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CHANGING OF THE BUS DRIVER`S FUNCTIONAL STATE  
IN CITY CONDITIONS 

 
Summary. The functioning of a modern city is impossible without a proper mode of public 

transport and its network. Parameters of this transport system influence on the functionality of all 
supply chain links, training specialists, ensuring proper communication between parts of the city, the 
level of traffic safety, etc. At the same time, all these figures depend also on bus drivers and their 
work. This is due to the fact that this “human factor” influences on the proper functioning of the 
public transport system. It should be noted, that one of the indicators that allow analyzing the 
readiness of the driver to fulfill his direct professional duties is the functional state of his body. 
Analysis of this indicator allows creating appropriate recommendations for bus driver`s schedules of 
work and rest. According to this, managers can create such working conditions for drivers that will 
reduce the likelihood of erroneous actions. It will allow reducing the likelihood of road accidents. 
That`s why the importance of researching human as an operator in the transport process is 
increasing every year. 

Key words: stress index, heart rate variability, functional state, driving conditions, schedule 
of driver's work and rest. 

 
1. INTRODUCTION 

The level of motorization is increasing every year, especially in megapolises and large cities. This is 
accompanied by the appearance of some negative factors. They are: increasing the level of environmental 
pollution, the costs of fuel and oil, the probability of traffic accidents, forming traffic jams, etc. But, one of 
the biggest drawbacks is the decrease in traffic safety. Often the reason for this is an increase in the traffic 
actually in conflict points at the intersections of streets or roads. Also, the reason can be in high-speed, 
traffic violations, etc. In all cases, the driver is often the culprit. Because of that, the health and life of all 
participants of the transport process depends on the driver`s actions. However, the statistic shows that 
among all road accidents those in which the route buses were involved have the greatest consequences. For 
this reason, every year the task of researching the reliability of the driver's work and creating 
recommendations that will ensure the proper working conditions becomes more acute. 

One of the main documents governing the bus driver`s work and rest is the schedule. It`s the main 
planning document for buses work, which contains all decisions about organization of passenger 
transportation. Based on this document the following approaches can be developed [1]: 

− station timetables (for final and intermediate points); 
− the work schedule for drivers; 
− information schedule for passengers. 
The timetable for bus drivers must be created in such a way as to provide [1, 2]:  
− compliance with traffic safety requirements on the route; 
− provision of effective working and rest conditions for drivers; 
− comfortable travel conditions for passengers on the route, etc. 
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The schedule shows the information about passenger flow on the route, modes of traffic on the road 
network, parameters of vehicles and driver`s data. This document also specifies the release of vehicles 
taking into account the transportation needs and capabilities of enterprises, the volume of transportation, 
etc. The schedule determines the mode of operation of each release and the change of drivers, taking into 
account the necessary interaction in time and distance. Accordingly, the proper compiling of this document 
will reduce the drivers` emotional and physical load and, as a consequence, reduce the influence of 
external factors on their functional state and minimize the likelihood of road accidents. 

 
2. RESEARCH STATEMENT 

The purpose of this research is to identify patterns of change in the bus drivers` functional state, in 
particular, their stress indexes while working on routes. To achieve this, the following tasks should be 
accomplished: 

− to analyze the bus`s routes on which the studies will be conducted and to form groups of drivers 
who will participate in the measurements; 

− to conduct full-scale studies of the bus drivers` functional state, in particular, to record the 
indicators of heart rate variability (HRV); 

− to analyze the received data and count values of a bus driver`s stress index; 
− to establish dynamics of the drivers` stress index changes and to determine relevant patterns. 

