Photorealistic Visualization

for Virtual Test Driving

The boundary conditions and requirements that need to be
met in vehicle development are steadily increasing. This is
mainly due to automated driving functions which require a
variety of realistic scenarios to be simulated for development
and validation. IPG Automotive shows how virtual test driving
can help with a high-quality 3-D visualization.

N The development process in the
automotive industry is subject to con-
stant change. This is also due to trends
in ADAS development, especially in

the field of sensor and camera tests. In
the scenarios necessary for these tests,
so-called corner cases need to be mod-
eled - exceptions rarely occurring in
real-world traffic and often presenting a
high risk. This requires a great amount
of flexibility and customizability in sce-
nario generation. Furthermore, for simu-
lation with sensor models, all objects
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need realistic material properties for
proper identification.

Against this backdrop, the 3-D visu-
alization tool Movie NX was developed
as a solution to offer a completely new
level of quality for visualization. In
combination with the Scenario Editor,
which enables a flexible, intuitive, and
efficient generation of relevant scenarios,
it creates a solution-oriented tool envi-
ronment. Despite the high level of de-
tail, a very high performance can be
reached in complex environments. This
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is especially relevant for the increas-
ingly simulation-based development
of camera-based functions.

BASIS FOR
THE 3-D VISUALIZATION

The open integration and test platform
CarMaker allows to shift test driving to
the virtual world and to achieve signifi-
cant savings. Movie NX ensures a photo-
realistic animation in simulation using
physically based rendering (PBR) for the
3-D engine and customized, high-quality
assets. The rendering engine combines
detailed material properties, complex
lighting and high-resolution objects and
hence reaches a visualization quality at
the upper end of real-time capable ren-
dering. With PBR as well as lighting and
weather effects, real scenarios can be
modeled in the virtual world at any time
of day and year with physically correct
shadows, FIGURE 1. Weather effects are
generated by mapping and adapting vir-
tual sunlight in combination with parti-
cle systems, such as rain or snow, and
volumetric boxes for fog. Additionally,
characteristics such as wet surfaces,
puddles or splash water can also be
modeled. These effects allow for reflec-
tions in the correct angle of curved sur-
faces and thus a realistic refraction of
light in three dimensions. The exact in-
cidence and refraction of light are based
on active, integrated light sources that
ensure a realistic global illumination.
Color bleeding is also considered. It
describes the reflection of colors onto
other objects which significantly con-
tributes to a realistic visualization.

The areas of application for this
kind of 3-D visualization are manifold,
FIGURE 2. For example, while develop-
ment engineers can merely monitor the
mathematical simulation models without
using a visualization tool, Movie NX pro-
vides visual feedback on whether the
model behavior in the driving scenario
meets expectations. Faulty implementa-
tions or unexpected behavior can be
identified immediately and understand-
ing simulation results becomes easier. To
simulate sensor technologies and virtual
cameras an exact environment model is
crucial as well. Combined with the light
and weather effects, a new field of appli-
cation with extensive possibilities opens
for realistic camera tests. The visualiza-
tion tool is also equipped with camera
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and lens models including HDR capabil-
ity that, just like their real counterparts,
distort the image or impact the angle

of vision.

VISUALIZATION AS BASIS FOR
SENSOR SIMULATION

The driving function and the control
algorithms running in it rely on sensor
data to have access to all environment
information in an adequate level of de-
tail. According to the test case, different
sensor models are used in simulation
which vary greatly in their complexity
and realism [1]. Possible sensor model
classes are ideal phenomenological and
physical models. The quality of results
is proportional to the quality of the envi-
ronment model it is based on.

The functional principle of a real sen-
sor relies on the propagation of waves
in the environment. For the technical
implementation in simulation, it is irrele-
vant whether these are radar, ultrasonic
or light waves. CarMaker discretizes the
propagation of waves in the virtual space
and maps them with a ray tracing algo-
rithm, the ray tracer, which relies on
the rendered environment and hence
computes on a graphics processing unit
(GPU). Each sensor cycle takes a snap-
shot of the environment as the transmit-
ter emits rays into the environment ren-
dered by Movie NX. Considering the
sensor type and its parameterization
(number and intensity of rays, field of
view, etc.), the rays propagate according
to their physical characteristics.

The reflection behavior is determined
by the modeled behavior of the wave
type it is based on and substantially
impacted by the reflecting surface.

Characteristics such as surface proper-
ties, orientation, color, permeability,
absorbing capacity and reflectivity
determine the direction of wave pro-
pagation and thus have a strong impact
on the results of the sensor simulation.
A scatter field is created at this interac-
tion point which determines the intensity
and direction of the signals returning

to the sensor. This highlights how deci-
sive the environment quality is for the
functionality and performance of the

ray tracer. The backend in Movie NX
contains information on material proper-
ties and uses them to accurately model
objects and surfaces for the ray tracer.
The so-called Raw Signal Interface (RSI)
sensors are based on the ray tracer and
enable physical modeling of different
sensor technologies [2]. In addition, an
APl is available to access raw sensor data
calculated in simulation. They are physi-
cally based on real-world sensors and
enable the implementation of own algo-
rithms for further processing, fusion,
and function development. The focus

of RSI models lies on the level of detail
of the environment.

