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•	 evaluating the effectiveness of measures on improving traffic 
management as a  rule requires modeling the movement of 
individual vehicles in the traffic flow;

•	 evaluating the effectiveness of measures on regulating 
transport demand requires modeling the volume and structure 
of the need of the population and the economy for driving.
The necessity to use transport models will continue to grow as 

transport systems evolve (expansion and increase of connectivity 
of the road network, increased role of multimodal transport, 
introduction of intelligent transport systems, etc.), and as the 
already existing problem of congestion in road networks of major 
transport corridors and cities is worsening.

In order to use certain mathematical models to provide 
decision-making on the management of transport flows, it is 
necessary to correctly choose the criteria and methods for 
assessing traffic flows.

2.	 Choosing the optimal criteria for assessing traffic 
flows and the method for mathematical modeling  
of transport systems

When estimating street and road networks, a variety of tasks 
and situations may arise. This results in the need to use a number 
of partial and integral criteria for assessing traffic flows [1].

Partial criteria according to the nature of use can be divided 
into those used only as descriptors and those used as parameters 
of the management process. The latter include the average and 
total delays, the queue length, the leg length minus the queue 
length.

1. 	 Introduction

At present, traffic congestion in road networks is a  topical 
transport-related issue in most developed countries of the world. 
First of all, this problem is typical for the street and road 
networks of cities, where most of the fleet of personal vehicles is 
concentrated, as well as for key highways and transport corridors, 
which carry significant volumes of freight and passenger traffic. 

Currently, significant experience in implementing measures 
aimed at solving this problem has been accumulated world-wide. 
These measures fall into three broad groups:
•	 measures aimed at increasing the maximum road network 

capacity (construction and reconstruction of road facilities);
•	 measures aimed at increasing the efficiency of using the existing 

road network capacity (improving traffic management);
•	 measures aimed at regulating the volume and structure of 

transport demand (introduction of various restrictions on the 
movement and parking of vehicles; reducing the need of the 
economy and the population for transport through measures 
in the field of territorial planning, etc.). 
The basis for the development of such measures and 

the adoption of scientifically grounded solutions for their 
implementation is the application of mathematical modeling 
methods for the functioning of the existing and planned transport 
systems.

Predicting the effect of various measures aimed at managing 
the road network capacity requires solving various problems of 
transport modeling:
•	 predicting the effect of the construction or reconstruction 

of road facilities requires modeling the distribution of traffic 
flows over the road network;
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•	 the queue length to the leg length ratio;	
•	 the leg length minus the queue length.

A constant search for universal integral criteria is made that 
would allow evaluating both the quality of road traffic in general 
and the quality of its individual properties, since it is impossible 
to do this with the help of partial criteria. 

D. Drew [6] proposed a valuating integral quality criterion for 
road traffic - Level of Service (LOS). The LOS is associated with 
such factors as traffic safety, operating speed, driving comfort and 
convenience, freedom of maneuvering, flow interruption, travel 
costs, etc. The usage of this criterion covers all stages of working 
with street and road networks - planning, design, and operation. 
Currently, the LOS criterion is used to estimate traffic conditions 
in both street and road network modeling programs and in 
highly specialized intersection and junction design programs. 
One of the drawbacks of the considered criterion is its difficulty 
and qualitative assessment as a whole, and sometimes the 
impossibility of quantitative assessment of the effectiveness of 
individual solutions.

Yu. A. Vrubel [7] proposed a new valuating integral criterion 
- “losses in road traffic”. The losses are understood as the socio-
economic value of the unenforced costs of the movement process.

This criterion is applicable for assessing the quality of both 
road traffic in general and its individual properties. Quality 
assessment is carried out in monetary terms, which makes it 
possible to compare not only the quality of individual properties 
of road traffic, but also the costs of its accomplishment. This fact 
makes the comparison very clear and allows easily and quickly 
optimizing solutions for traffic management according to the 
criterion of loss minimization.

