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The automotive industry can significantly benefit from artificial intelligence
applications — especially in the development of advanced driver assistance
systems and autonomous driving functions. Integrating the relevant
algorithms, however, may entail a high effort, says IPG Automotive.

ENSURING DATA QUALITY

At a fundamental level, a learning pro-
cess of deep neural networks requires
large volumes of training data such as
images. In supervised learning, these
need to contain meta-information such
as the position and classification of all
relevant objects in addition to the actual
images. Usually, these training data are
labeled manually or in semi-automated
mode, which entails a very high effort.
Moreover, a large amount of the train-

ing data is required with high variance
to ensure that as many conceivable
environmental situations as possible
are covered.

The quality of the training data con-
tributes significantly to the quality of the
trained neural network. Neural networks
will only achieve high performance if
the training data have been thoroughly
annotated and therefore contain as few
errors as possible. Manual annotation
during the labeling process is very prone
to errors and results in high personnel



expenses particularly when annotating
camera data, but also other sensor data.

Annotation quality can be significantly
increased if, instead of manual human
annotation, automated annotation is car-
ried out, which is possible when using
synthetically generated data, for instance.
The open integration and test platform
CarMaker from IPG Automotive enables
error-free annotation and therefore a
major reduction of work required.

The simulation environment is able to
generate synthetic data such as images,
which is automatically enhanced with
the corresponding meta-information.
This automated labeling allows large
training data sets to be efficiently gener-
ated. If necessary, the training can sub-
sequently be fine-tuned with greatly
reduced amounts of real-world data.

Following this, the trained deep learn-
ing algorithms can be integrated into a
CarMaker closed-loop environment in
order to test and validate them in realis-
tic driving situations within the simula-
tion (also called inference phase). More-
over, the validation of algorithms based
on Artificial Intelligence (AI) can also be
carried out using Robot Operating Sys-
tem (ROS) middleware. This comple-
ments the simulation by the possibility
of using existing ROS models and librar-
ies for the development of automated
driving functions.

The following sections illustrate the
training phase based on synthetic data
with the help of camera image data as
well as the testing and validation of
trained AI algorithms through the inte-
gration of a middleware.

USING SYNTHETIC IMAGE DATA
TO TRAIN AI-BASED ALGORITHMS

There are various approaches to train a
neural network with a sufficient volume

of synthetic image data in such a way
that it achieves at least the functional
quality of a neural network trained with
real image data, as demonstrated in [1]
by Johnson-Roberson et al., for instance.

Rajpura et al. showed in [2] that the
enhancement of the real data set using
synthetically generated image data sig-
nificantly improved recognition perfor-
mance. Particularly the fact that this
effect was achieved with a relatively small
volume of real-world data is remarkable
- only 10 % of real images were added
to synthetically generated images.

This article shows how images gener-
ated in the simulation can be utilized for
the training of Al-based algorithms and
therefore for the development of advanced
driver assistance systems and automated
driving functions. With the simulation
solutions of the CarMaker product family,
virtual test driving can be performed in
realistic driving scenarios, for which the
simulation environment can be defined
as required, including the road network,
road users, the surroundings, etc. The
virtual prototype, a fully parameterized,
virtual full-vehicle model of a physical
prototype, comprises models of all com-
ponents in the physical vehicle.

As a basis for the training, the output
of the 3-D animation of the simulated
environment, which is integrated in the
simulation environment, can be used.

In addition, other training data such as
time series signals or lidar point clouds
can be generated in automated mode
during the simulation. The automated
inclusion in the data of all information
on the contained objects (ground truth)
is possible as well.

FIGURE 1 shows an example of two typ-
ical annotation methods which can be
generated from the visualization in auto-
mated mode. FIGURE 1 (right) illustrates
the bounding box annotation in which
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the objects relevant to the classifier of
the Al-based algorithm (such as vehicles
or traffic signs) are marked by a rectan-
gle. The training images generated and
labeled in this way can be exported
frame by frame with additional meta-in-
formation such as the class of the anno-
tated object as well as the corresponding
position of the bounding boxes within
the image.

In FIGURE 1 (center), pixel-level seman-
tic segmentation which follows the same
basic principle is shown. Using the previ-
ously defined object classes of the simu-
lation, a color code is allocated to all
objects contained within the image.
This allows all object classes to be
depicted based on a predefined color
scheme already during the rendering
process of the simulation. In connection
with the originally generated image in
FIGURE 1 (left), meta-information that has
been gathered in this way can be used
for the training as well.

