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STUDY OF THE CORRESPONDENCES DISTRIBUTION
OF VEHICLE TRAFFIC ON THE ROAD NETWORK OF CITIES

Summary. The problems of traffic management in large cities are complicated as the increase
in traffic volume far exceeds the road network capacity. It leads to saturation of the road network,
which negatively affects its functioning. This article analyzes the state of the art of improving the
quality of road traffic by predicting the size of traffic after the implementation of traffic management
measures. While the issue of modeling traffic flow parameters based on technological factors has
been sufficiently studied, the problems of considering the human factor need to be clarified. The
object of study is traffic flow on the city's road network. The criteria used by drivers to compare the
characteristics of alternative traffic routes were identified based on the field study results. Based on
the data obtained, the parameters of alternative routes that drivers choose when driving on the road
network are formed. According to the survey results, the most significant factor is the minimum
mileage along the route. Deviations from the shortest route were determined to determine the
patterns of distribution of correspondence of non-route vehicles along alternative routes. It made it
possible to define the distribution of transport correspondence along alternative routes. Since the
process under consideration is probabilistic, the law of distribution of a random variable was
determined. After having determined the law of distribution of a random variable for the data
obtained, the calculations showed that the change in the random variable is well described by the
gamma distribution. It was determined that the share of transport correspondence that will be
carried on them decreases as the length of the route deviates from the shortest one. The obtained
results make it possible to predict road network congestion by modeling the distribution of traffic
flows. In further research, it would be advisable to analyze the distribution of transport
correspondence by other criteria.
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1. INTRODUCTION
An increase in the motorization level and, therefore, traffic volumes on the streets and roads of the

city leads to saturation of the road network, which negatively affects its functioning. It is necessary to take
measures to improve road traffic to maintain the parameters needed to ensure its efficiency and safety. The
solution to this problem is possible by bringing the parameters of the road network in line with the values
of traffic flows, constantly improving the means and systems of traffic management. Any developments
created to improve traffic quality are based on a forecast of traffic volumes after their implementation.
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Based on this information, the effect can be assessed, and a conclusion can be made about the feasibility of
the proposed measures. The importance of the results and the significant material costs associated with
implementing these measures place high demands on the reliability of traffic flow forecasts on the road
network. The traffic congestion on the city's road network is determined by the size and direction of traffic
flow correspondences. Considering the distribution patterns of transport correspondences along alternative
routes when overlaying flows on the network will allow modeling in accordance with the processes
occurring in the network. It will help to increase the reliability of the forecast results, allowing for a more
balanced determination of the requirements for the development of the road network and outlining
management impacts to meet them. Measures effectiveness can be assessed by modeling the parameters of
traffic flows before and after implementation. One of the methods for determining the amount of flow at
sections and intersections is the overlay of traffic on the transport network, which is made along different
routes [1].

2. RESEARCH STATEMENT

A traffic flow consists of individual vehicles with different dynamic characteristics and is driven by
drivers with different qualifications [2]. The main parameters of the traffic flow are related to the
capabilities, needs, and characteristics of the driver and the vehicle, which together form a discrete element
of the model [3].

All vehicles moving in the traffic can be divided into route vehicles, which adhere to routes and are
not allowed to change them regardless of the actual traffic situation, and non-route vehicles, whose drivers
are free to choose their route. Private vehicles make up the bulk of the traffic flow, and other vehicle types
add congestion to the network [4].

Thus, volumes on all sections of the transport network are the condition of flows generated by the
collective movement of drivers of vehicles that implement a known correspondence matrix [4].

When modeling the distribution of traffic flows along a road network, the model should include the
goals set by the driver [5]. The driver's goal may be to minimize travel-related losses, such as travel time,
energy expenditure, et cetera, and maximize their safety with the smallest deviation from comfortable
conditions [6-9]. The possibility of traveling by different routes should also be taken into account.

