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Abstract. The paper discusses a new approach to ensuring the safety of 
controlled intersections. In the course of research, the authors found a 
change in the main characteristics of the traffic flow, which requires 
constant monitoring in the implementation of the intersection control using 
a traffic light. The heterogeneity of the composition of the traffic flow is 
determined and the influence of this parameter on the duration of the 
resolving signal is established. In addition, the authors determined the 
influence of weather conditions on the duration of the traffic light cycle 
and developed an approach to take into account changes in this factor in 
the calculation of the mode of operation of the traffic light object. As a 
result of the model experiment, the economic and environmental efficiency 
of the developed approach is determined. The results obtained in the course 
of the study are an integral part in the implementation of intelligent 
transport systems, which confirms the relevance and feasibility of the 
study. The use of this approach, in addition to integration into the its 
system, allows to reduce the accident rate of controlled intersections due to 
the rational distribution of the time of the traffic light object and reduce 
vehicle delays on the approaches, which together ensures the safety of 
regulated areas. 

1 Introduction  
Today, we all face transport problems that are common to many world countries. Every 
year, government funding is allocated to solve these problems, and targeted programs are 
developed to partially reduce traffic accidents. In the Russian Federation to solve the 
transport problems of developed transport strategy and transport program [1,2], which are 
designed for long-term period up to 2030 and 2020, respectively, due to the fact that the 
decision is not defined local actions and targeted incremental stages. The goals of the state 
program reflect the final results of solving transport problems of the Russian Federation 
socio-economic development for the period up to 2020 [3] and EU [4] In order to further 
the modernization of the transport system in 2011, the EU adopted a special road map [5], 
which includes the main directions of development of transport infrastructure of EU 
Member States and covers the period until 2050. 
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The key solution to the issue of transport problem is the introduction of intelligent 
transport systems. In this regard, it is necessary to develop traffic safety methods at 
regulated intersections that can be integrated into ITS [6]. 

2 Accounting for heterogeneity in the composition of the traffic 
flow 
In the Russian Federation, in the field of traffic safety, an integrated approach is used for a 
long-term period, reflected in the main regulatory document [7]. Special attention today is 
paid to intelligent transport systems that need to be integrated into the existing environment 
using micromodelling. 

To perform the study, the author group uses a specialized software product [8]. 
According to official statistics [9] the number of the vehicle fleet for 2018 is more than 

55 million units between 2002 and 2018, this figure increased more than 2 times (fig. 1). It 
should be noted that most of the fleet registered passenger cars up, the main advantage of 
which is compared with other modes of transport is the mobility and comfort. 

 
Fig. 1. Graph of the number of cars in the Russian Federation for the 2002-2018 years. 

Over the last 20-30 years and to modify the park itself the most popular vehicles - cars, 
underwent considerable modification dimensional parameters of vehicles on the road often 
have to meet such as cars mini-cars and a jeep. According to the generalized analysis of the 
works of Russian scientists Yakovlev V.F. [10] Porvatova I.N. and Crystal S.R [11] for the 
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separation of passenger cars on the basis of the dimensional - overall length using Western 
European classification (tab. 1). 

Table 1. Western European classification of cars. 

Designation class Vehicle length, mm 

A before 3500 
B from 3500 before 3900 
C from 3900 before 4300 
D from 4300 before 4600 
E from 4600 before 4900 
F more 4900 

As a result of the analysis of scientific sources [12-14] allowed entry to conduct a study 
of traffic flows on the example of the regional centers of Belgorod and Orel region to re-
flect the bundle segment cars on classes. The use of introduced the concept of "factor pres-
ence" - reflecting the diversity of this type of rolling stock and is determined according to 
the formula: 

...
...

100%
A F

A Fk k
α α

=  (1) 

where kА… kF – factor the presence of each class of car; αА…αF – the percentage of each 
class of the car in the transport stream, %. 

According to the experimental analysis of the regional centers, the main transport 
stream up cars (> 90%) bundle that fully reflects the values obtained for the presence of 
factors (tab. 2). 

