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Effective identification of the risk area of the bus bay stop is a prerequisite for the enhancement of traffic safety. This study
proposes a method of identifying the risk area based on the distribution of traffic conflicts. Firstly, the traffic flow data of the bus
stop is collected by drones and video recognition software, and the traffic flow characteristics of the bus stop are analyzed by the
mathematical and statistical methods. Secondly, using the gray clustering evaluation theory, on the basis of the rasterization of the
functional area of the bus bay stop, a risk level model based on the index system of conflict rate, conflict severity, and potential
conflict risk is proposed. Finally, take a bus stop in Guangzhou as an example to verify the solution. The results show that the
constructed model can effectively identify the risk areas of bus bay stops. The risk areas of the bus bay stops are concentrated in the
middle and lower reaches of the bus stop, which proves that the impact of bus exiting the stop on the surrounding traffic is greater
than the process of bus entering the stop; the traffic risk areas of lanes near the bus stop are concentrated, and the severity of
conflicts is low. The traffic risk zone of the lane far away from the bus stop is widely distributed, and the severity of conflict is
higher. The research results can provide a basis for the micro safety performance evaluation and safety optimization of bus bay

stops, which has strong theoretical and practical significance.

1. Introduction

With the development of urbanization in China, the pres-
sure of urban traffic is increasing gradually. In recent years,
scholars have proposed many ways to try to solve this
problem, such as efficient transportation systems [1], travel
restrictions [2], and ridesharing service [3]. In the meantime,
large-capacity and high-efficiency travel modes are gaining
more and more attention. Public transportation priority has
become an important way to solve urban transportation
problems due to its large size, flexibility, low pollution, and
low cost [4, 5]. A high-quality public transportation system
will attract urban residents to use it, which furthermore
helps to alleviate traffic congestion, reduce energy con-
sumption, and reduce air pollution [6]. In order to improve
the quality of bus services, scholars have carried out a lot of
research on vehicle scheduling [7-9], public transportation

priority [10], demand prediction [11], and trip time pre-
diction [7]. Given the growing demand, traffic safety is very
important to everyone, and it also greatly affects traffic ef-
ficiency. Therefore, actions can be taken to identify safety
hazards, thereby improving the whole transportation
system.

The bus stop is an important part of the public trans-
portation system, and its service level has a significant in-
fluence on the overall quality of the urban public
transportation system [12]. In order to better meet the needs
of residents and bus companies, bus stops are generally set
up in shopping malls, residential communities, entertain-
ment venues, and other places with heavy traffic, which often
makes bus stops adversely affect traffic operations.
According to its geometric shape, bus stops can be divided
into bus bay stops and online bus stops. In the process of
entering and exiting the bus bay stop, public transportation
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vehicles will diverge, merge, or even interweave with the
main line traffic flow. Especially during the peak period,
when the traffic volume increases and the headway de-
creases, various conflicts occur during the bus entering and
exiting the stop, which brings security risks to the entire
transportation system. However, the design of bus stops is
mostly independent of roads. For decades, few studies have
examined the interactions between bus stops and roads. The
lack of research on the interaction makes the traffic in the
bus stop functional area chaotic and hinders the quality
improvement of the transportation system.

There are many factors that affect the level of traffic safety,
especially at bus stops. Several studies used regression analysis
to quantify the frequency of bus crashes under different
factors. Ye et al. used principal component analysis and
k-means clustering methods to model and quantify safety
levels for bus stops [13]. Chimba et al. assessed the impact of
vehicle size on the frequency of accidents [14]. Amadori and
Bonino calculated the safety level of the bus stop based on the
combination of the probability of occurrence and the severity
of the accident [15]. Cheranchery et al. proposed a fuzzy
evaluation method for bus stops by identifying unsafe be-
haviors in and around bus stops and their causal factors [16].
Truong and Somenahalli selected and ranked bus stops in
pedestrian-vehicle crash hot spots based on the severity of
pedestrian-vehicle crashes in their vicinities [17].

