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Abstract: 

The truck simulator described in this paper has been modernized under the project entitled “Multidisciplinary 
Research Center of Cardinal Stefan Wyszyński University in Warsaw”, fi nanced by the European Regional 
Development Fund under the Regional Operational Program of the Masovian Voivodeship for 2014-2020 
(Contract No. RPMA.01.01.00-14-8496/17-00).
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: 

This paper is aimed at presenting basic technical properties and possibilities of using 
the truck simulator owned by the Military Institute of Aviation Medicine (MIAM). The 
truck driving simulator is a stationary device, equipped with a six degrees of freedom 
(6 DoF|) motion system and reproducing the functionality of a truck on the basis of the 
Mercedes Benz Actros cabin. It is intended for conducting research as well as training 
truck drivers in simulated traffi  c conditions.
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INTRODUCTION

The market of car driving simulators is con-
stantly growing [12]. Driving simulation devices 
are used in scientifi c research more and more of-
ten, as they provide a fully safe and controlled en-
vironment for testing various driving behaviours 
effi  ciently. Such devices are regarded as attractive 
and innovative research tools in the fi eld of trans-
portation as they allow to create rich virtual real-
ity and repeatable experimental conditions while 
controlling and reducing the impact of distractors 
on drivers’ behaviours [2,10].

Studies using technologically advanced driv-
ing simulators are conducted in a wide range of 
settings and relate to, for example, the eff ects of 
distractors on driving performance [8], the impact 
of cooling on the psychophysiological state of the 
driver [11], alcohol and drug-induced eff ects on 
driving [6,14], the impact of aging processes on 
driving ability [3], the risks and consequences of 
drowsiness and fatigue while driving [1,5,7,9], the 
impact of using mobile phones on driving safety 
[13], as well as the eff ects of eating and drinking 
on driving performance [16]. It should be noted, 
however, that the degree of technical advance-
ment of the simulator’s software and its mechani-
cal systems determines the level of realism, as well 
as the possibilities of creating road situations and 
their diversity. In technologically advanced simu-
lators, it is possible to create such conditions and 

induce such behaviours in drivers as in real road 
traffi  c, which was confi rmed in research [15].

Despite numerous advantages and benefi ts of 
using car driving simulators, they are not devices 
without drawbacks, among which high costs of 
construction and the possibility of inducing symp-
toms of simulator sickness [4] can be mentioned. 
Nevertheless, there is still great demand and inter-
est when it comes to using virtual reality in scien-
tifi c research.

The main purpose of this paper is to present the 
basic technical properties and possibilities of us-
ing the technologically advanced truck simulator, 
owned by the Military Institute of Aviation Medi-
cine (MIAM) in research on car drivers. The results 
of tests with the use of the simulator will be the 
subject of a separate paper.

GENERAL DESIGN

The truck driving simulator is a stationary de-
vice, equipped with a six-degree motion system 
reproducing the functioning of the real truck. It 
has been designed to carry out trainings of driv-
ers in simulated traffi  c conditions, as well as to 
conduct scientifi c research focused on diff erent 
aspects of safe driving. The simulator meets the 
requirements of the Regulation of the Minister of 
Infrastructure of October 10, 2019 amending the 

Fig. 1.  Simulator truck cabin.
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reproducing the sounds heard in the cabin 
of a real vehicle (e.g. engine noise, sounds of 
other vehicles in road traffi  c, alarm signals of 
specifi c failures or malfunctions of the truck),

– instructor (operator) room designed to control 
and operate the truck simulator,

– biomedical and environmental parameters 
monitoring system.

The simulator truck cabin is presented in fi g. 1.
Instructor room is presented in fi g. 2.

SOFTWARE

The truck driving simulator is based mainly on 
software developed by ETC-PZL Aerospace Indus-
tries which works with various operating systems, 
including MS Windows and Unix. It enables the 
simulation of at least 500 vehicles in joint traffi  c 

regulation on the device to simulate driving in 
special conditions (Journal of Laws of 2019, item 
2018). The manufacturer of this device is ETC-PZL 
Aerospace Industries Sp. z o.o.

The main components of the simulator are as 
follows:
– Mercedes Benz Actros truck cabin with its 

standard equipment performing the same 
functions as a normal truck,

– cabin motion system with six degrees of free-
dom (6 DoF),

– presentation layout on a cylindrical screen 
with a horizontal fi eld of view of 180o,

– three laser projectors with widescreen ultra 
extended graphics array (WUXGA) resolution,

– automatic geometric calibration system,
– acoustic background simulation system, gen-

erating sound eff ects heard by the driver and 

Fig. 2.  Instructor (operator) room.

