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Abstract. Air pollution monitoring in Rostov-on-Don and Rostov region
is considered. The excess of the concentration of suspended solids over the
national average is shown, especially near motorways and the busiest
intersections. On the example of one intersection, field observations were
carried out, and based on the developed computer programs, calculation of
the main transport characteristics, the vehicle queue length at different
phases of traffic light switching was carried out. The necessity of installing
a "smart" (adaptive) traffic light is shown. The developed software
products can be used to improve the organization of traffic flows and as a
computer laboratory when teaching students in the specialty "Organization
of transport processes".

1 Introduction

The problem of optimizing the movement of urban transport is acute for the
departments of large cities. Transportation problems in metropolitan areas, such as
congestion at intersections, lead to high levels of polluting emissions when a car engine is
idling or running slowly. Due to the high concentration of vehicles in megalopolises, the
air is depleted in oxygen and polluted by emissions from the combustion of petroleum
products [1-6]. From the air, harmful products get into the water and the water environment
is polluted, the ecological system is disrupted, natural and climatic conditions change. In
terms of environmental damage, vehicles are leading in all types of negative impact: air
pollution - 95%, noise - 49.5%, climate impact - 68%. The main cause of air pollution is
incomplete and uneven combustion of fuel. Only 15% of it is spent on driving a car, and
85% “flies into the wind.” The exhaust gases of an internal combustion engine contain over
170 harmful components, of which about 160 are hydrocarbon derivatives.

2 Environmental monitoring

For the Rostov region, the problem of air pollution is currently urgent, especially in large
cities. Since 2019, 12 cities of the Rostov Region have been monitored for the state of
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atmospheric air. A high level of air pollution in the Rostov region is observed in Rostov-on-
Don and Novocherkassk.

In Rostov-on-Don monitoring is carried out at seven stationary stations of the State
network for observing the state of the environment of the Rostov Hydrometeorological
Center, including at four stations of the main and three stations of the additional
(municipal) network.

Analyzed data for the period of 2008—2016. The study revealed a regular change in the
chemical composition of emissions into the atmosphere of the region. At the beginning of
this period, the amount of pollutants in general in the Rostov region amounted to 636.344
thousand tons, and in 2016 - 629.3 thousand tons. The volumes of emissions remained
approximately at the same level, while the qualitative composition of emissions changed.

Analyzing the pollution of city districts, it should be noted that the highest level of
pollution, primarily with such impurities as benzpyrene, formaldehyde, nitrogen oxides and
dust, is typical for the central part of city near motorways. Emissions from vehicles
dominate in the total amount of pollutants entering the atmosphere (about 70%), as
evidenced by the chemical composition of emissions. The results of monitoring pollution
by suspended solids (dust), carbon oxides, nitrogen dioxide, nitrogen oxides and
formaldehyde are shown in Fig. 1-2. If we take different substances separately, then with
respect to sulfur dioxide, nitrogen dioxide, nitrogen oxide and carbon dioxide, everything is
relatively calm, since on average per year their presence in the air does not exceed the
maximum permissible concentration.

The analysis of the conducted monitoring shows the excess of concentration of
suspended solids over the national average. The level of pollution by carbon oxides,
nitrogen oxides, nitrogen dioxide is also higher than the national average. Its content in the
air exceeds the norm by an average of 1.7 times, and in the center of Rostov-on-Don - 2.6
times. There is also an average annual excess for formaldehyde and hydrogen fluoride. The
content of phenol, soot, ammonia and solid fluorides in the air is below the maximum
permissible concentrations.
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Fig. 1. Concentration of chemical air pollutants in Rostov-on-Don for 2008-2018
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Fig. 2. Concentration of chemical air pollutants in Rostov-on-Don for 2008-2018

In most cities of the Rostov region for the period 2008-2016 there is an increase in the
level of air pollution with soot, carbon monoxide, nitrogen oxides, nitrogen dioxide, phenol
and formaldehyde, which is directly related to a significant increase in the fleet of vehicles
in use. At the same time, there is a decrease in the level of pollution: sulfur dioxide,
nitrogen oxides, hydrogen sulfide and benzopyrene, which clearly demonstrates the result
of the decisions taken at the state level to restrict import of used cars and to improve quality
of hydrocarbon fuels [7-14].

The chemical composition of air emissions indicates a significant contribution of road
transport to emissions of pollutants. As can be seen from the diagrams presented above, the
share of environmental damage from vehicles is steadily increasing.
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Fig. 3. Dynamics of gross emissions of pollutants from stationary sources (blue), vehicles (green) and
all sources (red) of atmospheric pollution in the Rostov region in 2010-2018.