Unfortunately, the number of accidents may not be a
true indication of safety problems. Statistical time periods
and other detailed traffic information make rapid risk
analysis impossible. In order to overcome the limitations of
accident data, relevant research on traffic conflict has been
paid more and more attention. The essence of traffic conflict
is a manifestation of unsafe traffic behavior, and it is a
potential accident where drivers do not take measures. Many
previous studies have found that there is a strong correlation
between traffic conflicts and traffic accidents [18-25].
Compared to accident data analysis, traffic conflict analysis
can be carried out within a relatively short period without
observing traffic crashes for years. Traffic conflict analysis is
first widely used in the safety assessment of intersections
[26-29]. With the deepening of research, highway sections
are gradually using traffic conflict technology for risk
analysis, such as weaving area [30, 31].

Gray clustering analysis, as an important clustering
technique, has been widely used in many fields such as safety
evaluation of civil aircraft [32], hazard assessment of
drought disaster [33], waterlogging hazard evaluation [34],
and nautical navigational environment risk evaluation [35].
It can consider the influence of multiple factors of the
evaluation indicators and accurately reflect the road traffic
safety status through a small number of indexes. Therefore,
the use of gray clustering theory for traffic safety evaluation
is no exception. Zhou et al. studied the application of gray
clustering in traffic accident analysis [36].

Hence, based on the theory of traffic conflicts, this study
constructs a bus bay stop risk area identification model to
realize the identification of traffic conflict risk areas and
provide a reference for optimizing the safety level of the bus
stop functional area.
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The rest of this paper is organized as follows. Section 2
describes the method of data collection in detail. Section 3
analyzes the traffic flow characteristics of the stop from two
aspects: speed distribution and lane-changing behavior.
Section 4 reports the gray clustering and risk area identi-
fication model. Section 5 introduces a case based on a bus
stop in Guangzhou and specific identification results. Fi-
nally, Section 6 presents the conclusions of this study and
suggestions for future work.

2. Experiment Design

2.1. Video Collection. A bus bay stop in Guangzhou was
selected as the research object of this experiment. The sample
stop is located on the urban expressway, and there are
eighteen bus lines running during evening peak hours. The
platform length of the sample stop is 40 m, the transition
section is 20 m, the harbor depth is 3.0 m, and the number of
mainline lanes is 4, as shown in Figure 1.

tThe survey was conducted mainly by aerial photog-
raphy with the Unmanned Aerial Vehicle (UAV [37]). The
main experimental equipment in this article is the DJI
“Mavic air 2”7 UAV platform, which clearly records the
shooting scene with 4k/60fps video. The field of view is
84°, which is sufficient to record the survey range of 50
meters upstream and downstream of the bus stop in this
study. Combined with the actual situation, each time the
UAV rises to a height of about 170 meters, the aerial video
range covers the entire range of bus stop functional area
required for the study. The survey is conducted from
August 26, 2020, to August 28, 2020, during the peak
hours of the weekday evening. The UAV took 15-20
minutes of aerial video each time and got about 150
minutes of original video data.

2.2. Traffic Conflict Collection. Since the concept of traffic
conflict was introduced, there have been about 40 evaluation
metrics used to measure traffic conflict after continuous
research and exploration by scholars, such as time to col-
lision (TTC) [38-40], postencroachment time (PET) [41],
time advantage (TADV) [42], and noncomplete braking
time (TB) [43]. For theoretical and reliability reasons, TTC is
more commonly used in practice than many other evalu-
ation metrics. Combined with the characteristics of traffic
conflicts at bus bay stops, this study selects TTC as a measure
of traffic conflicts.

The traffic conflict is divided into two types: rear-end
conflict and lane-change conflict. The formula of TTC for
rear-end conflict is shown in the following equation:

X (8) —x;(6) - L4
Vei () = vy (£)

TTC,(t) = ) (1)

where x; and v, ; represent the position and speed of the
following vehicle, respectively; x; ; and v,; ; denote the
position and speed of the preceding vehicle, respectively; and
L;_, is the length of the preceding vehicle. In practical ap-
plication, the calculation principle of TTC is shown in
equation (2) and Figure 2. During the whole process of one
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FIGURE 1: Sample stop of bus bay stop.
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FIGURE 2: Schematic diagram of TTC calculation for rear-end conflict.

rear-end conflict, the smallest TTC; in the relative distance-
time curve of two vehicles is counted as the TTC value of this
rear-end conflict.

