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Cause analysis of road traffic accidents based on fault tree Bayesian network

Abstract
   With the continuous development of urbanization and the application of advanced technology in the field of transportation, the progress of transportation has not only brought convenience to human life, improved economic efficiency and social prosperity, but also led to increasingly serious traffic safety problems. Although the government departments have improved the level of traffic safety by strengthening legislation and supervision, there is still a huge gap compared with developed countries such as Europe and the United States, mainly manifested in the high growth trend of the number of traffic accidents, injuries, deaths and direct economic losses. At present, the research on the cause analysis of road traffic accidents in China is not deep enough, and even attributes the cause factors to a single factor, ignoring that the traffic system is a complex dynamic system composed of people, vehicles, roads and environment. Therefore, it is of great value to analyze the causes of road traffic accidents and put forward effective accident prevention measures to ensure safe travel.
In this paper, fault tree and Bayesian network are used to analyze the causes of road traffic accidents. First of all, the related theories of accident cause theory, fault tree and Bayesian network are elaborated to lay a theoretical foundation for the following traffic accident cause analysis. Secondly, extract the accident information from the traffic accident case data provided by the traffic police department, analyze the factors that may affect the occurrence of the accident from the perspectives of people, vehicles, roads and environment, and build an index system according to the accident impact factors. Then, taking urban road traffic accidents as top events, personnel factors, vehicle factors, road factors and environmental factors as intermediate events, and 38 detailed indicators as basic events, the fault tree model of accidents is constructed, and qualitative and quantitative analysis is carried out. Through analysis, the main factors causing accidents can be found. However, although the construction of fault tree model is relatively easy, it has certain limitations, and can only carry out one-way reasoning. However, Bayesian network can realize bidirectional reasoning, and its analysis function is more comprehensive, but its model construction is more complex. Therefore, this problem can be solved by using the corresponding relationship between fault tree events and Bayesian network nodes, fault tree logic gates and Bayesian network connection strength, and transforming the constructed fault tree model into Bayesian network. With the help of netica software, the Bayesian network model is subjected to posterior probability reasoning, sensitivity analysis and maximum possible interpretation, and the analysis results of the two models are compared and analyzed. It is concluded that the six factors of "brake failure", "long straight road section", "wet road surface", "weather in rain and snow", "large vehicles" and "no lighting at night" are the main contributing factors in the four-level indicators; Among the secondary indicators, the proportions of human, vehicle, road and environmental factors causing the accident are 76.4%, 49.9%, 62.6% and 39.8% respectively, indicating that human factors are the main contributing factors in the secondary indicators.
To sum up, the research in this paper can provide support for decision makers to improve the degree of traffic safety, provide reference and guidance for managers to improve the traffic environment, and have certain reference significance and value for preventing or reducing traffic accidents.
Keywords: traffic accident; accident cause analysis; fault tree; bayesian network

1 Introduction
1.1 Research background
With the continuous development and optimization of infrastructure in China, the problem of traffic safety has become one of the serious problems in the field of transportation. As a symbol of human civilization, from the emergence of cars in the electrical age to the birth of driverless in the information age, scientific and technological innovation is changing everyone's life. The number of drivers and car ownership show a positive correlation trend and grow rapidly. However, the number of road traffic accidents is also increasing with the growth of car ownership. Because traffic accidents cause a large number of casualties and property losses every year, all countries invest a lot of energy in relevant acting skills, and take measures to improve laws and regulations based on research to prevent traffic accidents. Since the 1960s, many countries have taken measures to comprehensively control traffic and reduce traffic accidents. Although the losses caused by traffic accidents are very high every year, they have been controlled. Especially in developed countries such as Europe and the United States, traffic accidents tend to be flat in recent years. The number of traffic accidents in China is still rising, and the death toll of traffic accidents ranks first in the world. It can be seen that the road safety situation in China is still very serious, and the consequences of the accident are also very serious.
The number of traffic accidents in China is mainly composed of four parts: the number of motor vehicle traffic accidents, the number of non motor vehicle traffic accidents, the number of pedestrian and passenger traffic accidents and the number of other traffic accidents. Among them, the number of motor vehicle traffic accidents accounts for more than 86%, which is the most important accident factor, and the number of traffic accidents is increasing year by year, The number of motor vehicle traffic accidents in 2018 and 2019 reached 216178 and 215009 respectively. The increase in the number of traffic accidents has also led to the rising number of casualties and direct property losses. Although the number of deaths, injuries and direct property losses in 2019 decreased by 0.68%, 0.94% and 2.77% respectively compared with the previous year, the overall level is still at a high level, and the traffic safety situation is still very grim.
Of course, the world's road traffic safety situation is not optimistic. According to relevant reports, since the data of road traffic accidents were recorded, the number of road traffic accidents worldwide has exceeded 33.5 million every year. About 1.2 million people worldwide die in road traffic accidents every year, an average of 3242 people die every day, while the number of injured people is as high as 50 million, causing economic losses of about 518 billion US dollars, accounting for about 1% to 3% of the world GDP. The number of accidents and casualties in major European and American countries is huge, especially in the United States, where the death rate per 10000 vehicles is as high as 1.37. Since the death rate per 10000 vehicles is the ratio of personal safety to the level of motorization, but the level of motorization continues to improve with social development, only by controlling the death rate per 10000 vehicles can personal safety be guaranteed. Therefore, improving traffic safety and reducing the death rate of 10000 vehicles are the most important links at this stage.
1.2 Research meaning
At present, most of the data on the cause analysis of road traffic accidents are directly provided by the traffic police department. However, the traffic police department mainly carries out the identification of accident responsibility and conflict resolution after the accident. In order to facilitate the handling of the accident, it will subjectively expand the proportion of personnel factors and ignore the interference of other contributing factors. Therefore, it is unscientific to directly use the original data for analysis, and other dependent variables should be properly introduced for analysis in order to draw a reasonable conclusion. The research of this paper has the following significance for ensuring the personal safety of drivers and improving the degree of traffic safety:
(1) Summarize the causes of road traffic accidents
In addition to personnel factors, the occurrence of road traffic accidents is often inseparable from the interference of road sections such as sharp turns, uphill and downhill, as well as weather conditions such as rain, snow and fog. On the basis of making full use of the historical data of road traffic accidents, integrate personnel factors, vehicle factors, road factors and environmental factors, analyze the characteristics and laws of road traffic accidents, and comprehensively summarize the factors leading to accidents, so as to lay a good foundation for subsequent qualitative and quantitative analysis.
(2) Determine the main inducing factors and probability of road traffic accidents
Fault tree and Bayesian network are used to analyze the causes of road traffic accidents. Based on the accident historical data, the occurrence probability of each basic event of the fault tree is calculated, the main causes of the accident are analyzed and sorted, and then the existing fault tree model is transformed into Bayesian network for a posteriori probability reasoning and sensitivity analysis. At this time, the improvement measures proposed are more feasible and targeted than before the analysis.
(3) Provide some scientific basis for improving road traffic safety
The occurrence of road traffic accidents is the product of human unsafe behavior, unsafe state of vehicles, dangerous road factors and adverse environmental factors. Therefore, to improve the traffic environment, we must clarify the relationship between various factors and take comprehensive, effective and targeted measures to improve various factors. In order to effectively solve the problem of traffic safety, we must systematically analyze the causes of road traffic accidents, analyze the logical relationship between the causes, and take targeted measures to improve them.
2 [bookmark: _Hlk99476306]Literature Review
2.1 Research status abroad
(1) Study on the causes of traffic accidents
    Road traffic safety has become the focus of common concern all over the world, and traffic accident is one of the most typical characteristics in the field of road traffic safety. Scholars at home and abroad have done a lot of research on this, but the focus is different. The analysis of the causes of road accidents abroad is very comprehensive, not only limited to the direct factors, but also studied the influence of indirect factors, such as vehicle type, road itself and so on.
Zegeer et al. (1998) developed one or more methods to quantify the risk of traffic accidents and define the factors affecting traffic accidents. By comparing the relationship between plane inclination of 3:1 to 7:1 and single vehicle accident rate, it is concluded that the obstacles with the highest percentage of accidents include trees, culverts, power poles, rocks, etc. Pablo and Juan (2003) studied the dialectical relationship between drivers' color recognition ability, focus on road conditions and drunk driving and traffic accident rate. Hauer et al. (2004) based on the electronic data and video blog information of Washington state, established the statistical model of non-stop accidents in urban four lanes, and obtained the relationship between the annual average daily flow, the number and speed limit of commercial lanes and the traffic accident rate. Clarke et al. (2010) studied the causes of major traffic accidents in foreign countries and proposed that curves and drunk driving are significantly related to such accidents, while the correlation between wearing seat belts and not is weak. Palk et al. (2011) found that young drivers tend to engage in antisocial and dangerous driving behavior, and this behavior is positively correlated with car crashes. Yu et al. (2013) studied the relationship between road geometric characteristics, traffic conditions, weather conditions, driver's behavior and highway crash accidents in mountainous areas, and concluded that weather condition variables play a key role in the crash accident occurrence model. Retting et al. (2013) reviewed the reports of traffic accidents at intersections controlled by stop signs in four cities in the United States. The potential countermeasures include changing traffic control and intersection design, improving the sight distance of intersections, etc. Bergel Hayat et al. (2013) based on the European Union's FP6 project, concluded that there was a significant monthly correlation between weather variables and the total number of traffic accidents. Keay and Simmond (2015) investigated the impact of weather variables on traffic accidents and found that rainfall is the strongest among various weather parameters, and has the greatest impact in winter and spring. Penmetsa et al. (2017) concluded by analyzing accident data that driver characteristics and speed limits often play a major role in over correction or over installation of vehicles. Assemi and Hickman (2018) investigated their effectiveness by conducting regular heavy vehicle inspections, analyzing the factors leading to heavy vehicle collisions and the severity of these collisions. Hou et al. (2018) revealed the main factors affecting highway crash accidents through detailed reasoning and analysis of collision data, traffic characteristics, geometry, road conditions, vehicle types, vehicle safety, weather conditions and other factors.

