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Abstract 

Accelerating urbanization leads to the emergence of 

megacities, which causes an increase in motorization of the 

population and the number of private and commercial vehicle 

fleets. Improving the quality of road infrastructure does not 

keep pace with the growth of the fleet of vehicles, which 

causes the emergence of problem situations in road safety. An 

effective measure to ensure the rational functioning of the 

urban transport system is the development and 

implementation of an intelligent road infrastructure 

management system, the intellectual core of which is 

simulation models of problem areas of the road network. It 

also requires a preliminary identification of factors affecting 

the likelihood of accidents and the severity of the 

consequences. As an example, the work describes the 

sequence of development and validation of decisions to 

optimize the city's transport system. For this, a simulation 

model has been developed for the selection of optimal 

parameters for the functioning of traffic lights on a specific 

section of the road network of the city of Elabuga. 

Keywords: analysis of influencing factors, road safety, 

simulation, traffic light regulation. 

 

1. INTRODUCTION 

Accelerating urbanization leads to the emergence of 

megacities, which causes an increase in motorization of the 

population and the number of private and commercial vehicle 

fleets. Improving the quality of road infrastructure does not 

keep pace with the growth of the fleet of vehicles, which 

causes the emergence of problem situations in road safety. 

Although the statistics of road traffic accidents reflects the 

emerging trend of a decrease in the number of accidents, the 

situation remains tense due to the large total number of 

accidents and injured and killed people. 

To reduce road traffic injuries, a number of infrastructural, 

information management, organizational and technical 

measures are proposed, including the widespread introduction 

of systems for automatic registration of traffic violations [1, 

2], systems for collecting information about the situation on 

the roads [3, 4], protection the most vulnerable road users, 

pedestrians [5] and cyclists [6]. 

However, reducing the severity of the consequences on the 

roads as well as the number of injured needs firstly identifying 

the most significant factors affecting injuries in road accidents 

and developing methods for their smoothing. 

 

2. METHODS 

The authors of the work [7] consider traffic intensity as one of 

the most important factors influencing the number of road 

traffic accidents (RTA).  

The authors of the study [8] identified the three most 

significant factors affecting the severity of the consequences 

of an RTA: the presence of a tunnel, the end or beginning of a 

divided highway, the presence of an intersection with a 

railroad bed at an intersection. The frequency of accidents at 

intersections is high, but they are unlikely to result in serious 

injury when compared to other critical road factors. 

It is no coincidence that the authors of the work [9] chose city 

intersections for analysis as places that pose a serious safety 

threat, since most accidents within an urban area occur in 

places or near junctions. They analyzed the safety 

performance of the six types of intersections and the factors 

influencing the severity of accidents. 

The work [10] investigates the issue of the severity of an 

accident in public transport. It was found that on weekends, at 

night, with poor road topography (curved, wet and uneven 

roads) and the absence of barrier separators of opposite traffic 

lanes, in collisions with pedestrians and drunk driving, the 

severity of the consequences is higher. Various types of 

collisions (with the exception of collisions with pedestrians) at 
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regulated intersections that do not have a shoulder are 

characterized as less traumatic. 

The work [11] offers a method based on associative rules to 

analyze the characteristics and factors that contribute to the 

occurrence of accidents during road repairs. Most of the 

association's rules include conditions such as drunk driving, 

highways with more than 4 lanes, speed limits exceeding 40 

km/h, and no traffic control devices. 

Based on the analysis of the work, it can be concluded that the 

probability and severity of an accident is influenced by many 

factors, many of which become a reserve for improving road 

safety.  

As a basis for the optimization of road traffic, many 

researchers consider the study of the existing road network in 

combination with a preliminary analysis of the available 

statistics of road accidents and highlighting significant factors 

[12-14], the study of traffic intensity at a specific object, its 

modeling and optimization of traffic lights, changing the 

number of lanes, erecting barriers and road signs based on the 

study [15-16]. 