This approach enables the generation
of the image data as well as the annota-
tion with the required meta-information
in fully automated mode, which results
in major time savings. This allows the
automated generation of a vast number
of annotated images from artificially
created scenarios.

A study by Pfeffer et al. [3] compared
the performance of bounding box annota-
tion in CarMakKer to a variety of other syn-
thetic image sources. The study also ana-
lyzed how well the artificially generated
images performed in comparison to real
images when training a neural network.
By enhancing the synthetically generated
image data with a small volume of real
image data (5 %), an average object detec-
tion precision was achieved that compares
to the precision achieved when real image
data alone are used for the training. Thus,
the use of CarMaker as a source of syn-

FIGURE 1 Synthetically generated image (left), pixel-level semantic segmentation (center), bounding box annotation (right) (© IPG Automotive)
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thetic images was able to contribute to
reducing the effort required for the train-
ing by several factors.

TESTING OF
Al-BASED ALGORITHMS

In addition to the possibility of efficiently
generating large volumes of annotated
training data for Al algorithms, simula-
tion enables tests of algorithms that have
previously been trained. As demonstrated
in [4], testing and validation can be con-
ducted directly in CarMaker. A lane keep-
ing assist system trained using real data,
which was successfully tested in the vir-
tual environment, served as an example
in this case.

Furthermore, testing and validation
can be performed using a middleware
framework, that is ROS [5], which refers
to an open-source framework for robotic
applications. Developers of advanced
driver assistance systems and auto-
mated driving functions benefit from
ample opportunities to support their
developments by means of ROS. Using
existing ROS models, software pack-
ages and libraries, algorithms directly
integrated into ROS can be developed
and validated. In addition to hardware
abstraction and package administration,
another component of ROS lies in the
communication between processes
operating in parallel (nodes) that are
executed either on the same system or
on different systems.

CARMAKER INTERFACE WITH ROS

CarMaker comprises an interface that
enables interaction with a ROS network.
This is a direct interface between the
system and ROS which is based on a
ROS node integrated in the application.
This node acquires all data of the vir-
tual vehicle, such as sensor data, and
transmits these to an external ROS node.
This external ROS node may comprise
an advanced driver assistance system or
an automated driving function based on
an Al algorithm.

Moreover, a complete software stack
for autonomous driving can be devel-
oped in ROS and coupled with a virtual
prototype via the CarMaker-ROS inter-
face as shown in FIGURE 2.

The simulation environment using
CarMaker as the simulation platform,
and a ROS node that is integrated as a
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FIGURE 2 Testing and validation of Al-based algorithms by means of CarMaker and the ROS environment
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shared library, are depicted in FIGURE 2
(bottom). In the upper part, a sample
software stack for autonomous driving is
depicted, which contains all algorithms
that are required for automated/autono-
mous driving.

The input data such as sensor data are
supplied by CarMaker and subsequently
processed by individual algorithms. For
instance, object lists are generated from
the raw sensor data. An Al-based object
detection algorithm, which is trained
based on synthetic image data, can be
integrated in the camera data processing
ROS node. The sensor data fusion could
be performed by the environment per-
ception block in this case, generating
a uniform environment model.

Based on this environment model,
it is possible to define the next suitable
maneuver in the path planning process.
In order to follow a planned trajectory,
the control signals for the vehicle have
to be determined and sent to the ROS
node. These control signals are then
converted into a vehicle movement
based on the respective vehicle model.

Such a closed-loop simulation ap-
proach has many benefits such as the
possibility of observing the reactions of
simulated road users within the Car-
Maker simulation environment. Addi-
tionally, it is possible to use an environ-
ment model provided by CarMaker and
directly test the algorithms for the path
planning and control signal generation.

SUMMARY

The use of Al-based algorithms is
becoming ever more crucial particularly
for the development of automated and
autonomous vehicles. By using a virtual
test environment, it is possible to support
their development during the training
and inference phase, which is why simu-
lation has become a fundamental part of
vehicle development.

This article has demonstrated how the
training of deep learning algorithms can
be optimized by using precisely labeled
synthetic image data, and how CarMaker
and ROS can be coupled for testing and
validation of Al-based algorithms.
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