The variation of the traffic flow operating speed can be viewed 
as an integral criterion [8]. A significant variation of speeds is a 
distinctive feature of modern traffic on street and road networks of 
cities. The speed can range from 60 km/h allowed within the city 
limits to 5-10 km/h or less established in cases of congestion. The 
variation of the traffic flow operating speed evaluates the influence 
of a whole set of factors in a wide range of their changes, starting 
from free-flow conditions and ending with congestion situations. 
Thus, it is the integral criteria that are the most applicable to 
solving problems arising from the evaluation of the street and road 
network. When using integral criteria for assessing the quality of 
traffic management, it is inevitable that methods of mathematical 
modeling should be applied based on macroscopic models of 
traffic flow. In this regard, the integral criterion for assessing 
the quality of traffic management is developed on the basis of 
macroscopic models of traffic flow.

Historically, the first macroscopic model of the single-lane 
traffic flow was a model later named the Lighthill-Whitham-
Richards model [9-10], in which the vehicle flow is regarded as a 
flow of a one-dimensional compressible fluid.

The Lighthill-Whitham-Richards model assumes that:
•	 there is a one-to-one relationship between the speed and the 

linear density of the flow;
•	 the law of conservation of mass - number of vehicles is 

fulfilled.
Another version of the Lighthill-Whitham-Richards model 

was proposed by Tanaka in 1963 [11].

The most significant criterion for the economic evaluation of 
the state of the traffic management is often considered to be the 
transport operation of the street and road network.

Another criterion is the stability of the street and road 
network functioning. This indicator is defined [2] as a property 
allowing to not reduce its capacity as a result of full or partial 
failure of its individual elements. Failure is considered as a change 
in road traffic conditions, which results in this element of the 
street and road network being partially or completely excluded 
from the transport process.

Criteria based on the magnitude of the delay and the queue 
length are also singled out. The duration of the average delay of 
the vehicle has been widely used as a criterion for optimizing 
traffic control at a separate intersection. It has been determined 
that the average delay closely correlates with such indicators as 
the total delay, queue length, traffic intensity, parameters of the 
traffic control mode.

The queue length means the number of vehicles in the 
queue or its length in linear units. This parameter is closely 
correlated with the average and maximum delays, traffic intensity, 
parameters of the traffic control mode, and affects such indicators 
as traffic speed, number of starting and braking per unit of length.

The queue length can be used as an indicator of the degree 
of saturation, comparing with the queue length passed per cycle. 
When the state of saturated flows is reached, the queue length and 
the associated indicators are considered to be the most acceptable 
for network management. In this case, the task of management is 
to minimize the probability of congestion.

The cost effectiveness of road traffic is estimated according to 
several criteria, the most important are the specific delay and the 
specific stop calculated per vehicle [2-4].

The density of street and road networks is defined as the ratio 
of the total length of streets and roads to the area size. The density 
of street and road networks and their traffic load indicators were 
considered in the works of A.V. Sigayev, S.A. Vaksman and a 
number of other authors. Typically, the subject of the research is 
statistical data that include the following indicators: the density 
of street and road networks, the length of streets and roads per 
capita, the number of registered vehicles per 1 km of streets and 
roads, the annual mileage of vehicles per 1 km of streets and 
roads, etc.

A number of researches are devoted to establish a connection 
between the density and capacity indicators [5]. The most 
important drawback of the density indicator and its modifications 
is the absence of any specific information about any street and 
road sections. In general, the above-mentioned density indicators 
are descriptors and give only a general assessment of the state of 
the network.

When using partial criteria, the question inevitably arises as 
to which indicators can be given preference and in what cases. 
It is impossible to find an unambiguous answer to this question.

However, it can be said with sufficient certainty that a 
significant number of specialists prefer the average delay value 
of vehicles as the most objective indicator of the quality of traffic 
control and management.