Due to the limited budgets of medium and small cities, where 

there are also road safety problems, it is currently relevant to 

develop such measures that are not associated with a large-

scale reconstruction of street and road infrastructure, which 

requires large material costs. 

 

3. RESULTS AND DISCUSSION 

As the initial information for the analysis, we used open data 

collected by the State Traffic Safety Inspectorate in Elabuga 

for 2017-2018.  

At the first stage, a classifier was built to determine the 

significance of factors using growing trees. As a result, after 

the construction of such trees for the objects of the road 

network, it was found that the most serious consequences 

occur in accidents at T and X shaped intersections without 

traffic light regulation: at unregulated intersections of unequal 

streets (roads), the average number of injured is 2; on railway 

tracks (where there are no objects at the accident site), exits 

from the adjacent territory, regulated pedestrian crossings - 

1.25; at regulated intersections, unregulated pedestrian 

crossings, public transport stops, unregulated roundabouts, 

inside courtyard territory - 1. 

Further, the places of concentration of RTAs with the largest 

number of injured in Elabuga were identified (Table 1). 

 

 

 

Table 1: Distribution of the average number of injured by location 

Street 
Average number of injured in 

road traffic accidents 

Molodezhnaya st., Okruzhnoe highway, Neftyanikov lane, Chapaeva st., Sh-2 st., 

Marjaniul, Kazanskaya st., Proletarskaya st., Zemlyanukhina st., Gabdulla Tukaya 

st., Bolgar st., Malaya Pokrovskaya st. 

1.000000 

Neftyanikov avenue 1.133333 

Mira avenue 1.125000 

Moskovskaya street 1.250000 

Stroitelei street 1.375000 

Naberezhno-Chelninskoe highway 2.000000 

Tugarova street 2.333333 

Gassara street 3.000000 

 

An analysis of the graphs of the average number of injured in the context of road infrastructure facilities showed that the most 

serious accidents in 2017 occurred at unregulated intersections of unequal roads, and in 2018 - also at regulated intersections, 

bridges and overpasses (Fig. 1). 
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Figure 1: Graphs of the average number of injured by road traffic police facilities: (a) 2017, (b) 2018. 

To improve road safety, it is necessary to develop measures 

that eliminate traffic obstacles, leveling hazard factors and 

reducing the number of conflict situations that are created by 

existing road conditions. These activities include increasing 

visibility at the entrances to intersections, replacing 

unregulated intersections with self-regulating roundabouts, as 

well as traffic light regulation, construction of multi-level 

junctions and overpasses, organization of acceleration and 

deceleration lanes. 

The analysis of the places of concentration of road accidents 

revealed the need to introduce regulation at the intersection of 

Neftyanikov Avenue with Okruzhnoye and Tanaevskoye 

highways in Elabuga to reduce the likelihood and severity of 

accidents. 

As one of the solutions, we can offer the organization of a 

self-regulating ring intersection. The geometrical parameters 

of the road sections that require the construction of a circular 

intersection allow the implementation of this measure without 

hindrance with the corresponding diameter of the ring and 

island, as well as the width of the carriageway. The advantage 

of circular intersections is their ability to provide the safest 

and most comfortable traffic conditions at the intersection of 

roads, significantly reduce and eliminate conflict points of 

intersection of traffic flows, which in combination leads to a 

decrease in accidents and, especially, the severity of road 

accidents. It is also worth noting the low loss of time due to 

stops compared to regulated intersections. However, this type 

of intersection does not provide an effective organization of 

pedestrian traffic, therefore it is necessary to consider other 

measures aimed at increasing the safety of pedestrian traffic. 

The solution to this situation can be the installation of a traffic 

light at this intersection, which with adequate adjustment can 

streamline traffic, reduce accidents by separating pedestrian 

and traffic flows, eliminate ambiguity in the interpretation of 

situations by drivers and ensure a safe crossing of the 

intersection by pedestrians and cyclists.  