The diagram (Fig. 4) shows the relationship between the contributions of stationary and
mobile sources in Rostov-on-Don for the period 2010-2018.
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Fig. 4. Dynamics of gross emissions of pollutants from stationary sources (blue), vehicles (green) and
all sources (red) of atmospheric pollution in the Rostov region in 2010-2018.

The volume of emissions into the atmosphere from road transport directly depends on
the size of the car park of a city or region, on its qualitative composition, age of vehicles,
their capacity, technical condition.

Fig. 5. Growth in the number of cars (thousand units) in the Rostov region and Rostov-on-Don in
2010-2015.

One of the solutions to the problem of pollution of the city with combustion products is
the organization of traffic light regulation taking into account the current transport situation.
The decision to install a smart traffic light system should be based on an analysis of the
traffic situation at the intersection. For the analysis of the transport situation, such
approaches as field observations are widely used, which make it possible to determine the
structure and number of vehicles, software systems and technical means [15-22].

3 Information and mathematical approach to the calculation of
the main transport characteristics of busy intersections

Implementation of the results of mathematical modeling leads to an improvement in traffic
organization [2-4]. A large number of scientific articles are devoted to various concepts of
traffic flow modeling [1-6]. One of the approaches is based on abstraction, when a large
city with its developed road network is represented by a kind of force field. A point placed
in a force field, is acted upon by a force, which magnitude and direction depends only on
coordinates and time. This approach is called the method of electrodynamic modeling [23-
29]. On the basis of this method, the authors have developed a computer program "Material



E3S Web of Conferences 210, 09005 (2020) https://doi.org/10.1051/e3sconf/202021009005
ITSE-2020

flow", with the help of which the calculation of the main transport characteristics (intensity,
traffic intensity and resistance to movement) of the most loaded intersections in Rostov-on-
Don (Fig. 6a) was carried out in order to determine the need for installation of "smart"
traffic lights. As an example, graphs of the dependences of the main transport
characteristics of the intersection of Nemirovich-Danchenko st. — Sheboldaeva st., Rostov-
on-Don (Fig.6b). Fig. 7-8 shows the results of field observations and calculations of main
transport characteristics [30-31].

Fig.6. a) Intensively loaded intersections of Rostov-on-Don.
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Fig. 7. a) Field observations of traffic intensity at an intersection. b) Voltage dependence U TII from
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4 The need to install an adaptive traffic light

The analysis of the calculations shows that for a given traffic intensity, resistance to
traffic and traffic intensity are quite large, which indicates the need to improve the
organization of traffic. One approach is to install a smart traffic light. An important
factor in reducing environmental pollution is to reduce the queue of vehicles in front of
traffic lights. With the help of the "Green Wave" computer program developed by the
authors, created on the basis of the cellular automata method, a comparative analysis of
the queue length at a given intersection was carried out with different traffic light
control algorithms and different traffic flow parameters. There were considered and
analyzed the two types of traffic light algorithms: adaptive smart algorithm (AT-1) and
traffic light with a fixed cycle of signal switching (FC). A computational experiment on
comparing the effect of the type of traffic light switching algorithm on the queue length
at a traffic light was carried out for four values of the load of intersecting roads:
50%/50%; 60%/40%; 70%/30%; 80%/20%. The computational experiment took T =
600 steps. To change the flow density for each load option, the value of the "Flow rate"
parameter was changed in the program and was taken equal to: 150, 160, 170, 190 cars
per direction. [31-32]
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Fig. 9. Histogram comparing the dependence of the average queue length on the traffic intensity of
vehicles at an intersection with a "smart" algorithm (AT-1) and a fixed traffic light switching cycle
(FC) with a flow distribution of 60% 40%.

From the graph shown in Fig. 9, it follows that with equal parameters, the "smart"
traffic light gives a significant reduction in the queue length and waiting time at the
intersection in comparison with the traffic light with a fixed cycle.

5 Conclusions

The monitoring of pollutants in Rostov-on-Don, the use of mathematical methods and
computer programs developed on their basis, allows us to make recommendations for the
installation of "smart traffic lights" on the busy sections of the transport arteries of the
metropolis, which helps to reduce the length of the queue of vehicles at traffic lights,
reducing exhaust emissions and, accordingly, improving the environmental situation. In
addition, this approach and the developed software products can be used for educational
purposes as a student laboratory for optimization and modeling of transport processes for
students and undergraduates in the direction of "Organization of transport processes".
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