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Abstract: For decades, around the world is developing a fa  gue detec  on system to alert drivers when 
they reach the state of fa  gue that threatens them in traffi  c. Most of the research on the impact of 
fa  gue on drivers based on driving simulators mainly because it is a controlled environment, cheap and 
safe approach. Since the nine  es of the last century, many surveys were conducted in which the survey 
method was applied, while examining the subjec  ve a   tudes of drivers about the impact of fa  gue on 
traffi  c safety. The beginning of the 21st century is characterized by the development of a fa  gue detec-
 on system based on modern technologies, and a number of experiments were conducted. However, it 

not yet in use tools that can be easily detected drivers fa  gue, in order to respond quickly and prevent 
them from opera  ng the vehicle in such condi  on.

The aim of this paper is to demonstrate the importance and implementa  on of a new fa  gue iden  fi ca-
 on model for commercial vehicle drivers in selected transport companies. Based on the results of this 

research, it is possible to determine which company is the safest from the aspect of fa  gue, which is 
least safe. Also, the analysis of the results can determine which infl uencing factor is “the weakest link” 
among the drivers in the transport company, or where to direct measures in order to improve the road 
safety of the company, and therefore the local community.

The study included fi ve transport companies in Serbia, three of which are engaged in the carriage of 
passengers, and two transport goods. The survey used the survey method, the face face model, and 
265 drivers of commercial vehicles par   cipated, 16.6% of whom were found fa  gued before the start 
of the shi  .
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INTRODUCTION
In order to identify driver fatigue, several method-

ologies are applied depending on whether a preventive 
approach is used - identifi cation of fatigue prior to the 
occurrence of a traffi c accident or analysis of traffi c acci-
dents, or determining the factors that led to sleep during 
driving. Analyzing a number of world experiences (for 
example see 1-19), fatigue can be identifi ed using the fol-
lowing methods:

1) analysis of a database of traffi c accidents;
2) a system for the detection of fatigue;
3) driving simulator (tests of psychomotor alert-

ness, consumption of energy drinks, coffee, etc.);
4) analysis of attitudes and self-reported behavior 

of drivers. 
Identifi cation of fatigue by analyzing the database 

of traffi c accidents is not an acceptable method because 
the analysis starts only after a traffi c accident occurs. 

This method can be used to analyze impact factors and 
defi ne measures for improving traffi c safety.

Driver Detection Systems, which have been devel-
oped so far, are based on a variety of principles, such as fa-
tigue detection based on the speed and frequency of clos-
ing eyelids, based on tracking the position of the vehicle in 
the traffi c lane, based on headlining and movement, in re-
lation to the dividing line, on the basis of the face line, etc.

Gupta and Garima (20) indicated that methods for 
fatigue detention based on modern technologies are di-
vided into intrusive and non-intrusive. Intelligent meth-
ods include methods in which electrodes that must be 
in direct contact with the driver’s body are used to de-
termine its physiological state and according to him, de-
tected drowsiness. The disadvantage of this technique is 
that it requires physical contact with the driver.

Other methods, which fall into unobtrusive, include 
a system that does not interfere with the driver during his 
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driving. The system measures the level of alertness of the 
driver following the movements of the steering wheel, 
braking patterns, the view of the traffi c lane in which the 
vehicle is located, facial movements. Accordingly, the 
driver will be alerted via video or audio signals, without 
any physical contact. An unobtrusive system based on 
visual data collection has been developed to locate eye 
and mouth positions, and to detect drowsiness with the 
driver. During the driver’s supervision, the system is 
able to detect when the eyes are closed and the mouth is 
open simultaneously, for a long time interval, and then 
alert the driver to the danger with the help of sound and 
text signals. Also, the system will warn the driver if the 
driver closes his eyes for a long period of time, which 
may mean that he has fallen asleep while driving. Name-
ly, the human face is dynamic and has a high degree of 
variability. Face Detection is the fi rst step in the analysis 
of facial movements. Today, a large number of different 
methods of face detection using computer software are 
in use. One of the essential facial features for identifying 
and analyzing facial movements is the eyes. When the 
eyes are detected, using their location can be determined 
the position of other characteristic facial features, such as 
the mouth and nose. Therefore, the main objective of this 
technique represents an analysis of the above mentioned 
features.