(2) Research on traffic accident fault tree model
Xia et al. (2012) established the fault tree of locomotive runaway accident from the perspective of human, machine, environment and management, calculated the structural importance coefficient of each basic event according to the formula, and obtained the minimum path set and structural importance order. Zhang and kecojevic (2014) applied fault tree analysis technology to truck accident system analysis in view of the higher number of fatal accidents of trucks compared with other mining equipment. The results show that insufficient or improper pre operation inspection and poor truck maintenance are the main causes of accidents. Liu et al. (2015) applied fault tree analysis and quantitative analysis to high-speed railway accident analysis, and proposed intuitionistic fuzzy set theory to deal with the incompleteness of information, the complexity of decision-making environment and the uncertainty of basic events. Kronprasert and thipnee (2016) proposed a belief fault tree analysis model based on road safety inspection to identify road infrastructure defects affecting traffic accidents, guide road professionals to take appropriate corrective measures and provide means for road safety inspection. Ehlers et al. (2016) established the fault tree model from fruit to sun and the event tree model from cause to ij fruit, and fused the two models into a bow analysis method to evaluate the safety effect of Cooperative Intelligent Transportation System (c-its). Ghadhab et al. (2019) interpreted various safety concepts and E / E architecture, constructed dynamic fault tree (DFT) and realized drive automation function for safety analysis of vehicle guidance system.