The routes of each correspondence are determined by the correspondence following its interests [6].
According to researchers, there are still no reliable criteria to assess the decisions made by drivers to
choose a route [10]. Extensive experiments are needed to find out the decisions that guide the driver when
he chooses a route. It is also indicated that the most realistic criterion is the duration of the trip.

The possibility of using several alternative routes should be considered when building a system of
shortest routes. One way is to determine all routes that differ from the shortest route by a constant, the
value of which is selected for practical reasons [11].

The method based on designing route selection curves is widely known [6]. These curves are derived
from observations and are based on using trip length or cost data. As a disadvantage of this method, it is
necessary to note the possibility of distributing the traffic flow along only two competing routes. As a
result, it is not suitable for large cities with a developed road network, where there are often more than two
alternative routes.

It is possible to use the "direct distribution” method of trip distribution [2]. The model directly
distributes traffic flows across network channels based on the density of trips on neighboring links. At the
same time, one of the heuristic methods of flow overlay is used to count the traffic capacity: either iterative
or sequential (stepwise) load increase [13]. The calculations are carried out until the equilibrium is
determined. These methods ensure equilibrium in the network [14]. It is based on the assumption of driver
behavior that drivers choose such routes that the total travel time for the entire system is minimized [13,
14]. However, the iterative procedure is too complicated and cannot produce convergent results. Instead, it
is proposed to use the principle of maximum weighted entropy to model the mass behavior of a
homogeneous mass of people.
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The route choice can be influenced by random factors such as weather, mood, time, health, et cetera.
As a result, according to some researchers, the decision-making model should be based on the probabilistic
principle [15].

The reviewed sources make it clear that a large number of studies are devoted to the distribution of
traffic correspondences on alternative routes, and the purpose of these researches was to forecast the
volume of correspondences on sections of the city's road network. The disadvantages of existing methods,
models, and algorithms for distributing traffic over the road network include the fact that the strategy for
choosing a route among possible and real-time traffic conditions on the network is not taken into account
to the fullest extent. It is due to the leading role of a person in the process under consideration, and it is
difficult to evaluate the actions and decisions of a person. In such circumstances, it is worth supplementing
the existing research results with drivers' opinions when choosing routes. Since the problems of drivers'
route choice need to be studied in the field for further forecasting, the study presented in this article is
relevant.

Based on the analysis of the issue, the purpose of the study is to determine the distribution patterns
of transport correspondences along alternative routes.

The object of the study is traffic on the city's road network.

The following tasks need to be solved to achieve the research purpose:

— carry out a field study to determine the entire set of criteria used by drivers in comparing the

characteristics of alternative routes;

— obtain information about the routes that drivers use when traveling between points of origin and

destination;

— to obtain patterns of distribution of transport correspondences along alternative routes.

The expected results of the conducted research and their analysis are the basis for the law of
distribution of traffic correspondences along alternative traffic routes for further study of the patterns of
traffic flow formation in cities.

3. DESCRIPTION OF THE RESEARCH OBJECT AND METHOD OF ITS IMPLEMENTATION
Non-route transport is operated on different routes, and the choice of a particular route depends on
the decisions made by drivers, which consider their specific characteristics. This dependence can be
represented as the following function:
hi = 1 (5t KB ) (1)
where hi* — the amount of correspondence distributed along the k-th route of movement; l;* — the length of
the k-th route; t;* — the travel time between the i-th and j-th districts along the k-th route; Ki¥, Bi* —
respectively, the level of comfort and safety of movement along the k-th route.

The graphical distribution of transport
correspondences by alternative routes is shown in
Fig. 1. Drivers use different criteria in their decision-
making, which makes it necessary to identify these
criteria and assess their significance.

The authors developed a questionnaire
(Fig. 2) and carried out a survey that recorded the
route data and determined the significance of the
criteria used in route selection to determine the
patterns of route selection by drivers.