Fig. 3.  View of the simulator software main windows.
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– simulation of collisions with other road users 
as well as static objects, e.g. buildings, trees, 
stops, lanterns,

– simulation of diff erent road situations, includ-
ing emergencies, e.g. tanker accident, load fall-
ing from a vehicle, police check, bough lying 
on the roadway or falling from a nearby tree, 
fi re or fl ooding of an area, police offi  cer direct-
ing traffi  c at an intersection,

– simulation of exercises on the manoeuvring 
area, including a rectangular sliding plate with 
an optional jerk, 120 or 360 degree sliding bow, 
slalom, bow riding,

– simulation of a failure of the steered vehicle, 
e.g. wheel lock, engine seizure, gear lock, exte-
rior light failure, windscreen breakage, explo-
sion, fi re, leakage, mirror failure,

– generation of sounds mimicking those heard 
in a real vehicle, e.g. engine and propulsion 
system noises, acoustic eff ects of driving on 
rough roads, sounds of other vehicles in mo-
tion, alarm signals,

– common simulation in a uniform virtual simu-
lation environment using several simulators,

– creating any driving scenarios.
Sample view of the virtual environment seen 

from the instructor room is presented in fi g. 4.

BIOMEDICAL AND ENVIRONMENTAL 

PARAMETERS MONITORING SYSTEM

The truck driving simulator is equipped with 
a biomedical and environmental parameters 
monitoring system. The system consists of a small-

motion with the vehicle of the trained driver. The 
software can be installed on a range of commer-
cial off -the-shelf (COTS) hardware platforms and 
allows for using standard inter-process communi-
cation methods [http://www.ai.com.pl]. The soft-
ware complies with the High Level Architecture 
(HLA) standard for distributed simulation, used 
when building a simulation by combining several 
simulators. The simulator software main windows 
are presented in fi g. 3.

The high-quality simulator software enables for 
generating various road conditions, including the 
following:
– simulation of diff erent times of the day (day 

and night), seasons (summer and winter) and 
weather conditions (e.g. rain, snow, fog, gusts 
of wind),

– simulation of diff erent types of terrain, e.g. city, 
highway, mountainous terrain,

– simulation of diff erent road eff ects, e.g. irregu-
larities, holes, puddles, strip icing, oil stains,

– simulation of vehicles in joint traffi  c with the 
vehicle of the trainee/examined driver, includ-
ing passenger vehicles, trucks and privileged 
vehicles,

– simulation of pedestrians as well as emergen-
cy situations involving them, e.g. pedestrian 
intrusion into the roadway or a drunk person 
walking near the road,

– simulation of crowds of people, e.g. manifest-
ing on the road,

– simulation of diff erent animals, e.g. dogs, wild 
boars, going through or entering the roadway,

Fig. 4.  Sample view of the virtual environment seen from the instructor room.
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one of the monitor screens in the operator room. 
It is worth noting that thanks to the recording of 
biomedical parameters while driving in the simu-
lator, it is possible to assess the current physical 
condition of the driver, as well as the amount of 
tension, stress and psychophysiological load ex-
perienced by them and related to the task per-
formed in simulated conditions.

CONCLUSION

The Military Institute of Aviation Medicine’s 
truck simulator is a technologically advanced de-
vice intended for conducting research and train-
ings of drivers in simulated traffi  c conditions. 
Thanks to high-quality computer graphics, image 
displayed on a cylindrical screen and rich acous-
tics, the simulator creates a very realistic driving 
environment. Furthermore, thanks to the use of 
a 6 DoF platform, the trainee can have the ki naes-
thetic sensations that actually accompany e.g. 
turning or braking a car, as well as feel the dynam-
ics of the vehicle on various types of surfaces and 
in various weather conditions. The series of tests 

sized personal measurement module that can be 
attached, for example, to the trainee’s belt. On the 
housing of the recorder there are LED indicators 
of the device status, e.g. standby or recording pro-
cess, and connections for signals from electrodes 
and a sensor. A photograph of the measurement 
system is shown in fi g. 5.

Measurement of the electrical activity of the 
heart and muscles as well as galvanic skin re-
sponse (GSR) that can be carried out using this 
system is based on standard adhesive electrodes 
attached to the skin of the examined person. 
Moreover, the respiration signal can be measured 
by means of a breath sensor attached close to the 
nose. The system also enables for measuring the 
steering wheel squeeze based on strain gauges 
located around its circumference, as well as the 
critical frequency of fl icker/confl uence of the light 
stimulus by the optical indicator located in the 
truck cabin. Additionally, the system enables for 
recording accelerations in three axes of the body 
while driving the truck.

All recorded biomedical and environmental pa-
rameters can be presented online and offl  ine on 

Fig. 5.  Biomedical and environmental parameters monitoring system.
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– practicing operator skills on the manoeuvring 
area,

– assessing psychophysiological load while driv-
ing a car,

– investigating psychophysiological reactions of 
drivers in response to numerous events on the 
road, especially those that may threaten road 
safety,

– conducting research on the impact of various 
subjective and environmental factors and con-
ditions on driving safety.

carried out so far in the simulator has confi rmed 
its usefulness in testing of drivers.

In conclusion, there are many possibilities of us-
ing the truck simulator both in training and research, 
among which the following can be mentioned:
– training of driving skills in various terrain, 

weather and environmental conditions, in-
cluding special and diffi  cult ones,

– training of drivers’ behaviours in emergency 
and dangerous situations on the road,
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