(3) Research on Bayesian network model of traffic accident
Marsh and Bearfield (2004) used Bayesian network to describe the UK railway SPAD accident and linked the interaction within the system with the causality of the accident. Ona et al. (2011) took rural traffic accidents in Spain as an example, summarized 18 causal factors and constructed three Bayesian models to obtain the relationship between causal factors and accident severity. Hossain and Muromachi (2012) built an improved real-time collapse prediction model, which is based on Bayesian belief network and can predict the dangerous situation of Expressway sections. Juan et al. (2013) applied potential cluster analysis to the accident analysis of rural roads in Spain to identify the main factors affecting the severity of the accident. Alizadeh et al. (2014) constructed a Bayesian network model of traffic accidents by analyzing the relationship between various accident causing factors, and proposed the corresponding accident prediction model based on this. Chen et al. (2015) based on the respective limitations of multiple logit models and Bayesian network methods, combined the two to analyze the driver's injury degree in rear end collision accidents. The results show that truck intervention, poor lighting conditions, windy conditions and other factors will significantly increase the driver's injury degree in rear end collision accidents. The fusion of multinomial logit model and Bayesian network provides a reference for effective countermeasures to improve the safety performance of traffic system. Zhu et al. (2017) used Bayesian network model to investigate the relationship between GPS driving observation, personal driving behavior, personal driving risk and personal collision frequency, and concluded that young drivers and female drivers have higher collision risk. LIA et al. (2018) took the traffic accident data of New Mexico as an example to study the severity of driver injury in intersection traffic accidents. The results show that intersections with complex traffic environment are more prone to traffic accidents.
2.2 Domestic research status
(1) Study on the causes of traffic accidents
Road traffic cause analysis is the basis of safety management. Only by accurately finding the causes of frequent accidents can we carry out targeted treatment. In recent years, the analysis of accident causing factors in China has changed from single factor to multi factor, which is generally discussed from four aspects: people, vehicles, roads and environment.
Study on relevant factors of personnel. Yan Lixin et al. (2013) used the given task method to carry out the real vehicle experiment, and processed the data collected in the experiment with SPSS and excel. They found that the probability of driving anger is significantly higher for male drivers than female drivers, and older drivers are significantly higher than young drivers, and different types of driver's license also have a great impact on driver's anger. In order to analyze the impact of driver response time on driving safety, luiger et al. (2014) proposed a cellular automata model and simulated the relationship curve between driver response time and driving safety. You Zhidong et al. (2016) used the driving simulation experimental platform to compare and analyze the experimental data under normal driving state and handheld mobile phone call driving state respectively. The experimental results show that the average reaction time under handheld mobile phone call driving state is about 0.17s longer than that under normal driving state; When an emergency occurs, the average braking distance in the driving state of handheld mobile phone conversation is about 1.3m higher than that in the normal driving state; There will be a significant increase in bad behaviors such as speeding and forgetting to use turn signals when driving with a hand-held mobile phone. Wang Peiheng et al. (2016) used fuzzy signal detection theory to study the change trend between the growth of driving age and the randomness of drivers' traffic safety violations, as well as the influencing factors and mechanism of this trend. The results show that with the increase of driving age, the randomness of traffic safety violations of drivers first increases and then decreases, and the randomness of traffic safety violations of older drivers is greater. Liu Yao (2017) used binomial logistic regression model to study the influencing factors causing personal injury of electric bicycle drivers, focusing on season, temperature, temperature difference, precipitation, age, gender and other aspects, while the influencing factors leading to the death of electric bicycle drivers focus on the time period of traffic accident, accident form, type of other party, whether the intersection, whether the driver has head injury and so on. Zhang Yuan et al. (2019) took the traffic accident data of Guangdong Province as an example, analyzed the impact of driver gender on traffic accidents, used binomial logit to establish the accident prediction models of male drivers and female drivers respectively, and conducted variable estimation and test. The results show that driver's safety belt tether, vehicle insurance, intersection section type, road geometry, lighting conditions and other variables are the key factors of driver gender affecting traffic accidents.
Study on relevant factors of vehicle. Xu Hongguo et al. (2004) pointed out that the faults of vehicle braking, steering, wheels, front and rear axles, horns, lights and instruments are the main manifestations of poor technical conditions of wheels. Zhao Jinbao et al. (2011) used the Bayesian method subject to Dirichlet distribution to learn the parameters of the Bayesian network of urban road traffic accidents established based on data fusion and expert knowledge. The results show that: in the frontal collision accidents, the reasoning probability of mopeds and bicycles is the largest. It can be seen that non motor vehicles are the main type of frontal collision; The probability of side impact accident will increase with the increase of the number of imports and exports, and steering failure is the main cause of side impact. Han Xiangfang and Li Xiaojie (2013) pointed out that some people do not carry out vehicle maintenance for profit, resulting in poor vehicle performance, many faults and machine parts failure, which indirectly leads to traffic accidents. Bu Dejun and Wuthering (2019) made statistics on the relevant characteristics of vehicle tire burst accidents and analyzed the causes of tire burst from vehicle, road, environment and other factors. The statistical results showed that the proportion of highway vehicle tire burst accidents was as high as 90.2%, and the proportion of active tire burst accidents caused by vehicle out of control caused by tire burst was 71%.
Study on relevant factors of road. Pei Yulong and Ma Ji (2003) took Shen Da expressway as an example to systematically analyze the setting of various road parameters such as cross section and vertical section in the road alignment and the influence of these parameters on accidents. Xu Hongguo et al. (2004) pointed out that the lane width, super high width and driving sight distance that do not meet the requirements in the road design, and calculated that the smooth road surface is the main cause of traffic accidents, accounting for 48.58% of the road factors. Wang Fengyuan et al. (2015) analyzed the annual data report of era and concluded that road traffic conditions are one of the important factors causing accidents, and the accident rate of roads without shoulders is higher than that of other roads. Cao Jinxin et al. (2015) put forward the integrated pedestrian flow model, and analyzed that configuring special signal lights, setting safety islands and reasonably designing signal phase can ensure the safety of integrated pedestrian crossing. The fuzingshan team of South China University of Technology (2015) built a section operation speed prediction model and a linear index system for new or reconstructed expressways, established a safety evaluation system in combination with linear continuity and safety management, and finally systematized it and developed a set of corresponding evaluation software. Wang Changjun et al. (2016) used the negative binomial model and Poisson model to analyze the lateral collision and rear end collision accidents. The results showed that the road surface conditions, weather conditions and lateral collision accidents were highly correlated, and the roadside protection and road grade had a significant impact on the rear end collision accidents.
Study on relevant factors of environment. Xu Hongguo et al. (2004) divided the road traffic environment into soft environment and hard environment. Soft environment includes traffic management laws and regulations and safety system; The hard environment includes weather conditions, traffic signs, etc. Li Hongqiang et al. (2009) studied the impact of bad weather on traffic safety, focusing on the driving characteristics in rainy, snowy and foggy weather, and deduced the value suggestions of safe driving speed limits under various weather conditions through mathematical formulas. Xiang Vincent (2010) pointed out that traffic operation characteristics, road friction coefficient and vehicle braking stability are the key factors affecting urban ice and snow road traffic. Zhao Jia (2012) used a high simulation driving simulator to study the impact of foggy weather on driving safety, and analyzed the experimental data by using logistic regression, multivariable variance and other methods. The results show that foggy weather will significantly affect the driver's ability to control the vehicle, prolong the driver's reaction time and significantly increase the possibility of collision accidents. Taking Changning District of Shanghai as an example, Zhu Jie (2017) analyzed the occurrence mechanism of traffic accidents from the aspects of roads, urban spatial structure and traffic environment based on the traffic accident data of Changning District from 2012 to 2015, focusing on the quantitative relationship between various environmental impact factors and traffic accidents. Wang Lei et al. (2019) analyzed the correlation of environmental factors in the traffic accident of Qinling tunnel, and predicted the casualties and losses of the accident by using the methods of random forest and Bayesian network. The results showed that the prediction reliability of random forest was as high as 84%, and the prediction accuracy of Bayesian network was about 50%.
(2) Research on traffic accident fault tree model
Wang Jianjun et al. (2006) summarized and sorted out the influencing factors of road network reliability according to time and space, obtained the characteristics and change law of influencing factors, and analyzed the mechanism of the influence of road network stability by using fault tree. Zhu Liwei et al. (2012) found out the key factors affecting the system reliability by constructing the reliability model of Expressway networked monitoring system, which provides support for improving the actual operation data. Liu Xing and Luo Jia (2015) introduced the fault tree model in the system analysis method into the quantitative analysis of urban intersection accidents, which is conducive to improving the safety of urban intersections. Zhang Mingrui et al. (2015) established a fault tree failure model to study the reliability of rigid contact and flexible contact in rail transit traction power supply system respectively. The results show that the reliability of rigid contact is better than that of flexible contact. Hu Yixin and Liu Tangzhi (2017) established a fault tree model for the long downhill section as the black spot area of the accident and conducted qualitative analysis. It was concluded that the poor self-help ability of drivers, inadequate emergency response and lack of supervision were the main causes of the accident. Meng Xianghai and Liu Xinru (2018) constructed a fault tree model of expressway traffic accidents in mountain areas based on the principle of event chain, found 47 accident companies through qualitative analysis, and calculated 6 key accident chains. Hu ran et al. (2019) carried out systematic analysis and Research on regional traffic accidents in primary schools based on fault tree analysis method, and helped traffic participants and managers carry out safety hazard risk assessment, which has important value and reference significance for reducing regional traffic accidents in primary schools. Bingyu et al. (2019) used fault tree and Bayesian network to analyze the causes of highway accidents in mountainous areas. The results show that improper driver operation, insufficient visibility and vehicle overload are the most sensitive accident influencing factors. Meng Xianghai et al. (2020) used risk analysis, event tree analysis and fault tree analysis to conduct a detailed analysis of Urban Road intersection accidents. The results show that human factors account for 59.7% of Urban Road intersection accidents, and slippery roads and failure to maintain a safe distance also have a great impact on the formation of accidents, which should be paid attention to.
(3) Research on Bayesian network model of traffic accident
 huolimin et al. (2003) used the improved Bayesian network integrating fault tree and minimal path set to analyze the reliability of power system. Liu Bo and Zhou Heqin (2004) established a security assessment model and analyzed it by using Bayesian network model. It is concluded that reducing noise and subjective bias can shorten the assessment time of network security and realize security assessment. Zhang Chao et al. (2005) obtained a new Bayesian network algorithm that can simplify the solution of the minimum cut set by transforming the fault tree into Bayesian network and using bucket elimination method and chain rule. Xu Hongguo et al. (2011) constructed an accident Bayesian network model by using structural learning based on K2 algorithm and correlation analysis and parameter learning based on parameter estimation method, and used the model to analyze the relationship between improving traffic management and reducing traffic accidents. Zhao Jinbao et al. (2011) used Bayesian network to analyze the cause of urban road traffic accidents, and obtained the conditional probability distribution of accidents under different cause factors. Zhang Lanfang et al. (2014) combined parameter learning and structure learning to build a Bayesian network model of Expressway tail collision accident, and analyzed that it is easy for large vehicles to collide with small vehicles in the early morning. Xie Kun and Wang Xuesong (2014) used the improved Bayesian network model to analyze the signal control intersection and concluded that the improved Bayesian network model has better fitting than the traditional model. Xiong Xiaoxia et al. (2018) took the 100 car accident data of the United States as an example, introduced the accident causality theory model and constructed the Bayesian network model. The traffic accident chain obtained shows that it is easy for drivers to have slack psychology at the ramp, while there are more side collision and forward collision accidents at the straight section. Liu Xinru et al. (2020) constructed a fault tree and Bayesian network model to explore the cause factors of highway casualty accidents in mountainous areas, and concluded through probability reasoning that personnel factors and vehicle factors account for the largest proportion in accidents, while road factors are the most important cause factors in fatal accidents.
3 Methods
3.1 Accident cause theory
3.1.1 [bookmark: _Hlk99482466]On the tendency of frequent accidents
    In the 1920s, M.Greenwood and H.H. woods conducted statistical tests on the statistical data of factory accidents according to Poisson distribution, bias distribution and unequal distribution. By calculating the influence coefficient of the number of accidents of the same employee in three months, the results show that the influence coefficient shows a positive correlation trend, with a variation range of 0.25 to 0.79.
[bookmark: _Hlk99477205]    In 1926, E.M.Newboy explored the distribution law of the number of factory accidents, and came to the conclusion that the probability of the number of accidents is small and unevenly distributed, and the influence coefficient varies from 0.25 to 0.77. Then marbe investigated a large factory and found that the workers who had no accidents in the first year had an average of 0.45 accidents in the future; Workers who had one accident in the first year will have an average of 2.03 accidents in the future; Workers who had two accidents in the first year will have an average of 1.23 accidents in the future, which also indirectly shows that there is a tendency of frequent accidents in factory accidents.
In 1939, farmer and chamber first clearly expounded the theory of frequent accident tendency, and identified the frequent accident tendency as the main cause of accidentsAccording to their unequal distribution, for a factory with N people, the number of accidents in the factory once a year is , then the total number of accidents  is:

From the above formula, it can be deduced that when the total number of accidents  is known, the number of accidents that occur most often. The number of accidents occurring n times in a year  is:

