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STUDY OF THE INFLUENCE OF ROAD 
CONGESTION ON THE FATIGUE LEVEL 
OF A SANGUINE DRIVER

Об’єктом дослідження є процес трудової діяльності водія на міських дорогах в транспортній системі 
міста під час перевезення вантажів і пасажирів. Досліджено вплив дорожніх заторів на функціональний 
стан водія-сангвініка, що є одним з найпоширеніших типів темпераменту. Основна гіпотеза дослідження 
полягає в тому, що рівень втоми водія в дорожньому заторі, який впливає на час реакції водія і на безпеку 
дорожнього руху, залежить від стану водія і параметрів затору. Рівень втоми водія визначається, виходячи 
з концепції про серцево-судинну систему, як індикатора адаптаційно-пристосувальної діяльності організму 
шляхом вимірювання електрокардіограми. При цьому аналізується нерівномірність кардіоінтервалів, що  
є універсальною реакцією на будь-які види навантаження. Рівень втоми обчислюється в умовних одиницях 
за спеціальним алгоритмом, що враховує статистичні показники, показники гістограми та дані спектраль-
ного аналізу кардіоінтервалів. За допомогою нелінійної моделі зміни функціонального стану водія-сангвініка 
отримані закономірності зміни рівня його стомлення при різних умовах перебування в транспортному 
заторі. Виявлено, що найбільш значущим чинником, який впливає на кінцевий рівень втоми водія в заторі, 
є його початкове значення перед затором. Другим за важливістю параметром, що впливає на зміну рівня 
втоми водія-сангвініка, є тривалість транспортного затору, яка впливає на вихідну функцію тільки спільно 
з початковим рівнем втоми. Вплив віку водія-сангвініка на рівень втоми в заторі проявилося в меншій мірі. 
Однак умови перебування в дорожньому заторі найбільш відчутно впливають на водіїв більш старшого 
віку (шістдесят і більше років) в порівнянні з молодими водіями двадцяти років. Аналіз результатів дослі-
джень показав, що затори тривалістю понад дванадцять хвилин призводять до значного зростання рівня 
втоми водія-сангвініка. Це може привести до підвищення ймовірності скоєння дорожньо-транспортної 
пригоди. Тенденції змінювання рівня втоми водія-сангвініка в заторі, виявлені в ході дослідження, дозво-
ляють прогнозувати поведінку водія після виходу з дорожнього затору і оцінити можливі схеми розвитку 
дорожньо-транспортної ситуації, які безпосередньо впливають на безпеку дорожнього руху.
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1.  Introduction

Outpacing the growth rate of the level of motorization 
compared with the development of the street-road network 
of modern cities lead to the formation of queues and con-
gestion at intersections and sections of roads. Staying in 
traffic congestion imposes certain restrictions on the driver 
in its activity. Traffic congestion not only reduces the speed 
of movement of drivers and passengers, the movement of 
goods, worsens the ecological condition of the city, but 
also negatively affects the psychophysiology of the driver, 
worsening its functional condition  [1].

The concept of «functional state» characterizes the 
effective sphere of human activity. A change in the func-
tional state of the driver affects the fatigue degree and, 
as a consequence, the safety of movement  [2].

In  [1], the author investigated the influence of working  
conditions, personal qualities of the driver and its psycho-
physiological state on the reliability of work. The most sig-
nificant factors affecting the dynamics of fatigue development 
are the intensity of movement and monotonous working 
conditions. It is found that the reliability of the driver 

depends on the level of its emotional stress. As a stress 
level meter selected heart rate. And in  [3], the effect of 
traffic congestion on the psycho-vegetative status of public 
transport drivers is analyzed, taking into account the age 
and length of service. These studies are conducted using 
questionnaires by means of a survey. In  [4], the negative 
role of traffic congestion is emphasized and the mechanism 
of traffic congestions in the urban road network is inves-
tigated. In  [5], for the first time, the problem of choosing  
a function for predicting traffic congestions is investigated. 
A new method is proposed for estimating the probability of 
traffic congestions for solving multidimensional calculations 
for many one-dimensional possibilities and their combi-
nations. However, in all the other works mentioned, the 
effect of traffic congestions on the level of driver fatigue 
is not investigated. So, in  [6], the relationship between 
traffic congestions and mood, as well as driver behavior, is 
investigated. And in  [7, 8] methods of dealing with traffic 
congestions are proposed. But they also do not study the 
issues of changing the state of drivers.

The authors of  [9] note that the problem of traffic 
congestions on city roads is very relevant, therefore, they  
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considered the formation of congestion, especially on city 
roads, where the driver’s reaction time also affects the size 
of traffic congestions. In  [10], the negative role of traffic 
congestion is noted. A model of driver behavior is con-
sidered, which allows predicting the appearance of traffic 
congestions. However, how traffic congestions affect the 
driver’s condition and its fatigue level are not considered 
in these works.