In case of heavy traffic flows, it is most expedient to estimate 
traffic conditions by the magnitude of the vehicle queue at the 
intersection or according to the indicators based on it:
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traffic conditions in comparison with other macroscopic models. 
The uniqueness of the model is that when assessing the impact 
of the street and road network load on traffic conditions, it is not 
necessary to determine the load level, i.e. to determine the traffic 
flow intensity and the capacity of the elements of the street and 
road network. To assess the n and Tm parameters, only the data 
on specific indicators of the travel time T and the standing time 
Ts are needed.

The Herman-Prigogine model can be applied:
•	 to compare street and road networks of different cities or to 

compare sections within one street and road network;
•	 to compare the peculiarities of behavior of drivers and the 

movement of certain types of vehicles;
•	 to give a  detailed assessment of the influence of geometric 

and other parameters of the street and road network on traffic 
conditions; 

•	 in the modeling of traffic flows in order to assess the projected 
traffic conditions.

3. 	Description of the traffic flow model

The parameters used in the Herman-Prigogine model [15] 
consisting of two flows (moving and standing vehicles) represent 
the average data determined on the scale of the whole street and 
road network for a given period of time.

In accordance with the above provisions, the traffic flow in 
the street and road network at any time consists of two parts: fr - 
moving vehicles; fs - standing vehicles. In this case, the condition 
fr + fs = 1 is observed, and the fraction of standing vehicles fs is 
determined by the ratio:

f T
1

s
S

= ,	 (1)
 

where T
s 
- specific time expenditure caused by delays, min/km. 

The average specific time expenditure T (min/km) is the sum 
of the average specific travel time T

r 
(min/km) and the specific 

delay time T
s
 (min/km):

T T Tr s= + .	 (2)

The average speed of moving vehicles Vr is defined as the 
product:

V V fr m r
n$= ,	 (3)

 
where V

m 
- the average maximum operating speed in the street and 

road network or in its considered section;
n - an indicator characterizing the quality of functioning of the 
street and road network or its considered section, which indicates 
how the speed decreases in the street and road network as the 
load increases.

Taking into account the delays, the average operating speed 
in the street and road network or its considered section V  is 
calculated as

 
V V fm r

n 1$= + .	 (4)

The Tanaka model assumes that the vehicle speed cannot 
exceed a certain maximum value, and in view of this the density 
of the single-lane traffic flow is calculated. This model plays an 
important role in the study of traffic flows in terms of traffic safety.

The model developed by Whitham in 1974 takes into account 
the fact that drivers reduce speed when the density of traffic flow 
moving in front of them increases, and increase speed when the 
density decreases.

The Payne model [12] does not raise any assumptions 
about the dependence of speed on density, and is written as a 
conservation law.

Several drawbacks of the Payne model and many of the 
models subsequently proposed were indicated by C. Daganzo 
[13-14]. It was shown that with strong spatial in homogeneities 
of the initial conditions, negative speed values can appear (the 
congestion “dissipates back” as a result of viscosity influence). 
For certain parameter values, densities exceeding the maximum 
permissible values can occur (“bumper to bumper”). Moreover, 
according to these models, the vehicle movement is significantly 
influenced by vehicles located behind, which in the case of a 
single lane is hardly possible in the real-life traffic flow.

One of the macroscopic model varieties is the two-fluid 
mathematical model of Herman-Prigogine. This traffic flow model 
considers the nonlinear dependencies between the specific travel 
time and the specific time of delays expended per unit of distance. 
The scope of use of this model is the street and road network or 
its sections.

Due to the fact that the kinetic theory studies multilane 
traffic, Herman and Prigogine put forward the theory of two 
flows of city traffic. Vehicles in the traffic flow are divided into 
two groups - moving vehicles and stopped vehicles. The latter 
include vehicles stopped in the flow itself, i.e. vehicles stopped at 
intersections, stopped due to a regular congestion, stopped due to 
interference to traffic, etc., but exclude out-of-traffic vehicles, for 
example, parked vehicles.

An important property of the macroscopic model of Herman 
and Prigogine is that two different traffic operating modes can be 
displayed [15]. These are individual and collective flows, which 
are functionally dependent on the concentration of vehicles - flow 
density. With a low flow density, traffic moves in the individual 
flow mode. When the flow density increases, traffic starts moving 
in the collective flow mode. In this case, the flow becomes largely 
independent of the desires of individual drivers in the choice of 
the driving mode.