TTC =t,, —t;,. (2)

For the lane-change conflict, the speed of the two
vehicles V| and V, in the traffic conflict, the length L, and
L, of the two vehicles, and the distances S; and S, between
the two vehicles from the conflict point are shown in
Figure 3.

The calculation of TTC is divided into the following
situations:

Case 1: (S;/Vy) = (S,/V,)

This conflict is valid, TTC; = (§,/V ;) = (5,/V,).

Case 2: (S;/V)> (S,/V,)

If $,/V, < (S,/V,) + (L,/V,), then this conflict is valid
and TTC; = (§,/V,); if (§;/V)=(S,/V,) + (L,/V,),
then this conflict is invalid.

Case 3: (S,/V )< (S,/V,)

If (S,/V,)<(§/Vy)+ (L,/V)), then this conflict is
valid and TTC, = (Sy/V,); if (S,/V,)2 (S,/V,)+
(L,/V,), then this conflict is invalid.

This experiment mainly uses the software Tracker 4.95
for video data processing. According to the actual situ-
ation, a suitable Cartesian coordinate system and scale are
established, and then the target vehicle can be tracked
easily to get the trajectory data, speed data, and so on. By
calibrating and tracking the vehicles with the software
Tracker, the distance data of two vehicles can be easily
obtained, as shown in Figures 4 and 5.

3. Characteristic of Traffic Flow

3.1. Speed Characterization. Based on the video data of the
bus bay stop captured by the UAV, the video is processed by
Tracker software to obtain sample data of vehicle speed in
the functional area of the stop. In order to deeply explore the
speed distribution characteristics, the speed samples were
divided according to the driving lanes. The speed distri-
bution of each lane is shown in Figure 6, and the lane speed
characteristic values are shown in Table 1.

Overall, the speed of lane 1 near the bus stop is the
lowest, and the dispersion of speed is larger; the speed of
each lane decreases in the order of the inner lane to the outer
lane, and the dispersion of speed increases in the order of the
inner lane to the outer lane. According to analysis, the
process of exiting the bus bay stop has serious interference
with vehicles in adjacent lanes. In order to reduce this in-
terference as much as possible, some vehicles will choose to
change lanes, so the vehicles in the middle lane are also
affected. Therefore, the speed and the speed dispersion of
each lane are constantly changing, and finally the speed of
the lane decreases from the outside to the inside, and the
speed dispersion of the lane increases from the outside to the
inside.

3.2. Analysis of Lane-Changing Behavior. Vehicle lane-
changing behavior is an important cause of traffic conflicts,
and exploring the vehicle lane-changing characteristics of
the bus bay stop is the basis for studying the traffic conflict
characteristics. According to the video of UAYV, the location
information of each vehicle generating lane-changing be-
havior in the functional area can be obtained with the help of
the software Tracker. Based on the collected vehicle lane-



Discrete Dynamics in Nature and Society

V. ™%

N
\]\ 'y

7~

&

\

Z

Conflict Point

FIGURE 3: Lane-change conflict diagram.

FIGURE 4: Schematic diagram of extracting rear-end conflicts.

changing data, draw a heat map of vehicle lane-changing
point distribution, as shown in Figure 7.

As the heat map shows, there are the most lane-
changing vehicles on lane 2, and the lane-changing be-
havior runs through the entire functional area. The
number of lane-changing vehicles on lane 1 is second
only to lane 2, and the lane-changing points are mainly
concentrated in the upper and middle areas of the functional
area. Lane 3 has fewer lane-changing vehicles, and the dis-
tribution of lane-changing points is more scattered. Lane 4 is
the innermost lane, and the number of lane-changing vehicles
is the smallest.

4. Risk Area Identification Model

Combined with the actual situation and background of
the risk level assessment of the functional area of the bus
stop, this study divides the functional area by raster-
ization and uses the gray clustering evaluation method to
construct the risk area identification model.