 
3. DRIVER'S FUNCTIONAL STATE, TRAFFIC CONDITIONS AND ROAD SAFETY 
The psychological and physical requirements for the bus driver are based on an analysis of his 

activity. While driving, he is perceiving the information about: modes and parameters of all road users, 
environment characteristics, traffic situation, condition of the vehicle parts, etc. At this time, a driver must 
ensure safe driving on the road. It should be noted that all this process integrates the driver, road, vehicle 
and the environment into one system in which everything is interconnected. This system is called “driver-
car-road-environment” (Fig. 1) [3] 
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Fig. 1. System “driver – car – road – environment” and its interconnections 
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At the same time, the researchers paid much less attention to the reliability of the driver's work, as 
the probability of an accident, rather than as a function of failure. According to the data presented in 
articles [3, 4], the driver`s state affects the reliability of his work. Therefore above-mentioned affect the 
safety, which can be estimated by the probability of an accident. According to statistics, most accidents are 
caused by a human's fault, actually because of the driver`s erroneous behavior in critical situations. 
According to the works of A. Vorkut – proper operation of the transport system depends on the influence 
of various factors, among which are the psychophysiological qualities of the driver. Also, the importance 
of the driver in the system “driver – car – road – environment” was confirmed in the scientific works of 
such scientists: E. Lobanov, J. Briggs, Yu. Davidich, A. Anund, and others. They often noted that the 
driver is a key link in the above-mentioned system [5–7]. 

It should be noted that the work of the driver on a city bus route is associated with significant loads 
on the nervous and emotional systems, responsibility for the safe transportation of passengers, the need to 
keep track of changes that occur during his work, etc. Because of this, the work of a city bus driver refers 
to a job with harmful working conditions, according to normative documents [6]. 

In the process of perceiving a large flow of information, the driver mustn`t only recognize it, but 
also transform and analyze it, then make decisions. The system of factors that determine the complexity of 
drivers' working conditions is given in the Table 1 [8, 9]. 

 
Table 1 

The system of factors that determine the complexity of the driver's working conditions 

Factors  Parameters  

Technical The technical state of the vehicle, type of road surface, passenger capacity of the bus, road 
condition, length of the vehicle, etc 

Organizational Route parameters, transport and passenger flows, the throughput of stopping points, bus lines, 
timetables, perform other driver`s duties, etc 

Socio-economic Irrational mode of work and rest, regular change of schedules, driving the bus during “rush” 
hour, availability of overtime work at any hour of the day, etc 

Ergonomic 
The presence of noise and vibration in the cab and the change of the thermal regime in it 
depending on the time of year, the dimension of the cabin and equipment in it, humidity, 

ventilation, dust, etc 

Social Driver's age, work experience, work mode, duration of working shift, level of work discipline, 
the combination of responsibilities, etc 

Psychological 
Dependence of the transportation`s quality on the personal qualities of the driver, high 

nervous-emotional tension, high responsibility for the safety of pedestrians and passengers, 
concern for the safety of the car, shortage of time to make responsible decisions, etc 

 
The main idea of different transport researches is increasing in traffic safety. Therefore, nowadays 

not only “traditional research methods” should be used but also those that consider “human beings” as an 
important element of the transport process. Because of that, each year's study of the “driver” is increasingly 
important in transport research. This is due to the fact that the solution to the practical problems posed is 
largely related to the correct determination of the driver's functional state in different situations. 

Usually, the study of the person`s functional state is conducted to identify internal diseases and 
predict trends in their development. If it concerns healthy people, the aim of the study usually is [10]: 

− health assessment; 
− assessment of the current functional state and the organism`s adaptation reserves; 
− professional selection; 
− selection of optimal loads during the preparation of individual training plans for athletes; 
− detection of overload`s early stages; 
− determining the level of performance and its assessment. 
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At the present stage of applied physiology`s development, there are different methods of studying 
the human state which is changing under the influence of different factors. Such changes are considered as 
a result of the organism`s adaptation to the action of external conditions. There are a large number of 
human functional state research methods, many of which went from sports medicine and the astronauts' 
professional selection. All of them have such basic requirements [10, 11]: 

− ensure the safety of human health and life during research; 
− not to influence the working conditions of the subject; 
− be adequate for the capabilities of the system that is studying; 
− be dosed. 
Following these requirements, it is possible to determine the influence of different factors on a 

person's professional activity. The most widely used in the study of the driver`s functional state is 
electrophysiological methods of analysis. The most used of them are [12]: 

− electrocardiogram (ECG); 
− electroencephalogram; 
− electrooculogram; 
− galvanic skin response. 
This is because not all methods can properly capture the driver's functional state during driving. 

