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A Brief Overview of Automotive Driving
Simulators
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Abstract— Driving simulators are often used in automotive
sports and for scientific research as a cheap alternative to real-
world driving. They are a powerful tool for training of drivers
as it is possible to measure the senses and reactions of the
drivers in various driving conditions and locations. The
driving simulator device provides aural, visual, haptic and in
some cases motion cues in order to deliver an immersive
experience. This article briefly reviews and compares the
different types of driving simulators with respect to their
objective, design, and level of complexity. The comparison is
made based on selected studies on the subject.
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I. INTRODUCTION

Automotive driving simulation has become an essential
element in today’s vehicle development and vehicle safety
research. It allows engineers to perform various tests and
develop concepts faster and at significantly lower cost.
Modern driving simulation also allows researchers to
explore driver behavior in a controlled environment,
offering sufficient realism to create the illusion of
immersion and motion while retaining the human element. !

Motion simulators began as a means for safe flight
training during the 1910s. Automotive driving simulation
has also been developed since the previous century, but the
first significant progress came in the 1970s with 3 degree-
of-freedom devices, the base of which allowed for the
reproduction of movement in any combination of
translations and rotations, delivering a more authentic
experience. The most important development was the 1985
Daimler-Benz 6 degree-of-freedom hexapod system (Fig.1),
which set the precedent for future driving simulators, later
accepted as the most common configuration. Since then, the
rapid evolution of information technologies has contributed
to improvements and to an increase in the popularity of
driving simulators [1][2].

Currently, driving simulators are widely used in driver
training, research and automotive development as a cheap,
safe and reliable alternative to real-world driving. Research
done using a simulator has proven to be valid and training
can be effective when a suitable device is used.

In this publication, the authors briefly review the
technology, types of driving simulators and their use cases.
This review serves as a preliminary preparation for building
a driving simulator at the Technical University of Sofia to
be used for research purposes.
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Fig. 1. Daimler-Benz driving simulator (1985) via JSTOR [2].

II. WORKING PRINCIPLES AND EXAMPLES

Different levels of involvement can be distinguished
when comparing driving simulators. Low-level simulators
are easily accessible to the general public and consist of a
computer, a monitor and a simple cockpit with controls —
steering wheel, pedals, gear lever, etc. Mid-level simulators
make use of large projection screens or monitors, providing
a larger field of view, a realistic cockpit, recreating that of a
real vehicle more closely, and may include a simple motion
base, providing limited translational or rotational
movement.

High-level simulators provide a 360-degree field of view
or close to that, an extensive motion base, possibly including
an entire vehicle replica attached, and some employ novelty
systems that attempt to recreate weather effects, such as
DriverLab, Canada’s advanced driving simulator (Fig. 2) or
better reproduce headlight glare from incoming traffic [1].
The Swedish National Road and Transport Research
Institute has developed a number of driving simulators and
has contributed significantly to the evolution of the
technology over the years. Their most advanced system is
the Sim IV (Fig. 3) [3].

Generally, while using the simulator the driver is
provided with cues (Table 1) from it in order to recreate the
feeling of the driving experience. For this purpose, a
combination of systems is applied. Depending on the level
of involvement of the simulator, the quality and availability
of features, as well as the quality of the simulated
environment, can be different. In Table 1 are presented the
four different cue types with descriptions and the lowest
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Fig. 3. Sim IV simulator [3].
Fig. 2. DriverLab simulator [1].

possible simulator level in which they are available. Only
the motion cue is typically not present in low-level

simulators
TABLE 1
CUE TYPES PROVIDED TO THE DRIVER BY THE SYSTEM
Cue type Availability Overview
Delivers realistic sound via simple speakers, headphones or an advanced surround sound
aural low-level

system. Quality of the sound and delivery may vary with simulator.

Provided by a single monitor screen, combination of multiple screens, splitting the image, or
visual low-level an advanced projection system employing curved projection screens. Sometimes a VR headset
may be used. The level of realism of the cockpit is a major factor as well.

Delivered in the form of force-feedback by the steering wheel and possibly the pedals. Some
haptic low-level simulators employ systems that provide haptic cues to reproduce the effects of motion, such as
inflatable air bags, that provide pressure to the body via the seat.