Especially for the camera sensor mo-
del Camera RS], a high-quality visuali-
zation is crucial. This model scans the
environment through the lens of a vir-
tual camera accurately to the pixel and
enables realistic testing of camera-based
systems. The foundation for this, are fea-
tures such as HDR capability or effects
modeled with detail of camera lenses
and sensors. Combined with the hard-
ware solution SenslInject, the simulated
images can replace the imager of the
real camera and can be injected into
the camera ECU. It is therefore possible
to simulate a camera and to generate

FIGURE 1 Scope of functions Movie NX visualization (© IPG Automotive)

43



DEVELOPMENT ADAS

FIGURE 2 Visualization of different scenarios (© IPG Automotive)

pixel-accurate image data directly from
the model. For this, data from the real
camera are parameterized based on its
data sheet, including resolution, lens,
imager, and exposure times. Different
output formats such as RGB, YUV and
RAW are available for image output.

As the camera model can also be oper-
ated in headless mode, scalable simula-
tion with high performance computing
and in the cloud is possible. The seman-
tic segmentation furthermore enables
the generation of annotated image data

to train and validate Al algorithms,
FIGURE 3. These are used in automated
driving functions for object detection
and classification among other things.

CUSTOMIZED SCENARIOS

Due to the fact, that the setup of
such complex scenarios is linked
with considerable efforts, CarMaker
offers a range of HD Scenarios for
download as part of the installation.
These are preconfigured, detailed

scenarios that cover a variety of test
cases for advanced driver assistance
systems and autonomous driving
functions. It is possible for instance
to test camera algorithms by using
the Movie NX image output as a basis
for obstacle detection when parking
and driving in narrow spaces. These
tests can be performed in a multi-level
parking garage with a high number of
parked vehicles. Vehicles, curb stones
and walls can be identified and differ-
entiated based on their outlines.
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FIGURE 3 Example for the customized implementation of semantic segmentation (© IPG Automotive)
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If driving functions need to be tested
under winter weather conditions, tests
can be performed on a mountain road,
FIGURE 4. Movie NX does not only model
ice and snow, but it also ensures a realis-
tic global illumination with light refrac-
tion and reflection characteristics.

To test complex advanced driver as-
sistance systems, a busy city scenario
is an ideal choice. The virtual model of
a junction includes various road users.
It enables to test the implementation of
semantic segmentation methods detect-
ing, differentiating, and evaluating the
hazard potential of objects based on the
camera output. A suburban scenario is
available to test modern ADAS and AD
systems. Typical hazardous situations,
such as a child unexpectedly stepping
onto the road between parked vehicles,
are predefined. This allows for testing of
implemented camera algorithms which
are decisive for system functionality.

An optimized in-depth camera testing
can be performed in a city tunnel sce-
nario with variable light conditions,
FIGURE 5. At the same time, lane keeping
assist systems can be put to the test with
a construction site inside the tunnel,
while on the opposite road lane, an acci-
dent with blue flashing lights represents
another hazardous situation for systems
to be tested. A particular case for testing
camera algorithms are rolling shutter
effects where illuminated LEDs are not
identified correctly by automatic traffic

FIGURE 4 Realistic lighting due to light refraction and reflection characteristics (© IPG Automotive)

sign recognition. To be able to test these
functions, motorway scenarios with
digital message boards are integrated.
Individual adaptations of scenarios are
possible with the open Movie NX Python
APL It allows to customize camera set-
tings, manipulate the scene, and layer
objects in script. Values (signals) from
the running simulation can be visual-
ized live to indicate the current velocity
for example. This function is the basis
for the implementation and visualiza-
tion of HMI applications and the exten-
sion of animations with customized 2-D

FIGURE 5 Complex light conditions enable in-depth camera testing (© IPG Automotive)
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elements such as texts and shapes. The
dynamic signals emitted by CarMaker
are used as a basis for the display of
dynamic contents as well as the manip-
ulation of objects. These visual adapta-
tions are part of the rendered environ-
ment and change the basis for the GPU-
based sensor simulation. To adapt the
existing scenarios to local conditions or
to build new scenarios accurately, the
included traffic sign catalog provides a
broad range of the most common traffic
signs. Additionally, a catalog provides
numerous 3-D models which can be used
for simulation.

SUMMARY

The use of photorealistic 3-D visuali-
zation enables testing and validation of
automated driving functions by provid-
ing the basis for realistic sensor model
tests in simulation. Especially for camera-
based functions, a highly detailed 3-D
environment is imperative. Open APIs
furthermore guarantee adaptation to
specific requirements, while predefined
scenarios allow for a broad application.
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