The two-flow model is based on two initial assumptions:
•	 the average operating speed along the street and road network 

is proportional to the fraction of vehicles in motion;
•	 the duration of delays of a  vehicle moving along the street 

and road network is proportional to the number of vehicles 
stopped at a given time.
The studies confirmed the provisions of the two-fluid 

mathematical model of Herman-Prigogine [16]. Simultaneously, 
it was established that urban street networks can be characterized 
by two parameters of the model - n and Tm. These parameters 
were calculated on the basis of experimental data obtained from 
surveys of cities around the world.

The Herman-Prigogine model is very attractive for practical 
use, as it is easily applicable when conducting regular surveys of 
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In order to use linear regression, Equation (13) is transformed 
as follows:

ln ln ln lnTs T n T Tm m= + -^ h .	 (14)

The linear dependence equation simplifies the procedure of 
regression analysis and allows using standard statistical methods 
for estimating the traffic flow parameters.

The classification of road networks based on the parameters 
included in the Herman-Prigogine model allows predicting the 
traffic speed and the time expenditure for travel at any given 
section of the road network. The classification can be constructed, 
for example, using the clustering analysis of the experimentally 
established values of the travel time parameters T and the 
standing time T

s
.

4.	 Implementation of the traffic flow parameter 
assessment system

An integrated assessment of the quality of traffic management 
can be made on the basis of the Herman-Prigogine model using 
the data obtained from navigation equipment. 

Satellite monitoring of transport is used for dispatch control 
and management of passenger transport, for solving problems of 
transport logistics in transportation management systems and 
automated fleet management systems [17]. Satellite monitoring 
of transport is a system for monitoring mobile objects, which 
is built on the basis of satellite navigation systems, cellular and/
or radio communication equipment and technologies, computer 
technology, and digital maps [18].

The principle of monitoring is to track and analyze the spatial 
and temporal coordinates of a vehicle. Two monitoring options 
are available: “on-line” - with remote transfer of coordinate 
information, and “off-line” - information is read upon arrival at 
the dispatch center. A mobile module is installed on the vehicle, 
which consists of the following parts: a satellite receiver, storage 
and transmission modules for coordinate data.

Data on specific indicators of the travel time and standing 
time can be collected in an active way, using a specially equipped 
vehicle for driving through the examined sections of the street 
and road network.

A passive system can also be applied, in which specific 
indicators are calculated on the basis of navigational data 
collected from various vehicles participating in road traffic. Such 
data can be obtained from various sources, for example, from 
transportation company servers. Using a passive approach to 
data collection allows increasing the accuracy of the system, 
since more data can be examined that are collected from different 
vehicles controlled by different drivers.

The passive experiment methodology, along with the use 
of the Herman-Prigogine model, allows assessing the traffic 
flow parameters and constructing a decision-making support 
system for controlling transportation, selecting traffic routes, and 
assessing possible changes in the transport system.

Using the two-fluid model of Herman-Prigogine, a software 
system has been implemented that allows making quantitative 
assessment of traffic parameters using navigation data, as well as 

Taking into account the balance equation f
r
 + f

s 
 = 1, Equation 

(4) can be represented in another form:

V V f V f1m r
n

m s
n1 1$ $= = -+ +^ h ,	 (5)

Taking the travel time per unit of length to be T, the travel 
time per unit of length to be T

r
, and the average delay time for the 

passage of a section of the unit length T
s
, we obtain the relations:

T V
1= ;	 (6)

T V
1

m
m

= ,	 (7)
 

where V  - the average operating speed in the street and road 
network including the delays;
T

m
 - the average minimal time for the passage of a section of the 

unit length.
The T

m
 parameter characterizes the minimum specific time 

expenditure for moving in the free conditions, i.e. at a very low 
level of network load, in which there is no interaction between 
vehicles in the flow.

