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Abstract

In order to solve the problems of low prediction accuracy and poor real-time prediction in traditional driving
risk prediction methods of vehicle, a fuzzy comprehensive evaluation model based driving risk prediction
method in complex environment is proposed. In this method, the driving sample data are filtered first, and
the incomplete and unstable driving data are removed. The vehicle’s driving model is constructed with the
processed data, and the force and dynamics of the vehicle’s driving model are analyzed with the particle
dynamics. The risk factor analysis set is constructed, the entropy weight method is used to determine the risk
factor weight, and the five level classification method is used to construct the risk assessment set according
to the analysis results of the weight method. The fuzzy evaluation matrix of vehicle’s driving risk in complex
environment is designed, and the risk prediction model is constructed to realize the prediction of vehicle’s
driving risk in complex environment. The experimental results show that the prediction accuracy of the
proposed method is as high as 0.98, and the prediction is real-time and reliable.

Keywords- fuzzy comprehensive evaluation, model, complex environment, vehicle, driving, risk prediction

1. Introduction

In recent years, the number of motor vehicles in China has increased in a straight line, and the
number of existing vehicles has reached 278 million. The increase of vehicles has led to an
explosive increase in the number of traffic accidents. According to the official statement of the
WHO, the number of road traffic accident deaths and injuries in the world has reached more than
1.1 million and more than 40 million, which has a great negative impact on the social security and
economic development of each country. In addition, the road infrastructure in low-income
countries is not advanced, and the probability ratio of road traffic accidents increases gradually.
China is the largest developing country in the world, and the problem of road traffic safety is
increasingly prominent [5]. According to the road traffic accident data of the Ministry of public
security of China, in 2014, there were nearly 200000 traffic accidents in China, nearly 60000
people died in traffic accidents, nearly 220000 people were injured, and the economic loss
reached 1075.43 million yuan [16]. Among them, there are more than 800 serious traffic accidents,
with the death toll as high as 2900; there are two very serious traffic accidents, with 99 deaths. It
can be seen that with the optimization of people’s living standards, there are more and more
vehicles, and the number of road traffic accidents shows a trend of rising but not falling.
Therefore, improving vehicle safety is a very important thing [17].

At present, there are few researches on the prediction of vehicle’s driving risk in the actual
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traffic scene. In Ali et al. [1], a driving risk prediction method of vehicle based on decision tree
algorithm is proposed. In order to reduce the driver’s driving risk, based on the analysis of the
causes of driving risk, this paper deeply excavates and analyzes the driver’s experience, vehicle
condition, road condition and other influencing factors, designs the key influencing variables
related to the vehicle’s driving risk identification, and establishes the vehicle’s driving risk
identification model by using the decision tree algorithm, so as to realize the vehicle’s driving risk
prediction according to the model. This method has the problem of low prediction accuracy, so it
is difficult to achieve the ideal application effect. In Guo et al. [4], a method of vehicle’s driving
risk prediction based on rough set and support vector machine is proposed. Firstly, the driving
process is analyzed, and 15 driving risk assessment indicators are preliminarily selected. Then the
historical driving data of 100 high-risk driving sections of vehicles are selected, and according to
the rough set theory, combined with genetic algorithm and Johnson algorithm the evaluation items
are reduced, to obtain 8§ core indicators; finally, support vector machine (SVM) algorithm is used
to establish the risk prediction model, and Matlab is used to carry out simulation test, but the
method has high complexity and poor real-time prediction, which is difficult to meet the actual
needs. Yu et al. [15] proposes a vehicle’s driving risk prediction technology based on the
improved Apriori algorithm. First of all, by analyzing the characteristics of vehicle’s driving risk,
the risk database is established, the relevant information of risk database is extracted. The Apriori
algorithm is applied to deal with this problem, and the correlation and occurrence law of risk
factors are found out. The spatial complexity of Apriori algorithm is reduced by using the
improved candidate extraction method to improve the efficiency. The calculation results of
Apriori algorithm are analyzed, the association rules between risk events and risk results are
discovered, and the results are analyzed, to complete the prediction of vehicle driving risk.
However, this method has the problems of low prediction accuracy and low real-time prediction.

However, the above methods are used to predict the driving risk of the vehicle in the ordinary
environment, which is not suitable for the complex environment. The existing methods mainly
analyze the driving control at the low level and the driving mode at the strategic level. There are
many analysis contents and more requirements for the test conditions, which are difficult to some
extent. Therefore, this paper focuses on these problems, and puts forward the driving risk
prediction method based on the fuzzy comprehensive evaluation model. This method has the
characteristics of high prediction accuracy and real-time performance, which can effectively solve
the problems of traditional methods and improve the driving safety of vehicles in complex
environment.

2. Analysis of vehicle’s driving risk prediction method in complex environment
2.1. Selection and processing of vehicle’s driving sample data

In order to improve the reliability of driving sample data, statistical principles are used to
implement screening [6], and data irrelevant to the driving sample analysis of experimental
vehicles are deleted.