4.1. Evaluation Object. Carry out rasterization processing
on the bus stop functional area, and take each grid as the
evaluation object. Taking the lower left corner of the bus
stop as the origin of the coordinates, the direction of the
traffic flow is the X-axis direction, and the side away from
the bus stop is the Y-axis direction to establish a Cartesian
two-dimensional coordinate system. The X-axis direction
divides the bus stop functional areas at intervals of 10
meters; the Y-axis direction uses the lane mark as the
dividing line. After processing, the evaluation object
number is shown in Figure 8.

4.2. Evaluation Indicator. A scientific and objective eval-
uation indicator system is the key to constructing a risk
area identification model. According to the traffic char-
acteristics, the evaluation indicator system constructed in
this paper mainly includes three aspects: conflict rate,
average severity index of conflict, and potential conflict
risk index.
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FIGURE 5: Schematic diagram of extracting lane-change conflicts.
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FIGURE 6: Speed distribution of lanes.

TaBLE 1: Speed distribution characteristics of lanes.

Lane 1l Lane2 Lane3 Lane4
Average speed (m/s) 7.438 8.755 10.884  12.594
Standard deviation (m/s)  1.614 1.359 1.129 0.809

4.2.1. Conflict Rate. The conflict rate k; can be defined as the
ratio between the number of conflicts in a single evaluation
object and the total number of conflicts in the entire bus stop
functional area. The calculation formula of the conflict rate
k, is shown in the following equation:

TC,;

" (3)

ky =i
LY TG

4.2.2. Average Severity Index of Conflicts. The severity index
(SI) represents the severity of traffic conflicts in the grid [44].
The calculation formula for converting TTC to SIis shown in
the following equation:

TTC?
ST = exp| —— ). 4
Xp( 2PRT2) @

Here, PRT represents the driver’s braking response time,
usually 2.5 seconds. SI is a dimensionless index, between 0

and 1; the larger the value, the more serious the conflict. In a
certain grid, the arithmetic mean of the severity index is
recorded as the average severity index of conflict k,, and the
calculation formula can be sorted into the following
equation:

k _M (5)

) =
n

4.2.3. Potential Conflict Risk Index. The potential conflict
risk index k, is the potential conflict risk at the location of a
certain area, which can be defined as the average value of the
conflict rate in adjacent areas. The calculation formula of k;
is shown in the following equation:

R

el L R 6
L i oo ©

4.3. Risk Level and Whitening Weight Function. In terms of
the number of security levels, they are generally divided into
two to ten levels [13, 14, 45, 46]. According to the actual
situation, the risk level is divided into four levels: safe,
relatively safe, critically safe, and unsafe. The cumulative
frequency curve is typically used for determining safe speed
limit [47]. This paper uses the cumulative frequency curve to
determine the whitening value. First, it calculates the cu-
mulative percentage frequency of each index, draws the
cumulative percentage frequency curve graph, and then
obtains the corresponding abscissa values at 15%, 40%, 60%,
and 85%, that is, the whitening values (A,), (4,), (43), (A,)
of each gray category in the corresponding indicators. The
cumulative frequency curve is shown in Figure 9.

In 2014, Gao et al. proposed a center-point mixed
whitenization weight function, which reduces the require-
ment of clustering index and has a broad application
prospect [48, 49]. The function formula is shown in equa-
tions (7)-(10), and the function image is shown in Figure 10.
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(0, x> A,,
A, —x
fl (x):< AZZ_AI, X € [AI’A2]’ (7)
L 1, x < A,
0, x¢ [A1>A3])
x—-A
, XE€|ALA,],
fz(x)=‘ A2—A1 [ 1 2] (8)
Ay —x
, x€[Ay AL
A, - A, 2> 413
0, x ¢ [Ay Ayl
x—A,
, X € |A,, A,
f3(x):‘ AS—AZ [ 2 3] (9)
A, —
: x) x € [As, Ay,
Ay— Ay
[0, x < A,
x—A;
fa(x) =1 . x € [A5 A (10)
4 A4_A3 [ 3 4]
| L, x> A,