In turn, the n parameter, called the Herman-Prigogine 
criterion, reflects the influence of the load level on the decrease 
in the operating speed of traffic flows. It can be considered as an 
indicator of the quality of service of traffic flows in the street and 
road network.

The second initial provision of the two-fluid model asserts 
that the duration of delays of a vehicle moving along the street and 
road network is proportional to the number of vehicles stopped at 
a given time. In accordance with this, the second assumption of 
the model is mathematically represented as

f t
T

s
s= .	 (8)

Equation (5) can be reformulated in order to estimate the 
travel conditions according to the specific time expenditure as 
follows:

T T f1m s
n 1= - - +^ ^h h ;	 (9)

T T T
T

1m

n
s

1

= -
- +a ^k h

;	 (10)

T T Tr m
n n1
1

1
1

$= + +^ ^h h .	 (11)

The general formula of the Herman-Prigogine model becomes 
as follows: 

T T T Ts m
n n1
1

1
1

$= - + +^ ^h h ,	 (12)

The model and the Herman-Prigogine criterion n represented 
above make it possible to obtain a systematic assessment of the 
transport situation in the street and road network as a whole, i.e. 
to quantify the sensitivity of traffic conditions to a change in the 
load of the street and road network.

The logarithmic transformation of Equation (12) is as follows:

ln ln lnTs
n

T
n
n T

1
1

1
m$ $=

+
+

+^ ^h h ,	 (13)
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mobile application based on the Android OS. The built-in 
equipment automatically sends data on the vehicle location 
to the transportation company, which performs preliminary 
data collection with subsequent provision to the system under 
consideration. The second case is a client application installed on 
the user’s mobile device.

In order to send tracks, users must have the GPS receiver 
activated on the smartphone or the vehicle, and data transfer 
must also be enabled. When driving over a certain period of time, 
users receive their current location. Also, an attempt is made 
to obtain the name of the street for the current coordinate. The 
client end of the application analyzes this information, calculating 
the following parameters on its basis: time, speed, coordinates.

User data are sent to the cloud server Parse.com for further 
storage and exported in the required format. The Parse.com 
library was used to work with data for Parse.com.

their visualization using the Google Maps geographic information 
system.

The software system is designed to collect and analyze 
navigational data with further application in the assessment of 
traffic flow parameters on the basis of the two-fluid model of 
Herman-Prigogine [16, 19, 20]. The data are collected using 
a large number of navigation modules installed on vehicles or 
smartphones of users. Data analysis is performed centrally on a 
high-performance computer, as it requires a considerable amount 
of calculations.

The software package proposed for the solution of these tasks 
is implemented on the client-server architecture basis (Figures 
1 and 2). Thus, data received from clients are transferred to 
the server end for further storage, as well as for processing and 
analysis of these data.

The client end is represented by two types of devices - 
a built-in navigation module integrated in the vehicle or a 

Figure 1 System architecture

Figure 2 Composition of the client and server subsystems
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The use of this DBMS is rational within this work in view of the 
mobility of deployment and maintenance. In the future, when 
developing this system, it will be necessary to use more powerful 
DBMS, as the increased amount of data will lead to limitations of 
the existing solution.

Thus, the hardware of the software package for assessing 
traffic flow parameters includes:
•	 mobile device for collecting traffic information - a navigation 

module integrated in the vehicle or a mobile device with a 
GPS receiver (Android OS 4.0 and higher) with the data 
transfer function enabled;

•	 software products of transportation companies that provide 
navigation data in the CSV format;

•	 automated workstation (AWS) of the operator that includes 
a personal computer running the Linux family operating 
system. The virtual environment was used to develop the 
AWS, as well as the Flask framework [29], and the web 
application was developed using the Python programming 
language [30].

•	 SDK Parse.com [31] for Android OS - a library that simplifies 
the work with the Parse.com platform on mobile devices;

•	 Parse.com cloud service [31] for storing data transmitted 
from customers.