According to [16], for a value with a
probability of 0.95 and a margin of error of 0.05, the
number of observations is 384. In this regard, 400
questionnaires were filled out during the survey.
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Fig. 1. Scheme of transport correspondence
between the city districts by alternative routes:
i — district of departure.

j — district of arrival.
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Date of the survey
Driver

Travel time
along the
route

Points of departure and destination

Criteria for

Route track Frequency of route !
choosing a route

from to use, %

1.
2.
3.

Criteria for choosing a route: 1) route length; 2) travel time; 3) level of comfort; 4) safety of movement.
Rank the importance of the following criteria from the most important, in your opinion, to the least
important

Fig. 2. Questionnaire for surveying the route of drivers

4. MAIN PART

The first stage of the research was to recognize the weight contribution of the selected criteria. For
this purpose, we used the method of rank correlation, i.e., a priori ranking based on the assessment by a
group of experts [17]. Drivers of off-route vehicles were used as experts, as they were the ones who
decided to choose a route.

The survey was conducted in Kharkiv. In the prewar period, the city's population was 1430885 inhabitants,
the total length of roads was 1368.5 km, and the density of the road network was 3.91 km/km?. In Kharkiv, 191739
vehicles were registered, which determined the level of motorization of 134 cars/1000 persons. Processing of the
survey results showed that travel distances ranged from 6.1 to 36.5 km. Calculation results showed that the sum of
the ranks of the factors studied varied from 1347 for the most significant to 2346 for the least.

According to the survey results, the most essential factor is the minimum mileage along the route.
The next stage of survey data processing was carried out to determine the patterns of distribution of
correspondence of non-route vehicles along alternative routes, in which the deviation from the shortest
route was calculated using the formula:

A =m'100%, )
I-min
where A;j — deviation from the shortest route by length, %; Li — the length of the i-th design route, km;
Lmin — length of the shortest route, km.
The distribution of transport correspondences along alternative routes, depending on their deviation
from the shortest route, was determined by the following relationship:
zVi
= )
where P; — the share of drivers who use routes that deviate from the shortest one Ai; v — number of trips
along the route with deviations from the shortest route Ai; v, — the frequency with which the entire set of
routes is used, which is calculated using the formula:

vV, =n, (4)
where n — total number of transport correspondences.
The results of the calculations are shown in Table 1. If we assume the volume of departures from

district i to district j to be 100 %, we get the following distribution of transport correspondences along
alternative routes, depending on the deviation in length from the shortest route.

Table 1
Distribution of transport correspondence by alternative routes
Ai, % 0 1-10 11-20 21-30 31-40 41-50
Pi 0.569 0.165 0.118 0.051 0.036 0.021
Ai, % 51-60 61-70 71-80 81-90 91-100 101-200
Pi 0.011 0.0062 0.0056 0.0039 0.0011 0.0029
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Because the process under consideration is probabilistic in nature, it becomes necessary to determine
the distribution law of a random variable. The consistency of the empirical and theoretical distributions
was assessed using Pearson's agreement criterion for a confidence level of P = 0.95 and an error margin of
£=0.05 [16].

When determining the law of distribution of a random variable for the data obtained, the calculations
showed that the change in the random variable is well described by the gamma distribution (Fig. 2).
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Fig. 2. Histogram and density
of distribution of deviation of transport
correspondence from the shortest route 20
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The calculated value of Pearson's criterion was 0.364, and the tabulated value was 0.714. The
tabulated value of Pearson's agreement criterion exceeds the calculated one, which indicates the
consistency of the empirical and theoretical distributions.

The density of the gamma distribution is as follows [17]:

AT g
H (77)
f(t, n, A)=4t>0, 1>0, >0, (5)

0 in other cases

where 5 — form parameter; A — scale parameter; H(») — known gamma function.

As a result of the calculations, the following values of the distribution parameters were obtained:
n=0.339, 1=0.049.

The histogram and density of distribution of the deviation of transport correspondence from the
shortest route are shown in Fig. 2. Thus, as the length of the route deviates from the shortest one, the share
of transport correspondence that will be carried on them decreases.

After determining the regularity of the distribution of transport correspondence, it became possible
to analyze this distribution along alternative routes to assess the possibility of using the route length as a
criterion.