Table 2. Values of coefficients for the presence of urban regional traffic flows cents Belgorod and 
Orel of the Russian Federation. 

kA kB kC kD kE kF 
0,15 0,11 0,35 0,13 0,11 0,14 

3 Depending on weather conditions 
Weather and climatic conditions have a significant impact on traffic regimes and safety. 
The influence of this factor is especially noticeable at controlled intersections. The duration 
of cycles and phases red light alarm, designed for good driving conditions, are not effective 
in changing weather conditions. In this regard, the algorithms for passing vehicles need to 
be adjusted to take into account the weather and climate factors. 

When calculating a traffic light object, the main value is the traffic intensity, the compo-
sition of the traffic flow and the saturation flow. The deterioration of weather conditions 
mainly affects the value of the saturation flow, so this parameter requires adjustment when 
changing traffic conditions. 

The analysis of the research on the influence of climatic factors on the parameters of 
movement of vehicles [15-19] the authors established the dependence of the temperature of 
the ambient air with a temperature of asphalt pavement, which is connected with the coeffi-
cient of adhesion, which is necessary to calculate the cycle of traffic regulation. The mini-
mum temperature of the coldest five-day supply of 0.98 in the city of Belgorod and the city 
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of Orel is -27°C. For the city of Belgorod and Orel, the average annual temperature is at 
6.4°C. 

Having determined the necessary temperature values, the maximum  and the min-
imum  of the asphalt concrete coating temperature are determined: 

 
 

Using the obtained temperature values, the dependence of the asphalt concrete coating 
temperature on the ambient temperature is obtained (fig. 2). 
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Fig. 2. Dependence of the calculated surface temperature of asphalt concrete coating on the ambient 
temperature for Belgorod and Orel. 

For the segment of the polyline at 0°С, use point 2 ( ) and point 1 ( ) 
as given, for the segment point 2 ( 0) and point 3 ( ). Thus, the equations of 
lines acquire the following general form: 

 

 

Transforming the resulting equation and substituting in them the values of the corre-
sponding temperatures, get the dependence describing the relationship of the temperature of 
the asphalt pavement and ambient air temperature on the territory of the city of Belgorod 
and the eagle. In this connection, the values of the coefficient of adhesion for different 
ambient temperatures were obtained: 

1. – 20°С … –10°С → = 0.4 
2. – 9°С … – 5°С  →  =0.3 
3. – 4°С … – 3°С  → =0.2 
4. – 2°С …  0°С (inclusively)  → =0.1 
5. 0°С … 1°С (inclusively)  → =0.3 
6. 1°С … 2°С  → =0.5 
7. 3°С до 5°С  → =0.6 
8. 5°С and above → =0.65-0.7 
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4 Method of calculation and its introduction in the ITS 
component 
Previous studies have shown that the setting - overall length has a significant effect when 
using forced control - traffic lights, namely, per the resolution of the signal duration [20-
22]. Using past experience, the research group is common in the Russian Federation proce-
dure of control cycle has been improved (fig. 3). 

 
Fig. 3. Implementation of the proposed parameters. 

Implementation of the developed technique must be integrated, which will reduce unin-
tended stopping of vehicles, developed under the ploy is to integrate subsystems for ad-
vanced traffic monitoring traffic flow characteristics in the structure of ITS (fig. 4). 

7. Determination of the intermediate bars 
tПi=νa/(7,2*аТ)+3,6*(li+la)/νа tПi(ПШ)=ВПШ/4νПШ ТП=∑tПi tПi(ПШ)>tПi→max˅tПi> tПi(ПШ) 

10. The total cycle structure 

11. Plotting  modes traffic light object 

ТЦ=tO1+tП1…tOn+tПn 

ТЦ=(1,5ТП+5)/(1-Y) 25sec≥ ТЦ ≤ 120sec 8. Definition of the regulatory cycle 

9. Determination of the length of the main bars tOi>tПШ→max˅tOi> tТР 
tOi=[(ТЦ-ТП)yi]/Y 

tПШ=5+ВПШ/νПШ tТР=[3,6(li+lТР)]/νТР 

saturation flow for movement to the right (left), un/h:Мн_ij_пов=Мнij_пов_A*kA+нij_пов_В*kB+…Mнij_пов_Вн*kВн 

