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Testing of ADAS Functions on a

Steerahle ViL Full Vehicle Test Bench

© KIT-FAST | IPG Automotive

The validation of automated driving functions on test benches is increasingly
coming into focus in automotive development, even though computer simulations
are available. The Institute of Vehicle System Technology (FAST) at the Karlsruhe
Institute of Technology (KIT) and IPG Automotive have jointly investigated the
ADAS functions of a series-production vehicle on a full vehicle test bench with
Vehicle-in-the-Loop (Vil) feature. They were able to provide evidence of the

feasibility of testing such full vehicle functions on these test facilities.

I Modern series-production vehi-
cles are increasingly equipped with
Advanced Driver Assistance Systems
(ADAS) and automated driving func-
tions. These functions are mainly
tested in computer simulations, at the
system level in hardware-in-the-loop
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environments, in the full vehicle on test
tracks or - if sufficiently mature - on
public roads. The driving tests involve
increased effort, low reproducibility,
and dependencies on influences regard-
ing environmental factors. In addition,
particularly safety-critical situations

cannot be represented in real driv-
ing tests due to the associated risk.
In such cases, full vehicle test
benches, which in some cases also
allow the vehicle to be steered, can
provide a remedy. Previous publi-
cations have often presented only

www.springerprofessional.com/automotive
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theoretical approaches or equipped
vehicles with external ADAS func-
tions and stimulated them on the test
bench. The theoretical approaches
were regularly presented in combina-
tion with real-time sensor models [1]
or systems for over-the-air stimulation
of radar sensors [2, 3]. In the InVADE
project, a procedure was developed to
evaluate the difference between mea-
surements on test tracks and measure-
ments on test benches [4, 5]. The vali-
dation of externally imposed ADAS
functions on full vehicle test benches
has already been implemented many
times. The driving functions were usu-
ally integrated in the simulation or on
external hardware, while the driving
commands were implemented using
driving robotics or by injecting the accel-
erator pedal signal [6-8].

The approach used in this article is
most similar to the investigations of [9],
in which an Adaptive Cruise Control
(ACC) of an Audi A8 was examined in
two different ways, both on a test track
and on a vehicle test bench. The func-
tions were stimulated either by sensor
data injection or over-the-air stimulation
using a screen and radar target simula-
tor. However, in order to perform steer-
ing maneuvers on the test bench used,
the vehicle’s steering system must be
disconnected and linked to a steering
force emulator.

OUTDOOR-VEHICLE-IN-
THE-LOOP TESTING

This article presents the application of
ADAS functions of a series-production
vehicle on a full vehicle test bench, using

ATZ worldwide 0512026

a Ford Kuga as an example. The vehicle
is equipped with parking assist, lane
keeping assist, emergency braking assist,
blind spot assist, ACC, and road sign rec-
ognition. The functions are implemented
in the vehicle using ultrasonic sensors, a
radar sensor, and a camera. Based on the
vehicle environment detected by the sen-
sors, the vehicle ADAS Electronic Control
Unit (ECU) can transmit driving com-
mands to the vehicle control system so
that the vehicle is operated automati-
cally. An abstract diagram of the sensor
arrangement and working principle for

a vehicle on a real road is shown in
FIGURE 1.

The passenger car under consider-
ation was equipped with various sys-
tems by IPG Automotive in order to simu-
late and validate vehicle functions in
open spaces. The interfaces to the envi-
ronmental sensors were adapted so that
a choice could be made between the
sensors permanently installed in the
vehicle, additionally built-in sensors, or
a data injection. This allows the radar
sensor to be bypassed at the object list
level in the vehicle bus using data injec-
tion. In addition, a second identical
camera is used to film a screen in the
vehicle’s luggage compartment with
Movie NX. Furthermore, additional
identical ultrasonic sensors in a sensor
box in the luggage compartment can be
directly stimulated. To generate the cor-
responding signals and images, the
vehicle was equipped with the hardware
RoadBox, on which the simulation soft-
ware CarMaker HIL is run. To ensure
that the vehicle in CarMaker HIL moves
exactly as the real vehicle does on the
test track, the RoadBox receives addi-

tional information from an Inertial
Measurement Unit (IMU). This allows
virtual scenarios to be created in
CarMaker HIL and tested with the real
vehicle functions on a test track without
real road users. The setup of the system

Radar sensor

B

Ultrasonic sensor

N

FIGURE 1 Schematic illustration of the sensor
arrangement and the working principle (arrows) in
the series-production vehicle under consideration
(© KIT-FAST I IPG Automotive)

43



DEVELOPMENT SIMULATION | TESTING

Camera stimulation

FIGURE 2 Hardware for sensor stimulation integrated into the luggage compartment

of the test vehicle (© KIT-FAST | IPG Automotive)

timulation

Ny

RoadBox with
CarMaker HIL

FIGURE 3 Schematic illustration of the working
principle of the stimulated series-production
vehicle (© KIT-FAST | IPG Automotive)
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Radar sensor

Load
machine

Load
machine

Stimulation

RoadBox with
CarMaker HIL

FIGURE 4 Schematic illustration of
the implemented Vil test bench setup
(© KIT-FAST | IPG Automotive)

in the luggage compartment of the
test vehicle is shown in FIGURE 2 and
its working principle in FIGURE 3.