(1) Remove incomplete data
Because the test items are not complete, the incomplete data is removed.
(2) Remove unstable data

If the data indicator value obtained by the detected target does not change abnormally based
on the specified interval, it means that the data dispersion of this indicator is small and there is an
example. According to this method of removing unstable data, sample data is removed.
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where, Y describes the variance of a certain type of repeated detection data of the driver; Q
describes the mean value of the variance of the Y-th repeated monitoring data; & describes the
standard deviation of the variance of the Y-th repeated monitoring data; ¢ describes the
probability of the Y-th set.

2.2. Establishment of fuzzy comprehensive evaluation model of vehicle’s driving safety state

The process of building the mathematical model of the fuzzy comprehensive evaluation
method by using the fuzzy comprehensive evaluation theory is as follows: set the target layer A
of the evaluation model, the factor set of the criteria layer A (the first level indicator) is set as
V = {v4,Vy, ..., vp}. The evaluation set (secondary indicator) of the scheme level is set as U =
{ug, uy, ..., uy}; the weight set @ = {w,, @5, ..., @,} of related factor set V is built. A fuzzy
evaluation matrix is established, assuming that the fuzzy evaluation vector of the j-th factor in the
factor set related to the evaluation set U is P = {pjl,pl-z, ...,pjm}. Then the fuzzy evaluation

matrix is P = (p]-i)nxm, which describes the relative relationship between the factor set V and

the evaluation set U; according to the fuzzy operator C = @ - p, the target layer A of the
evaluation model is analyzed and evaluated [10].

2.2.1. Establishment of the analysis set of vehicle’s driving risk factors

In this paper, CA1046L2 light truck is set as the research goal, and the particle dynamic model
of the vehicle model is constructed to obtain the vehicle speed data based on the complex
environment. When the vehicle is running in the complex environment, there are high
requirements for the driver's overall control of driving speed, road conditions, wind direction
interference and vehicle load weight M when the vehicle is completed. Particle dynamics is used
to carry out force and dynamics analysis on the moving vehicle model [18]. The stress model is
shown in Figure 1 and Figure 2:

In Figure 1, the horizontal direction of the vehicle particle model is successively affected by
the engine power Hyq and the horizontal wind H,. The motion analysis based on dynamics
includes the horizontal velocity dy, vertical velocity dy, tangential acceleration d, and normal
acceleration d, of the particle. Where 6 describes the angle between the line between the
particle O and the curvature center R and the X axis in the horizontal direction, with radian
units. ¢ describes the radius of curvature of the particle around the center [19, §].

In Figure 2, considering the slope level of the road surface, the road surface where the vehicle
operates is set to have an inward slope of p angle.

H, o
d\'
'\
rv
—
Mo
" x
Fig. 1 - Horizontal dynamic motion model Fig. 2 - Vertical interface force model
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This is that the force of the particles based on the vertical interface belongs to the plane force
system, which is successively affected by the vehicle load in the vertical direction, the forward
and reverse friction force S; of the particles and the supporting force of the road surface on the
particle model of the vehicle. According to the dynamic equilibrium theory in dynamics, it can
build the equilibrium equation with automobile as the research goal [20].

Based on the force analysis of horizontal and cross-section, according to the friction
coefficient of the ground, vehicle gravity, cross wind and other elements, the following object
force equilibrium equation of three-dimensional space is constructed:

S,cosp — S,cosp — Hycosd + S,sind = Md
S,cosp + Hysinp = Md )
sinp + H, = Md

where, the driving force of the device engine is S,. Based on the above calculation, nine factors,
i.e. load taking mass, vehicle speed, longitudinal safety distance, transverse safety distance, wheel
pressure, steering power [7], brake pipe leakage, brake shoe wear and abnormal light, are set as
the evaluation indicators of driving risk state of vehicles in complex environment. Then, the factor
set of criteria layer in the evaluation model is V = {v;,v;, V3, ..., Vo}.

2.2.2. Weight calculation of risk factors based on entropy weight method

Information entropy describes the abnormal level and disorder of the system, which is
regarded as the probability weighted statistical mean of information quantity. Then:

@ = — X1, qlgg; ?3)

where q; describes the probability of time.

Entropy method is a weight operation method to describe the local difference, and it describes
the key level according to the deviation level between the observation values of the same indicator.
Compared with the previous subjective weighting method and analytic hierarchy process, entropy
weighting method uses information entropy to evaluate the order and utility of obtaining, and
prevents subjectivity of each factor weight as much as possible, so the evaluation result is similar
to the actual situation [ 14, 2].

Based on the prediction of vehicle’s driving risk, the weight is set through the operation of
"entropy", that is, the weight of each indicator is set according to the deviation level of each
observation standard value. If the indicator value of each evaluation target has a large difference
and a small entropy value, it means that the indicator carries a large amount of effective
information and a large weight; if the indicator gap is small and the entropy value is large, it
means that the indicator carries a small amount of effective information and a small weight.