The motion system consists of a moving base (visible in Fig. 3). More advanced systems in
high-level simulators provide motion in 6 degrees of freedom. The kinematics algorithm
outputs a trajectory of the cabin in Cartesian space, delivering the motion cueing commands to
the motion system hardware.

motion mid-level

Fig. 4. TUTOR, combined bus and truck simulator, installed in INTA, Spain.

Driving simulator uses include but are not limited to:
II1. APPLICATIONS driver training, driver behavior assessment research, road
design, development of advanced driver assistance systems,
vehicle design, vehicle and component development,
evaluation and testing.

Driving simulators are commonly used for driver
training. They are suitable to be applied in combination with
highly structured training programs, allowing for time
savings due to simpler planning and scheduling, and
reduced costs. In an increasingly environmentally
concerned world, using driving simulators for driver
training helps reduce pollution by reducing burning of fossil

Since the 1980s, the driving simulator has been able to
simulate all calculable elements of the driving experience.
The driver and his actions cannot be effectively reproduced
using a mathematical model. When using a simulator, the
driver is integrated into a controlled environment, thus
allowing for the variability of their actions to be studied.
This opens up many possibilities for automotive research
and development via evaluation of the driver’s actions,
reactions, emotions and overall experience [2].
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fuels associated with vehicles having combustion engines in
the propulsion [1][4].

Training programs can bring benefit to drivers of all
levels and with different purposes. This includes training
novice or experienced drivers, military personnel, racing
drivers, operators of heavy machinery and specialized
vehicles, etc. Simulation based training is increasingly
being used in a higher education setting, allowing students
to practice aspects of their education. The programs can be
adjusted according to the skill, learning phases and goals of
the driver [5][6].

Using a simulated environment allows for the recreation
of typical common situations, as well as difficult or
dangerous situations, weather conditions and rare events,
which can then be repeatedly experienced by trainees in a
safe manner. The driving simulator serves to familiarize
drivers with such scenarios and enhance their ability to
handle critical moments. Also, drivers of large vehicles,
such as trucks and buses, could go through simulator
training to get familiarized with the size and
maneuverability of the vehicle (Fig. 4). In some countries,
novice drivers are required to pass tests in a simulator to
obtain a driver’s license. A driving simulator can measure
and record everything happening with the simulated vehicle,
allowing for precise evaluation of the driver’s reaction [7].

Driving simulators are now universally used in
professional motor racing. Due to the issues of costs,
logistics and privacy, as well as the rules involving real-
world testing, driver training via simulator offers many
benefits. Drivers can also benefit from the chance to learn
new racecourses, develop a new driving technique, learn
and practice official race procedures, familiarize themselves
with the vehicle and train mental endurance [8].

In research, driving simulators are used as a means to
investigate driver behavior. All driver-in-the-loop include
the driver as an integral component of the system. Influence
of different factors on driver behavior can be examined in a
controlled environment, such as influence of alcohol, drugs
or medication, age, stress, fatigue, distractions, professional
experience or occupation, etc. In such cases, road tests may
be impossible due to liability problems or from a moral
point of view. Most commonly, scientific studies focus on
driver training via a simulator and its effectiveness [1][5].

Road geometric design and traffic studies also benefit
from driving simulators. The simulator offers a series of
advantages when compared to real-world testing. The most
important one is the ability to create a virtual environment
with controllable traffic and road parameters, which would
be expensive and challenging to otherwise realize. Also,
driving data can be easily and accurately collected when
using a simulator [9].

Driving simulators are widely used in the development of
advanced driver assistance systems (ADAS) such as
adaptive cruise control (ACC), lane departure avoidance,
autonomous driving, electronic stability program (ESP), etc.
The human interaction with ADAS, as well as the
dependency on such systems during normal operation or
failure can be investigated in a safe environment. ADAS can
be evaluated, and their beneficial effects can be validated
prior to incorporation in a road vehicle by using namely a
simulator. For these reasons, driving simulators are
becoming the primary domain for development of ADAS
[10].

