obtained, which is used to visualise the results of the SVC model.

Precision, recall, accuracy and F| value, which are common in binary classification problems, were se-
lected as evaluation indicators. Because of the difference in the number of positive and negative examples of

166



Promet — Traffic& Transportation. 2023;35(2):161-174. Traffic Engineering

lane-changing decisions, the accuracy of the model is generally high. Therefore, the model is mainly evaluated
in terms of precision and recall.

5. RESULTS AND DISCUSSION
5.1 Feature selection of choice of lane-changing point
Distribution characteristics of lane-changing point

Taking the driving direction as the horizontal axis and the lane as the vertical axis, a scatter plot was drawn
for all the lane-changing points in the entire weaving section (the Cartesian coordinate range was 160-360 m).
Furthermore, an interval of 20 m was used to draw the heat map of the vehicle lane-changing point position
distribution for the heat of the lane-changing points of each lane. The scatter diagram and heat map are shown
1N Figure 5.
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Figure 5 — Distribution scatter diagram and heat map of lane-changing point

Based on the analysis of the actual situation on the road, the distribution of lane-changing points in the UIW
section has the following rules.

1) Because of the physical isolation within 40 m upstream of the weaving section, vehicles can only change
lanes within the main or auxiliary road, mainly in lanes 2 and 5. After entering the weaving segment at
200 m, lane-changing behaviour is allowed between the main and auxiliary roads, and a large number of
mandatory lane-changing behaviours occur. Lane-changing behaviours are concentrated in lanes 2, 3 and
4, and the number of lane-changing behaviours gradually decreases with the direction of traffic flow; after
reaching the downstream of the weaving section at 320 m, almost no lane-changing points occur.

2) The starting point of the weaving segment is the burst point of the mandatory lane-changing decision
behaviour and then it begins to spread to the direction and side of the traffic flow. By contrast, at the end
of the weaving segment, there is no secondary burst of lane-changing decision behaviour caused by ap-
proaching the end zone of the mandatory lane-changing. Downstream of the weaving section, the number
of lane-changing points for each lane is almost zero.

3) The innermost lane of the main road (lane 6) and the outermost lane of the auxiliary road (lane 1) have
fewer lane-changing points. Among them, in lane 6, because the lane marking line turns into a solid white
line after entering the weaving segment and lane-changing behaviour is usually prohibited, there is almost
no lane-changing behaviour in the second half of the weaving section. Lane 1 is a bus lane with less traffic
volume and less lane-changing behaviour.

Analysis of influencing factors of choice of lane-changing point

For any sample subset, a total of 13 decision features — velocity, acceleration, vFront and vBack, dFront
and dBack, vFrontN and vBackN, dFrontN and dBackN, occupancy and occupancyN and density were used
to complete the RF model construction, and the modelling of all sample subsets was completed independently.
In the modelling process, the grid search method was used to automatically adjust the parameters to obtain the
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optimal parameters of the RF model; then, the model construction and training were completed. 7uble 3 presents
the selected best parameters.

Table 3 — Best parameters of RF

Parameters Best value
n estimator 455
max depth 3
min sample split 140
min sample leaf 70
max feature 3

To improve the applicability of the feature, for any sample subset, the 13 VIM scores obtained are arranged
in descending order, and the initial feature combination is defined as the three features with the highest VIM
scores. On this basis, each iteration increases the unselected feature with the highest VIM score and runs the
RF model in a loop until all features are added. In this process, the accuracy of the model output results is
compared, and the feature combination contained in the model with the highest accuracy is the optimal feature
combination corresponding to the training subset. Figure 6 shows the sorted feature importance of a sample
subset; in this case, the initial feature combination comprises dBackN, acceleration and vBack.
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Figure 6 — Feature importance of choice of lane-changing point for one sample subset

Furthermore, to summarise the influence of different features on the choice of lane-changing point, all fea-
tures of lane-changing decision behaviours are divided into eight categories: object vehicle status (velocity and
acceleration), current-lane leading vehicle status (velocity and gap), current-lane rear vehicle status (velocity
and gap), target-lane leading vehicle status (velocity and gap), target-lane rear vehicle status (velocity and
gap), current-lane status (occupancy), target-lane status (occupancy) and system status (density). Figure 7 shows
the extraction results of the key feature combinations of four types of lane-changing decision behaviours with
different lane-changing purposes.