Tab. 1 - 1~9 evaluation scale information

Scale Content
Describe b; as important as b;
Describe the importance of b; and b;
Describe the importance of b; and b;
Describe the importance of b; and b;
Describe the extreme degree of importance between b; and b;
2/4/6/8 There is the same relationship as above

O [Q[n|W|—

-6-
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Firstly, the evaluation matrix is constructed according to the evaluation results. For example,
the second level indicator set of road traffic V, in the first level indicator is {u;,u,, uz, u,},
which has nine second level indicators.

According to the evaluation scale (Table 1), the evaluation of these nine second level
indicators is established as a matrix B:

1 5/4 6/42 3 49/ 6
4/5 1 8/52 9/4 3 g4 5
4/6 5/8 16/5 2 5/23 5

1/2 1/2 5/6 1 7/6 25/2
B=| 1/3 4/9 1/26/7 1 5/42 5
1/4 1/3 2/51/2 1/2 1 2

4

2 3

3

2/9 1/4 1/32/5 1/2 1/21 3/2 2
/

1

“4)

NS W » > U1

1/5 1/4 1/41/3 2/5 1/22/3 1 4/3
[1/6 1/5 1/51/4 1/3 1/31/2 3/4

The entropy of the driving risk evaluation indicator under the j-th complex environment is

G(D:
G(D) = - XL, g [lg(bji)] (5)

where, bj; describes the parameters in the matrix of vehicle’s driving risk assessment in complex
environment; g;; describes the entropy factor, gj; =b;/Xil;b;; and gj; conforms to
iz1 bji = 1.If by; is 0, G(I) is equal to 0.
After setting the entropy value of the vehicle’s driving risk evaluation indicator under the j-th
complex environment, the entropy weight of the j-th indicator is:

1-G(I)

- 16O yn o=
USINCEIG) 0 <) 2 =1 ©)

where, n describes the number of indicators.

The entropy weight of each element in each row of judgment matrix B is calculated and the
normalization is  implemented to  obtain the weight vector @ : w@=
0.226,0.189,0.160,0.124,0.095,0.082,0.054,0.039,0.030. MATLAB is used to get the maximum
eigenvalue B.x = 9.083 of judgment matrix B. The consistency of judgment matrix is checked
as [11, 12]:

X, = fmacim _ 30879 _ 5919 )
m-1 9-1
X, represents the average random consistency indicator of judgment matrix. For judgment
matrix of order 1-9, the value of X, is shown in Table 2.
The random consistency ratio X5 of judgment matrix B is:

50006007 <01 ®)

X, =
37X, 146

According to the criteria, we can know that the difference level of decision matrix B is
acceptable. So the criteria level factor centralization vector ® is:

w = [0.227,0.190,0.161,0.125,0.096,0.083,0.055,0.040,0.031] )
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Tab. 2 - 1-9 X, values of order judgment matrix

m X,

1 0

2 0

3 0.59

4 1.8

5 1.13

6 1.25

7 1.33

8 1.42

9 1.46

Tab. 3 - Indicators of factor evaluation
Factors uy U, U3 Uy Ug

\2 0-701 701-1751 1751-2801 2801-3501 More than 3501
Vs, 0-31 31-51 51-81 81-91 More than 91
V3 Greater than 1.51 1.51-1.41 1.41-1.21 1.21-1.01 Less than 1.01
Vy 0.81-1.1 0.61-0.81 0.41-0.61 0.21-0.41 0-0.21
Vg 531 581 501 More than 641 Less than 451
Vg More than 601 601-581 581-551 551-451 Less than 451
V7 - 0 - - 1.1
Vg - 0 - - 1.1
Vg - 0 - - 1.1

2.2.3. Establishment of a risk prediction model

The evaluation set of the scheme level belongs to the language description of vehicle’s driving
risk state evaluation [3, 13]. The five level classification method is used to build the evaluation set
of vehicle’s driving risk state, then U = {u;,u,,us, uy, us}, where uy, u,, uz, u, and ug
successively describe very safe, safe, general safe, little dangerous and dangerous. According to
the technical conditions for motor vehicle operation safety (GB7258-2018) and road test, the
evaluation indicators of the set of factors are shown in Table 3.

According to the scheme level evaluation set and factor evaluation indicator (Table 3), the
factor set in the criteria level is analyzed and evaluated, to obtain the fuzzy evaluation matrix P
of vehicle’s driving risk in complex environment.