Driving simulators can also be used in the development
of autonomous driving systems. The driving performance of
humans in a simulator can be studied using machine
learning to provide insight into the handling process. Such
is the case in a study [11] focusing on race driver
performance in a simulator and the possible benefits for
autonomous driving systems, since professional race drivers
are as of yet superior in controlling a vehicle at its dynamic
limit [1][8].

The simulated environment can achieve high accuracy
and provide a realistic recreation of dynamic behavior. One
of the main uses of driving simulators in industry is to
dynamically evaluate chassis components or entire vehicles
during development [1]. Due to the ease of varying
components in real-time, prototyping parts and testing them
in a simulator offers great benefits. Suspension systems and
aspects of the powertrain can be adjusted quickly and
evaluated in conditions or loads that would otherwise be
difficult or expensive to recreate in the real world. Despite
the use of driving simulators in vehicle development being
one of the most common use cases, due to the nature of
confidentiality of the industry, publications on the subject
are uncommon.

Driving simulators have become essential for vehicle
development in the racing industry. An example is Formula
1, where driving simulators are vital for every team. As
previously mentioned, logistical issues and high cost, as
well as the strict limitations imposed on real-world testing,
contribute to the need for driving simulators. The advanced
motion systems used can simulate the accelerations
associated with cornering and braking. The simulations and
physics models incorporated in the simulator system are
constantly evolving due to competitive nature of the sport,
contributing to progress in the development of driving
simulators. Due to the competitive secrecy of motorsports,
information on and images of such devices are scarce
[11][12].

Driving simulators have also become very popular in
entertainment. With the accessibility of computers and
technology, average consumers can acquire a driving
simulator themselves, with some companies offering
options for low- to mid-level simulators (Fig. 5). Compared
to alternative control interfaces, such as mouse/keyboard or
a game controller, a simulator device provides precise input
and immersive experience in modern games and simulation
programs. Online race tournaments are readily available
[13].

Fig. 5. Examples of driving simulators; left to right: 6 degree-of-freedom
driving simulator, static driving simulator.
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IV. BENEFITS AND SHORTCOMINGS

As already stated, driving simulators offer many benefits.
In most cases the use of simulators instead of real vehicles
leads to reduced costs, time savings and simplification of
processes. Simulators offer the opportunity to create
controlled environments that reproduce reality, serving as a
valuable tool for research in many fields.

Despite their growing success, driving simulators come
with some disadvantages. Most commonly discussed are the
questions of validity of research results and effectiveness of
training in a simulator. Although the technologies used in
driving simulators are rapidly developing, in the current
state-of-the-art, they cannot deliver absolute authenticity.
Constant acceleration forces cannot be reproduced, the
depth of view present in the real world cannot be displayed
on a two-dimensional screen, and physics models are not
perfect. Another problem for simulator application is
simulator sickness, a subset of motion sickness that some
people experience when using a driving simulator that
prevents them from providing reliable results.

Validation of the results is important when using driving
simulators for research. The concept of validity questions
whether the simulator can elicit the same behavior in
subjects as in real-world circumstances. The question also
concerns the effectiveness of driver training via simulators.
Despite researchers acknowledging the importance of this
matter, there is no standardized method yet for determining
simulator validity. This leads to various methodologies used
for validation of the studies.

For every potential use case of a simulator for research or
training, the system must be properly selected as to provide
the necessary level of involvement for the studied task or
ability to be properly investigated. Limitations in
effectiveness and validity are linked to the cues that the
simulator is able to deliver. Results from a simulator,
providing cues important to the subject of investigation, can
be validated by comparison with field test results [4][14].

The observed effectiveness or result, objectives and other
details of a few selected studies using driving simulators are
presented below in Table 2.