TECHNICAL IMPLEMENTATION OF
INDOOR-VEHICLE-IN-THE-LOOP

In order to apply the outdoor functions
to a full vehicle test bench, at least the
signals transmitted by the IMU and by
the Global Navigation Satellite System
(GNSS) to the receiver must be provided
by the test bench. The implementation
takes place on the ViL full vehicle test
bench at the KIT-FAST, which is shown
in the title figure with the test vehicle.
On this test bench, the test vehicle is
connected directly to the four wheel
hubs via drive shafts with wheel-spe-
cific load machines. The removed tires
are simulated by the CarMaker Testbed
vehicle simulation on a Xpack Real-time
System. In contrast to most other test
benches, this test bench enables steering
movements to be performed without any
technical modifications to the vehicle.

Aligning torque

Load
machine

Steering angle

Xpack
Real-time

System
e
CarMaker
Testbed

Load
machine

Position, velocity,
and accelerations
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and the steering angle is measured
directly at the wheel. Detailed infor-
mation on the test bench and other app-
lications can be found in [10] and [11].
Among other things, [11] presents the
integration of VR glasses on the test
bench in combination with CarMaker in
order to be able to investigate handover
situations in automated driving with
more realistic test subjects in the future.

In addition to calculating the tar- | BV
get values for the load machines and ,,/“"T:;;:;i
wheel aligning torques at the test bench,
CarMaker Testbed also sends the cur-
rent position, as well as different veloci-
ties and accelerations of the simulated
vehicle on the test bench to the RoadBox
in the test vehicle via the CAN bus,
FIGURE 4. In this way, CarMaker HIL
receives the necessary information to
stimulate the environmental sensors,
which, unlike in tests on test tracks,
cannot be provided by the IMU respec-
tively the GNSS antennas, so that the
series-production ADAS functions can
be executed.

s aal
R Y

USE CASES ON THE
VIL TEST BENCH

With the help of the test setup, sev-
eral ADAS functions could be acti-
vated and validated. For example, the
lane keeping assist was tested in con-
junction with ACC and road sign recog-
nition. The ego test vehicle approached
a virtual vehicle at the front at increased
velocity. The ADAS function then ad-
justed the velocity to match the vir-
tual vehicle ahead while simultane-
ously following the road, FIGURE 5. The
vehicle ahead was deliberately not set
to a constant velocity so that the behav-
ior of the ADAS function could also be
observed at varying follow-up veloci-
ties. The activated assistance functions
could be recognized not only by the
driving behavior but also via the vehi-
cle’s display, FIGURE 6.

The emergency brake assist was also
investigated and was able to be triggered ]
at a velocity of 25 km/h when the ego Uizt Stuctures
vehicle approached a stationary vehicle. ; and Modular Designs
Due to the high mechanical loads in-
volved in such maneuvers, no tests were
performed at higher velocities on the ViL
test bench. These would require addi-
tional mechanical safeguards.

WORLDWIDE
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Finally, the parking assist was also
used and compared with real maneu-
vers. This represents a comparison of
the schematic illustrations shown in
FIGURE 1, FIGURE 3, and FIGURE 4. Com-
pared to the real maneuvers, this test
could be started on the test bench, but
it was aborted by the vehicle itself due
to the limited steering angle on the test
bench. In addition, the steering angle
curve was also different, which is attri-
buted to the aligning torque. Due to
the additional effects at low velocities,
such as the drilling torque, determin-
ing the forces acting on the wheel is sig-
nificantly more complex than at higher
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velocities. The current application focus
of the ViL test bench is not in this area,
but it is the subject of future work. At
present, additional inaccuracies must
still be expected in such tests.

CONCLUSION

With the results obtained, KIT-FAST

and IPG Automotive could demon-
strate that ADAS functions of series-
production vehicles can be validated suc-
cessfully on a ViL full vehicle test bench.
Compared to real-world tests, the experi-
ments can be repeated reproducibly on the
test bench and on the test track with stim-

Steering angle [°]

FIGURE 5 Velocity of the traffic object (Traffic) and
the test vehicle (Ego) and the wheel steering angle
of the test vehicle during a follow-up drive with
ACC and lane keeping assist, activated on the ViL
test bench (© KIT-FAST | IPG Automotive)

FIGURE 6 Cockpit display of the test vehicle
with activated assistance systems on the ViL
test bench (© KIT-FAST | IPG Automotive)

ulated sensors. In tests with real sensors,
there is a certain amount of variance even
on test tracks, as the tests can never be
repeated exactly the same way. Various
influencing factors such as lighting condi-
tions, material reflections, or the depen-
dence of the angle of incidence of the elec-
tromagnetic waves due to vehicle body
movements influence the result. These
factors have no influence on tests with
stimulated sensors on test tracks. How-
ever, there is still a dependence on

the weather and the condition of the
ground in terms of the coefficient of
friction. For the validation of, for example,
the ACC function, the size of the test area

www.springerprofessional.com/automotive



is also a relevant factor. Even these
influencing factors are no longer pres-
ent on the test bench. This further
increases the reproducibility in the valida-
tion of assistance functions in the entire
vehicle. However, the ability to perform
steering maneuvers on test benches is
essential for the validation of driver assis-
tance systems with steering interventions.

The measurements also showed that,
at least in the test vehicle used, chal-
lenges can arise when the environmental
sensors or vehicle ECUs reach implausi-
ble states. One reason for this may be the
lack of acceleration data from the vehicle
body, which can be important for vari-
ous vehicle functions. If there is no cor-
responding interface on the vehicle side
for injecting these variables, system
errors may occur and driving functions
may not be activated or may fail.
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