Thus, the study of changes in the fatigue level of 
a  sanguine driver in traffic congestions is relevant. There-
fore, the object of research is the process of the driver’s 
labor activity on city roads in the city’s transport system 
when transporting goods and passengers. And the aim of 
research is determination of the patterns of change in the 
fatigue level of a sanguine driver in traffic congestions.

2. Methods of research

The study of the effect of traffic congestion on the fa-
tigue level of a sanguine driver consists in recording the 
electrocardiogram of drivers at the entrance to the traffic 
congestion, in the traffic congestion itself and when exiting it.

The fatigue level of a sanguine driver is calculated 
in arbitrary units according to R.  Baevsky according to 
a  special algorithm that takes into account statistical in-
dicators, histogram indicators and data of spectral analysis 
of cardio intervals. The fatigue level allows to differen-
tiate different degrees of tension of regulatory systems 
and assess the adaptive capabilities of the body  [11]. It 
is calculated according to an algorithm that takes into 
account five criteria:

L A B C D Ef = + + + +| | | | | | | | |, 	 (1)

where А – the total effect of regulation (according to the 
mathematical expectation); В – the automatism function 
(by the mean square deviation, by the variational range and 
by the coefficient of variation); С – vegetative homeostasis 
(according to a set of indicators: variational range, mode 
amplitude, regulatory system tension index); D – stability 
of regulation (by coefficient of variation); E – activity of 
the subcortical nerve centers (determined on the basis  
of the relative powers of the respiratory waves and waves of  
the first and second order with the allocation of states  
of pronounced and moderate increase in the activity of 
the subcortical nerve centers).

3. Research results and discussion

A model of the influence of traffic congestion on the 
fatigue level of a sanguine driver has been developed and 
has the following form  [12]:

L A
D

Lfe
Lfc d

c
fe= ⋅ + ⋅







+ ⋅0 009 1 372 0 939. . . ,ln (2)

where Lfc – fatigue level when exiting the congestion, c. u.; 
Ad – driver’s age, years; Dc – duration of traffic congestion, 
min; Lfe – fatigue level at the entrance to the congestion, c. u.

To study the effect of traffic congestions on the driver’s 
fatigue level, graphs are constructed that generally reflect 
the influence of the initial state on the level of driver fa-
tigue in the traffic congestion (Fig.  1–6).
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Fig. 1. The dependence of changes in the fatigue level of  
the 20 years-old sanguine driver in traffic congestion with: 

а – Lfe = 2 c. u.; b – Lfe = 4 c. u.

From Fig.  1,  a it is clear that the fatigue level of the 
sanguine driver at the end of the congestion rises and 
reaches 5  c.  u., which reflects the state of pronounced 
tension of regulatory systems.

From Fig.  1, it is obvious that at the sixth minute 
of congestion, the fatigue level changes slightly, and then 
noticeably worsens, approaching the end of the traffic con-
gestion to 6  c.  u.

The dynamics of changes in the state of young drivers 
of 20  years of traffic congestion at Lfe = 5  c.  u. and when 
Lfe = 6  c.  u. are presented in Fig.  2.

The state of the sanguine driver in Fig.  2, and at the 
beginning of the congestion it rises slightly due to inertial 
processes occurring in the body, and then its condition 
improves and returns to the original state – at 6  minutes 
of congestion. The improvement in the congestion is due 
to the fact that it entered the congestion in a  stressed 
state. Further, its condition worsens significantly. In addi-
tion, the value of the fatigue level of the sanguine driver 
approaches 7 c. u., which indicates a pronounced overstrain 
of regulatory mechanisms.

In Fig.  2, the sanguine state improves by the sixth 
minute (by 8–10 %) and reaches less than the initial value. 
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Then the situation changes, and the value of the fatigue 
level rises, exceeding at the end of the congestion 7  c.  u. 
This indicates a gradual depletion of regulatory systems.
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Fig. 2. The dependence of changes in the fatigue level of  
the 20 years-old sanguine driver in traffic congestion with:  

а – Lfe = 5 c. u.; b – Lfe = 6 c. u.

The change in the fatigue level of a 20  years-old san-
guine driver in traffic congestion in three dimensions is 
shown in Fig.  3.

From Fig.  3 it is clear that with an increase in the 
initial fatigue level in the sanguine driver, the final fa-
tigue level increases. The same trend is observed with 
an increase in the time spent by the driver in traffic 
congestion.