Each row in Figure 7 represents a certain type of lane-changing decision behaviour on the specified segment,
i.e. a sample subset. The column name of cells marked with “®” in the row denotes the optimal feature com-
bination of the sample subset. Combined with Figure 7, the key feature radar charts of the four categories of
lane-changing decision behaviours are drawn in Figure 8.

Combining Figures 7 and 8, we conclude the following.
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1)

2)

3)

4)

5)

For all choice of lane-changing point behaviours in the UIW section, the ranking of the influence degree
of the eight types of choice of lane-changing point features in decreasing order is as follows: object ve-
hicle status, target-lane rear vehicle status, current-lane rear vehicle status, target-lane leading vehicle
status, current-lane leading vehicle status, target-lane status, current-lane status, system status. Among
them, an intuitive understanding of the system status (density) is difficult to achieve for the driver; thus,
the judgment of the traffic flow density usually relies on the lane status and surrounding-vehicle status, so
the system status can scarcely affect the selection of lane-changing point. Thus, the object vehicle status,
current-lane rear vehicle status and target-lane rear vehicle status are the three most influential features in
all choice of lane-changing point behaviours.

In Main—Aux, the target-lane rear vehicle status is the most significant lane-changing feature, followed by
the current-lane rear vehicle status and object vehicle status, and their degrees of influence are close. From
Figure 8, the current-lane status and target-lane leading vehicle status are found to have little influence on
the decision of the lane-changing point in the second half of the weaving section.

The influencing factors of Aux—Main are similar to those of Main—Aux and also most affected by the tar-
get-lane rear vehicle status. The difference is that the influence of the current-lane rear vehicle status and
object vehicle status decreases, while that of the target-lane status increases.

The main feature of Main—Main is the object vehicle status; current-lane status and target-lane status have
little influence on the lane-changing point selection, and the system status has no effect on the choice of
lane-changing point.

In Aux—Aux, the object vehicle status has the highest degree of influence, while the system status does not
affect the choice of lane-changing point. The other features such as lane status and surrounding-vehicle
status are of similar importance. Furthermore, from Figure 8, in the first half of the weaving section, the
choice of lane-changing point is mainly affected by the speed and acceleration of the object vehicle and
less affected by the surrounding vehicles.

change type
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Figure 7 — Optimal feature combinations for different sample sets
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Figure 8 — Radar diagrams of choice of lane-changing point features with different lane-changing purposes

6) Comparison of the two types of mandatory choice of lane-changing point behaviours reveals that both have
four significant types of feature combinations, and the lane-changing of Main—Aux contains two more
types of decision features other than the lane change of Aux—Main, that is, current-lane leading vehicle
status and target-lane leading vehicle status. Furthermore, comparison of the two types of discretionary
lane-changing decisions indicates that the influence degree of each feature is similar. Compared with the
auxiliary road, the discretionary lane-changing behaviour inside the main road is more affected by the
leading vehicle. Considering the actual situation on the road, the driving speed on the main road is higher
than that on the auxiliary road. Thus, when changing lanes, the state of not only the rear vehicle but also
the leading vehicle must be considered.

5.2 Modelling decision behaviour based on SVM

The dataset was constructed using the results shown in Figure 7 and only contained the features filtered by
RF. Taking Main-Aux as an example, the features contained in the subset of segment 2 are velocity, vBack,
dBack, dFrontN, dFront and occupancyN. The dataset was divided into 70% training samples and 30% test
samples, and the SVM model was constructed for each type of lane-changing decision behaviour. Figure 9
shows the learning curve of SVC, and the model parameters of SVC model are listed in Tuble 4.
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Figure 9 — Learning curve of SVC
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Table 4 — SVC model parameter settings

Parameters | Values
_lle=x"|1?
Kernel rbf = k(x,x') =e 202
C 50
Gamma Auto
max iter 10,000
shrinking True

The SVC model was used to predict the lane-changing decision behaviour of each lane-changing type at the
lane-changing points in different sections, the prediction results were counted, and the evaluation index and
lane-changing probability were calculated. The confusion matrix of the model is statistically presented in 7able
5. Figure 10 presents the probability distribution of the choice of lane-changing point of the four types of data,
and Table 6 lists the evaluation indicators of the model prediction result.