3.1.2 Accident causal chain theory
In 1936, H.W. Heinrich first proposed the theory of accident causality chain in order to explain the relationship between various causes of accidents and the relationship between accidents and consequences. This theory holds that the occurrence of an injury accident is not an isolated event. Although the injury may occur at a certain moment, it is the result of a series of mutually causal events. It includes five factors: heredity and social environment, human shortcomings and mistakes, human unsafe behaviors or unsafe states of objects, accidents and injuries.
On the basis of Heinrich's accident causality chain theory, RE.Bird proposed the accident causality chain that reflects the modern safety viewpoint. He believes that the root cause of the accident is management errors and defects. When conducting research, we should not only stay at the surface phenomenon, but also focus on the root factors that cause the accident and carry out management.
By refining the causal chain theory of accidents, a multi cause and effect model of accidents is constructed. Compared with the original theoretical model, the causal factors of this model can interact and influence each other, as shown in the figure below.
[image: ]
From the multi cause and effect model of accident, it can be seen that the road environment makes the vehicle have moving space and scene changes, and the personnel obtain external information from the road environment and transmit this information to the central nervous system for visual perception and limb feedback. Among them, visual perception is whether to take corresponding measures according to the traffic environment information, such as whether the driver takes detour measures according to the depth of road potholes, or whether to judge whether he can pass safely before the countdown of traffic lights; Physical feedback is to take corresponding vehicle control actions according to the results of visual perception, such as taking measures to slow down the vehicle due to shallow road pits, or taking measures to brake the vehicle due to the yellow warning light at the traffic lights. People, vehicles and road environment show a closed loop state. During the operation of the model, the three variables show correlation changes with time, and the imbalance of the state of any variable may break the closed loop, resulting in road traffic accidents.
3.1.3 Theory of accidental release of energy
Gibson in 1961 and Haddon in 1966 successively put forward the theory of accidental release of energy to explain the physical essence of accidents. This theory holds that accidents and the damage caused by them occur in the process of uncontrolled energy transformation or energy work in the production process. If the control of energy is lost, it will cause personal injury and damage to equipment and buildings. Starting from the physical essence of the accident, this theory expounds the action mode of the accident: the management error due to personal or environmental reasons leads to unsafe state or behavior, which makes the abnormal or unwanted dangerous substances and energy accidentally released and transferred to human body and facilities, resulting in casualties or property losses. Prevent the accidental release of energy or dangerous substances by replacing unsafe energy with safe energy, limiting energy, preventing energy accumulation, slowly releasing energy, setting shielding facilities, shielding in the form of information, opening up channels for releasing energy, changing process flow, etc.
3.2  Fault tree analysis theory
Fault tree analysis (FTA), also known as fault tree analysis and defect tree analysis, is a logical analysis process from result to cause to construct the fault tree model of accident. Fault tree analysis can find out the weakest link in the system through qualitative and quantitative analysis, and put forward corresponding suggestions or improvement measures for this weak link.
Fault tree is composed of events and logic gates. Events are connected by logic gates to form an inverted tree structure. The event of fault tree is the description of the fault state of the system or each component of the system, including top event, intermediate event, basic event, etc.
Fault tree is a method based on graphic deduction. It carries out hierarchical analysis around the specific failure state of some events. It can use different fault tree graphics and logical symbols to build reasoning framework. It has the following characteristics:
(1) Fault tree is usually used in the field of fault diagnosis, which can provide a reference direction for maintenance and management personnel and formulate corresponding maintenance plan. This method is more practical when dealing with large-scale complex systems. 
(2) Fault tree can connect all related events of a fault through logical symbols, and find the weak links of the system through qualitative analysis, so as to improve the reliability of the system.
(3) the quantitative calculation part of fault tree can obtain the occurrence probability of top events and the importance of each bottom event, so as to provide data support for evaluating the reliability of the system. 
(4) With the maturity of fault tree and the development of computer technology, a series of fault tree analysis software have been developed, which greatly improves the calculation speed and promotes the popularization and application of fault tree method.
3.3   Bayesian network analysis theory
Bayesian network, also known as probabilistic causal network, is the product of the combination of decision theory and probabilistic reasoning. It is also an important research method in probability statistics. It can integrate the two mathematical analysis methods of probability theory and statistics, and can carry out uncertain reasoning and statistical analysis in the face of complex problems.
Bayesian network is a probabilistic network, which is a graphical network based on probabilistic reasoning, and Bayesian formula is the basis of this probabilistic network. It is a directed acyclic graph, which is composed of nodes representing variables and directed edges connecting nodes. Nodes represent random variables, the directed edges between nodes represent the relationship between nodes, and the relationship strength between nodes is expressed by conditional probability. If there is no parent node, it is expressed by a priori probability.
The process of Constructing Bayesian network model is cumbersome. We need to determine its topology and node conditional probability table, and constantly analyze and improve it, so as to determine the final feasible Bayesian network. Among them, determining the topology corresponds to the qualitative analysis process of Bayesian network, and determining the conditional probability table of nodes corresponds to the quantitative analysis process of Bayesian network. Bayesian network model construction includes the following three ways: first, the topology and conditional probability table are determined directly by experts; Secondly, the topology is determined by integrating expert knowledge and data, and the probability distribution is obtained through database learning; The third is two-stage modeling, which is modeled by transforming other research methods.
Bayesian network mainly includes the following three kinds of probabilistic reasoning:
(1) Maximum a posteriori hypothesis reasoning (map): when all possible hypotheses are known, find out the hypothesis with the maximum a posteriori probability under the condition of evidence variables. When the prior hypothesis is clear, the reasoning result will also be very accurate, but with the increase of the sample size, the influence of the prior hypothesis will weaken and the sample will dominate. 
(2) Maximum possible interpretation problem (MPE): an explanation for setting evidence e = E in Bayesian network is the one with the highest probability in a state combination of all variables in the network consistent with E = E. MPE is also called special map.
(3) Posterior probability reasoning: take the variable with a certain value as the evidence variable, and calculate the new probability by updating the probability. Probabilistic reasoning includes three forms: causal reasoning from the cause to the result, diagnostic reasoning from the result to the cause, supporting reasoning that provides interpretation support, and hybrid reasoning that integrates the above three forms. Among them, causal reasoning is to find out the probability of the result and calculate the posterior probability in the case of the known cause; Diagnostic reasoning is to find out the cause and probability of the result through Bayesian network reasoning calculation when the result is known; Supporting reasoning is to analyze the mutual influence between the causes and obtain the correlation degree between the influencing factors.
4 Data and analysis of causes of road traffic accidents
4.1 Data source and processing
With the help of the public security and traffic management department of Yizheng City, Yangzhou City, we collected the fast report information of road traffic accidents that occurred in the main urban area of Yizheng City from January 2020 to December 2020, including the driver's attributes, road surface conditions, weather conditions and other accident related information, and calculated a total of 101 accidents. Considering that the traffic system is composed of personnel, vehicles, roads and environment, the traffic accident information is classified according to these four aspects.
The personnel in the transportation system can be divided into three categories: motor vehicle drivers, non motor vehicle drivers, passengers and pedestrians. The information of motor vehicle drivers includes the driver's age, driving experience and the driver's bad status or improper driving behavior in the cause of accident identification. See table 4-1 for the summary information.
Vehicle information includes vehicle safety conditions and vehicle safety hazards, as shown in Table 4-2.
The road information includes the dry and wet conditions of the road surface and the types of road sections. The types of road sections can be divided into straight sections, uphill and downhill sections, sharp turns and intersections according to the geometric alignment. See table 4-3 for details.
Environmental information includes weather conditions and sight conditions, as shown in table 4-4.
Table 4-1 Personnel information summary
	Attribute
	Category
	Quantity
	Attribute
	Category
	Quantity

	


Bad condition of motorized driver
	Fatigue driving
	7
	



Driving experience of motor vehicle drivers
	≤ 5 years

	16

	
	Drunk driving
	6
	
	6~8years
	20

	
	Emotional driving
	10
	
	9~14years
	23

	
	Driving without license
	
6
	
	
15~19years
	14

	


Motor vehicle driver misconduct
	Illegal U-turn
	5
	
	＞20years
	14

	
	Overtaking illegally
	8
	



Motor vehicle driver age
	≤ 25 years old
	14

	
	Illegal lane change
	16
	
	26~30 years old
	14

	
	Violation of traffic signal
	
12
	
	31~40 years old
	29

	
	Failure to keep a safe distance
	
10
	
	41~50 years old
	24

	
	Didn't give way at the zebra crossing
	
9
	
	51~60 years old
	6

	
	Untimely braking
	28
	
	＞60 years old
	5

	