It is necessary to compare the actual values of transport correspondence with the estimated values to
assess the adequacy of the distribution of transport correspondence. Research was conducted to identify
them to obtain real-time data.

The first step was to define the study area and identify the points of departure and destination
located at different distances from each other. For ease of orientation, intersections were used as departure
and destination points. It was followed by a survey of drivers who regularly travel in the area. All the
necessary information about the driver and the vehicle was entered into a special card. Then, the driver was
required to indicate the route he would take between the proposed points. The condition was set that the
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traffic was carried out during the morning rush hour. The routes indicated by the drivers were mapped. As
a result of the survey, 112 drivers were interviewed, and 387 correspondences were recorded.

The survey revealed a characteristic feature of route selection, which is that drivers deliberately
exclude some possible alternatives when making a decision due to unsatisfactory traffic conditions (road
surface conditions, various traffic obstacles).

The next step was to process the survey data, which consisted of summarizing the correspondence
along the same routes. As a result, data was obtained on the amount of correspondence and its distribution
along alternative routes. Then, their length was measured for each route.

After the actual distribution of correspondences along alternative routes was determined, it became
necessary to obtain their estimated values. For this purpose, a distribution algorithm was developed and
modeled.

Since drivers do not accurately determine the distance, the concept of a threshold value was
introduced, i.e. the minimum increase in the length of the route perceived by the driver. Thus, if several
routes have deviations within the same interval, the correspondence between them is distributed evenly.

The average error of deviation of the calculated value from the actual value was calculated to
compare the values of correspondence distributed along alternative routes according to the “route length”
criterion. The average error was 16.02 %. The path length is only a spatial characteristic and does not
reflect traffic conditions such as the number of lanes, traffic volume, intersections, and delays associated
with traffic flow. It determines a large distribution error.

5. CONCLUSIONS AND RESEARCH PERSPECTIVES

This work aimed to study the regularities of the distribution of vehicle correspondences on the road
network of cities through the prism of random variables. Most scientific works on this topic are aimed at
predicting traffic flow parameters using objective factors. However, the subjective factors of drivers' route
choices were not fully considered.

The object of the study was the process of choosing routes by drivers when traveling in the city. The
criteria for selecting traffic routes were evaluated based on the results of field surveys by interviewing
drivers. At the same time, the criteria for choosing routes and the actual routes of movement in the city
were determined. We used probabilistic methods, namely the law of distribution of a random variable, to
evaluate the route selection results.

It was found that the distribution of flows of non-route vehicles along alternative traffic routes
depends on their characteristics, one of which is the length of the route. Most correspondences are made
via the shortest routes. When drivers determine a route, the probability of making correspondence on
routes with a minimum length exceeds 0.5. More than 90 % of the selected routes are within 50 % of the
deviation from the routes that provide the minimum value of this parameter. At the same time, the
distribution of transport correspondences along alternative routes is consistent with the gamma distribution.
As a result of the calculations, the following values of the distribution parameters were obtained: #=0.339,
2=0.049.

The obtained results make it possible to predict road network congestion by modeling the
distribution of traffic flows. In further research, it would be advisable to analyze the distribution of
transport correspondences by other criteria.
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JOCJAIIXKEHHS PO3IOJILTY KOPECHIOHJIEHIIIA TPAHCIIOPTHHUX

