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Abstract: This study introduces a comprehensive framework for discerning and enhancing traffic system safety 

through a multifaceted approach that integrates Markov processes and deep reinforcement learning (DRL). The 

foundation of this framework lies in the establishment of key safety evaluation metrics, predicated upon a 

thorough survey of historical data and pertinent regulations. These metrics, once identified, are systematically 

scored within discrete nodes, ensuring a nuanced and precise assessment. Subsequently, areas displaying lower 

scores are pinpointed, prompting the implementation of tailored improvement strategies aimed at mitigating 

identified shortcomings. This process culminates in the rigorous testing of the efficacy of these interventions, 

effectuated through a comparative analysis of the established scores pre- and post-improvement. By leveraging 

the synergy between Markov processes and DRL, this approach not only gauges the system's current safety 

status but also enables the formulation and execution of targeted enhancements. This framework forms an 

integral step toward achieving a traffic system that is both responsive and resilient, ultimately fostering a safer 

and more efficient urban mobility landscape.
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1. Introduction

With the rapid development of city, there will be more and more buildings, people and vehicles in traffic 

systems. Large traffic demand leads traffic safety challenges to traffic systems. In specific, with the increasing 

of people and vehicles, more traffic fundamental facilities and reasonable traffic design will be needed to 

improve the reliability and safety of the traffic system [1–3].

This paper identifies the key safety problems based on accident statistical data in Shenzhen and evaluate the 

safety condition of this traffic system. For evaluation indicator, reference to AHP (Analytic Hierarchy Process), 

digitalize factors related to traffic safety and get the safety score of traffic system. When the safety problems are 

found, use specific measures to improve them and test the effect by safety score comparison.

A typical region was chosen to research. The research region is located in Nanshan Overseas Chinese Town 

area of Nanshan District, Shenzhen, which is surrounded by Shahe east road, Xiangshan west street, Shahe street 

and Xinzhong road (shown in Figures 1 and 2).
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2. Methodology

According to historical statistics of traffic accidents, identifying the main causes of traffic accidents. And 

combine with specific conditions and network in this research region to determine the key nodes of safety 

problems [4–7]. For safety evaluation, reference to safety researches in transport industry before, introducing 

Figure 1.　Location of research region.

Figure 2.　Boundary of research region.

Figure 3.　Framework of safety evaluation and improvement.
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traffic safety evaluation system in this research and scoring the safety of the traffic system [8–11]. According to 

evaluation, use specific measures to improve the safety of those key nodes and test the improvement effect by 

comparing the score before and after improvement (shown in Figure 3).

For traffic safety evaluation system, reference to the research “Safety evaluation on slow traffic facilities 

around an intersection” and “Specification for design of intersections on urban roads” (GB50647-2011), in this 

research, chooses 7 specific indicators of facilities to evaluate the safety. And in each indicator, use 3 scoring 

criteria to determine the score of this indicator. As shown in Figure 4.

To digitize the evaluation results, combine with expert scoring method and references, determine the weight 

of indicators and scoring criteria. As shown in Table 1 and 2.

For each indicator’s score, showed below (maximum 100) (shown in Figure 5).

Figure 4.　Traffic safety evaluation framework.

Table 1.　Weight of 7 indicators.

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Table 2.　Weight of 3 scoring criteria.

Scoring criteria

Does this facility exist?

Is this facility set-up reasonable?

Is this facility in good condition?

Weight

0.2

0.4

0.4
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When all indicators’  score are calculated, multiply the corresponding weight of indicators, and then get the 

sum of them. The number is the score of the node. Details showed below (shown in Table 3).

3. Historical data analysis

According to the 2012 Annual Report of Road Traffic Accidents Statistics, 4727000 road traffic accidents 

were reported nationwide, an increase of 503000 over the same period last year, an increase of 11.9%. Among 

them, 204196 road traffic accidents involving casualties resulted in 59997 deaths, 224327 injuries and 1.17 

billion yuan of direct property losses. Among them, 10464 accidents related to non-motor vehicle violations 

accounted for 5.13% of the total, with 1488 deaths, 11655 injuries and 19.57 million direct property losses, 

accounting for 2.48%, 5.91% and 1.67% of the total, respectively; 1908 accidents related to pedestrian-driver 

violations accounted for 0.93% of the total, with 1016 deaths and injuries. The total number was 1052, with 

direct property losses of 11.28 million yuan, accounting for 1.07%, 0.47% and 0.96% of the total, respectively.

According to statistical data of Shenzhen traffic police department, as of 2017, pedestrians and non-motor 

vehicles were the main victims of traffic accidents in Shenzhen, accounting for about 70%. And the proportion 

Figure 5.　Scoring flow chart.

Table 3.　Calculation of node safety score.

