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Abstract: The transport system plays an 

important role in human activities and is 

an integral part of the successful 

functioning of the urbanized area. The 

increasing degree of provision of urban 

residents with transport services should 

at the same time keep the environment 

environmentally friendly and sustainable 

over time. The article is devoted to the 

issues of ensuring the rational 

functioning of the city transport system 

based on the development and 

implementation of an intelligent road 

infrastructure management system, the 

intellectual core of which are simulation 

models of problem areas of the road 

network. The objective of the study is the 

development of tools for organizing 

traffic in the conditions of the rapid 

growth of the fleet of vehicles. Research 

tasks were to analyze the research in the 
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field of traffic management, to consider 

methods to reduce and prevent traffic 

jams on roads in general and in 

individual sections in particular. The 

following research methods were used: 

methods of system analysis, methods of 

modeling traffic flows, simulation, 

computer experiment. Achievements: 

the developed simulation model can be 

used to conduct a computer experiment 

in order to select the optimal parameters 

for the functioning of traffic lights on a 

specific section of the road network of 

the city of Naberezhnye Chelny. 
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1 Introduction 
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Within the framework of the 

concept of sustainable development of 

the city defined by the United Nations 

Commission on the Environment and 

Development back in 1992, it is 

necessary to make the urban 

environment more attractive by 

expanding various types of services, 

including transport. However, these 

measures should not be carried out to the 

detriment of the environmental safety of 

the environment. At present, one of the 

main problems associated with road 

transport both in large cities and in small 

settlements is traffic jams, the causes of 

which often differ. First of all, this is the 

growing car fleet. The positive effect of 

growing motorization in the form of 

increasing mobility of the population 

goes in parallel with the growing traffic 

intensity on the city’s street-road 

network (SRN). As a result, huge 

congestion is formed, accompanied by 

an intensive emission of exhaust gases 

into the environment and an increase in 

noise pollution, road safety is reduced, 

and injuries are growing. 

One effective way to reduce 

traffic congestion is to control traffic. As 

part of the “sustainable mobility” plan, 

many cities around the world develop 

car-free policies (creating car-free 

zones). For this purpose, various 

strategies are developed:  

• bans on diesel vehicles, 

introduced simultaneously with the 

protectionism policy of public and non-

motorized environmentally friendly 

vehicles; 

• the introduction of a pricing 

system that involves charging for driving 

a car during peak hours, to certain 

particularly busy urban areas, or for 

vehicles that do not meet the minimum 

environmental emission standards.  

• restricted entry of cars with 

certain license plates: setting a schedule 

for the possibility of movement in urban 

areas with even and odd numbers [1]. 

As a rule, the development of 

city infrastructure lags behind the growth 

rate of the fleet. One of the ways to solve 

this priority task for any city is to build 

high-quality highways with convenient 

interchanges and passive and active 

safety elements.  

In addition to infrastructure 

changes, organizational measures are 

needed to solve the transport problem. 

For traffic management, in many 

countries, intelligent transport systems 

(ITS) are widely used, which are based 
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on modern computer and 

telecommunication technologies. 

They solve a number of 

problems: 

• optimize urban planning 

decisions;  

• ensure maximum throughput 

of the existing SRN; 

• identify priority directions of 

traffic; 

• optimize parking space and 

infrastructure; 

• reduce the environmental 

burden [2]. 

•  

2 Methods 

There are a number of studies 

regarding the organization and 

optimization of traffic on highways. 

Thus, we can name the technique of 

Plotnikov A.M. to improve road safety at 

single-level regulated intersections with 

a small number of lanes [3]; the 

methodology for modeling the SRN 

congestion proposed by Agureev I.E., 

Pyshnyi V.A. [4]; the methodology for 

assessing the state of motor flows on city 

roads developed by A. Kretov, V. 

Mitiugin, V.A. Pyshnyi, N.A. Frolov [5]. 

Foreign scientists have also proposed 

many effective methods for optimizing 

traffic. They describe specific measures 

to modernize the SRN, and, in order to 

exclude traffic jams, they propose 

methods for studying the flow of road 

transport, its intensity, and direction [6-

10]. It should be noted that many 

researchers call the basis for improving 

road traffic a comprehensive study of the 

existing UDS [11]. The most effective 

approach, in their opinion, is to 

reconstruct the geometry of the existing 

network (changing the number of lanes, 

erecting fences and road signs) and 

optimizing the work of traffic lights 

based on the study of traffic intensity at 

a specific object [12-15]. 