5.	 Testing the software package for the assessment  
of traffic flow parameters using experimental data

The working efficiency of the proposed algorithms, 
mathematical models for the assessment of traffic flow parameters, 
and the system as a  whole was confirmed during its testing, 
using a  set of tracks on the main highways of Belarus. Similar 
calculations were made for the city of Minsk, where streets that 
function at the limit of their capabilities were identified.

To verify the functioning of the Herman-Prigogine model as 
part of the software package for the assessment of traffic flow 
parameters, the routes received from one of the transportation 
companies of the Republic of Belarus with the volume of 
5,000,000 entries were used. A  list of tracks for each street or 
route was used, which was obtained beforehand. Next, it was 
necessary to calculate the parameters of the Herman-Prigogine 
model for each street.

The parameters were calculated as follows:
1) 	 two types of time were distinguished for each track: total 

travel time and standing time. In order to determine what 
state the vehicle was in - moving or standing, a  speed limit 
of 5 km/h was adopted. If the speed was below this limit, the 
vehicle was considered standing, and if the speed was higher, 
the vehicle was considered moving;

2) 	 after receiving the time of all tracks, the data was sent to 
the Herman-Prigogine model, after which the result was 
obtained. The result is a report file that contains the following 
information for each route:
•	 route number - position number of the route in the list of 

streets or routes;
•	 address - street, city, country for the current route;
•	 starting point and end point - route boundary;

The implementation of the client end is represented by a 
mobile software system for data collection. This system was 
developed for the Android platform using the Java programming 
language. The user interface of the system was developed in 
accordance with the requirements of Google [4] for the interface 
of Android applications.

The server end of the system is a web application. The web 
application is used for:
•	 loading tracks from a file;
•	 processing tracks according to the Herman-Prigogine model;
•	 visualizing the obtained results with overlay on the Google 

Maps cartographic service [21];
•	 clustering sections of the street and road network according 

to the parameters of the Herman-Prigogine model.
After preliminary processing and storage in the cloud service, 

the data are uploaded as a file for further analysis. The file in the 
CSV format is sent to the server end of the system. The server 
end of the system at this stage receives all tracks from the file, 
processes and verifies them. The file in the CSV format containing 
tracks is sent to the input for analysis. After receiving all tracks 
for a particular street, the number of tracks, the standing time, 
and the average speed for this section of the road are determined. 
Every parameter is assigned a threshold value in advance, on the 
basis of which it is determined whether a track belongs to the 
group of unreliable tracks.

After passing the verification, the data are sent to the 
Herman-Prigogine module for calculating parameters. The 
following algorithm is used to implement the Herman-Prigogine 
model. All tracks for a particular street are selected from the 
track database, and information on time and speed at each point 
in time associated with obtaining of the location is extracted 
from them. Information on time allows calculating the total travel 
time, and the speed allows determining how much of this time is 
spent standing. Thus, two components are obtained, which are 
necessary for the Herman-Prigogine model. After receiving the 
data, a linear regression is constructed using the total time and 
the time in motion in order to solve an equation of the y = kx + b 
type. After solving the linear regression, the k and b parameters 
are calculated, which are used for calculating the parameters of 
the Herman-Prigogine model.

After calculating the parameters of the Herman-Prigogine 
model, the data are transferred to the clustering module input. 
The FOREL algorithm [22] is used for clustering the obtained 
results. This algorithm is based on the idea of combining objects 
into one cluster in the areas with the most concentration. This 
algorithm was chosen because it does not need specifying the 
number of clusters in advance. After clustering of the entire 
sample, the application displays the charts and routes on the map, 
and then compiles a report in the TXT format.

The implementation of the server end is represented by a 
special system developed for the web platform [23-25]. Python 
was used for the development as the main programming language. 
The Flask framework [26] was used for displaying in the web 
environment. The cartographic service Google Maps v3 [27] 
was used in this system. The JavaScript programming language 
[23] was used for manipulating the map: constructing points 
and routes. ORM SqlAlchemy [28] and the SQLite database 
management system [25] were used for working with the database. 
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•	 speed - minimum average speed obtained as a  result of 
the analysis;

•	 table with intermediate data - table containing all the 
tracks for this route in the form of the total travel time, 

•	 straight-line distance - distance between points in 
a straight line;

•	 road distance - distance between points along the road in 
compliance with traffic rules on this route;

Figure 3 Visualization graph of calculation results according to the Herman-Prigogine model

Figure 4 Clustering of routes with a radius of 7 units
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located irregularly, forming street clusters according to the quality 
of traffic management.