With the help of a variety of driving simulators, 
numerous laboratory studies have been carried out over 
the past decades, which have shown that due to limited 
sleeping, there is accumulation of daily performance def-
icits that affect the ability to monitor traffi c, reaction time 
and alertness (21) for the occurrence of a traffi c accident 
is increasing.

An analysis of attitudes and self-reported behaviors 
is a method that has been used for many years to col-
lect data from a large number of respondents in various 
fi elds, as well as to determine fatigue and its infl uence 
factors. Tools have been developed to help determine 
the tendency to tired, the level of daily drowsiness, and 
the like. This method is suitable for rapid data collection, 
only issues need to be carefully selected in order to avoid 
giving socially desirable answers.

The aim of this paper is to demonstrate the impor-
tance and the possibility of applying a new model for 
identifying fatigue in the drivers of commercial vehicles 
in selected transport companies based on the analysis 
of attitudes and self-reported behavior. The model is 
formed on the basis of weight factors of infl uence factors 
and as an output gives information whether the driver is 
tired or not.

Based on the results of this research, it is possible to 
determine which company is the safest from the aspect 
of fatigue, which is least safe. By analyzing the results, 
one can determine which of the infl uencing factors is 
“the weakest link” among drivers in the transport com-
pany, or where to direct measures in order to improve 

the safety of the company’s traffi c, and hence the local 
communities.

METHODOLOGY

The application of a new model for identifying fa-
tigue in commercial vehicle drivers consists of collecting 
new data set by a face-to-face model, entering data in 
a specially formed database based on the programmed 
code for the application of such models, and processing 
and analyzing the data collected. 

The research was conducted in the period from 
April to July 2018, in fi ve transport companies in the Re-
public of Serbia, two dealing with transport of goods and 
three for transporting passengers (Table 1). A total of 265 
drivers were surveyed, 84 of them were truck drivers. 
Prior to taking the driving order, or before the start of 
the shift, drivers were asked to select the subcategory 
for the 11 relevant indicators that best describes them. 
The application of a new model for identifying fatigue in 
commercial vehicle drivers consists of collecting data by 
a face-to-face model, entering data in a specially formed 
database based on the programmed code for the applica-
tion of such models, and processing and analyzing the 
data collected. Drivers did not have an insight into the 
weight coeffi cients of the subcategories they chose. They 
did not know the value of their responses used for the 
model, so they did not have an overview of what the out-
come depends most on. The survey was carried out by 
a person employed in a transport company that did not 
have a slight insight into the value of the weight coef-
fi cients of the offered responses, nor information on the 
layout of the model.

Table 1. Overview of the respondents to the company and the type 
of transport engaged

Company Type of transport engaged number of drivers

TC1 passengers 59

TC2 passengers 56

TC3 passengers 66

TC4 goods 42

TC5 goods 42
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Table 2. The ranking of indicators related to the fa  gue of 
commercial vehicle drivers (22)

Group Infl uen  al factor Value

1
Sleep quality 14.909

The amount of sleep 14.455

2

Daily driving  me 10.545

Driving  me (by visibility) 10.455

Daily rest of the driver 9.364

3

Weekly driving  me 7.909

Age 7.727

The measures used to eliminate sleepiness 7.364

Two-week driving  me 6.545

4
Monthly mileage 5.636

The type of vehicle it manages 5.091

The drivers responded to 11 questions, which are defi ned ac-
cording to the most important factors infl uencing the onset of 
fatigue in the driver of commercial vehicles, which were previ-
ously defi ned by Davidović and Antić (22), are shown in Table 
2. Davidović and Antić (22) have shown that using the method 
of expert judgment, it was found that the most infl uential indi-
cator of fatigue is the quality of sleep, which has a 2.92 times 
greater impact than the least infl uential indicator, that is, the 
type of vehicle that the driver manages.