P, Py o P
P= P1 Py = Pyg (10)
Py; Py - Pog

The fuzzy evaluation set C = @ - P = [cy, C;, C3,C4, C5] is obtained by using the weight vector
w and the fuzzy evaluation matrix P operation of the factor set of the criteria level. Assuming
that the vector established by the rank of each factor in the fuzzy evaluation set is {1,2,3,4,5},
then U = [uy,u,,us, u,, us] = {1,2,3,4,5}, the weighted average principle operation is used to
obtain the maximum membership degree c of the fuzzy evaluation set C of vehicle’s driving
risk status. According to the results, the prediction model of vehicle’s driving risk is constructed
as follows:

Q=23 cc—P YL, (GOD) (11)
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According to the maximum "close degree" criteria, according to the maximum membership
degree c of vehicle’s driving dangerous state, the dangerous state of vehicle’s driving is evaluated,
so as to complete the prediction of dangerous state of vehicle’s driving in complex environment.

3. Driving risk prediction experiment and results in complex environment

In order to verify the practical application effect of vehicle’s driving risk prediction
technology in complex environment based on fuzzy comprehensive evaluation model, a
simulation experiment is carried out. The overall scheme of the experiment is designed as follows:

(1) Setting up the experimental environment, the operating system is Windows 10, the
simulation software is Matlab, the CPU is Intel Xeon, the memory capacity is 8GB, and the
external hard disk capacity is 4T.

(2) Experimental data: the location of complex environment is a one-way street in a park on
December 12, 2019. Most people cross the one-way street. In order to obtain the running state
parameters of the vehicle in the complex environment, based on the wince environment of
UNO2171 industrial computer, this paper sets EVC as a development tool, uses the embedded
development method, integrates the multi-sensor acquisition method and GPS, obtains the
experimental data, and proposes incomplete data and noise data, so as to ensure that the data can
run on the simulation platform.

(3) Experimental methods: the methods in Ali et al. [1] and Guo et al. [4] and the proposed
method are selected for comparative experiments.

(4) Experimental indicators:

Prediction accuracy: prediction accuracy refers to the fitting degree between the prediction
results of different research methods and the actual situation. The higher the prediction accuracy
is, the closer the prediction results are to the actual situation, and the stronger the authenticity of
the prediction results is.

Real-time prediction: real-time refers to the response time of different methods to achieve the
expected goal, the better the real-time prediction is, the shorter the output time of risk prediction
results is, and the higher the vehicle safety is.

The specific experimental process is as follows:

(1) Verification of prediction accuracy of the method in this paper

In the interception experiment, the driving state parameters of the evaluation factor set in a
certain time period are shown in Table 4, and the driving state of the vehicle in this time period is
predicted by the method in this paper.

Tab. 4 - Driving state parameters of the corresponding evaluation factor set
in a certain period of time in the experiment

: Loading Thesp ee.d Horizontal ?he : Tire Steering | Pipeline | Shoe ?he
Time s of the car/ . . longitudinal | pressure ) ’ light
quality /kg o - distance /m distance /m kPa /kPa leak wear | oo e
2019-12-12-1:00 1686 15.501 1.507 120.898 514 576
2019-12-12-2:00 1691 27.001 1.802 95.708 515 571 - - -
2019-12-12-3:00 1696 27.301 1.715 58.002 574 574 - - 1.1
2019-12-12-4:00 1696 18.701 1.894 33.255 313 577 - - 1.1
2019-12-12-5:00 1701 10.801 1.109 14.063 517 576 - - 1.1
2019-12-12-6:00 1711 2.601 0.906 8.453 519 576 - - 1.1
2019-12-12-7:00 1716 14.601 2.151 92.606 519 575
2019-12-12-8:00 1706 16.301 2.054 71.772 518 575
2019-12-12-9:00 1696 18.501 1.986 48.381 516 573
2019-12-12-10:00 1696 18.001 2.015 65.483 515 571

_9.
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Fig. 3 - The method in this paper predicts the test results of structural reliability

The prediction results of the proposed method is compared with the actual situation, so as to
judge the reliability of the prediction results of the proposed method, as shown in Figure 3.

As shown in Figure 3, the prediction accuracy of the method in this paper is as high as 0.98 in
the complex environment of 1:00 ~ 10:00 on December 12, 2019, so the prediction results of the
method in this paper are reliable.

(2) Comparison of prediction accuracy of different methods

In order to further test the prediction performance of the proposed method, two kinds of
complex environments are set up: one is a one-way street in a park on December 12, 2019, where
most people cross the road; the other is a vehicle angle of a city’s main traffic line on December
12,2019.

The method in this paper, the method in Ali et al. [1] and the method in Guo et al. [4] are used
to predict the same prediction target, and the prediction accuracy of the three methods is tested.
The results are shown in Figure 4 and Figure 5.