During the study of the driver`s functional state using the devices for recording the ECG, scientists often 
use mathematical and statistical analysis of HRV as a human`s state indicator. With the help of revealed 
changes in the work of the person`s cardiovascular system, it is possible to establish even the smallest 
changes that occur in its body and, accordingly, the influence of different factors on the functional state. 
Changes in HRV reflect the body's response to physical and emotional stress, fatigue, etc. HRV analysis – 
it`s the study of the R-R intervals in an electrocardiogram, actually, those that reflect normal heart 
contractions. There are many methods of HRV research and evaluation. The most common of them are: 
statistical, geometric, spectral analysis, autocorrelation analysis, variational heart rate, etc. In transport`s 
research scientists often use the method of investigating a driver's functional state using a stress index. The 
calculation of this indicator is carried out according to the following formula [13, 14]:  

2
АМоSI

dX Мо
=

⋅
,                                                                 (1) 

where АМо – the number of R-R intervals corresponding to the value of mode; dX – the variation range of 
R-R intervals; Мо – the R-R interval mode. 

According to E. Gavrylov, the driver`s functional state by the stress index can be divided into 
different phases (Table 2). They depend on human performance because it is a value that reflects the 
functionality of the body [14, 15].  
 

Table 2 

Phases of the person`s functional state [14] 

Phases of functional state Stress index, c.u. Model marks of operating conditions 
Great monotony < 30 Unsatisfactorily 

Moderate monotony 30–50 Satisfactorily 
Mild monotony 50–100 Good 

Functional comfort 100–160 Well 
Tension of adaptation mechanisms 160–200 Good 

Overstressing adaptation mechanisms 200–300 Satisfactorily 
Adaptation failure, stress > 300 Unsatisfactorily 

 
As can be seen from the data in the Table 2, in determining the driver's functional state, the 

conditions and duration of its operation must be taken into account. In this case, one of the main 
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documents governing the periods` duration of bus`s traffic and it`s downtime is the route schedule. This is 
a document that takes into account [1]: 

− the departure of each vehicle from the park and arrival on the route; 
− passage of checkpoints, arrival at final stops and departure from them according to the schedule; 
− duration of breaks; 
− duration of changes; 
− the arrival of the vehicle in the park after the end of work 
When such schedules are creating, it must be taking into account that this document should be 

rational and provide [1, 16]: 
− high-quality service, creating better conditions for passengers to use public transport and travel 

with minimal time spent; 
− movement of vehicles in accordance with the concentration of passenger flows on routes; 
− the regularity of movement; 
− coordination of bus movement in accordance with the traffic of other types of public transport. 
There are several methods for developing city bus schedules [1]: 
− automated; 
− graphic; 
− stencil; 
− tabular. 
The automated method of creating the city bus schedule is based on the use of a computer for the 

necessary calculations and the preparation of a document. The disadvantage of this method is not taking 
into account the compatible sections of different routes [16]. 

The graphical method of developing schedules is used for a small number of buses on the route (up 
to six units) and is mainly used in small towns. This method is based on moving vehicles in coordinates on 
the route. The slope of the line corresponds to a certain norm of movement`s duration and speed. The 
disadvantage of this method is the narrow scope and neglecting the impact of compatible sections on the 
route. The advantage of this method is the simple adaptation of it to modern computer technologies, with 
the help of which we can partially get rid of these drawbacks [16]. 

The stencil method – it is creating a schedule graphically on a minute movement scale. This method 
is used alongside with the tabular method to develop a schedule for a large number of bus releases on a 
route with different systems of work organization for drivers. The minute scale is made by printing tools or 
by using a special program on the computer. Also, scale paper can be used too [16]. 