4.4. Index Weight. Entropy is a measure of the degree of
disorder in the system. The more information there is, the
less uncertainty and less entropy there is. The greater the
dispersion degree of the index, the greater the influence of
the index on the comprehensive evaluation [50]. If a certain
index value of all evaluation objects is equal, the index has no
influence in the comprehensive evaluation, and the weight is
zero. According to the definition of entropy, the weight 6; of
index j can be calculated by the following equations:

_ Xij )
j_ ln(n) ZZl IX (Zz IXt] (11)

I—Ej

6 = o
Tom-YinE

Here, X;; is the normalized data of the i-th object under the
j-thindex; when (X,;/ Y72, X;;) = 0, letIn(X;;/ Y7L, X;;) = 0

(12)
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The limitation of the entropy method is that it only
depends on the degree of fluctuation of the data; that is,
the weight is obtained from the objective amount of in-
formation, without considering the actual meaning of the
data, so the results obtained may not conform to the
general rule. By combining weighting with the subjective
weight #;, the indicator weight can be more in line with
the actual situation. The combination weighting calcu-
lation formula of index j is shown in the following
equation:

w; = 90j +(1-97..

; (13)

Here, 9 is the ratio between the weight of the entropy
weighting method and the weight of the combination.

4.5. Gray Clustering Coefficient Calculation. Let o be the
clustering coefficient of the i-th object for the k-th gray class;
% can be calculated by the equation:

then, o}
of = ijk(dij) Xw;. (14)
=

4.6. Determining Clustering Results. People usually classify
the decision objects only according to the maximum value of
gray clustering coefficients. Although the results obtained
are reasonable, they are sometimes biased, especially when
the maximum value of clustering coefficients is not signif-
icantly different from the rest of the coefficients [51]. To
avoid this problem, this paper uses the two stages of the
decision model with gray synthetic measure to analyze the
clustering coefficients. For object i that needs to be deter-
mined, if the difference between the first largest coefficient
and the second largest coeflicient is greater than 0.125, the
clustering result is considered clear, which can be done by
max1<k<j§ } 6k to determine that object i belongs to the
gray category k*. Otherwise, calculate the comprehensive
weighted decision vector ¢,. The calculation formula of ¢, is
shown in the following equations:

2

0= ey SSThsTRel (15)
_ 1 -1,s,s—1 2 (16)
¢2_(S(S+l)/2)+(5—2), N » Yoo ey Ly
) 1
Pk = G+ 2) + (k= Ds— (k(k— 1)/2)) (17)
S—k+1,5—k+2,--~)k:
- 2 2,3 -1 (18)
(PS*I_ (S(S+1)/2)+(S—2)’ 3D5...55 S >
-2 4 ~1 (19)
(Ps_s(s+1)’ DTS

Finally, use w® = ¢, 8] to calculate the gray compre-
hensive measure decision coefficient of object i with respect
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FIGURE 8: Schematic of the evaluation object.
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to gray class k. According to max, . {wf} =wk*, the
judgment that object i belongs to the gray category k* is
completed.

5. Application of the Risk Area
Identification Model

5.1. Risk Level Calculation. In this paper, the research object
is a bus bay stop located on a four-lane expressway, which is
divided into 80 grid samples. Take the conflict rate, severity
index of conflict, and potential conflict risk index as the
evaluation indicators. Denote the sample evaluation matrix
as U; then, the sample matrix is as follows:

[0.0000 0.0000 0.0298 7
0.0500 0.7025 0.0179

U ={0.0000 0.0000 0.0536 |. (20)

L 0.0000 0.0000 0.3274 |

The whitening values of the evaluation index obtained by
the cumulative frequency curve method are shown in
Table 2.

The clustering coefficient of each grid for each gray
category is obtained through the risk area identification

model, and then the risk level of each grid is judged. The gray
classification results of each grid are shown in Table 3.
Among them, the grids with significant difference coeffi-
cients that do not meet the requirements need to be judged
in the second stage, and the classification results of the
second stage are shown in Table 4.

5.2. Analysis of the Risk Area in Bus Bay Stops. Figure 11
shows the grid risk level results within the bus stop, and the
risk area distribution obtained by linear interpolation is
shown in Figure 12.