0.4 = Article method

-l
2

=
3

2

£

H
<

Reference [1] method

——e—  Reference [4] method
0 L " " " L s ' " L )
o 1 2 3 4 5 6 7 8 9 10

Time/s

Fig. 4 - Prediction accuracy of three methods in complex environment 1
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07k e — e
0.6 |-
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0.3 [~ —=— Article method
0.2 [+ Reference [1] method
0.1 —=— Reference [4] method
0 1 1 1 L 1 1 L 1 1 )
0 1 2 3 4 5 6 7 8 9 10
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Fig. 5 - Prediction accuracy of three methods in complex environment 2
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Fig. 6 - Three methods predict real-time performance

In Figure 4 and Figure 5, under the two complex environment settings, the maximum
prediction accuracy of the proposed method for vehicle’s driving risk is 0.98, and the maximum
prediction accuracy of the methods in Ali et al. [1] and Guo et al. [4] for vehicle’s driving risk is
always lower than that of the proposed method, which is not more than 0.90. In different complex
environments, the prediction accuracy of the proposed method for driving risk is the best.

(3) Comparison of real-time prediction by different methods

In the above experiments, three methods are tested to predict the real-time performance, and
the results are shown in Figure 6.

In Figure 6, the real-time indicator of the proposed method for vehicle’s driving risk
prediction in complex environment is as high as 98.88%, and the highest predictive real-time
indicator of methods in Ali et al. [1] and Guo et al. [4] is 82.55% and 88.89%, respectively. In
contrast, the proposed method has the highest real-time performance.

In conclusion, the prediction accuracy of the proposed method is as high as 0.98, and the
prediction is real-time and reliable. The main reason why this method can realize the prediction of
driving risk in the complex environment is that it mainly analyzes the multi-level driving control
and strategic driving mode, which has many analysis contents and needs more test conditions.
Besides, the incomplete and unstable driving data are removed, which improves the data quality
and lays the foundation for the next step of risk prediction. The vehicle’s driving model is
constructed with the processed data, and the force and dynamics of the vehicle’s driving model
are analyzed with the particle dynamics. The risk factor analysis set is constructed, the entropy
weight method is used to determine the risk factor weight, and the five level classification method
is used to construct the risk assessment set according to the analysis results of the weight method.
The fuzzy evaluation matrix of vehicle’s driving risk in complex environment is designed and the
risk prediction model is constructed. Through these steps, the driving risk of vehicles in complex
environment can be accurately predicted.

4. Conclusions

In this paper, a method based on the fuzzy comprehensive evaluation model is proposed to
predict the driving risk of complex vehicles, and it is applied to the experiment to verify its
effectiveness. It is verified that the accuracy of the method is as high as 0.98 in the complex
environment of 1:00 ~ 10:00 on December 12, 2019, so the prediction result of the proposed
method is credible. Under the two kinds of complex environment settings, the maximum

- 11 -
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prediction accuracy of the proposed method is 0.98, and the prediction accuracy is high. In the
complex environment, the real-time indicator of the proposed method is 98.88%, and the real-time
prediction is high. The proposed method can be used to predict the driving risk of vehicles in
complex environment with high accuracy and real-time.
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Abstract

In order to solve the problems of poor correlation and large error of analysis results in the existing analysis
methods of influencing factors of traffic safety accidents, a new analysis method of influencing factors of
traffic safety accidents is constructed by considering the information entropy model. Collect the information
of traffic safety accident influencing factors, and get the characteristics of traffic safety accident influencing
factors. The information entropy model is used to calculate the maximum eigenvalue of the judgment matrix,
and the eigenvector is used as the corresponding weight of each factor to realize the construction of the
influencing factor model of traffic safety accidents. The influencing factors of traffic safety accidents are
analyzed by the established model. The experimental results show that the model has high factor correlation
performance and low analysis error, which can be widely used in urban traffic safety management.

Keywords - information entropy model, traffic accidents, influencing factors, modeling analysis