The FOREL algorithm was chosen for the clustering of this 
data set, since the number of clusters that should be obtained at 
the output was not known in advance. This algorithm requires 
specifying only the initial size of the expected clusters. By 
specifying the radius experimentally, the obtained output was 
a  list of points with automatically generated cluster classes. The 
obtained clusters with a radius of 7 units are shown in Figure 4.

The illustration shows that the routes were divided into 6 
clusters, each with a different number of streets. The parameters 
of each cluster are given in Table 1.

A  brief description of road conditions is given for each 
cluster, which was determined on the basis of comparison 
with the indicators of other cities. Comparing the indicators of 
different cities, a conclusion can be made on the characteristics 

as well as the standing time. The table also contains 
intermediate computational values;

•	 adjustable parameters for y = kx + b - adjustable parameters 
k and b obtained during solving of the linear regression;

•	 parameters of the Herman-Prigogine model: the Herman-
Prigogine indicator, the average minimum travel time, 
and the average minimum specific travel time.

As a result of testing of the subsystem for model calculations, 
data of the n and Tm parameters were obtained, which characterize 
the quality of traffic management in this section.

Having obtained the results of calculating the parameters 
of the Herman-Prigogine model for specific streets of the city of 
Minsk, the points of the minimum average specific travel time 
T

m
 and the indicator n of Herman-Prigogine for these streets 

were plotted in the graph (Figure 3). As seen here, the points are 

Table 1 Characteristics of the obtained clusters

Cluster 
number

Number of 
streets

Range n Range T Brief description

1 48 [0.04; 3,36] [61.51; 74.70] Moderate response to increased street load

2 16 [0.12; 1.74] [74.91; 84.30] Weak response to increased load

3 4 [0.45; 1.76] [86.60; 93.09] Weak response to increased load

4 9 [0.52; 1.76] [57.21; 59.39] Weak response to increased load

5 4 [1.26; 6.07] [42.86; 48.76] Maximum response to increased load

6 1 [0.26; 0.26] [101.17; 101.17] No response to increased load

Figure 5 Color differentiation of routes by classes
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Thus, for successful application of mathematical modeling 
methods for the transport system, recommendations for transport 
modeling, as well as programs for optimizing the road network 
capacity should be developed.

As part of this work, a software system has been developed 
that includes modules for collection of navigational data, storage 
and verification of track data, management of street and road 
data, calculation of the Herman-Prigogine model indicators, and 
classification of streets according to these parameters on the basis 
of passive processing of navigational data on vehicle traffic on 
transport highways and street and roads networks of cities.

The main advantages and novelty of the developed system 
are as follows:
•	 cloud computing (using to store large amounts of cloud 

storage data);
•	 availability of a  mobile client application for the Android 

OS for collecting data in addition to the ability to work with 
already collected navigation data from the navigation and 
information center and other sources;

•	 support for formats of modern GPS trackers;
•	 use for calculating and processing the data of modern web 

technologies;
•	 scalability and customizability of the system.

As a  result of testing of the developed software, results 
confirming the working efficiency of the proposed algorithms were 
obtained. Also, as a result of using the navigational data collected 
in the Republic of Belarus, in particular in the city of Minsk, the 
ability of the software system to distinguish street classes with 
different conditions of traffic management and the influence of 
the traffic flow load on the capacity was demonstrated.

The obtained results of the assessment of traffic flow 
parameters can be used to improve the efficiency and quality of the 
activities of state bodies, services, and companies in the transport 
sector in order to support the decision-making on accounting and 

of traffic management in Minsk. Also, the degree of influence of 
the traffic flow load on the quality of service was determined in 
the “Brief description” column of Table 1.