Non motor vehicle driver factors
	Swerve
	10
	




Pedestrian and passenger factors
	Illegal crossing of traffic lane
	
4

	
	Cross the road
	12
	
	Illegally climbing over isolation facilities
	

6

	
	Not wearing safety helmet
	
22
	
	Violation of traffic signal
	
4

	
	Driving in motor vehicle lane
	
4
	
	No traffic environment observed
	
11



Table  4-2 Summary of vehicle information
	Attribute
	Category
	Quantity
	Attribute
	Category
	Quantity

	
Vehicle safety condition
	A flat tire
	4
	
Vehicle safety hazards
	Overload
	5

	
	Steering failure
	6
	
	Overspeeding
	18

	
	Braking failure
	13
	
	Large Vehicle
	22



Table  4-3 Summary of road information
	Attribute
	Category
	Quantity
	Attribute
	Category
	Quantity

	Pavement conditions
	Dry
	61
	

Road section
	Straight section
	55

	
	Slippery
	38
	
	Uphill and downhill sections
	
10

	
Construction conditions
	Road construction
	14
	
	Sharp turning section
	
8

	
	No road construction
	87
	
	Intersection section
	28

	


Traffic sign
	There are traffic signals or markings
	
79
	
	
	

	
	Lack of traffic signal
	
22
	
	
	



Table  4-4 Summary of environmental information
	Attribute
	Category
	Quantity
	Attribute
	Category
	Quantity

	


Weather condition
	Sunny day
	26
	


Sight condition
	Day
	75

	
	Overcast
	33
	
	Lighting at night
	11

	
	Rainy and snowy days
	34
	
	No lighting at night
	15

	
	Foggy day
	8
	
	Visibility less than 100m
	
8



4.2 Analysis of causative factors of road traffic accidents
Each element of the transportation system interacts with each other, and the accident may be caused by one of the factors, or it may be caused by multiple factors. Single factor accidents account for a small proportion, and most accidents are the result of the combined action of several factors. In general, personnel factors account for the largest proportion, followed by road and vehicle factors, and finally environmental factors. The following is an impact analysis of road traffic accidents from four aspects: people, vehicles, roads and environment.
4.2.1 Analysis of influence of personnel factors on road traffic accidents
    In road traffic accidents, people are the primary factor causing accidents. Foreign studies show that unsafe behaviors account for 80% - 85% of the factors affecting traffic safety. People are the core subject of traffic safety, including motor vehicle drivers, non motor vehicle drivers, etc. compared with non motor vehicle drivers, motor vehicle drivers are traffic strongmen. Therefore, this section focuses on motor vehicle driver factor analysis, supplemented by other factor analysis.
4.2.1.1 Motor vehicle driver factors
    The factors causing accidents by motor vehicle drivers include bad conditions and improper behaviors, which will directly or indirectly affect driving safety. Some of these factors are described in detail below. 
    (1) Bad driving condition
    Driving age is calculated from the time when the driver obtains the driving license. At present, the time when the driver obtains the driving license is getting earlier and earlier, but he has not actually driven. Therefore, the accident rate in the low driving age is relatively low. The accident rate of drivers aged from 6 to 14 is very high, accounting for 49.4%. Drivers aged more than 15 years are psychologically slack because they think they are skilled in driving, and the accident rate is also very high, accounting for about 32%.
    Although the age of the driver will not directly affect driving safety, the physical function of the elderly driver will be greatly reduced, mainly in visual clarity, reaction sensitivity, speed estimation accuracy and so on. With the growth of age, drivers' perception, judgment and operation abilities will decline, which is why motor vehicle drivers over 70 need to submit physical condition certificates every year.
    Drunk driving. After drinking, the driver's central nervous system is abnormal, which will lead to the decline of thinking ability, narrow cognition range and reduced ability to process information. Moreover, the driver's handling characteristics will be seriously disturbed and destroyed, which is manifested in the impairment of visual function, difficulty in finding hidden dangers at the edge of visual field, sluggish tactile response, and inability to correctly judge the driving distance and speed.
Fatigue driving. The driving process requires the driver to pay attention and frequently take corresponding measures against the road traffic information. At this time, the driver is in a nervous system tension state. The long-term tension will lead to the decline of muscle contractility and the corresponding slowing of nerve reflex speed, which will make the driver unable to make driving related actions in time and accurately, and even act contrary to his thinking, leading to accidents. 
   (2) Improper driving behavior
Among the causes of accidents in the "traffic accident registration form", there are 16 "illegal driving" of motor vehicle drivers, including drunk driving, emotional driving, illegal U-turn, illegal overtaking, fatigue driving, illegal lane change, violation of traffic signals, etc. in the specific accident analysis, please refer to the "traffic accident registration form" of the Ministry of public security. Illegal driving mostly results from the poor legal awareness of motor vehicle drivers, weak awareness of traffic regulations, and contempt for the warning role of traffic signs.
Untimely braking, illegal lane change, violation of traffic signals, emotional driving, failure to maintain a safe distance, non giving way at zebra crossings, illegal overtaking, fatigue driving are the main factors, drunk driving, driving without a license and illegal U-turn are the secondary factors that cause accidents, and illegal parking, illegal reversing, failure to use lights according to regulations, illegal traction and illegal loading are the general factors. In the subsequent construction of fault tree and Bayesian network model, only primary and secondary factors are selected for cause analysis, and general factors are not considered.
4.2.1.2 Non motor vehicle driver factors
    The behaviors of non motor vehicle drivers causing traffic accidents mainly include: occupying the motor vehicle lane, driving without safety helmet, violating traffic signals, suddenly turning sharply, crossing the road, etc.
    In 2020, there were 34 non motor vehicle traffic accidents in Yizheng City, Yangzhou City, accounting for 33.67% of the traffic accidents in the whole year. It can be seen from Fig. 3-5 that 21 traffic accidents occurred without safety helmets, accounting for 40.35% and 20.79% of the total number of accidents; Crossing the road led to 12 traffic accidents, accounting for 21.05%, accounting for 11.89% of the total number of accidents; Sudden sharp turning led to 10 traffic accidents, accounting for 17.54%, accounting for 9.9% of the total number of accidents.
    The psychological characteristics of non motor vehicle drivers are also closely related to the occurrence of traffic accidents, which are shown in the following points:
    (1) Transcending psychology. Non motor vehicles are light and convenient, which is extremely beneficial for people to arrive at their destination in a certain time. Therefore, most cyclists have the mentality of racing for time, especially young men, who overtake when the bicycle in front of them is slow.
    (2) Rush mentality. In order to reach the destination at the fastest speed, non motor vehicles usually overtake frequently, which will lead to congestion and congestion in the traffic system.
    (3) Exclusivity. There are many manifestations of exclusivity, such as knowing that it must be observed but not obeyed, or taking people and heavy objects, hands off the handlebars, supporting shoulders in parallel, chasing each other in the process of riding.
    (4) Numb the mind. Non motor vehicle travelers will ride unconsciously under the psychological guidance of carelessness or good self-awareness. In case of emergency, failure to respond in time will lead to accidents.
4.2.1.3 Pedestrian and passenger factors
    The improper behaviors of pedestrians mainly include illegal crossing of motor lanes, violation of traffic signals, illegal crossing of isolation facilities, and not taking zebra crossings. Most of these are caused by the weak awareness of pedestrian traffic regulations and poor self-protection awareness; In terms of passengers, it mainly shows that passengers push and jostle with each other when getting on, interfere with the driver's operation or stick their body parts out of the window during driving, and fail to observe the traffic environment in time after getting off.