TABLE 2
COMPARISON OF SELECTED STUDIES ON AUTOMOTIVE DRIVING SIMULATORS
L Lo Used
Publication Objective . Observed results Notes
simulator
S. Weietal, [§] Evaluating the use of low-level Driving simulators, even at low- The authors elaborate that the use of
driving simulators for level, are suitable for testing Lane professional drivers or engineers 1is
testing of Lane Departure Departure Avoidance systems, due preferable, because they can better evaluate
Avoidance systems. to the low dynamic nature of the test. ~ system characteristics in a simulator.
E. Kaetal, Evaluating the  high-level Positive effects were observed inall The study focuses on both driver
[15] effectiveness of groups tested. Novice drivers experience and professional occupation.
substitute safety reduced almost all risky behavior.
measures and the Experienced drivers reduced only
influence of simulator speeding behavior and encountered
training on risk taking in difficulties with simulator operation.
drivers. Professional drivers reduced all
risky behavior.
S. Higuera et To evaluate the possible low-level The software evaluated was found to  The setup used is readily available at
al., [9] use of low-level driving realistically recreate the relatively low-cost.
simulators, as well as environment. Because road
accessible software for geometric research does not require
the purpose of road dynamic feedback, a low-level
geometric research. simulator can offer a satisfactory
visual evaluation space.
J. Ingrell et al., Evaluating the low-level Students of all training groups The study incorporated an examination as a
/6] effectiveness of driving showed similar results. means to evaluate training effectiveness.
simulator training for Different methods of training were used for
low-speed maneuvering. the three groups, and results were then
compared, greatly improving validity.
K. Bell et al., Evaluating the immediate ~ low-level Simulator training can be beneficial Three groups receiving different training
[16] and long-term to the performance of older drivers. ~ were evaluated and the effect was measured
effectiveness of driving Some improvements were observed again 18 months after the initial training.
simulator training on to remain long-term. The study notes that some improvements
driving performance in can be retained by implementing a refresher
older adults. training.
C. D. Evaluating the influence mid-level Vegetation was observed to have a  The study notes that driver behavior was
Fitzpatrick et ofroad side vegetation on large impact on driver behavior. The  altering with the acclimatization of drivers
al, [17] driver behavior, using a clear road width was more with the simulator. It suggests longer
driving simulator with an influential than the vegetation warmup periods and addition of field tests
eye tracker. density. to compare behavioral effects.
L. Damm et al., Evaluating the benefits of  low-level There was a difference noted The usefulness of driving simulators for

[18]

early driver training by
confronting trainees with
dangerous scenarios.
Driver simulator training
is compared to traditional
training.

between the effects of the different
types of training. Compared to
experienced drivers, early simulator
trained drivers performed better than
novice traditionally trained drivers.

simulating  dangerous  scenarios s

acknowledged.
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L. Meuleners et
al, [19]

To compare and validate ~ mid-level Some
driver performance in a
driving simulator and in

the real world.

driving  behaviors
comparable, such as driving habits,
obeying traffic rules, maintaining
and choosing correct speed, while
others, mainly concerning spatial

were  The study compares results observed in a
simulation to real-world observations,
contributing to validity claims. Five of the
fifty-seven participants in the study

experienced simulator sickness.

awareness and feeling of speed were

not.

V. CONCLUSION

The automotive driving simulator has become an integral
part of today’s automotive engineering field. Despite the
shortcomings, driving simulators are gaining more
recognition and actively developing further, allowing for
more use cases and benefits to be established.

Most studies employ a low- or mid-level simulator. Due
to the high cost of advanced devices, the usefulness of
simulators with lower levels of involvement is often
questioned in research. Driving simulator studies focusing
on the effectiveness of training and the evaluation of
behavior are very common. More studies investigating
result validity and simulation credibility may be needed to
aid in the establishing of the driving simulator as a universal
tool for driving training and driver behavior research.

REFERENCES

[1] L. Bruck, B. Haycock, A. Emadi, "A Review of Driving Simulation
Technology and Applications," in IEEE Open Journal of Vehicular
Technology, vol. 2, 1-16, 2021, doi: 10.1109/0JVT.2020.3036582.

[2]J. Drosdol, F. Panik, “The Daimler-Benz Driving Simulator A Tool for
Vehicle Development”. SAE Transactions, 94, 981-997, 1985.
http://www jstor.org/stable/44467637

[3] The Swedish National Road and Transport Research Institute,
(https://www.vti.se/en).

[4] N. Kaptein, J. Theeuwes, R. van der Horst, “Driving Simulator Validity:
Some Considerations”, Transportation Research Record 1550, 30-36,
1996, doi: 10.3141/1550-05.