RESULTS

In order to identify the fatigue due to commercial ve-
hicle drivers, the fi ve observed transport companies ana-
lysed all 11 infl uential factors: the amount of sleep, sleep 
quality, daily, weekly and two-week driving time, daily 
rest, driving time (by visibility), as well as the types of ve-
hicles that drives, the driver’s age and distance traveled. 

In the continuation of the analysis type of vehicles, 
not particularly analyzed, given that the companies, TK1-
TK3 passenger transportation by bus, and in TK4 and TK5 
goods, heavy cargo vehicles. Also, not really analyzed 
monthly distance travelled because it is approximately 
equal in all transportation companies where more than 80% 
of drivers travel more than 1600 km monthly. In addition, 
the age of the driver as an infl uential factor is something in-
cluded in the model, but not particularly analysed accord-
ing to the transport companies, because the sample was not 
stratifi ed by this criterion. As a result of the analysis of the 
four observed age categories it was found that 23.5% of the 
drivers aged 36-45 years identifi ed fatigue, then 17.5% of 
the drivers 26-35 years, at 9.1% of drivers over 45 years of 
age and 4.5% among drivers up to 25 years.

The analysis of the eight road safety indicators, 
which, due to the commercial vehicle drivers’ fatigue, 
can determine which company has the most driver fa-

tigue, at the time of testing, and that these are “ weakest 
link” for any company in terms of these indicators.

Table 3. Values of analysed fa  gue indicators for transport companies
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ТC1 98 25 1,7 5,1 1,7 52,5 59,0 42 5

ТC2 93 71 3,6 3,6 19,6 16,1 25,0 29 7

ТC3 86 45 25,7 15,1 19,7 25,7 35,0 42 35

ТC4 81 69 16,7 7,1 16,7 1,6 1,6 33 17

ТC5 86 69 16,7 7,1 11,9 7,1 12,0 36 17

Figure 1. Values of analysed indicators for transport companies 

In the company, which is designated as TK1 the 
worst value has indicator “% of drivers who have ex-
ceeded the law defi ned driving time for two consecutive 
weeks”, which is 90 hours, even 59% of drivers. In the 
other four analyzed transport companies indicator with 
the worst results is “% of drivers who slept less than 6 
hours of the night.” On the basis of the presented results, 
it can be concluded that on the issue of fatigue due to 
drivers of commercial vehicles in TK1, the most impor-
tant indicator is from the group of indicators related to 
the transport company, while in other companies the 
biggest problem is the amount of sleep, i.e. the indicator 
that is in connection with the driver. The second place is 
the indicator related to the transport company, that is, 
the daily rest of the driver is shorter than 11 hours.

The application of a new model for the identifi ca-
tion of fatigue, which is based on the weighting of infl u-
ential factors has been found that the most tired drivers 
in a company is engaged in the transport of passengers 
marked with TK3, even 35%, then 17% in companies that 
are engaged in the transport of goods (Fig. 2-left).

According to Davidović and Antić (22), the most 
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infl uential factors are the quality and quantity of sleep. 
A comparative analysis of the results of the models and 
indicators «% of drivers who have poor sleep quality» 
and» % of drivers who have slept less than 6 hours of 
the night « observed that companies with a high value 
of drivers who have poor sleep quality, have a higher 
driver fatigue index. On the other hand, the amount of 
sleep has a different distribution, that is, at least sleep 
have the drivers in the company of TK2, after which the 
truck drivers (Fig. 2-right).

A comparative analysis of the percentage of drivers 
whose last day›s rest was less than 11 hours and the per-
centage of driver fatigue observed that a larger percent-
age of driver fatigue in companies in which more driv-
ers have been reduced daily rest (Fig. 3-left). Similarly, 
a study shows that companies where drivers are more 
likely to drive at night have a higher percentage of driver 
fatigue (Fig. 3-right).