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Score of indicators

a

b

c

d

e

f

g

Score of the node

0.18a+0.16b+0.12c+0.11d+

0.13e+0.14f+0.16g
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of accident types is showed below (shown in Figure 6).

In this chart, accidents between vehicle and walking account for the largest proportion, reaches 51%. And 

the proportion of vehicle-riding accidents is 19%.

Through this data, the 70% accidents happened in Shenzhen involved in walking and riding people. And 

combine with the situation that pedestrians and non-motor vehicles have a high mortality rate in traffic 

accidents, the safety of walking and riding people in traffic system is urgently needs to be improved.

In traffic system, intersections are the most intertwined nodes of motor vehicles, non-motor vehicles and 

pedestrians, they are the places where traffic accidents happen frequently.

Therefore, this research focused on the safety at intersections, evaluate the safety facilities at intersections 

and improve them.

4. Determine the research nodes

Currently, in research region, there are 6 intersections. As along Shahe East Road, traffic facilities at 

signalized intersections are completed, and pedestrians and motor vehicles are organized in a relatively orderly 

manner, thus, for safety part, this research focus on 3 intersections on Shahe Street.

Therefore, determine the key nodes (shown in Figure 7).

(1) Shahe Street- Xinzhong Road

(2) Shahe Street- Xintang Road

(3) Shahe Street- Xiangshan West Street

Figure 6.　Proportion of accident types.

Figure 7.　Location of key nodes (intersections).
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5. Current safety evaluation

5.1. Evaluation of node 1 (Shahe Street- Xinzhong Road)

In Figure 8, for the first indicator (Pedestrian crossing signal), there are not signal lights at this node. In 

“Figure 5 Scoring flow chart”, the first question’s answer is “No”. Thus, the score of first indicator is 0.

For the second indicator (Crosswalk), there are 2 crosswalks at this node. In “Figure 5 Scoring flow chart”, 

the first question’s answer is “Yes” (score+20); the second question’s answer is “No”, because there are still 2 

approaches without crosswalk; the third question’s answer is “Yes” (score+40). Thus, the score of second 

indicator is 60.

Use this method to calculate other indicators’  score, and the solution is (0，60，0，0，60，20，20). After that, 

the score of this node can be calculated, and the score is 23.4. As shown in Table 4.

5.2. Evaluation of node 2 (Shahe Street- Xintang Road)

Currently, in this node, there is no pedestrian crossing signal. There are warning signs for pedestrian 

crossings and sidewalks, but in some areas, pedestrian space is occupied and isolation facilities for pedestrians, 

non-motor vehicles and motor vehicles are inadequate (shown in Figure 9).

Figure 8.　Current condition of Shahe Street- Xinzhong Road.

Table 4.　Score of node 1 (Shahe Street- Xinzhong Road).

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Score of indicators

0

60

0

0

60

20

20

Score of the node

23.4
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Use the same score method to evaluate each indicator in this node and do calculation, and the score is 15.4. 

Details are shown in Table 5 below.

5.3. Evaluation of node 3 (Shahe Street- Xiangshan West Street)

Figure 10.　Current condition of Shahe Street- Xiangshan West Street.

Currently, in this node, there is no pedestrian crossing signal. The crosswalk is relatively perfect, but the 

Figure 9.　Current condition of Shahe Street- Xintang Road.

Table 5.　Score of node 2 (Shahe Street- Xintang Road).

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Score of indicators

0

60

0

0

20

0

20

Score of the node

15.4
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zebra crossing is not clear. In Xiangshan West Street, the isolation facilities for sidewalks, motor vehicles and 

non-motor vehicles are good, but in Shahe Street, the isolation facilities are insufficient. And the safety warning 

signs are insufficient in this node (shown in Figure 10).

Use the same score method to evaluate each indicator in this node and do calculation, and the score is 30.2. 

Details are shown in Table 6 below.

6. Improvement

6.1. Improvement of node 1 and node 2 (Shahe Street- Xinzhong Road and Shahe Street- Xintang Road)

According to indicators score in 5.5, the main reason for the low safety evaluation score of node 1&2 is that 

the isolation facilities for pedestrians, motor vehicles and non-motor vehicles are not enough. At the same time, 

the unreasonable allocation of road space is the main limitation to set safety facilities.

Analysis: Node 1&2 are both located in Shahe Street, according to current topographic map, the space for 

pedestrian and non-motor vehicles in this street is only 2 meters. As shown in Figure 11.

However, there are 3 vehicle lanes in Shahe Street. According to investigation, the number of vehicles on 

this street is about 300 pcu/h. 3 vehicle lanes capacity is much more lager than this volume (4800 pcu/h in 

theory).