    In 2020, there were 22 pedestrian and passenger traffic accidents in Yizheng City, Yangzhou City, accounting for 21.78% of the total number of accidents. Among these factors, pedestrians' failure to observe the traffic environment led to 11 traffic accidents, accounting for 10.89% of the total number of accidents. This situation is due to their weak awareness of laws and regulations and poor awareness of self-protection, which makes them in an unsafe state. Therefore, we should further strengthen the publicity and education of safety awareness.
4.2.2 Impact analysis of vehicle factors on road traffic accidents
    Vehicles are an important component of the road traffic system, which is closely related to traffic safety. Devices such as tires, safety belts, driving vision and energy absorption areas of vehicle bodies also play an important role in driving safety. According to foreign statistics, 20% of the accidents resulting in injury or even death due to vehicle factors are caused by vehicle tire factors; If the vehicle does not have a good vision during driving, it is impossible to ensure its safe driving; In the event of a traffic accident, the vehicle often changes from a high-speed moving state to a stationary state in a very short time. The huge inertia makes the driver unable to control himself. The safety belt can limit the distance the driver moves forward and prevent him from being injured twice. It has obvious effects on the driver's head, face and abdomen. According to the data, speeding caused 18 accidents, accounting for 25.71% and 82% of the total number of accidents; Secondly, there were 13 brake failure factors, accounting for 18.57%, accounting for 12.87% of the total number of accidents.
4.2.3 Impact analysis of road factors on road traffic accidents
    The road factors that affect the occurrence of traffic accidents mainly include the geometric alignment of the road, the setting of intersection sections, the pavement conditions and the traffic design. Geometric alignment factors include horizontal alignment, longitudinal alignment, transverse alignment, alignment combination and sight distance. The geometric characteristics of the road occupy an important position, and its influencing factors mainly include: curve length, curve radius, transition curve, length of straight line section, continuity of the line and adaptability of the plane line to the terrain, etc. the longitudinal section line includes longitudinal slope, length of longitudinal slope, half diameter of vertical curve, etc; Cross section alignment includes section form, lane width, median, Lane widening, Lane superelevation and side slope ditch; Alignment combination includes the combination of horizontal and vertical alignment, and the combination of horizontal and vertical curves. Other road factors also include some special road section structures, such as route intersections, bridges, tunnels, etc., as well as pavement conditions and traffic facilities.
4.2.4 Impact analysis of environmental factors on road traffic accidents
    Road traffic environmental factors can be divided into two categories: one is the natural environment in the road traffic system, and the other is the artificially created environment to make the road more smooth and safe.
    (1) Natural environmental factors
    Climate conditions are closely related to traffic safety. Bad weather will reduce the friction coefficient of the road surface, block the driver's sight, and make the driver nervous, which is very easy to cause accidents. Therefore, analyzing the relationship between climate conditions and driving safety can effectively reduce traffic accidents. In 2020, the accident rate of road traffic accidents in Yizheng City of Yangzhou city was the highest under cloudy weather, accounting for about 32.67%. In cloudy weather, people's psychological activities will fluctuate, so the number of road traffic accidents will be correspondingly high. In rainy and snowy days and foggy days, the probability of road traffic accidents is 33.66% and 7.92% respectively. In rainy and snowy days, the friction coefficient of the road surface decreases, and the vehicle skids easily lead to road traffic accidents; The visibility in foggy days is low, which is affected by the sight distance, and it is more likely to cause rear end collision accidents.
    Road traffic accidents are affected by climate, environment and other factors, and their distribution laws in a year, a week and a day are different. The traffic accidents in Yizheng City of Yangzhou City fluctuate obviously with months. The frequent periods are mainly in October, November and December, accounting for about 34.65%. The number of road traffic accidents in January, August and September is the lowest in the whole year, accounting for 5.94%. The occurrence of road traffic accidents is also closely related to the week. The probability of traffic accidents on Sunday, Monday, Friday and Saturday is very high, accounting for 18.81%, 15.84%, 14.85% and 14.85% respectively. In addition, there were many accidents between 6:00 and 9:00 and between 15:00 and 18:00, accounting for 30.69% and 19.80% of the total number of accidents respectively, followed by 9:00 to 12:00 and 18:00 to 21:00, accounting for 12.87% and 10.89%. Therefore, we can effectively analyze the distribution law of road traffic accidents in these areas and take measures to reduce the number of casualties.
    (2) Artificial environmental factors
    Road operation area refers to a section of no traffic area formed by temporarily closing one or several lanes in the process of handling road traffic accidents and road maintenance. It is an area set up for the purpose of accident responsibility identification and accident site investigation. It is composed of warning area, transition area and buffer area. However, occupying the road space will reduce the vehicle road or narrow the lane, resulting in changes in the road environment. If an accident occurs at this time, the driver's buffer area is insufficient, which will greatly increase the possibility of accidents due to unpreparedness.
    The traffic volume not only affects the driving of vehicles, but also seriously affects the psychology of drivers. The traffic volume is too large, which leads to traffic jams on the roads, and makes drivers angry because of the stagnation of vehicles, which leads to accidents. When the traffic volume is small, drivers will cause road traffic accidents due to high-speed driving and risky driving. Therefore, the driver should maintain a good attitude during driving, drive safely and not be impatient in case of traffic jams to avoid accidents.
5 Model construction and analysis of fault tree and Bayesian network
5.1 Fault tree model construction
5.1.1 Determine events at all levels of fault tree
    (1) Top event
    The urban road traffic accident studied is regarded as the top event of the fault tree.
    (2) Intermediate event
    Unsafe behavior of people, unsafe state of vehicles, dangerous road factors and unfavorable environmental factors are regarded as the first level intermediate events. Human unsafe behaviors include motor vehicle driver factors and non motor vehicle driver factors. The factors of motor vehicle drivers are divided into bad state and improper behavior. The bad state refers to the accident caused by the virtual objective conditions such as the driver's mood and state; Improper behavior is the accident caused by the driver's subjective illegal driving or actual operation error. The unsafe state of the vehicle includes the vehicle's own safety condition and the vehicle's potential safety hazard. Dangerous road factors include road sections and road conditions. Adverse environmental factors can be divided into weather conditions and sight conditions.
    (3) Basic events
    In terms of the bad state of motor vehicle drivers: in the process of establishing the fault tree model, some contributing factors in the previous chapter are abstracted, such as driving age} 2 years is described as inexperience, and age > 60 years is described as old and weak. The improper operation of motor vehicle drivers can be divided into illegal driving and operational errors. Illegal driving is the behavior made by the driver due to his violation of traffic regulations, including driving without a license, illegal U-turn, illegal overtaking, etc; The operational error is that the driver could have taken measures to stop the occurrence of traffic accidents, but did not take them or did not take them in time, including not giving way according to the regulations and not braking in time.
    The traffic accidents caused by non motor vehicle drivers mainly focus on the drivers' lack of safety awareness, self-protection awareness and legal awareness; The causes of accidents caused by pedestrians and passengers are similar to those caused by non motor vehicle drivers, including illegal crossing of traffic lanes and illegal crossing of isolation facilities. The basic events of vehicles, roads and environmental factors will not be described again. See Figure 5-1 for details.
5.1.2 Building fault tree model structure
    In combination with the above analysis of the events at all levels of the fault tree, the logical relationship between events is determined, and the events are connected in series from top to bottom by logic gates to form an accident chain. The fault tree constructed is shown in Fig. 5-1.
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Figure 5-1 fault tree model of urban traffic accidents
5.2 Bayesian network model construction and analysis
5.2.1 Mapping relationship between fault tree and Bayesian network
    According to the structural principles of fault tree and Bayesian network, there are corresponding relationships between fault tree events and Bayesian network nodes, and between fault tree logic gates and Bayesian network connection strength. Therefore, the Bayesian network can be used to show the characteristics of events and their probabilities by using the strength of nodes and connections. The fault tree model that has been built can be transformed into a Bayesian network model, and the basic probability of the fault tree can be transformed into a priori probability of the Bayesian network, and then the probability distribution of the fault causes can be analyzed according to the research results.
    There is a one-to-one correspondence between fault tree events and Bayesian network nodes, and fault tree events are also the complete set of nodes needed to build Bayesian networks. Therefore, the node state of the Bayesian network can be expressed as follows:
=      i=1,2, … ,n
    Structure function of top event t  Expressed as:
= i=1,2, … ,n
    The fault tree logic gate is used to represent the causal relationship between events. This accident model only uses and gate and or gate, and other logic gates will not be described again. The and gate indicates that the output events will occur only when all the events at the input end of the gate occur; Or gate means that as long as an event at the input occurs, the event at the output will occur. The connection strength of Bayesian network expresses the causality and dependency between nodes, so from the perspective of system theory, there is a great correlation between the logic gates in the fault tree and the connection strength in Bayesian network.
5.2.2 Establishment of Bayesian network topology
    The fault tree events have two states, so each node in the Bayesian network transformed by the fault tree also has only two states, corresponding to "occurring" and "not occurring", and their corresponding states are "1" and "O". The probability that the root node state is "I" is the probability value of each event. According to the sum of the node occurrence probabilities as 1, the probability value that each node state is "0" can be obtained. The prior probability of the root node of Bayesian network is shown in Table 5-1.
Table 5-1 Priori probability of root node of Bayesian network
	Root node
	P(=1)
	P(=0)
	Root node
	P(=1)
	P(=0)