It can be seen that the traffic conflicts in the functional
area of the bus stop are mainly concentrated in the middle
and lower reaches of the stop. Therefore, it can be con-
cluded that the impact of bus exiting on traffic safety is
higher than entering the station. The risk of traffic conflicts
is relatively high in the area where the transition section of
the bus stop meets the mainline road. The main reason is
that, during the exit process, there is a large difference
between the speed of the bus and the speed of the vehicles
on the main line. When encountering a bus exiting the stop,
the vehicles on the main line will take actions such as
slowing down or changing lanes to avoid the danger. From
a horizontal point of view, the risk of traffic conflicts on
lane 2 and lane 3 is relatively high; the traffic conflicts on
lane 4 are widely distributed; and the number of conflicts
on lane 1 is relatively small.
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TasLE 2: Whiting values of each evaluation index.

Whiting value k, k, ks
A, 0.0296 0.2495 0.0666
A, 0.0915 0.6207 0.2885
Az 0.1722 0.7190 0.3477
A, 0.3263 0.8515 0.4833
TaBLE 3: Results of clustering coefficient and its classification.
Clustering coefficient ision-
Object number . 5 8 3 Significant coefficient Whether to enter the se?ond stage of decision Classification
d; J; J; s making
1 1.0000 0.0000 0.0000 0.0000 1.0000 No 1
2 0.4061 0.1664 0.4275 0.0000 0.0214 Yes To b.e
determined
3 1.0000 0.0000 0.0000 0.0000 1.0000 No 1
33 0.0000 0.6588 0.3412 0.0000 0.3177 No 2
34 0.0000 0.0670 0.8484 0.0846 0.7639 No 3
35 0.0000 0.0000 0.3465 0.6535 0.3071 No 4
36 0.1632 0.0802 0.3798 0.3767 0.0031 Yes To b.e
determined
To be
37 0.0000 0.2178 0.3731 0.4090 0.0359 Yes .
determined
38 0.0000 0.0000 0.2275 0.7725 0.5450 No 4
39 0.0000 0.3949 0.3863 0.2188 0.0086 Yes To b.e
determined
80 0.7572 0.0833 0.1595 0.0000 0.5977 No 1
TaBLE 4: Results of the comprehensive clustering coefficient and its classification.
. Comprehensive clustering coefficient . .
Object number ) 5 5 4 Classification
w w; w; wi
2 0.2979 0.2639 0.2518 0.2021 1
0.2379 0.2139 0.2162 0.2621 4
16 0.2373 0.2143 0.2166 0.2627 4
23 0.2132 0.2338 0.2677 0.2868 4
36 0.2030 0.2253 0.2680 0.2970 4
79 0.2655 0.2573 0.2596 0.2345 1
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6. Conclusions

When studying the safety performance of bus stops, most
scholars have evaluated it as a whole [16], thus ignoring
the differences in risk levels of different lanes within the
functional area of the bus stop. In this study, we dem-
onstrate that the risk levels in different areas within the
bus stop functional area are not the same through the
traffic conflict technology. These findings can help us to
better understand the risk distribution in bus stop
functional areas and provide valuable suggestions for
intervention strategies to improve road safety. A bus stop
is analyzed as an example through the proposed risk area
identification model, and the following conclusions are
drawn:

(1) The risk area of a bus bay stop is mainly concentrated
in the middle and lower reaches of the functional
area. The impact of bus exiting on traffic safety is
higher than entering the station. The risk of traffic
conflicts near the transition section of the bus stop is
higher.

(2) The conflicts on lane 1 close to the bus stop are
relatively concentrated, and the severity of conflicts
is low. There are many dangerous areas on lane 2 and
lane 3, and the traffic conflicts are the most serious.
The dangerous areas of lane 4 are widely distributed,
and the severity of the conflict is relatively high.

(3) The distribution of the risk area and the lane-
changing point has certain similar characteristics.
There are many lane-changing points on lane 2, and
the corresponding traffic conflict risk is also higher.
In the future, by prohibiting lane changes of vehicles
near bus stops, it may be possible to reduce the risk of
traffic conflicts and improve safety performance.
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