
Simulation is an indispensable tool in the development process for advanced driver 

assistance systems. By placing the driver into the simulation loop, developers can 

evaluate technical performance and human-machine interaction in a realistic yet 

controlled environment. IPG Automotive describes a driver-in-the-loop approach, 

which enables early feedback, reproducible testing, and the safe exploration of 

critical scenarios without relying on physical prototypes.

g  To closely replicate real-world 
driving experiences in a virtual envi
ronment, various techniques are 
employed to place the driver directly 
in the simulation loop. This allows for 
a natural interaction with both the vir-
tual vehicle and its environment under 
practical conditions. Such Driver-in- 
the-Loop (DiL) approaches are essen-
tial for subjective evaluation tasks, 
including classic simulation use cases 
such as ride and handling assessments 
or powertrain development [1]. These 
methods allow developers to directly 
assess subjective impressions while 
also serving as a basis for generating 
objective key performance indicators 
that can be applied in offline testing.

REPLICATING  
COMPLEX INTERACTIONS

Simulation has become an essential 
tool in modern vehicle development, 
enabling testing and validation of sys-
tems under controlled and reproducible 
conditions. Simulation platforms like 
CarMaker from IPG Automotive allow 
to carry out virtual test drives from the 
earliest phase of development through 
to full-vehicle validation.

The system under test is integrated 
into a configurable virtual environment, 
in which realistic driving scenarios can 
be reproduced. A key advantage of simu-
lation lies in its ability to replicate com-
plex interactions between vehicle, driver, 

road, and environment. Models of road 
networks, traffic participants, weather 
conditions, and driver behavior can  
be combined and allow to evaluate sys-
tem performance under a wide range of 
scenarios – including rare or critical 
corner cases that would be difficult or 
unsafe to reproduce in the real world. 
By decoupling test execution from phys
ical prototypes and proving grounds, 
simulation contributes significantly to 
more efficient and scalable development 
strategies.

For a driver to engage meaningfully 
with such an environment, it must first 
be simulated convincingly. In the case 
of image representations, 3-D visualiza-
tions such as Movie NX aim at enhanc-
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ing the realism of objects. For exam-
ple, when observing a simulated traf-
fic scenario, improved visualizations 
of objects contribute to enhanced real-
ism, as shown in FIGURE 1, which com-
pares Movie NX with its predecessor 
IPGMovie.

Over time, the visualization tech-
niques have improved significantly, 
approaching the threshold of the 
so-called uncanny valley where vir-
tual elements appear nearly lifelike, 
yet still subtly unnatural. However, driv-
ers tend to focus less on the visual fidel-
ity of individual objects and more on 
aspects that feel inconsistent or unre
alistic. Increasingly, the limiting factor 
is not the graphics, but the physical 
motion within the scene.

In many simulations, vehicles mov-
ing in traffic appear visually convinc-
ing but lack dynamic realism. They do 
not roll, pitch, or interact with the road 
in a physically plausible way, which 
undermines the credibility of the scene 
and the immersive experience. By incor-
porating the physics-based simulation 
of CarMaker, these movements can be 
modeled accurately, allowing traffic 
participants to behave as they would 
do in the real world. This physical real-
ism is also essential for technical accu-
racy: To correctly model sensors and 
their interaction with the environment, 
the underlying physics must reflect 
realistic behavior.

ADVANTAGES OF 
IMMERSIVE SIMULATION

Beyond established development 
tasks, the DiL approach is also valu-
able when evaluating features such as 
Advanced Driver Assistance Systems 
(ADAS) from a driver’s perspective. It 
enables early-development-phase feed-
back on whether a new functionality 
might offer real-world benefits. Fur
thermore, DiL simulations are increas-
ingly used to study driver behavior. 
Here, for instance, transitions in 
automated driving according to SAE 
level 3 can be investigated to deter-
mine whether non-expert users intui-
tively react to control transfers from 
the vehicle to the driver and back.