The tabular method is the main method for developing schedules and is used for a large number of 
buses on the route. The disadvantages of this method are the lack of visual tracking the interval of the 
units` movement by hours of the day and the need for additional calculations to actually determine the 
moment of arrival at the final stop. The advantage is the visualization of the departure of each bus during 
the day [16]. 

The process of developing the bus`s schedules is always time-consuming. It should be noted that the 
complexity of developing this document is determined by the following factors [1, 16]: 

− the number of buses releases per route and the feasibility of using them at different periods of the 
day 

− maintenance the route by two or more carriers; 
− use of different models of buses on the route depending on the passenger capacity; 
− the possibility of providing lunch breaks and stops for drivers at one or both endpoints; 
− variable duration of the ride. 
Schedules for all types of vehicles in Ukraine must be prepared in accordance with the local law 

(“Principle on working hours and rest time of wheeled vehicle drivers”) that is approved by the Ukrainian 
Ministry of Infrastructure. According to this document, the driver's working hours include [17]: 
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− variable driving period; 
− preparatory and final period; 
− downtime that is not the fault of the driver; 
− duration of downtime at bus stops 
− the duration of the medical examination before departure and after returning; 
− downtime at the endpoints; 
− other periods according to the law of Ukraine. 
The development of the bus drivers` work and rest schedules on existing traffic routes should be 

done according to the following algorithm [16]: 
− detailed study of driver`s work features; 
− elimination of organizational deficiencies; 
− timekeeping with fixation of work and rest periods ; 
− study of driver's efficiency changes based on physiological and psychological indicators; 
− streamlining work processes and introducing measures to prevent driver fatigue. 
That's why it is necessary to investigate the drivers` functional state and take into account the values 

obtained during the development of the driver`s work and rest schedule. 
 

4. RESEARCH AND ANALYSIS OF THE RESULTS 
In accordance with the purpose of the article, the ECG indicators of drivers who operated buses on 

urban public transport routes were recorded. Parameters of bus routes are given in the Table 3. 
 

Table 3 

General indicators of the routes on which the research was conducted 

Quantitative indicators of routes 
The rout №1 The rout №2 Name of indicators 

Direct 
direction 

Reverse 
direction 

Direct 
direction 

Reverse 
direction 

The length of the route, km 6.9 7.2 24.8 24.4 
The duration of movement on the rout, min 45 45 110 110 

The number of bus stop points, pcs. 17 15 47 49 
The number of bus stations, pcs. – – – – 

Dispatch and control points – – – – 
The availability of equipped platforms for the 

reversal at the final points of the route + + + + 

 
It is necessary to note that each rout is radial and connects the peripheral areas of the city with its 

center. What about drivers, they were driving buses of large capacity, in particular MAZ 203-069. The 
drivers with different age and work experience are involved in the study. Based on this, they are divided 
into four groups (Table 4). 

 
Table 4 

Characteristics of the drivers who were involved in the study 

Group of drivers Age of drivers Work experience Group of drivers Age of drivers Work experience 
1 30–35 10–15 3 41–45 21–25 
2 36–40 16–20 4 46–50 >26 

 
With the help of the Polar H7 device, the necessary HRV indices needed to calculate the voltage 

index were studied. The device was located in the most stationary area of the chest. The recording was 
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done constantly. HRV data were recorded using a mobile device with a Bluetooth adapter. The software 
“Cardio Mood” was used to record and analyze the required indicators (Fig. 2). 

 

 
Fig. 2. The scheme of driver`s HRV fragment, having been analysed in the  

software environment “Cardio Mood” 
 

Measurements were made at five-minute intervals. Based on the obtained values of the mode and its 
amplitude and the variation range of the R-R intervals according to the formula (1), the values of the stress 
index of the drivers' organism during their work on the route were calculated. The data obtained were 
summarized in tabular form, considering groups of drivers. The average value of this indicator in different 
periods of drivers` work is given in Table 5. 

