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ABSTRACT
Driving in a traffic flow implies involvement in difficult traffic 

situations that adversely affects response time of a driver, which in turn 
is considered when estimating stopping distance of a vehicle and 
determines road safety. This relationship shows the effect of driver 
behaviour in traffic flow on the road traffic situation.

The objective of the study was to study behavioural factors that 
influence driver’s decisions. The study used methods of driver behaviour 
modelling, mathematical modelling, experimental studies of the mental 
and psychological functions of drivers.

Modelling the driver’s behaviour, considering various combinations 
of many behavioural and other factors, leads to a large number of 
options for mathematical description of driver behaviour, which makes 
it difficult to use this approach to describe behaviour of drivers under 
the conditions of a real street-road network.

The research has analysed several works devoted to the study of 
control action of drivers, using unknown coefficients, describing a model 
of movement of vehicles considering accuracy of their control. Driving 
through an unregulated intersection is considered as the most complex 
and informative version of driver’s behaviour. It is found that when 
modelling a traffic flow, it is necessary to take into account the degree 

of resoluteness of drivers (through determination of a coefficient of 
resoluteness which is a random variable that takes into account the 
probability distribution of the coefficient’s value in conjunction with the 
probability distribution of the function of traffic flow intensity). The 
distribution of the coefficient of resoluteness of drivers, obtained from 
experimental data, was subject to analysis. 

It is determined that the driving style affects formation of traffic 
congestion. The assessment of the driving style is made through 
conditional classification of driver behaviour on the road, namely marked 
by manifestation of aggression and timidity. When studying the 
behaviour of timid and aggressive drivers, several pairs of trajectories 
and the dynamics of the corresponding traffic flow density, were 
considered and calculated based on Edie’s model. It has been 
confirmed that traffic congestion has the greatest negative effect on 
choleric drivers and sanguine drivers. Besides, there is a relationship 
between the response time of a driver and the change in his functional 
condition.

It is concluded that to improve road safety thanks to a more 
accurate assessment of possible risks of formation of congestion 
situations, it is necessary to consider behavioural characteristics and 
temperaments of the drivers. 
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n – number of observed vehicles. 

Based on probability theory, it is possible to set the probability of making a 

decision in traffic conditions. The probability distribution of decision making must be 

determined experimentally. 

Drivers at an unregulated intersection 

The behavior of drivers when driving through an unregulated intersection will 

be the most complex and indicative (Pic. 1). 

«The behavior of a driver who has approached an intersection on a secondary 

road, in the case of a right turn, activates a certain margin of time tmar, after which he 

makes a turn. From the theoretical foundations, the time ttt, necessary to perform a 

right turn, which takes into account acceleration to speed of a traffic flow moving in 

the forward direction, is determined using methods from automobile theory» [6]. 

 
Pic. 1. Scheme of directions of vehicles at an unregulated intersection. 

 

In order to ensure a reserve of response time, drivers, as a rule, overestimate 

time somewhat, and make decisions about the beginning of a maneuver, subject to: 

tmar > ttt.  (1) 

According to the researchers, «the degree of determination of a driver when 

making a decision can be determined by the following coefficient» [8]: 

Kdet = ttt/tactmar,  (2) 

where tactmarʹ – actual time margin that determines the degree of determination when 

making a decision, during which a driver must decide on a maneuver. 

А 

B 

Background. Drivers are an essential 
element in traffic flow models (TF). The 
behavioural factor in the field of decision-
making in most cases is determined by traffic 
conditions in a TF. The decision-making 
process itself includes an indefinite number of 
components that depend on driving experience, 
gender and age of a driver, psychophysiological 
features of a driver, weather and climate 
conditions, technical and operational condition 
of a road, technical condition and dynamic 
properties of a vehicle, traffic flow indicators, 
road parameters, etc.

Modelling the driver’s behaviour, taking 
into account various combinations of the 
variety of these factors, leads to a large number 
of options for mathematical description of this 
behaviour, which was analyzed by the authors 
in the work [1]. This fact makes it impossible 
to apply a mathematical approach to describing 
behaviour  of drivers on a street-road network 
(SRN) in the framework of modelling traffic 
flows in a city where tens of thousands of cars 
move on roads [2, 3].

«Overcoming such «bottlenecks» in a 
moving flow as intersections, involvement in 
difficult traffic situations, traffic jams negatively 
affect the driver’s response time» [4]. The 
response time of a driver has a significant 
impact on the braking distance length of a 
vehicle, especially with regard to emergency 
braking. All these parameters are included in 
the dynamic dimensions of a car, which is one 
of the factors that determine road safety.

With increasing speed the dynamic 
dimensions of a car also increase, the reverse 
state leads to a decrease in transit capacity, and 
ultimately to formation of traffic congestion 
due to increase of driver’s response time. This 
relationship shows how the behaviour of drivers 
in a traffic flow affects the road traffic situation.