 

4. Determination of the presence of the coefficient values kА_n_nf……. kВн_ n_nf 

5. Determination of the saturation flux, un/h: Мн_ij 

saturation flow for movement directly, un/ h:Мн_ij_прям=Мнij_A*kA+Mншо_В*kB+…Mнij_Вн*kВн 

1. Development of circuit per phase 
 

2-phase regulation 4-phase regulation 
 

3-phase regulation 

2. Determining the direction of motion in each band for each phase adjusting 

direct and left right direct and right direct left direct, right and left 

saturation flow for movement directly to the right and (or) to the left, un/h:Мн_ij_смеш=а*Мн_ij_прям+b* Мн_ij_пов
 
+с* 

 
 

6. Determination of the phase coefficients 
Y=∑yi yij=Nij/Мреал 

the value of steady deceleration in m/s2: jз=g*φ/Кэ 

3. Determination of the basic quantities for the calculation of the saturation flux 

the timing of movement, sec.:tпс=Lд(Lдпов)/ν 

determination of the angle of rotation, deg .:<пов=arcsin(Lд/Rпов)  

determining the braking time, sec .:T=T1+T2+0.5T3 

determination of dynamic dimensions, m .:Lд=Lа+D 

safety distance, m .:D=Tν+(ν2/2jз) 

determination of the saturation flux, un /h:Мнij_A…Вн(Мнij_пов_А…Вн)=3600/tпс 

determination of dynamic dimensions when turning the vehicle, m .:Lдпов=Rпов<пов 
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Fig. 4. ITS integration system. 

Building subsystem traffic monitoring on the advanced features of traffic should be 
conducted together with the basic infrastructure facilities, as controlled parameters used for 
monitoring are the characteristics of the advanced characteristics of the traffic flow: the 
intensity, the presence of each class of car, the coefficients of presence, high-speed mode, 
the composition, and the characteristics of quality traffic control (presence and type of 
intersections, stopping points, the number of intersections with traffic regulations, the ratio 
of the duration of the different phases of traffic lights, the level of the roadway, and the 
availability of automated traffic management tools). 

5 Experiment 
In order to evaluate the proposed methodology to the development of computer experiment 
performed using Transyt -14 TRL software using modeling signaled intersection in the 
center of the regional network editor (Netcon) performed (Fig. 5). 

 
Fig. 5. Simulation signaled intersection in Transyt 14 TRL. 
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Using advanced technique (Figure 2) and obtained during the experimental analysis of 
the coefficients of presence (Table 2) Calculate the required duration of the regulatory 
regime and the analysis made to the existing regime on the main characteristics of the 
transport stream obtained in the course of the simulation: stops and delays; queues and 
congestion; fuel consumption. 

Performance indicators on average improved in all of the above indicators by 12%. 
Network of fuel consumption and at the current time obtained are presented in Table 3. 

Table 3. Results. 

Time period stops and delays queues and conges-
tion fuel consumption 

08:00-09:00 
(the existing 
regime) 

260,99 134,29 130,34 

08:00-09:00  
(the proposed 
regime) 

210,99 121,02 109,15 

6 Conclusion 
In terms of regional centers, where the conduct of difficult technical and urban activities, 
the most promising direction of combat vehicles delays is to build the ITS with the obliga-
tory presence of a transport monitoring subsystem on the advanced features of traffic flow. 

As a result of the introduction of these systems solve the basic problems of regional cen-
ters: reduced vehicle delays; reduce the number of unintended stops at intersections; im-
proved environmental performance; partially or completely eliminated congestion in the 
busiest sections of road networks; reduced the number of traffic accidents. 

Using the improved method in the implementation of intelligent transport systems in 
particular - adaptive traffic control will increase the efficiency of traffic management in the 
implementation of coercive control. Permanent monitoring of the transport network using 
traffic detectors and the accumulation of a database, to determine the value offered for the 
use of the presence of factors and adapt management to the real conditions. 
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