Figure 2. Percentage of  red drivers (le  ) and compara  ve analysis 
of indicators related to sleep and determined fa  gue by transport 

companies (right)

 

Figure 3. Compara  ve analysis of daily rest and % of  red drivers (le  ); 
% of drivers driving more than 70% at night and % of  red drivers (right)

Figure 4. Compara  ve analysis of driving  me and % of  red drivers

As a result of the analysis of road safety indica-
tors in relation to driver fatigue of commercial vehicles 
become destructive data, so that in the analyzed trans-
port companies, the percentage of drivers who were in 
the previous day exceeded by law limited driving time 
ranges from 1.7% to 19.7%. During the week, driving 
time and driving time for two consecutive weeks exceed 
1.6% of drivers in TK4 to 52.5%, i.e. 59% of drivers in TK1 
(table 3, fi gure 4).

A comprehensive analysis of the studies concludes 
that the largest excess of the legal limit of driving time in 
TK1, and the smallest in TK4, the largest percentage of driv-
ers who had a reduced daily rest in TK1 and TK3. On the 
other hand, drivers in TK1 have better values of indicators 
that relate to the amount and quality of sleep. Bus drivers 
have signifi cantly better performance values that relate to 
the quality and amount of sleep than a truck driver, but 
have more common exceeding legal driving time limits.

DISCUSSION

Model for the identifi cation of fatigue due to com-
mercial vehicle drivers, in which the application is 
shown in this paper, provide detailed and comprehen-
sive analysis of the state of road safety on the issue of 
drivers fatigue, regardless of whether it is the transport 
of goods or the transport of passengers. 

The model allows:
• to prevent driving under the infl uence of fatigue
• identify the main indicators of road safety, re-

lated to fatigue due to the drivers of commercial 
vehicles

• rank transport companies according to the level 
of road safety in terms of fatigue

• identify the “weakest link” within the transport 
company when it comes to indicators that relate 
to driver fatigue 

• highlight the best companies at the local commu-
nity level that will be subsidized and rewarded.

The advantages of this model compared to the still 
developed models are:

• apply quickly-the driver needs no more than 3 
minutes

• easy to apply-the driver answers 3 questions and 
the responsible person reads the information for 
another 8 items from the valid documents

• reliable-out of 11 questions, 8 are obtained by 
reading documents, only 3 questions are based 
on self-reported behavior (quantity and quality 
of sleep, application of measures to eliminate 
drowsiness)

• does not require additional material resources 
(cameras, electrodes, devices for monitoring 
brain waves, sensors, etc.)

• does not require drivers to be connected to any 
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devices that distract them while driving
• it acts proactively-the driver does not put in mo-

tion, if it is found that tired, ie without endanger-
ing any passengers or cargo, or the driver

• not spatially limited – does not bind to one vehi-
cle, which is installed, can be applied anywhere

• not timed-previous fatigue detection systems 
usually have trouble identifying in the event of 
darkness or if the driver is using sunglasses, so 
at night and on hot summer days is not suitable.

The main disadventage of this model is that it does 
not include all the infl uential factors, for example. Can 
not determine whether the driver during the day rest 
rested or had some extra work, can not control himself, 
whether the driver was 6 hours of sleep, and even if he 
had frequent sleep breaks, or sleep was quality. These 
defi ciencies can be addressed by further research, i.e. 
identifi cation of factors that can be controlled and are di-
rectly related to these defi ciencies.

CONCLUSION

This paper shows the procedure for applying new, 
simple and reliable models to identify fatigue in commer-
cial vehicle drivers. The model shown takes a step further 
compared to the models that have been used so far because 
it does not require additional resources in the form of a 
camera, a device for recording brain waves, electrodes, sen-
sors, etc.., does not require special training, is applied sim-
ply, not spatially limited application and gives an overall 
picture of the status of important road safety indicators that 
are based on fatigue in commercial vehicle drivers.

The importance of applying a new model for identi-
fying fatigue in the drivers of commercial vehicles for the 
local community is that local communities and transport 
companies within local communities can be monitored 
and ranked in terms of fatigue. As shown in the paper, 
the model shows in which company the most tired driv-
ers are, whether the company is a problem of safety in-
dicators of traffi c related to fatigue related to drivers or 
related to the transport company. The signifi cance of the 
local community is also refl ected in the possibility of rank-
ing transport companies in this aspect of traffi c safety and 
easier choice of carriers, for example, for organized trans-
portation of pupils, for organized excursions, etc.
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