1. Introduction

At present, traffic accidents have become a global recognized problem, and people are more
and more concerned about road safety [12]. Reducing the number of traffic accidents and
improving the safety level of roads have become the focus and urgent needs of the whole society.
Traffic safety accidents have already become the killer of destroying people’s property and life
safety. The scope of influence, the severity of consequences and the high frequency of the damage
are incomparable to other safety accidents [15]. In order to achieve traffic harmony, we must try
our best to reduce the occurrence of traffic accidents and ensure the road safety of the people to
the greatest extent. China also regards traffic harmony as a part of building a harmonious society,
and actively creates a harmonious traffic situation that is fast, convenient, smooth, safe, orderly
and civilized, and abides by the rules [19]. In order to realize the harmony of traffic, we must take
unimpeded traffic as the purpose, safety as the guarantee, order as the safety and rule as the basis,
strive to realize the harmony among road vehicles, everyone, vehicle and people, and finally
realize the harmony among the natural environment, road, vehicle and people, so as to embody
the unity of value and life, the unity of safety and rapidity, the unity of rules and vitality, and the
unity of rule of law and civilization, to build a harmonious road culture and promote the
promotion of social quality and civilization. In order to achieve this goal, it is necessary to
analyze the influencing factors of traffic safety accidents, so as to accurately obtain the
influencing factors of traffic safety accidents, and reduce the probability of occurrence [1].
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In Deng and Zeng [5], a modeling and analysis method for influencing factors of traffic safety
accidents based on AHP and hybrid Apriori-Genetic algorithm is proposed. In this method, AHP is
used to rank the influencing factors of traffic accidents according to the importance, and the
influencing factors of traffic safety accidents are analyzed objectively. Hybrid Apriori-Genetic
algorithm is used to calculate the association rules between the influencing factors of traffic safety
accidents. The analysis model is built to analyze the influencing factors of traffic accidents, but
the accuracy of the method needs to be further improved. In Ge et al. [7], a method of modeling
and analyzing the influencing factors of traffic safety accidents based on PreScan is proposed. In
this method, the acceleration characteristics of vehicles are calculated by integral graph method,
and the detection of rear and side vehicles is realized by combining with cascade classifier to
determine the cause of traffic safety accidents. Based on the theory of MeanShift, the texture
features of the influencing factors of traffic safety accidents are collected. At last, the influencing
factor analysis model is constructed by using PreScan to complete the modeling analysis of the
influencing factors of traffic safety accidents. However, the analysis correlation of this method is
poor and the analysis results obtained are not accurate. Zhu et al. [20] propose a modeling and
analysis method for influencing factors of traffic safety accident based on scene control features,
which analyzes the complexity and coupling of traffic safety accidents, and constructs the control
structure of traffic safety demand scene. Based on the scene control features, this paper analyzes
the variable relationship between the influencing factors of traffic safety accidents, constructs the
influencing factors model of traffic safety accident, and completes the modeling and analysis of
the influencing factors of traffic safety accidents, but this method has the problem of large error in
the analysis results.

In view of the problems existing in the above methods, a new modeling and analysis method
for influencing factors of traffic safety accident is studied by considering the information entropy
model.

2. Design of the modeling and analysis method for influencing factors of traffic safety
accident considering information entropy model

2.1. Information collection and feature acquisition of influencing factors of traffic safety accidents
2.1.1. Information collection of influencing factors of traffic safety accidents

In the database of traffic safety accidents, the information of influencing factors of traffic
safety accidents is collected, including the investigation information of accidents after traffic
safety accidents and the field information recorded during traffic safety accidents, and the
influencing factors of traffic safety accidents are described preliminarily [7]. Among them, the
investigation information of the accident after the occurrence of the traffic safety accident refers
to the information obtained from the analysis of the scene of the traffic safety accident, including
witness testimony, inquiry of the parties, analysis of the scattered objects on the scene, road trace
collection, survey environment, etc., as well as the information screened from the related database,
including the vehicle insurance records, the attributes of the accident related parties, the records of
the previous legal violations, and maintenance vehicle information, etc.; the on-site information
recorded in case of traffic safety accident includes calling detector, video and other monitoring
information to obtain the real-time data in case of traffic safety accident (the specific form of
accident, accident environment, speed, etc.) [20]. The collected influencing factor information of
traffic safety accident is sorted into influencing factor information table of traffic safety accident,
as shown in Table 1.
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Tab. 1 - Information of influencing factors of traffic safety accidents

Serial data item Serial data item
number number
1 Accident time 21 cause of death
2 Accident location 22 Number plates
3 Casualties 23 Vehicle number
4 Accident pattern 24 Real carrying number
5 Scene form 25 Legal status of vehicle
6 Whether dangerous goods are loaded 26 Vehicle safety condition
7 Consequence of dangerous goods 27 Vehicle running status
accident
8 Cause Of. acc1df: nt prehmmary 28 Nature of vehicle use
nvestigation
. Mileage of highway
? Direct property loss 2 passenger transport section
10 Weather 30 Operation mode of highway
passenger transport
1 Visibility 3] Types of dangerous goods
carried
12 Whether to detect escape accidents 32 Road type
13 Pavement condition 33 Admlmst.ratlve grade of
highway
14 Road table condition 34 terrain
15 Traffic signal mode 35 Road alignment
16 Lighting conditions 36 Road section type
17 Cause of accident identification 37 Physical isolation of road
18 ID number 38 pavement structure
Code of household registration Type of roadside protection
19 e 39 s
administrative division facilities
20 Party attribute 40 Name unit name

According to the information table of influencing factors of traffic safety accidents, the
contents of influencing factors of traffic safety accidents are obtained, and the influencing factors
of traffic safety accidents are preliminarily described [9].

2.1.2. Characteristics acquisition of influencing factors of traffic safety accidents

According to the obtained influencing factors content of traffic safety accident, the
characteristics of influencing factors of traffic safety accident are obtained and summarized,
including the specific distribution characteristics of time, type, vehicle and personnel,
environment and road [6].

The characteristic function of the influencing factors of traffic safety accidents is as follows:

In the formula, wj is the correlation weight of influencing factors, aj; is the probability of
influencing factors of traffic safety accidents, and k; is the bias parameter of influencing factors.
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Then the characteristic output calculation formula of the influencing factors is:

f(t) = pZwjay + kj) 2

In the formula, f(t) represents the characteristic output of the influencing factors of traffic
accidents, and p represents the characteristic output factor.