While integrating Electronic Con-
trol Units (ECUs) or other hardware into  
a simulation environment is relatively 
straightforward, reproducing the driver 
interface is significantly more complex, as 
it involves addressing the driver’s sensory 
input. In contrast to Hardware-in-the-
Loop (HiL) systems, which rely on signal 
exchange, for example via CAN bus and 
physical sensors, the DiL setup focusses 
on stimulating the human’s senses to cre-
ate a realistic and immersive experience.

Rather than feeding data to control 
units, DiL systems deliver real-time feed-
back directly to the human driver – visual, 
haptic, acoustic, and vestibular. Visual 
input is provided via high-resolution 

FIGURE 1 The evolutionary leap from the predecessor IPGMovie (left) to the current Movie NX (right) in photorealistic visualization  
(© IPG Automotive GmbH)
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screens or Virtual Reality (VR) headsets, 
while haptic feedback, such as steering 
torque, is reproduced through a high-fidel-
ity steering interface. Engine sounds and 
ambient noise are simulated acoustically 
while motion platforms make the vehicle 
dynamics forces physically tangible.

Vehicle development benefits signifi-
cantly from these immersive simulation 
methods. They allow for functional test-
ing and subjective fine-tuning in much 
earlier phases, improving the quality 
of prototypes before physical builds are 
available. Risky situations can be tested 
safely in the virtual environment, too. 
Rapid A-B-A comparison tests support 
short iterations, where parameters 
such as spring rates can be adjusted and 
evaluated in real time during a session – 
without delays due to changes in setup.

Another advantage lies in the repro-
ducibility in the simulation environment. 
Unlike physical tests, virtual environ-
ments offer consistent conditions and 
full control over vehicle specifications. 
This ensures more reliable comparisons 
and development outcomes. Additionally, 
simulation enables efficient demonstra-
tion of conceptual ideas, eliminating the 
need to build bespoke prototype vehicles 
for every test case.

TECHNICAL IMPLEMENTATION

As with any simulation tool, the use of 
a driving simulator should follow the 
principle of purpose-driven fidelity. 
This means that the required level of 
detail for both hardware and software 
depends on the use case. For instance, 

when evaluating a lane keeping func-
tion in an ADAS context, a full power-
train-in-the-loop setup may not be neces-
sary. In terms of software, the perception 
of speed can be significantly improved 
by populating the environment with 
high-definition 3-D objects, while accu-
rately simulating brake pedal feedback 
may require a high-fidelity brake model.

The same principle applies on the 
hardware side: Investigations for ride 
and handling aspects typically call for a 
high-fidelity motion platform. However, 
when assessing more interface-focused 
elements, that means of a Human-Ma-
chine Interface (HMI), such a platform 

is not absolutely necessary. This targeted 
differentiation between levels of fidelity 
ensures that the simulator setup remains 
efficient and appropriate for the respec-
tive task. FIGURE 2 illustrates the differ-
ing requirements for the DiL simulation 
across the different domains vehicle 
dynamics, ADAS and HMI, highlighting 
the need for bespoke simulation setups 
depending on the development focus.

In traditional simulator setups using 
traditional screens, the display dimen-
sions inherently limit the driver’s field 
of view. A physically large screen area 
is required to achieve a 90° field of 
view, FIGURE 3.

A larger field of view allows for 

– improved driver perception
 of speed

– optimized visibility of
 environment

– some perception of vehicle 
 primary motion if the frame  
 rate is high enough
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FIGURE 3 Different fields of view in the DiL simulator with different screen diagonals (43, 49 and 65 inch) 
and different distances to the screen (70 and 120 cm) (© IPG Automotive GmbH)

FIGURE 2 Requirements for DiL simulation 
(© IPG Automotive GmbH)

DEVELOPMENT  Simulation |  Testing

36 www.springerprofessional.com/automotive



ATZ worldwide  10-11|2025        37

Advertorial



The integration of VR headsets into 
driving simulators offers a immersive 
way to experience simulated environ-
ments, with several technical and prac-
tical advantages. One of the key benefits 
is the large natural field of view within 
a compact test setup. Since the field of 
view is dynamically reprojected to any 
head motion, the connected feeling is 
increased. Additionally, the stereoscopic 
3-D view allows for true depth percep-
tion and significantly increases realism. 
Thanks to the mobile setup, simulations 
can even be carried out at the user’s 
desk environment. Another advantage 
is the potential for multiple users to 
experience the same simulation simul
taneously. This is particularly relevant 
for training, assessment, or collabora-
tive coordination in the development 
process.