	
	0.3641
	0.6359
	
	0.1601
	0.8399

	
	0.1127
	0.8873
	
	0.4466
	0.5534

	
	0.2259
	0.7741
	
	0.1790
	0.8210

	
	0.1429
	0.8571
	
	0.2461
	0.7539

	
	0.1544
	0.8456
	
	0.5750
	0.4250

	
	0.0644
	0.9356
	
	0.3981
	0.6019

	
	0.0662
	0.9338
	
	0.1079
	0.8921

	
	0.0744
	0.9256
	
	0.4940
	0.5060

	
	0.1703
	0.8297
	
	0.5400
	0.4600

	
	0.1288
	0.8712
	
	0.1020
	0.8980

	
	0.1077
	0.8923
	
	0.0855
	0.9145

	
	0.0963
	0.9037
	
	0.2725
	0.7275

	
	0.2918
	0.7082
	
	0.5318
	0.4682

	
	0.2082
	0.7918
	
	0.1895
	0.8105

	
	0.2553
	0.7447
	
	0.2787
	0.7213

	
	0.4495
	0.5505
	
	0.8048
	0.1952

	
	0.0870
	0.9130
	
	0.1952
	0.8048

	
	0.1601
	0.8399
	
	0.6595
	0.3405

	
	0.2332
	0.7668
	
	0.3405
	0.6595



    According to the mapping relationship between fault tree and Bayesian network, the top events, intermediate events and basic events in the fault tree of urban road traffic accidents are transformed into middle nodes, intermediate nodes and root nodes of Bayesian network, respectively, and connected by directed arcs. Draw the model with the help of netica software and input the prior probability and conditional probability table, as shown in Figure 5-2. It can be seen from the figure that the probability of accidents caused by personnel factors is 76.4%, and the probability of accidents caused by vehicles, roads and environmental factors is 49.9%, 62.6% and 39.8% respectively.
        [image: ]
Figure 5-2 Bayesian network of urban road traffic accidents
5.2.3 Bayesian network model analysis
5.2.3.1 Posterior probability reasoning
    It can be seen from Fig. 5-2 that the prior probability of "urban road traffic accident" of the leaf node is 0.973, and the prior probability of the leaf node is 0.973, which is close to 1. Therefore, the Bayesian network model is reasonable and feasible. The probability update of Bayesian network can be used to take the leaf node "urban road traffic accident" as the target node. The probability of the target node is set to 100% in netica software, and the posterior probability of each node under fault conditions is shown in Fig. 5-3. The analysis results of the posterior probability are shown in table 5-2.
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Fig. 5-2  Posterior probability of each node of Bayesian network 
Table 5-2 Posterior probability analysis results
	Root node
	
	
	
	
	
	
	
	
	
	
	
	
	

	Priori probability(%)
	36.4
	11.3
	22.6
	14.3
	15.4
	6.53
	6.72
	7.42
	17.1
	12.7
	10.8
	9.63
	29.2

	Posterior probability(%)
	36.6
	11.3
	22.7
	14.4
	15.4
	6.53
	6.72
	7.55
	17.3
	12.9
	10.8
	9.63
	29.2

	Importance ranking
	3
	6
	5
	5
	6
	6
	6
	5
	4
	4
	6
	6
	6

	Root node
	
	
	
	
	
	
	
	
	
	
	
	
	

	Priori probability(%)
	21.1
	20.7
	45.8
	8.4
	15.8
	23.0
	15.8
	44.3
	18.1
	24.9
	57.0
	39.7
	10.6

	Posterior probability(%)
	21.4
	21.1
	46.2
	8.7
	16.1
	23.4
	16.1
	44.7
	18.4
	25.3
	57.5
	40.1
	10.9

	Importance ranking
	3
	2
	2
	3
	3
	2
	3
	2
	3
	2
	1
	2
	3

	Root node
	
	
	
	
	
	
	
	
	
	
	
	
	

	Priori probability(%)
	48.9
	55.0
	10.2
	8.48
	26.9
	52.7
	18.7
	27.5
	80.0
	19.4
	65.5
	34.7
	

	Posterior probability(%)
	49.4
	55.5
	10.5
	8.78
	27.3
	53.2
	19.0
	27.9
	80.5
	19.7
	66.0
	35.0
	

	Importance ranking
	1
	1
	3
	3
	2
	1
	3
	2
	1
	3
	1
	3
	



It can be seen from table 5-2 that the posterior probability has increased compared with the prior probability. Among them, the probability of the six root nodes  (brake failure),  (large vehicle),  (long straight road),  (wet road),  (rainy and snowy days) and  (no lighting at night) has increased the most, and the risk is also greater compared with other root nodes.
5.2.3.2  Sensitivity analysis
    The sensitivity analysis of Bayesian network is to study and predict the change of output value caused by the change of attributes of the system, which is used to judge the impact of root nodes on leaf nodes. In the traffic safety management, based on the sensitivity coefficient of each factor, the factors that have a great impact on the results can be quickly found out, and the way of key monitoring can be adopted, and the factors with small sensitivity can be eliminated to reduce the complexity of the system. Netica software can realize the sensitivity analysis of Bayesian networks. First select the leaf node "urban road traffic accidents", and then click the "sensitivity to finds" button to carry out the sensitivity analysis. See table 5-3 for the sensitivity of other nodes to leaf nodes.
Table 5-3 Sensitivity analysis of leaf node
	Node ID
	Degree of correlation
	percentage
(%)
	Coefficient of variation of correlation index
	Node ID
	Degree of correlation
	percentage
(%)
	Coefficient of variation of correlation index