If the maximum number of influencing factors of traffic safety accidents is K, the output
probability of influencing factors is aX, and the input function of influencing factors of traffic
safety accidents is y(Xx), then the characteristic loss function of influencing factors of traffic
safety is:

L) = 3 Tully () — a¥ ()12 3)

After completing the loss function calculation, the error of influencing factors of traffic safety
accident is determined as:

_ 0L | daK

8% = = = VaL(x) - f(D) )
The influencing factors of traffic safety accidents are as follows:
C = Q(Xkwkak — 8%) (%)

The specific distribution characteristics of types are shown in Table 2, the specific distribution
characteristics of vehicles and personnel are shown in Table 3, and the specific distribution
characteristics of environment and road are shown in Table 4 [14].

Tab. 2 - Specific distribution characteristics of types

Features Classification Concrete content
Cause of The frequency of accidents, the number of injuries and deaths on
Specific distribution accident Friday and Saturday are significantly lower than those on Friday
. and Saturday
charai;er:;tlcs of Accident The rest of Sunday and weekday are basically the same from
P pattern Monday to Thursday. The road traffic safety level on rest days is

generally better than that on working days.

Tab. 3 - Specific distribution characteristics of vehicles and personnel

Features Classification Concrete Content

China's road traffic safety management department determines
the cause of the accident according to the motor vehicle illegal
fault, motor vehicle non illegal fault, non motor vehicle illegal,
pedestrian passenger illegal and road reasons. In the case of
multiple reasons, it is generally classified according to the main
responsibility, that is to say, the causes of the accident are
determined according to the main responsible party and the
order of motor vehicles, non motor vehicles, pedestrians and
others under the same responsibility.

Road traffic accidents are mainly divided into collision, rolling,
scraping, overturning, falling, fire and other forms. Front
collision, side collision and tail collision are the main accident

Mode of
transportation

Specific distribution
characteristics of
vehicles and
personnel

Driving age

distribution forms, and three types of forms account for the total accident
frequency and injured persons
Age Number and 80% of deaths. The contradiction between motor
AP vehicles and pedestrians in the limited road space is further
distribution

prominent.
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Tab. 4 -Specific distribution characteristics of environment and road

characteristics of
environment and
road

Traffic control

Features Classification Concrete Content
Distribution Driving motor vehicles (buses, vans) occupy an
characteristics of traffic absolute majority. Pedestrian accidents cause higher
accidents in road sections | death rate and more serious accidents.
In the current accident information collection data
Influence of physical system, dr1v1ng age is an objective 1nd1cat0r_ to.reﬂ.ect
. . driving experience and level. The data distribution
isolation form on road .
confirms that low-age drivers are the frequent traffic
traffic safety . .
accident population, and the overall traffic safety
Specific potential risk of low-age drivers is high.
distribution The age of the person responsible for the accident is

basically consistent in the distribution of accident
frequency, number of injuries and number of deaths,
and the distribution characteristics are basically
normal. As the age group composition of drivers is
consistent with that of social activities, the age group
of 26-40 is not only the most active group, but also the
group with frequent accidents.

The relationship between
the day night distribution
of traffic accidents and
lighting conditions

More than 90% of the accident frequency, the number
of injured and the number of dead at the intersection
of three or four branches are consistent with the actual
road network structure.

2.2. Construction of influencing factor model of traffic safety accident
2.2.1. Construction of decision table

According to the characteristics of influencing factors of traffic safety accidents, the model of
influencing factors of traffic safety accidents is constructed based on information entropy model
[2]. First of all, it needs to build a decision table, which is represented by the following formula:

S=CUuUD 6)

where, S represents decision table; U represents decision information set; C represents
condition attribute set; D represents decision attribute set. In the construction of influencing
factor model of traffic safety accident, the condition attribute set is traffic safety accident, and the
decision attribute set is accident influencing factor 3, 16].

2.2.2. Construction of judgment matrix

Through the reduction algorithm to reduce the condition attributes contained in the decision
table, the core attribute set is obtained. Then, the judgment matrix is constructed, and the core
attribute set is set as C(cy,Cy,...,Cm), Where cj; represents the relative importance ratio of
element c; and element ¢;, and its value is shown in Table 6 [10, 8, 17]. According to the

information entropy model, the importance corresponding calculation is carried out for each core
attribute, and the judgment matrix is obtained by combining the above table:

C11 C12 Cim
=] €1 C22 r Cam
T U NG (7
Cm1 Cm2 Cmm

where T represents the judgment matrix.
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Tab. 5 - Decision table