[5] F. Alonso, J. V. Riera, M. Faus, M. Fernandez, “Effectiveness of
Driving Simulators for Drivers’ Training: A Systematic Review
Appl. Sci. 2023, 13, 5266, doi:/10.3390/app13095266.

[6]J. Ingrell, C. Egerius, C. Mellgren, “Simulator-Based Driving Training
in Low-Speed Maneuvering for Swedish Police Students”, Nordic
Journal of Studies in Policing, 9, 1, 2022, doi: 10.18261/njsp.9.1.10.

[7]1J. F. Dols, J. Molina, F. J. Camacho, J. Marin-Morales, A. M. Pérez-
Zuriaga, A. Garcia, “Design and development of driving simulator
scenarios for road validation studies”, Transportation Research
Procedia, 18, 289-298, 2016, doi: 10.1016/j.trpro.2016.12.038.

[8] focusdriver.com, “Benefits of Using Simulators In Motorsport”,
https://www.focusdriver.com.au/news/benefits-of-using-simulators-
in-motorsport

[9] S. H de Frutos, M. Castro, “Assessing sim racing software for low-cost
driving simulator to road geometric research”, Transportation
Research Procedia, 58, 575-582, 2021, doi:
10.1016/j.trpro.2021.11.076.

[10] S. Wei, M. Becker, P. E. Pfeffer, J. Edelmann, “Investigation of the
Suitability of a Static Driving Simulator for the Characterization of
Lane Departure Avoidance Systems”, IEEE Transactions on
Intelligent Vehicles, 1-20. 2023, doi: 10.1109/TIV.2024.3433369.

[11]J. von Schleinitz, T. Schwarzhuber, L. Worle, M. Graf, A. Eichberger,
W. Trutschnnig, A. Schroder, “Race Driver Evaluation at a Driving
Simulator using a physical Model and a Machine Learning
Approach”,  Cornell ~ University = Archive, 2022, doi:
10.48550/arXiv.2201.12939.

[12] G. Dymott, “What are Formula 1 simulators used for?”,
https://www.schoolofraceengineering.co.uk/, 2021.

[13] wikipedia.org, “Sim racing”
(https://en.wikipedia.org/wiki/Sim_racing)

[14] R. A. Wynne, V. Beanland, P. M. Salmon, “Systematic review of
driving simulator validation studies”, Safety Science, 117, 138-151,
2019, doi: 10.1016/j.ss¢i.2019.04.004.

[15] E. Ka, D. Kim, J. Hong, C. Lee, “Implementing Surrogate Safety
Measures in Driving Simulator and Evaluating the Safety Effects of
Simulator-Based Training on Risky Driving Behaviors”, Journal of
Advanced  Transportation, 2020, 7525721, 2020 doi:
10.1155/2020/7525721.

[16] K. Bell et al., “Speed-of-Processing and Driving Simulator Training
Result in Improved Driving Performance”, Hum Factors., 2003
Summer, 45(2):218-33, doi: 10.1518/hfes.45.2.218.27241.

[17] C. D. Fitzpatrick, S. Samuel, M. A. Knodler Jr., “Evaluating the effect
of vegetation and clear zone width on driver behavior using a driving
simulator” Transportation Research Part F: Traffic Psychology and
Behaviour, 42, 1, 80-89, 2016, doi: 10.1016/j.trf.2016.07.002.

[18] L. Damm, C. Nachtergaéle, M. Meskali, C. Berthelon, “The
Evaluation of Traditional and Early Driver Training With Simulated
Accident Scenarios”, Hum Factors. 2011 Aug, 53(4):323-37, doi:
10.1177/0018720811413765

[19] L. Meuleners, M. Fraser, “A validation study of driving errors using a
driving simulator”, Transportation Research Part F: Traffic
Psychology and  Behaviour, 29, 14-21, 2015, doi:
10.1016/j.trf.2014.11.009.

page



	I. INTRODUCTION
	II. Working Principles and Examples
	III. Applications
	IV. Benefits and Shortcomings
	V. Conclusion
	References