The resulting route clustering was applied when plotting the 
routes on the map in different colors depending on the route class. 
This allows visually identifying road sections with different road 
conditions. The visualization results are shown in Figure 5.

The distribution of the streets of Minsk by clusters is given 
in Table 2.

Thus, the classification of the streets of Minsk according 
to the quality of traffic management was obtained, problematic 
streets were identified, and the results were visualized.

6.	 Conclusions

Mathematical modeling plays an increasingly important 
role in methodological support of the development and 
implementation of any measures to manage the road network 
capacity. The application of mathematical models in the planning 
of management activities in the field of transport offers an 
opportunity:
•	 to assess the quality of traffic management;
•	 to predict the operational efficiency of management activities 

and their combinations based on the obtained estimates;
•	 to predict possible negative consequences of the 

implementation of management activities.
These predictions and estimates allow significantly improving 

the quality of management decisions in the transport sector.
The widespread introduction of navigation systems in 

transport opens up wide possibilities for collecting information 
on traffic flows. There are mathematical tools that continue 
to improve, which provide a  solution for current problems of 
transport modeling and the assessment of traffic flow parameters.

Table 2 Distribution of the streets of Minsk by clusters

Cluster 
number

Street name

1 Igumensky trakt, Rokossovskogo ave., Radialnaya str. part 1, Akademicheskaya str., Kozlova lane, Svislochskaya str., Plekhanova 
str., Denisovskaya str., Partizansky ave. part 1, Partizansky ave. part 2, Partizansky ave. part 3, Tolstogo str., Sverdlova str., 
Nezavisimosti ave. part 1, Nezavisimosti ave. part 2, Nezavisimosti ave. part 3, Nezavisimosti ave. part 4, Kizhevatova str., Kazintsa 
str., Aerodromnaya str., Zhukova ave., Maksima Bogdanovicha str. part 1, Maksima Bogdanovicha str. part 2, Nemiga str., 
Dzerzhinskogo ave. part 1, Dzerzhinskogo ave. part 2, Pritytskogo str., Kalvariyskaya str.,

Pobediteley ave. part 1, Pobediteley ave. part 2, Pobediteley ave. part 3, Masherova ave. part 1, Masherova ave. part 2, Masherova 
ave. part 3, Timiryazeva str. part 1, Timiryazeva str. part 2, Timiryazeva str. part 3, Klary Tsetkin str., Kozlova str., Dolgobrodskaya 
str. part 1, Kuybysheva str., Surganova str, Vaneyeva str., Vaupshasova str. part 1, Vaupshasova str. part 2, Trostenetskaya str., 
Dolginovsky trakt, Volodko str.

2 Radialnaya str. part 2, Aranskaya str. Mogilyovskaya str., Brilevskaya str.,

Pushkina ave., Maksima Goretskogo str., Pritytskogo str., Storozhyovskaya str.,

Timiryazeva str. part 4, Ulyanovskaya str., Pervomayskaya str., Kuybysheva str.,

Smolenskaya str., Maksima Bogdanovicha str. part 3, Kuntsevshchina str., Volgogradskaya str.

3 Yanki Luchiny str., Stoletova str., Surganova str., Platonova str.

4 Mayakovskogo str. part 1, Tashkentskaya str., Kabushkina str., Mayakovskogo str. part 2, Zhukova ave., Kharkovskaya str., 
Pobediteley ave., Filimonova str.,

Yakuba Kolasa str.

5 Moskovskaya str., Yanki Kupaly str., Dolgobrodskaya str. part 2, Dolgobrodskaya str. part 3

6 Korzhenevskogo str.
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tool can be used to analyze transport corridors, main highways, 
and city streets in order to find sections that primarily require 
upgrading and improving.

redistribution of traffic flows within transport highways and street 
and road networks, on analyzing the transport load, on providing 
optimal traffic management, and when upgrading the existing 
road networks and designing new road networks. Moreover, this 
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