Serial | Driving Age Fa.t1gue NaFure of _Road Hour | Weather Accident type
number age driving | vehicle use | alignment
Operation General . Summary
! 8 36 yes vehicle bending ! Yin procedure accident
2 11 35 no Private car Flatness 11 Fine General accident
3 3 4 1o Opergtlon General 5 rain Summarx
vehicle slope procedure accident
4 7 36 yes Opergtlon Flatness 3 Snow General accident
vehicle
5 2 28 no Private car Flatness 8 Fine Summary'
procedure accident
6 11 42 yes Opergtlon Flatness 2 Fog General accident
vehicle
7 1 33 yes Private car Flatness 15 Fine Summarx
procedure accident
8 7 36 no Private car General 18 Snow General accident
curved slope
9 1 23 yes Private car Flatness 1 Fine Summary.
procedure accident
10 8 36 yes Private car Flatness 23 Yin Summary'
procedure accident
Tab. 6 - Value of c;;
Serial number | Scale value Meaning
1 1 Represents the comparison of ¢; and ¢; with equal importance
) 3 Represents the comparison between ¢; and ¢j, ¢; is slightly more
important than c;
3 5 Represents the comparison between ¢; and ¢j, ¢; is obviously more
important than ¢;
4 7 Represents the comparison between ¢; and ¢, and ¢; is more
important than c;
5 9 Represents the comparison between ¢; and ¢j, ¢; is extremely
important than c;
6 8,6,4,2 Mean values of 1-3, 3-5, 5-7, 7-9 of adjacent judgments
7 Reciprocal Judgment of comparison between ¢; and ¢ :cj; = Ci
ij

2.2.3. Importance calculation based on information entropy model

The maximum eigenvalue of the judgment matrix is calculated, and its eigenvector is taken as

the corresponding weight of each factor.

Ur = g(Rst)

In the formula, Up represents the output vector of the matrix, and R represents the weight
matrix of the factors affecting traffic safety.
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Multiply the . . .
5 . . Calculation of
factors of each . Normalize the R
row in the Calculate the calculation the maximum
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. »  m-throot of ——»> . » cigenvalue of > Test
judgment results with =
cos w; the judgment
matrix to get vectors :
W matrix T
i

Fig. 1- Calculation steps of maximum characteristic root

The calculation formula of influencing factor dimension st is as follows:

st = f(Wx¢ + Hs;_1) 9
The corresponding weight calculation formula of each factor is:

1
On = iz (Ur — 2Ap) (10)

The specific steps of importance calculation are shown in Fig. 1 [4,11,13]. Through the above
steps, the construction of influencing factor model of traffic safety accident is completed [18].

3. Experimental verification

3.1. Experiment process

In this paper, the modeling and analysis method for influencing factors of traffic safety
accident by considering information entropy model is used to carry out the experiment on
modeling and analysis of influencing factors of traffic safety accident. The experimental data are
shown in Table 7.

The above experimental data are used to model and analyze the influencing factors of traffic
safety accidents. In order to ensure the contrast of the experimental results, the proposed method
is compared with the methods in Deng and Zeng [5], Ge et al. [7] and Zhu et al. [20]. The indexes
of experimental comparison are factor correlation performance and analysis efficiency. The higher
the factor correlation degree and the analysis efficiency are, the higher the effectiveness of the
analysis method is.

Tab. 7- Experimental data

classification Number of injuries or deaths
Dry 536 717 238 463
Damp 44 81 15 49
Road table condition Accumulated water 19 12 8 11
Ice and snow 3 95 0 41
Other 5 17 3 9
1-50 meters 29 122 8 103
. 50-100 meters 83 125 51 89
Visibility
100-200 meters 111 179 59 113
200 meters or more 214 361 160 250
No signal 139 257 60 137
Marking line 111 109 0 1
Traftic signal mode Signal lamp 43 38 27 29
Sign 314 510 174 399
Other 11 9 3 6
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3.2. Comparison of factor s correlation performance

The correlation performance comparison results of the four analysis methods are shown in Fig.
2. According to the comparison results of factor’s correlation performance in Figure 2, the overall
factor correlation value of the proposed method is higher than that of the three methods in
references, and the highest factor’s correlation value of the proposed method can reach 0.87,
while the highest correlation values of the methods in Deng and Zeng [5], Ge et al. [7] and Zhu et
al. [20] are 0.62, 0.51, and 0.49, respectively, which are lower than that of the proposed method.
Therefore, it fully shows that the proposed method has high factor’s correlation performance.

3.3. Comparison of analysis efficiency

In order to further verify the effectiveness of the proposed method, the analysis efficiency is
used as the comparison index for the experiment, and the comparison results of analysis efficiency
of the four methods are shown in Figure 3. According to Fig. 3, the analysis efficiency of the
proposed method is higher than that of the methods in Deng and Zeng [5], Ge et al. [7] and Zhu et
al. [20] with the increasing number of experiments. When the number of experiments is 60, the
analysis efficiency of the proposed method is 94%, while that of Deng and Zeng [5], Ge et al. [7]
and Zhu et al. [20] is 78%, 63% and 82%, so the analysis efficiency of the proposed method is the
highest.
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