Objective. The objective of the study is to 
determine the influence of various behavioural  
factors on the actions of the driver of the 
vehicle, especially on those that cause formation 
of traffic congestion.

Methods. The authors used general 
scientific and engineering methods, modelling, 
experimental studies.

Results. There are many works devoted to 
the study of the control action of a driver, taking 
into account various coefficients, which 
describe vehicle’s motion model considering 
accuracy of its control. This  approach has high 
reliability when analyzing controllability and 
stability of a car during acceleration (traction 
mode), braking, and in free-wheeling mode. 
During simulation of movement of each vehicle 
in a traffic flow, the above traffic conditions 
make up a multicomponent model with a dozen 
unknown coefficients, which are difficult to be 
used when modelling.

In this regard, for the driver’s behavioural 
factor to be used in traffic flow models, the 
input information should be simplified, that is, 
the driver behaviour and decision model can 
be reduced to stochastic transport flow models 
[5].

Pic. 1. Scheme of directions of vehicles at an unregulated intersection.
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Stochastic models of transport flow are 
characterized by a probability that a certain 
number of cars will pass through a section of 
the road to which the Poisson distribution 
applies:

( ) ( )n
t

n

t
P t e

n
−= , 	 (1)

where P
n
(t) – ​probability of transit of the n-th 

number of vehicles during time t;
λ – ​distribution parameter (transport flow 

intensity), car/day;
t – ​duration of observation segments, sec;
n – ​number of observed vehicles.
Based on probability theory, it is possible to 

set the probability of making a decision under 
traffic conditions. The probability distribution 
of decision making must be determined 
experimentally.

Drivers at an unregulated intersection
The behaviour of drivers when driving 

through an unregulated intersection will be the 
most complex and demonstrative (Pic. 1).

«The behaviour of a driver who has 
approached an intersection on a secondary 
road, in the case of a right turn, involves a 
certain margin of time t

mar
, after which he 

makes a turn. From the theoretical foundations, 
the time t

tt
, necessary to perform a right turn, 

comprising acceleration to speed of a traffic 
flow moving in the forward direction, is 
determined using methods of automotive 
engineering» [6].

In order to ensure a reserve of response 
time, drivers, as a rule, overestimate time 
somewhat, and make decisions about the 
beginning of a maneuver, subject to:
t

mar 
> t

tt
. 	  

According to the researchers, «the degree 
of resoluteness of a driver when making a 
decision can be determined by the following 
coefficient» [8]:

K
res 

= t
tt 
/t

acttr
, 	 (2)

where t
acttrʹ  is actual time redundancy that 

determines the degree of resoluteness when 
making a decision, during which a driver must 
decide on a maneuver.

The change in the coefficient that evaluates 
resoluteness of drivers can be included in the 
following range:
0< K

res 
≤ 1. 	 (3)

«The probability distribution of К
res

 needs 
to be obtained experimentally by known 
methods, for example, by means of photo and 
video recording of a traffic flow that passes 
through the intersection under consideration 
with further statistical processing» [8].

When cars move through an unregulated 
intersection in the forward direction, a driver 
must make a decision taking into account time 
margin:
t

marr 
= min(t

mar
; t

tt 
),	  (4)

when making a left turn:
t

marl 
= min(t

mar
; t

tt
; t

tr 
).	  (5)

Please note that driver’s resoluteness 
depends on the type of maneuver at the 
intersection (turning left, right, or driving 
straight). In this regard, decisive factors must 
be calculated for each maneuver separately. The 
distribution of the coefficient of determination 
of drivers has the form shown in Pic. 2.

«The experimental data on a traffic flow 
through an unregulated intersection largely 
depend on parameters of a traffic flow, especially 
on traffic intensity, the greater is intensity, the 
more decisively drivers must act» [7].

This can be seen on the curve (Pic. 2)
that shows the ​shift of the distribution curve to 
the right with increasing traffic intensity. The 
change in traffic intensity also needs to be 
analyzed using experimental data.

That is, in the process of modelling the 
parameters of a traffic flow, it is necessary to take 

Pic. 2. The scheme of distribution of the coefficient of resoluteness of drivers.
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The change in the coefficient that evaluates determination of drivers can be 

included in the following range:  

0< Kdet ≤ 1.  (3) 

«The probability distribution of Кdet needs to be obtained experimentally by 

known methods, for example, by means of photo and video recording of a traffic flow 

that passes through the intersection under consideration with further statistical 

processing» [8]. 

When cars move through an unregulated intersection in the forward direction, a 

driver must make a decision taking into account time margin: 

tmarr = min(tmar; ttt),  (4) 

when making a left turn: 

tmarl = min(tmar; ttt; tmart).  (5) 

Please note that driver’s determination depends on the type of maneuver at the 

intersection (turning left, right, or driving straight). In this regard, decisive factors 

must be calculated for each maneuver separately. The distribution of the coefficient 

of determination of drivers has the form shown in Pic. 2. 