3ACOBIB BYJIMYHO-IOPO’KHbBOIO MEPEKEIO MICT

Anomauia. Ilpobremu ynpasninus OOPOICHIM PYXOM Yy BEIUKUX MICMAX YCKAAOHIOIMbCS
MuM, Wo 30i1bUleHHs IHMEHCUBHOCHI PYXY MPAHCHOPMHUX 3AC00i8 ICIMOMHO NePesUIYE NPONYCKHY
30AMHICMb  8YIUYHO-00POJICHLOT Mepedici. Lle npuzsooums 00 HACUHEHHS BYIUYHO-OO0POICHLOL
Mepedici, Wo He2amueHo NO3HAYAEMbCA HA  iT (yHKyionyeanui. B yiil cmammi nHagedeHo auanis
NUMAHHA WOOO0 NOTINUEHHS AKOCMI O0POAICHLO20 PYXY 34 PAXYHOK NPOSHO3YEAHHS IHIMEHCUBHOCHIE
PYXY RiCAs YNPO8aoddcenHs 3axo0is i3 opeauizayii pyxy mpaucnopmuux 3aco6is. Axwo numanws
MOOENI0BaHHsl NAPaAMempie MPAHCNOPMHUX HNOMOKIE 3 MEXHONO02IUHUX axmopie € odocumy
BUBUEHUM, MO NPOOIEeMU 8PAXYE8ANHHS NHOOCHKO20 YUHHUKA nompebyioms ymounenus. 00’ ekmom
00CHI0JHCEHHsL Y pOOOmMI € NOMOKU MPAHCROPMHUX 30CODI8 HA 8YIUUHO-OOPOICHIL Mepedici Micma.
3a pezynvmamamu HamMypHO20 0OCMENCEHHS BUSHAYUEHO Kpumepii, AKI GUKOPUCIO8YIOMb 800ii O
NOPIGHAHHS XAPAKMEPUCMUK aATbMePHAMUSHUX mapuwipymise pyxy. Ha ocnosi ompumanux oanux
cpopmogano napamempu anbmMepHAMUSHUX Mapupymia, sSKi 600ii euOUpaOmMy, pyXanuucy 6yauy-
HO-00POICHLOI Mepedcero. Ak noxkasanu pesynvmamu 00CmedceHHs, HausHawywinum paxmopom €
MIHIManbHUl  npobie no mapwpymy. 3 Memow GU3HAYEHHS 3AKOHOMIPHOCMEU PO3NOOLLY
KOPeCnOHOeHYii HeMapupymHux mpaHcnopmuux 3aco0is 3a arbmepHamueHUMU MAPUPYIMAMU PYXY
BUBHAYEHO GIOXUNEHHs 6i0 Hatikopomuwioeo mapwpymy. Lle Odano 3mozy eusnauumu po3noodin
MPaHCNOpmHOL KopecnoHOeHyii 3a anbmepHamueHumu mapuwpymamu pyxy. OcKinoKu po3ensHymutl
npoyec € iMOGIPHICHUM, BUSHAYEHO 3AKOH PO3N00iny eunadkosoi eenuyunu. I1i0 uyac eusHayenHs
3AKOHY PO3NOOINY BUNAOKOBOI eIUMUHU OJisL OMPUMAHUX OAHUX Y Pe3VyIbmami 00YUCIeHb 3’ 1COBAHO,
WO 3MIHA UNAOKOBOT BeUYUHU 0080 D0OPe ONUCYEMBCA 2AMMA-PO3N0diiom. Bcmanosaeno, wo 3i
3011bUIEHHAM BIOXUTIEHHST O0BICUHU MAPUPYIY 810 HAUKOPOMULOZO 3MEHULYEMbCS YACKA MPAHC-
NOPMHOI KOpecnoHOenyii, AKa Ha HUX 30ilicHiogamumemvcs. Ompumani pe3yromamu 0ams 3M02y
Haoani NPOcHO3Y8aAMU 3A8AHMANCEHHS BYIUYHO-00PONICHBOT MEPedHCT 34 OONOMO20I0 MOOETI0BAHHS
PO3N0OINY NOMOKIE MPAHCNOPMHUX 3ac00i6. Y nooanvbuuux O00CRIONCEHHIX OOYINbHO NPOAHATI-
3y8amu po3nooii MpAHCROPMHUX KOPECNOHOEHYIU 3a IHUUMU KpUMePIiamu.

Knrouoei cnosa: inmencusHicmo pyxy, mpaHcnOpmuuti nomix; 600ill; 6I0CMAaHb; MApuipym

DPYXY; WBUOKICHb PYXY.