Additionally, organizing an adjustable pedestrian crossing and 

arranging pedestrian railings allows for the transfer of an 

unregulated pedestrian crossing near house 12 on Neftyanikov 

Avenue to this intersection, which will also increase safety in 

this area in terms of traffic management. 

The effectiveness of this solution can be checked using 

simulation. The AnyLogic® software package was chosen as 

an environment for building a simulation model.  

General parameters of road traffic in the city of Elabuga at a 

specific investigated intersection are presented in Table 2. 

 

Table 2: Traffic parameters at the intersection of Neftyanikov Avenue, Okruzhnoye and Tanaevskoye Highways. 

No. 

 

Street/road name Intensity,  

units/h 

Intensity, 

units/day 

Pedestrian  

traffic 

Road capacity, 

units/h 

Traffic density, 

vehicle/km 

Load factor 

1 Okruzhnoe highway 1741 17,758 low 5000 43.53 0.35 

2 Tanaevskoe highway 258 2632 low 1800 5.16 0.14 

3 Neftyanikov avenue 1265 12,903 moderate 5000 28.11 0.25 

 

When running the model, the average duration of crossing the intersection was 33.39 seconds, which corresponds to field 

measurements (Fig. 2). Therefore, we can talk about the adequacy of the constructed model. 
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Figure 2: The results of the test of the intersection model with the current parameters without traffic lights 

 

After that, an experiment was carried out with the addition of 

traffic light control with a three-phase cycle, i.e. for each 

direction of movement its own phase of crossing the 

intersection is highlighted. The found optimal solution 

showed the following result: the operating time of the green 

phase for Okruzhnoe Highway was 42 seconds, for 

Neftyanikov Avenue - 50 seconds, for Tanaevskoe Highway - 

30 seconds. In this case, the average travel time of a road 

section by a vehicle was 40.82 seconds, which is 22% higher 

than when crossing this intersection without traffic light 

regulation (Fig. 3). 

 

 

Figure 3: a) the structure of the IM crossroad of Elabuga; b) Results of the optimization experiment 

 

Running the simulation model with the obtained optimal 

parameters for the three-phase control cycle shows a decrease 

in the traffic jams formed when crossing this intersection 

(Fig. 4).  
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Figure 4: Results of running the intersection model with optimal parameters of the traffic light with a three-phase cycle 

 

Considering the tasks put forward, we can talk about the 

effectiveness of the proposed solution, since, despite the fact 

that with a three-phase cycle of traffic lights, the time for a 

vehicle to cross this intersection increases, the number of 

conflict situations decreases, the likelihood of an accident is 

significantly reduced, and the severity of the consequences is 

presumably reduced. 

 

4. SUMMARY 

The article describes the sequence of development and 

validation of decisions to optimize the transport system of 

Elabuga. For this, a simulation model has been developed for 

selecting the optimal parameters for the functioning of traffic 

lights on a specific section of the road network. The practical 

significance of the model lies in the possibility of carrying out 

a series of experiments that make it possible to visually 

calculate the effect of installing a traffic light at a given 

intersection under various operating modes. The obtained 

values make it possible to talk about the possibility of 

reducing the number of conflict situations and improving road 

safety. 

 

5. CONCLUSIONS 

Accelerating urbanization leads to the emergence of 

megacities, which causes an increase in motorization of the 

population and the number of private and commercial vehicle 

fleets. Improving the quality of road infrastructure does not 

keep pace with the growth of the fleet of vehicles, which 

causes the emergence of problem situations in road safety. 

An effective measure to ensure the rational functioning of the 

urban transport system is the development and 

implementation of an intelligent road infrastructure 

management system, the intellectual core of which is 

simulation models of problem areas of the road network. To 

facilitate the decision-making process, it is necessary to first 

identify the relationship between the consequences of road 

accidents and the factors that caused them, based on the 

analysis of available statistical data. 
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