The setup of the DiL simulator varies 
with the desired degree of immersion 
and computing performance. In simple 
configurations, all core components run 
on a single PC. More advanced setups 
use a distributed system, where addi-
tional graphics devices handle specific 
fields of views, enabling multi-screen 
environments. VR environments can 
also be added to a multi-PC setup. This 
modular setup supports hardware com-
ponent integration and makes the simu-
lator suitable for all development 
phases, FIGURE 4.

From a technical standpoint, vari-
ous configurations can be used depend-
ing on the application. For example, in 
Vehicle-in-the-Loop (ViL) testing sce
narios, VR headsets are often used in 
combination with base stations to ensure 
precise spatial tracking. Alternatively, 
wireless VR setups offer greater free-
dom of movement, even allowing the 
user to exit the simulated vehicle while 
remaining and interacting within the 
virtual environment.

USE CASES

DiL simulation with CarMaker enables 
a broad spectrum of use cases. In early 
development phases, DiL can be used to 
directly assess vehicle behavior or to help 
define objective evaluation criteria based 
on a driver’s impressions. This is particu-
larly valuable in standard vehicle dynam-
ics applications, where the nuances of 
human response cannot be fully captured 
through automated testing.

In the development and validation of 
HMI systems, the DiL simulation also 
plays a key role for engineering. With 
evolving requirements around physical 
control concepts, such as regulations on 
touch and voice commands, it becomes 
increasingly important to evaluate how 
drivers interact with the system under 
real driving conditions. Tasks that are 
easily performed in stationary usage in 

the cockpit may become distracting or 
unintuitive when the driver is required 
to pay attention to the road, especially 
in complex traffic situations or unfamil-
iar environments. The DiL methodol-
ogy allows for realistic and reproduc-
ible testing of such use cases in a 
controllable environment.

Another focus is on assessing the field 
of view from inside the vehicle. This 
includes identifying visibility limitations 
caused by design elements such as large 
A-pillars, as well as verifying whether 
persons or objects can be detected when 
driving backwards or making a turn. 
In this context, VR extensions increase 
realism by considering head movement 
and spatial perception. These immersive 
use cases add significant value to safe-
ty-critical field of view tests and ergo-
nomic design evaluations.

It is important to note that different 
use cases require different simulator 
configurations: In HMI evaluations, 
an accurate cockpit environment and 
authentic control surfaces are essen-
tial, for example mirrors. For ride and 
handling studies, an accurate motion 
platform and high-fidelity road surface 
model are critical to ensure accurate 
feedback and test validity. The flexibil-
ity of combining CarMaker, VR system 
and modular hardware enables targeted, 
application-specific setups that support a 
wide range of development and evalua-
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FIGURE 4 General technical setup of the DiL simulator (© IPG Automotive GmbH)
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tion activities. Beyond this, the DiL sim-
ulation significantly enhances functional 
testing. While predefined test runs and 
test managers are highly effective at ver-
ifying known failure modes, they may 
miss subtle deviations or novel issues. 
These can oftentimes only be identified 
in interactive virtual test driving – giv-
ing the DiL approach a decisive edge.

CONCLUSION

Driver-in-the-Loop simulation has 
become a vital tool in modern vehicle 
development. It enables realistic, con-
trolled, and reproducible testing of 
both vehicle systems and driver inter
action without relying on physical pro
totypes. By integrating the human driver 
into the simulation loop, development 
teams can assess subjective impres-
sions, evaluate new features for HMI 
and ADAS, and study driver behavior 
in critical scenarios.

CarMaker supports a wide range of 
use cases by providing a scalable, modu-
lar simulation environment that scales 
from desktop VR setups to full-motion 
platforms. These immersive simulations 
improve efficiency, accuracy, and safety. 
Thus, the DiL approach is an essential 
tool across all phases of the vehicle 
development process.
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