The state of the sanguine driver at high values of the 
initial fatigue level does not change until the 3rd minute 
of congestion. Further, its condition until the sixth mi
nute of congestion is normalized, returning to the original. 
After the sixth minute of congestion, the fatigue level of 
the sanguine driver grows, approaching 8  c.  u.

In a 60  years-old sanguine driver, the dynamics of 
a  change in a functional state (Fig.  4,  a) is similar to 
a  change in a functional state shown in Fig.  1,  a.

Fig. 3. Change in the final fatigue level (Z ) of the 20 years-old sanguine 
driver depending on entry level (X ) and congestion duration (Y )
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Fig. 4. The dependence of changes in the fatigue level of  
the 60 years-old sanguine driver in traffic congestion with:  

а – Lfe = 2 c. u.; b – Lfe = 4 c. u.

About the same situation with a change in the functional 
state of drivers, whose age is sixty years, in traffic congestion 
with an initial fatigue level equal to 4  c.  u. (Fig.  4,  b).  
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By the sixth minute of the mash, the fatigue level of the 
sanguine driver worsens more slowly than after that. Fur-
ther, the value of the fatigue level of the sanguine driver 
grows significantly, approaching at the end of the conges-
tion to 6.5  c.  u.

The dynamics of the state of the 60 years-old sanguine 
driver in traffic congestion at Lfe = 5  c.  u. and Lfe = 6  c.  u. 
are presented in Fig.  5.
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Fig. 5. The dependence of changes in the fatigue level of  
the 60 years-old sanguine driver in traffic congestion with:  

а – Lfe = 5 c. u.; b – Lfe = 6 c. u.

The state of the sanguine driver (Fig.  5,  a) at the be-
ginning of the congestion increases slightly due to inertial 
processes occurring in the body, and then its condition 
improves in the sixth minute, without reaching, however, 
the initial values of the body’s fatigue level. The improve-
ment in the congestion is due to the fact that it entered 
the congestion in a stressed state. Further, its condition 
worsens significantly, and the value of Lfc at the end of 
the congestion in the sanguine driver is 7  c.  u.

In addition, the value of the fatigue level of the san-
guine driver exceeds 7 c. u., which indicates a pronounced 
overstrain of regulatory mechanisms.

From Fig.  5, it is obvious that the condition of the 
sanguine driver improves by the sixth minute and reaches 
more than 7  c.  u. Then the situation changes, and the 
fatigue level rises, approaching at the end of the conges-
tion up to 8  c.  u., which indicates a gradual depletion of 
regulatory systems.

The change in the fatigue level of a 60 years-old sanguine 
driver in traffic congestion in three dimensions depending on 
the initial level and congestion duration is shown in Fig. 6.

Fig. 6. Change in the final fatigue level (Z ) of the 60 years-old sanguine 
driver depending on entry level (X ) and congestion duration (Y )

From Fig.  6 it is clear that with an increase in the 
initial fatigue level, the sanguine driver increases its final 
level. The same trend is observed with an increase in the 
time spent by the driver in traffic.

The main results of the research are to determine the 
patterns of influence of traffic congestion parameters on 
a change in the functional state of a sanguine driver and 
on the final fatigue level in traffic congestion. The main 
factors affecting the fatigue level of the sanguine driver 
are: the value of the initial fatigue level of the driver 
before entering the traffic congestion, the duration of the 
traffic congestion and the age of the driver. The trends in 
the level of sanguine driver fatigue in traffic congestions 
identified during the study allow to predict the driver’s 
behavior after exiting a traffic congestion and evaluate 
possible patterns of road traffic development that directly 
affect road safety.

4.  Conclusions

A study of traffic congestion in the transport system 
of the city is conducted and patterns of their influence 
on the fatigue level of a sanguine driver are established. 
It has been established that if the condition of the san-
guine driver of any age in front of the traffic conges-
tion is normal, further stay in the traffic congestion leads 
to deterioration in its functional state. Analysis of the 
research results show that changes in the state of the 
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sanguine driver in traffic congestion occur in different 
directions, depending on the value of the initial fatigue 
level before the start of the traffic congestion. If this 
value is more than five arbitrary units, then in the first 
minutes of congestion (up to about 2–4 minutes, depending 
on age), the driver’s condition continues to deteriorate 
due to inertial processes in its body. Further, the fatigue 
level of the sanguine driver is reduced by 1–1.15  units 
(depending on age) within 3–4  minutes. Further stay in 
traffic negatively affects the driver’s condition, increasing 
its fatigue level. The most significant negative impact of 
traffic congestion on the state of the sanguine driver is 
observed after the twelfth minute of traffic congestion. 
This may increase the likelihood of a traffic accident. The 
application of the laws obtained in the work will make it 
possible to evaluate and compare various variants of traffic 
management schemes in order to increase traffic safety.
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