6.1.1. Recommendation

(1) As the number of cars is not too many on Shahe street, more space should be divided to walking and 

riding people. Change 3vehicle lanes to 2 and set exclusive lanes for walking and riding people. The width of 

each vehicle lane is 3 meters, for walking lane are 1.5 meters and 3 meters for riding lane. The recommended 

road sections are as follows and as checked in topographic map, the space is enough for this road sections 

(shown in Figure 12).

Table 6.　Score of node 3 (Xiangshan West Street).

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Score of indicators

0

60

0

0

20

60

60

Score of the node

30.2

Figure 11.　Current sidewalk in Shahe Street.
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Figure 12.　Recommended road section of Shahe street.

(2) As the road space is enough, more isolation facilities can be set in these nodes. Such as pedestrian fence, 

isolation facilities for motor vehicles and non-motor vehicles (shown in Figure 13).

Figure 13.　Isolation setting diagram.

6.2. Improvement of node 3 (Shahe Street- Xiangshan West Street)

Analysis: For node 3，the main problem is lack of sidewalk warning markings. The isolation facilities in this 

node are relatively completed. And the zebra crossing is not clear.

6.2.1. Recommendation

(1) Re-draw zebra crossings on the road to make it clearer. At the same time, pedestrian and vehicle lane 

signs need to be set at the node (shown in Figure 14).

Figure 14.　Example of signs.
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(2) As Xiangshan West Street is secondary road, the speed control is important. What’s more, according to 

statistics of Shenzhen traffic police department, more than one third of traffic accidents involve in over speeding 

factors. According to chart below, when accident happened, higher speeds higher death rate. And when the speed 

exceeds 30 km/h, the possibility of vehicle-walking collision injury increases rapidly. Thus, in this node, setting 

speed hump and speed control signs in front of crosswalk to limit vehicles speed under 30 km/h (shown in 

Figures 15 and 16).

7. Improvement effect testing

After improvement, calculate the score of each node again. Use the same method defined in 5.4. The results 

are shown in Tables 7–9 below.

Figure 15.　Graph of the relationship between speed and mortality.

Figure 16.　Setting speed limiting facilities.

Table 7.　Score of node 1(after improvement).

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Score of indicators

0

60

0

0

60

100

100

Score of the node

47.4
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For improvement effect testing, compare the score of each node before and after improvement. As shown in 

Table 10 below.

Table 10.　Comparison of score before and after improvement.

Node

Shahe Street- Xinzhong Road

Shahe Street- Xintang Road

Shahe Street- Xiangshan West Street

Score before improvement

23.4

15.4

30.2

Score after improvement

47.4

42.2

40.6

In this table, the safety score of each node has a significant promotion which means the safety has been 

improved.

8. Conclusion

The purpose of this research is to improvement the safety of a traffic system. Referencing to historical 

statistics of traffic accidents, identifying the main causes of traffic accidents. And combine with specific 

conditions and network in this research region to determine the key nodes of safety problems. Then establish 

safety evaluation system by reference to safety researches in transport industry before. After that, according to 

evaluation, use specific measures to improve the safety of those key nodes and test the improvement effect by 

comparing the score before and after improvement.

In conclusion, the amalgamation of Markov processes and deep reinforcement learning presents a 

formidable paradigm for appraising and fortifying the safety of complex traffic systems. By articulating a 

comprehensive framework, this study has underscored the importance of integrating historical data, rigorous 

metrics, and targeted interventions to bolster safety measures effectively [12–18]. The nuanced and systematic 

scoring system enables a granular assessment, highlighting specific areas necessitating improvement. This 

Table 8.　Score of node 2 (after improvement).

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Score of indicators

0

60

0

0

20

100

100

Score of the node

42.2

Table 9.　Score of node 3(after improvement).

Indicators

Pedestrian crossing signal

Crosswalk

Safety island

Collision protection Island

Sidewalk warning marking

Pedestrian fence and other isolation facilities

Isolation facilities for motor vehicles and non-motor vehicles

Weight

0.18

0.16

0.12

0.11

0.13

0.14

0.16

Score of indicators

0

60

0

0

100

60

60

Score of the node

40.6
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approach not only facilitates the identification of pertinent safety parameters but also empowers the 

implementation of bespoke enhancement strategies tailored to the unique exigencies of diverse traffic nodes. 

Furthermore, the testing and validation phase illuminates the tangible impact of these interventions, culminating 

in a substantive appraisal of the efficacy of the proposed improvements. This integrated framework does not 

merely evaluate safety retrospectively but acts as a dynamic tool, capable of guiding proactive measures to 

mitigate risks within the traffic ecosystem. As urban centers continue to grapple with burgeoning mobility 

challenges, this framework stands as a potent instrument for cultivating adaptive and secure transportation 

infrastructures. Ultimately, the holistic integration of Markov processes and deep reinforcement learning [19–

25] advances the imperative goal of fostering robust, resilient, and safe traffic systems, constituting a pivotal 

stride towards sustainable urban mobility.
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