Thus, if it is impossible to 

reduce the traffic intensity of automobile 

transport, it is necessary to adopt 

engineering and organizational measures 

that will help reduce the time of 

movement of road users. The search for 

more rational ways to use the existing 

SRN capacity involves the creation of 

ITS [16], which are one of the main tools 

even when it is impossible to adjust the 

width of the roadway. In this case, it is 

possible to improve the transport system 

by optimizing the operating modes of 

traffic lights. The development of 

wireless communication between 
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sensors and decision support systems 

(DSS) made it possible to create 

intelligent traffic lights that provide for 

operational adjustment of the phase 

duration depending on the current traffic 

intensity. In addition, this measure, 

aimed at reducing the travel time by car 

of a specific section of the road, will help 

to reduce the volume of exhaust gases 

and, as a result, the environmental 

burden on this territory.  

Since variation of the duration 

of the phases of a real traffic light and 

monitoring over subsequent changes in 

the traffic situation is fraught with risks 

(material, human, temporary), and many 

parameters (flow intensity in the first 

place) are stochastic, the solution in this 

situation is to build a simulation model 

of the SRN section and conducting an 

experiment on it. 

3 Results And Discussion 

As part of the training course 

“Methods and Models of Decision 

Support” in “Intelligent Systems and 

Technologies”, students are invited to 

create a model of the intersection of 

Chulman Avenue and Narimanova 

Street, Naberezhnye Chelny, taking as a 

basis a satellite image of the area, which 

shows the configuration features of this 

section of the road network [17]. Both 

roads are two-way but have a different 

number of lanes for traffic in each 

direction. In addition, in Narimanova 

street there is an exit to a gas station. 

The environment for building a 

simulation model is the AnyLogic® 

software package. To develop a model, a 

Road traffic library is used.
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Figure 1 - The structure of the simulation model of the intersection 

In addition to setting the 

geometry of the road section, it is 

necessary to enter information about the 

intensity of the traffic flow in each 

direction of movement, the time of 

operation of the traffic light phases, the 

number of channels and the average 

service time at a fuel station.  

The next step is to determine the 

logic of the traffic light. In this case, the 

traffic light will operate in a two-phase 

mode: the first phase will be green for 

traffic along Narimanova Street in the 

permitted directions, and the second 

phase will be green to enter the 

intersection from Chulman Avenue and 

turn right from Narimanova Street. 

When the green light is on to leave the 

fuel station, drivers moving along this 

road will have to give way anyway. 

AnyLogic provides the user 

with convenient tools for collecting 

statistics. The user can view the statistics 

of the duration of the passage of a given 

section of the road using the diagram. To 

better understand the way the roads are 
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loaded at a given mode of operation of 

traffic lights (a section of the road is 

highlighted in green if the vehicle speed 

is above 60 km/h and red if it is below 10 

km/h), it is useful to enable traffic jam 

display.

 

 

Figure 2 – The results of the test of the intersection model with the current 

parameters of the traffic lights 

The final goal of building any 

section of the road is to determine the 

optimal parameters (the number of lanes, 

the duration of the phases of the traffic 

light, the permissible traffic intensity) to 

achieve the minimum or maximum value 

of a certain functional. Using 

optimization, in which the selected 

model parameters are systematically 

changed, it is possible to achieve a pre-

selected target functional.  

In this case, the average travel 

time of a road section by a vehicle is 

selected as the objective function, and 

the operating time of the green and red 

traffic lights is selected as variable 

parameters. The task of finding the 

extremum of the target functional in 

AnyLogic® is carried out using the 

OptQuest optimizer, which is a 

combination of heuristics, neural 

networks, and mathematical 

optimization.  
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The found values of the 

parameters can be used in the model as 

the optimal strategy that ensures the 

minimum travel time of the vehicle 

through the intersection.

 

 

Figure 3 – Results of the optimization experiment 

4 Summary 

In the framework of this work, 

an example of a simulation model of a 

SRN section as a means of developing 

managerial decisions is shown. The 

practical significance of the model is the 

possibility of conducting an experiment 

that will determine the optimal operating 

time of the traffic light phases, which 

will reduce congestion in this section of 

the SRN, the idle time of automobile 

engines, and thereby reduce the amount 

of exhaust gas. Thus, based on the data 

obtained as a result of modeling, it is 

possible to develop recommendations 

for the rational management of the 

transport system of urbanized areas of 

both a strategic nature (when 

determining constant traffic light 

settings) and operational management of 
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traffic, changing the duration of the 

phases depending on the time of day, day 

of the week , weather and other 

conditions, embedding the developed 

simulation model as an intellectual core 

in DSS to control the transport system of 

the city. 

 

5 Conclusions 

The growing number of private 

and public transport fleets leads to the 

increasing burden on the existing SRN of 

city and urban settlements. In connection 

with the duration of the road 

reconstruction measures, tools for the 

operational adjustment of infrastructure 

facilities, primarily traffic lights, come to 

the fore. Within the framework of the 

concept of sustainable development, it is 

proposed to develop and implement DSS 

to control the transport system of the 

city, with simulation models as the 

intellectual core, with which you can set 

the optimal duration of the phases of the 

traffic lights depending on traffic 

intensity. This will reduce the travel time 

of road users and, as a result, reduce the 

environmental burden on the 

environment. 
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