	T
	0.19720
	100
	0.0296275
	
	0.00493
	2.5
	0.0001085

	
	0.06425
	32.6
	0.0028817
	
	0.00473
	2.4
	0.0001039

	
	0.03654
	18.5
	0.0011635
	
	0.00468
	2.37
	0.0001027

	
	0.03608
	18.3
	0.0011424
	
	0.00447
	2.27
	0.0000980

	
	0.02728
	13.8
	0.0007773
	
	0.00431
	2.19
	0.0000943

	
	0.02200
	11.2
	0.0005890
	
	0.00381
	1.93
	0.0000830

	
	0.02126
	10.8
	0.0005644
	
	0.00370
	1.87
	0.0000803

	
	0.01943
	9.85
	0.0005051
	
	0.00370
	1.87
	0.0000803

	
	0.01942
	9.85
	0.0005045
	
	0.00370
	1.87
	0.0000803

	
	0.01693
	8.58
	0.0004273
	
	0.00360
	1.83
	0.0000781

	
	0.01649
	8.36
	0.0004142
	
	0.00322
	1.63
	0.0000697

	
	0.01405
	7.12
	0.0003432
	
	0.00250
	1.27
	0.0000825

	
	0.01092
	5.54
	0.0002575
	
	0.00241
	1.22
	0.0001106

	
	0.01029
	5.22
	0.0002408
	
	0.00206
	1.04
	0.0000439

	
	0.00965
	4.89
	0.0003687
	
	0.00186
	0.944
	0.0000607

	
	0.00818
	4.15
	0.0001868
	
	0.00182
	0.924
	0.0000594

	
	0.00749
	3.8
	0.0001698
	
	0.00162
	0.82
	0.0000525

	
	0.00749
	3.8
	0.0001698
	
	0.00090
	0.458
	0.0000372

	
	0.00721
	3.66
	0.0001629
	
	0.00084
	0.427
	0.0000345

	
	0.00706
	3.58
	0.0001592
	
	0.00066
	0.335
	0.0000210

	
	0.00689
	3.5
	0.0001552
	
	0.00025
	0.129
	0.0000100

	
	0.00688
	3.49
	0.0001550
	
	0.00023
	0.115
	0.0000089

	
	0.00669
	3.49
	0.0001503
	
	0.00020
	0.101
	0.0000078

	
	0.00658
	3.34
	0.0001478
	
	0.00017
	0.0878
	0.0000068

	
	0.00628
	3.19
	0.0001406
	
	0.00016
	0.0788
	0.0000061

	
	0.00589
	2.99
	0.0001311
	
	0.00014
	0.0701
	0.0000054

	
	0.00562
	2.85
	0.0001247
	
	0.00012
	0.0629
	0.0000048

	
	0.00528
	2.68
	0.0001167
	
	0.00010
	0.0513
	0.0000039


    The correlation information in the table indicates the degree of dependence of this node on leaf nodes. The larger the value, the greater the sensitivity. In general, the six nodes , ,,,and are all in a relatively high position in probability importance, critical importance, posterior probability reasoning and sensitivity analysis. Therefore, when formulating road traffic safety countermeasures, the above nodes should be taken into account.
5.2.4 Road traffic safety improvement measures
    In view of the personnel factors in the secondary indicators, the following targeted improvement measures are proposed:
(1) We will deepen publicity and education on road traffic safety. Traffic safety should start with children. From kindergarten to high school, education departments at all levels should actively cooperate with the work of traffic management departments. Traffic management departments should regularly organize traffic police to enter schools to publicize traffic laws and regulations, and play traffic safety publicity videos. In addition, traffic management departments should give full play to the publicity role of new media. The whole process of traffic police law enforcement will be broadcast live. The traffic police can answer the questions of the audience and carry out law popularization education while broadcasting. The live broadcast of traffic police law enforcement can not only enable law breakers to clearly understand their mistakes, but also enable the masses to more intuitively learn the general knowledge of traffic safety laws, and turn the law enforcement scene into a classroom for law popularization. With the help of social software such as wechat and Weibo, it can also push road traffic accident cases and traffic accident handling cases to drivers, publicize and report some excellent driver deeds, so as to improve drivers' awareness of law-abiding and civilized traffic quality.
(2) Strengthen driver training. At present, drivers in China obtain driving licenses through driving school training, and the level of driving schools affects the driving skills of drivers. However, in order to maximize economic benefits, some driving schools often pay attention to the passing rate of students, thus ignoring the training of students' driving skills. In this regard, relevant departments should conduct strict qualification examination for driving schools and raise the industry entry threshold. At the same time, the internal management of driving schools should also be strengthened, especially the comprehensive quality of coaches. After obtaining the driver's license, the traffic management department also needs to conduct regular assessment on drivers, including traffic laws and regulations and safe driving knowledge. Passenger transport enterprises and taxi companies should also strictly implement their 24-hour supervision responsibilities and correct drivers' illegal behaviors in a timely manner.
    The following improvement measures are proposed for brake failure, large vehicles, long straight sections, wet roads, rainy and snowy weather, and no lighting at night in the four level indicators:
(1) For brake failure. In the vehicle design process, we should strictly control the quality and prevent potential safety hazards. During the use of the vehicle, in addition to the necessary annual inspection of the vehicle, the driver himself should also conduct regular safety inspection of the vehicle, including the tire condition, steering condition, braking sensitivity, etc. In the daily traffic management, the traffic police should not only maintain the public safety order of road traffic and investigate and deal with violations of laws and regulations, but also include whether the motor vehicles pass the inspection on time into the daily management.
(2) For large vehicles. Large vehicles should set the engine program before driving. In case of overspeed during operation, the vehicle will automatically take speed limit measures. When the vehicle turns or reverses, it will automatically display the image of the blind area. In case of unsafe driving behavior, it will give an active voice alarm. The traffic management department should also work with the road administration department to delimit the right turn dangerous area. When large vehicles pass through the intersection, they should turn right at a large angle outside the right turn danger area, which can effectively eliminate the potential safety hazards caused by large vehicles turning right and interweaving with pedestrians and non motor vehicles.
(3) For long straight sections. The correct road design depends on the scientific urban development planning. The Ministry of urban planning should pay attention to optimizing the traffic organization and urban road network when formulating the planning. It can require the road design units to participate together, and encourage the design units to make reasonable optimization within the planning scope to improve the scientificity of the planning. At the initial stage of the design of municipal roads, reasonable planning should be carried out, and multiple alignments should be matched. The alignments should not be single or too complex, and the driving habits of drivers and the overall planning of the city should be fully considered.
(4) For wet roads. Unsafe factors such as wading pavement and reduced road friction seriously affect driving safety. The road maintenance department should strengthen the maintenance and reconstruction of roads and improve drainage facilities. Road designers should also give full consideration to the design of pothole sections as fast drainage pavement at the early stage of design.
(5) For rainy and snowy weather. The meteorological department shall release weather information in time so that drivers can prepare for extreme weather in advance. It is also necessary to integrate informatization into traffic management, investigate and deal with illegal behaviors through video monitoring system, speed measuring system and checkpoint system, improve the rate of illegal investigation and treatment, and realize electronic patrol through video monitoring system to timely find out bad weather, traffic accidents, traffic jams and other special situations.
(6) There is no lighting at night. According to the design standards and relevant specifications, lighting facilities shall be added in the accident prone sections to ensure sufficient sight distance and improve the traffic facilities with reflective functions.
6 Research conclusion and innovation
6.1 Research conclusion
This paper focuses on urban road traffic accidents, using fault tree and Bayesian network to analyze the causes of accidents. Using the research methods of literature survey, accident data statistics and questionnaire survey, the factors affecting urban road traffic accidents are found out. The distribution and proportion of each cause factor are analyzed in detail from the four aspects of people, vehicles, roads and environment, 38 main cause factors are extracted, and the cause index system of urban road traffic accidents is constructed. Using the extracted 38 main causative factors, a hierarchical structure model is constructed, and the subjective probability of each index is obtained by AHP. Then normalize the accident data to obtain the objective probability of each index. Based on the principle of minimum discriminant information, the subjective and objective probabilities of each index are integrated to obtain the comprehensive probability closest to the subjective and objective probability, which provides support for the analysis of fault tree and Bayesian network model. The main conclusions obtained from the analysis are as follows:
Through qualitative and quantitative analysis of the constructed fault tree model, it is concluded that the six factors of "brake failure", "long straight road section", "wet road surface", "rain and snow weather", "large vehicle" and "no lighting at night" are highly important in the four level indicators. Therefore, in the future traffic safety management, we should focus on these six basic events.
According to the mapping relationship between fault tree and Bayesian network, the fault tree of urban road traffic accidents is converted into Bayesian network, and the Bayesian network model of urban road traffic accidents is constructed, and the posterior probability reasoning and sensitivity analysis are carried out. Through reasoning and analysis, it can be concluded that when the leaf node "urban road traffic accident" inevitably occurs, the posterior probability will also change accordingly, of which the probability increase of the six root nodes of the four level index "brake failure", "long straight road section", "wet road surface", "rain and snow weather", "large vehicle" and "no lighting at night" is the largest, which is basically consistent with the analysis results of the fault tree. Among the secondary indicators causing accidents, the proportions of human, vehicle, road and environmental factors are 76:4%, 49.9%, 62.6% and 39.8/0 respectively, indicating that human factors are the main contributing factors in the secondary indicators. The main cause factors of the second level indicators are different from the main cause factors of the fourth level indicators. The reason is that the second level indicator personnel factors include 21 fourth level indicators, which is far more than the six, seven and four fourth level indicators of the second level indicator vehicles, roads and environmental factors, which makes the probability value of the fourth level indicators of personnel factors after data normalization is low, Thus, the index importance of the four level indicators of personnel factors is lower than that of the six main cause factors in the four level indicators.
To sum up, among the secondary indicators, personnel factor is the main contributing factor; Among the four indicators, "brake failure", "long straight road section", "wet road surface", "rain and snow weather", "large vehicles" and "no lighting at night" are the main contributing factors.
6.2 Evaluation
    (1) Cause analysis based on actual traffic accident data. Based on the literature review at home and abroad, it is found that scholars have analyzed the factors affecting road traffic safety from different angles. Generally, they can be summarized as four factors: people, vehicles, roads and environment. Among them, as for personnel factors, scholars only analyze the influence of motor vehicle drivers, ignoring non motor vehicle drivers, pedestrians and passengers. Combined with the actual case data, this paper brings the factors of non motor vehicle drivers, pedestrians and passengers into the evaluation index system, which provides a reference for the follow-up research.
(2) The method of determining the basic probability of fault tree events is optimized. There are generally three methods to determine the basic probability of fault tree events: experimental measurement method, expert experience value method and database statistical calculation method, but these three methods have certain limitations. This paper uses analytic hierarchy process and invites experts to score to determine the subjective probability, uses the actual case data to calculate the objective probability, and then uses the principle of minimum identification information to obtain the comprehensive probability closest to the subjective and objective probability. Taking this comprehensive probability as the basic probability of fault tree events overcomes the limitation of using a single method, and makes the conclusion of fault tree analysis more objective and reasonable.
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