 
Table 5 

The average value of the drivers` stress index while working on the route 

The average value of the drivers` stress index, c.u. The duration of the 
study, min Group № 1 Group №2 Group №3 Group №4 

1 2 3 4 5 
5 63.20 45.69 106.58 82.11 

10 68.31 14.60 132.40 111.53 
15 68.80 84.77 122.00 120.00 
20 68.87 33.36 134.60 130.67 
25 57.93 94.32 145.70 129.23 
30 41.40 36.66 163.37 75.68 
35 92.89 101.00 96.28 91.23 
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Table continuation 5 

1 2 3 4 5 
40 56.72 104.57 92.36 44.21 
45 59.06 145.41 154.83 129.10 
50 82.17 84.85 290.49 43.25 
55 85.28 31.90 164.43 38.39 
60 56.76 68.98 397.33 28.64 
65 72.46 70.95 145.69 68.38 
70 51.47 24.12 144.72 71.33 
75 103.00 30.72 179.67 105.00 
80 75.48 119.06 132.84 25.86 
85 99.97 95.83 111.11 41.89 
90 107.14 60.60 122.11 43.16 
95 105.00 92.24 136.25 45.87 
100 111.74 101.10 134.53 42.89 
105 127.43 120.43 155.33 57.87 
110 131.54 138.06 182.29 70.71 
115 146.91 143.53 202.44 98.06 
120 182.71 160.98 214.40 140.90 

 
Based on these data, the drivers` stress index, which reflects the functional state, is determined. 

Changing it for 120 min. work on the route is illustrated by Fig. 3. 
 

 
Fig. 3. The average value of all drivers  ̀stress index while working on the route 

 
In Microsoft Excel software mathematical dependence of bus drivers` stress index during their work 

on a route is obtained: 
20.0075 0.5654 99.137SI t t= ⋅ − ⋅ +                                             (2) 

where t – duration of work, min.  
It should be noted that during the analysis of the obtained data, it was also found that the drivers` 

stress index of the third group after 110 min. of work was approaching and even exceeding the value of 
200 c.u. According to the data given in Table 2, the human body in such a state proceeds to overstress the 
adaptation mechanisms  (> 200 c.u.). This can lead to erroneous drivers’ decisions that can cause an 
accident. 
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5. CONCLUSIONS AND RESEARCH PERSPECTIVES 
1. For the study, bus drivers moving  on public transport routes with similar parameters were 

selected. In doing so, the route length, duration, number of stops, etc. were taken into account during 
analyzing the routes. It should be noted that the research involved drivers whose age ranged from 30 to  
50 years, and the bus driving experience was more than 10 years. Using the devices for recording HRV 
parameters, the bus drivers` stress index was investigated during their operation.  

2. Processing of the drivers` HRV indicators during their work, was carried out by main data in 
laboratory conditions. The online resource “Cardio Mood” was selected as the software environment, 
which allowed to export the obtained values of mode and its amplitude as well as the variation range of  
R-R intervals into the Microsoft Excel software environment. Based on this, the value of the drivers` stress 
index, which ranged from 41 to 272 c.u., was obtained. On the basis of the performed researches, a 
graphical and mathematical model was obtained for changing the drivers` stress index when driving buses 
on routes. According to the results of the study, it can be stated that during the driving of drivers under 
such conditions after two hours the value of their stress index can reach 200 c.u. and more. According to 
the results of the study, it can be stated that when driving route vehicles under such conditions more then 
two hours, the value of drivers’ voltage index can reach 200 c.u. and more. This can adversely affect the 
speed and correctness of the decision making by the drivers and, as a consequence, lead to the accident. 
Accordingly, there is a need to investigate drivers' functional state in the performance of their professional 
duties and to schedule their work and rest, taking into account route indicators, traffic flows, traffic 
conditions, etc. 
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