From the prediction results of different types of choices of lane-changing points in the UIW section ob-
tained using the comprehensive analysis model, combined with the actual operation of traffic flow, the follow-
ing conclusions can be drawn.
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Table 5 — Confusion matrix of model output

| TP | FP | FN | N | Total

Main—-Aux 39 8 12 890 949

Aux—Main 28 4 8 743 783

Main-Main 25 3 5 536 569

Aux—Aux 44 10 13 1102 1167
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Figure 10— LC initial point probability distribution curve
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Table 6 — Evaluation indicators of model predictions

Model | Precision | Recall | Accuracy | I
Main—-Aux 0.8298 0.7647 0.9789 0.7959
Aux—Main 0.8750 0.7777 0.9846 0.8235
Main-Main 0.8928 0.8333 0.9859 0.8320
Aux—Aux 0.8461 0.7719 0.9820 0.8072

1) The lane-changing probability distribution trends of various types of data predicted using the RF and SVM
models are essentially the same, and the lane-changing behaviour probability distribution within the main
road is best predicted. The prediction of the lane-changing decision behaviour in sections using the SVC
model and the results obtained by calculating the probability values of the lane-changing points in each
segment are consistent with the actual traffic conditions.

2) Precision, recall, accuracy and F, are used as the evaluation indicators of the model. The precision of the
four types of data is greater than 82%, and the recall is at least 76%. The model constructed using SVC can
approximately realise the task of lane-changing point prediction.

6. CONCLUSIONS

In this work, we considered the UIW section as the background and focused on the choice of lane-changing
point behaviour during the lane-changing process. Through aerial photography and image recognition technol-
ogy, the trajectory data of lane-changing vehicles and the surrounding vehicles were collected. The RF model
was used to analyse the influencing features of the lane-changing decision for four different lane-changing
purposes. In addition, the SVC model was used to construct the decision models of four types of lane-changing
behaviours. Indicators such as precision, recall, accuracy and F, value were selected to evaluate the applica-
bility of the choice of lane-changing point model. The following conclusions can be drawn from this research.

1) Lane-changing points before the weaving segment are mainly concentrated in the middle lanes of the main
road and the auxiliary road. After entering the weaving segment, the number of lane-changing points on
the two adjacent lanes of the main road and the auxiliary road increased rapidly. Then, the lane-changing
points spread along the direction of traffic flow and the side lanes. Simultaneously, at the end of the weav-
ing segment, there is no secondary burst in the number of lane-changing points caused by approaching the
end of the lane-changing area.

2) Among the features affecting the choice of lane-changing point, object vehicle status, current-lane rear
vehicle status and target-lane rear vehicle status are the three most important features, while system status
has little effect on the choice of lane-changing point. There are significant differences in the influencing
factors for the four types of choice of lane-changing point behaviours, and the influencing factors for the
same type of lane-changing behaviour at different positions in the weaving section are not identical.

3) Models based on RF and SVM can approximately predict the lane-changing points. The precision of the
tested models is greater than 82%, and the recall is at least 76%.

From this study, several future research elements can be identified: (1) because of the difficulty in data
collection and extraction, the scale of data used in this study was limited, which limited the level of sophisti-
cation in decision modelling. (2) The lane-changing behaviour in the weaving section could also be divided
into overtaking lane-changing behaviour, continuous lane-changing behaviour and other types according to
the behaviour characteristics, making the selection of the lane-changing point more complicated. In the future,
more in-depth modelling research of choice of lane-changing point under different types of lane-changing
behaviours is required.
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