«The experimental data on a traffic flow through an unregulated intersection 

largely depend on parameters of a traffic flow, especially on traffic intensity, the 

greater is intensity, the more decisively drivers must act» [7]. 

 
Pic. 2. The distribution scheme of the coefficient of determination of drivers. 
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into account the behavioural factor of a driver, 
which can be determined using the «coefficient of 
resoluteness of drivers». It is a random variable 
considering the probability distribution of its value 
in combination with the probability distribution of 
TF intensity function» [8].

Aggressive and timid drivers
Studies were carried out that determined 

the dependencies of the risk level of congestion 
formation, increasing with an increase in the 
number of agressive drivers who keep close to 
the vehicle in front and move as fast as possible 
as compared to timid drivers who keep a great 
distance and low speed» [10].

To study the behaviour of timid and 
aggressive drivers Pic. 3 shows several pairs of 
trajectories and dynamics of the corresponding 
density of a traffic flow. They are calculated 
based on the Edies model [11].

For n-cars located in the transport flow 
inside area A, the formula has the following 
form:

1

n
i

i

T
k

A=

= ∑ ,       1

1
1

,

n
n

ii i
n

i ii

DD q
q v

A k T
=

=
=

= = = ∑∑
∑

, 	 (6)

where k, q and v – ​density, intensity and speed 
of the transport flow in the area А;

|А| – ​area А;
T

i
, D

i
 – ​i-th time of movement of the vehicle 

and the distance traveled within the area А.

Each small circle in Pic. 3 corresponds to 
the flow density within a certain area in the 
space-time diagram. The unit in the pictures 
indicates the first dimension, the remaining 
dimensions are sequentially added and built 
into the trajectory of motion [11]:

•	timid drivers slowed down along the 
equilibrium branch 1→5(a), and accelerated 
along the «lower» branch 1→8(b), returning to 
the initial state;

•	aggressive drivers slowed down along the 
«upper» branch 1→7(c), and accelerated along 
the branch 1→3(d), returning to the equilibrium 
state.

Soon after such a behaviour of drivers 
manifests, leading to a nonequilibrium state of 
the system, speed of vehicles quickly tends to 
zero, which leads to traffic congestion.

Type of temperament and driver behaviour
«In turn, movement under the conditions 

of traffic congestion leads to deterioration in 
the functional condition of a driver due to a 
temporary distortion of some of his mental and 
psychological functions» [12].

Given the different types of temperament, 
drivers behave differently in traffic congestion. 
«Their functional condition is assessed by 
analyzing the heart rate and determining the 
activity index of regulatory systems (according 
to the method of Professor R. M. Baevsky)» [13].

Pic. 3. The trajectory of cars, the dynamics of density flows:
a), b) – ​timid drivers; c), d) – ​aggressive drivers.
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Pic. 3. The trajectory of cars, the dynamics of density flows: 

a), b) – «timid» drivers; c), d) – aggressive drivers. 

 

Each small circle in Pic. 3 corresponds to the flow density within a certain area 

in the space-time diagram. The unit in the pictures indicates the first dimension, the 

remaining dimensions are sequentially added and built into the trajectory of motion 

[11]: 

• timid drivers slowed down along the equilibrium branch 1→5(a), and 

accelerated along the «lower» branch 1→8(b), returning to the initial 

state; 

• aggressive drivers slowed down along the «upper» branch 1→7(c), and 

accelerated along the branch 1→3(d), returning to the equilibrium state. 

Soon after the appearance of such behavior of drivers, leading to a 

nonequilibrium state of the system, speed of vehicles quickly tends to zero, which 

leads to traffic congestion.  

Type of temperament and driver behavior 
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Studies have found that traffic jams have 
the greatest negative effect on choleric drivers 
and sanguine drivers. Traffic congestion does 
not have a significant effect on drivers of 
other temperaments.

Experimental studies [14] made it possible 
to determine an indicator that evaluates the 
«nature of change in the response time of 
drivers of different temperaments after 
leaving a traffic congestion» [15]. The 
behavior of 100 drivers of a large motor 
transport enterprise of the city of Saratov 
during their stay in a traffic jam was analyzed. 
During the experiment, it was found that for 
different groups of drivers, the indicator 
evaluating the nature of the change in the 
response t ime of  drivers  of  di f ferent 
temperaments after leaving a traffic jam is 
different. It was found that it is different for 
different groups of drivers. For example, the 
response time of a choleric driver in the first 
half of the section of the path between the 
intersections is longer, and in the second 
section it is ​less.

This indicates the emergence of hazardous 
areas in the areas of the transport network 
[14], where there is a high level of likelihood 
of traffic jams and traffic accidents.

Brief conclusions. Thus, when optimizing 
traffic conditions, it is necessary to take into 
account the behavioral characteristics of 
drivers and their temperament [16] in order 
to improve traffic safety by considering risks 
of congestion situations arising from the fault 
of drivers.
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