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With us, mobility switches 
to electric even faster.
dSPACE implements visions in the field of e-mobility quickly and reliably, because we have long been familiar with the 
special requirements of electric drives. For the development and testing of electric motors, battery systems, fuel cells, 
and charging infrastructures, we offer customers all over the world an innovative, scalable tool chain – from a single 
source. This is how e-mobility becomes an actual alternative even faster. www.dspace.com
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To be able to drive more safely than humans, autonomous 
vehicles must first be able to see more clearly than humans. 
Radar sensors are the key to building reliable visual capa-
bilities because they can see clearly at night and during the 
day, in sunlight and rain, and potentially around obstacles. 
To design radar chips efficiently, performance testing at a 
very early stage in the laboratory is a must. Therefore, the 
simulation of radar targets plays a crucial role in the de-
velopment and verification process of radar chips. In this 

“ We rely on the dSPACE Automotive Radar Test System (DARTS) to verify the increasingly feature- 

rich, high-bandwidth radar chips. The highly accurate simulation of multiple targets allows us 

to determine the quality and performance of the chips early and easily in the lab.”

Dr. Patrick Alexander Hölzl, Infineon Technologies

Radar 
Chip Testing 

context, radar target simulators (RTS) have proven to be 
flexible and reliable. They work according to the over-the-
air principle: The real chip is stimulated with radar waves 
in real time during operation. This means that the RTS 
receives the wave from a radar chip or sensor, imprints a 
target internally, and sends the modified radar wave back 
to the chip or sensor. This allows for operating and testing 
both the chip and the radar sensor exactly as in a real 
environment.

SEITE 2 PAGE 55COMPACT NEWSPAGE 2

Our Solutions – Your Success: 
 
In the last months, we had the opportunity to implement numerous steering 
and braking test benches for and with our customers.

© Infineon 
Technologies AG 2020
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“ Our international customers are 
consistently driving forward elec-
tromobility, as well as assisted and 
autonomous driving, in remark-
able development projects, rely-
ing on our end-to-end solutions.” 

40% compared to 2018 to 2.1 million passenger cars, 

opposing the general trend, according to the Interna-

tional Energy Agency (IEA). Electric cars thus accounted 

for 2.6% of global car sales, half of which were in China. 

Today, according to the IEA, China accounts for 3.35 mil-

lion of the 7.2 million electric vehicles worldwide.

The efforts of the automotive industry are also reflected 

in many development projects in which we partner with 

our international customers. In this dSPACE Magazine, 

the supplier JEE, the OEM Great Wall Motors from China, 

and researchers at the University of Alabama report on 

how they are pushing electromobility forward by devel-

oping charging technology, drive systems and control 

software. The companies and researchers meet require-

ments, such as short project turnaround times and high 

security standards, by using dSPACE end-to-end solu-

tions. This includes our simulation solutions for electrical 

systems and our production code generator, TargetLink, 

which is certified for safety-critical applications. 

In times of travel and contact restrictions, we have ex-

panded our service for you and set up an easily accessible 

virtual showroom that is available worldwide. The show-

room lets you experience the dSPACE solution portfolio 

through demos. Simply visit our website and book your 

individual demo.

 

Wishing you the best of health, 

 

Martin Goetzeler

Dear Readers, 

 

Making complexity manageable and creating new eco-

systems are the major challenges in current development 

projects for electromobility, as well as assisted and auton-

omous driving. 

Electromobility is not only about new vehicle technology, 

such as batteries or power electronics, but also about 

redefining the infrastructure, information systems, servic-

ing and maintenance. In the field of autonomous driving, 

the challenge is to use scalable, AI- and cloud-based 

technologies in various scenarios to simulate and validate 

individual components and the complex overall system. 

This minimizes risk during homologation, when a vehicle 

is approved for the road.

dSPACE offers the required end-to-end solution portfolio 

for model- and data-based development. We understand 

the entire range of application for simulation and valida-

tion, up to homologation, and support it with our software 

and hardware portfolio. To reliably provide our services 

worldwide, we are collaborating with strong partners in 

fields such as engineering and cloud computing. 

An important related topic is sensor technology. dSPACE 

has unveiled a  new radar target simulator, DARTS 9040-G, 

which is the first such simulator in the industry to operate 

at a bandwidth of 5 GHz. DARTS 9040-G sets the first 

important milestone for further development and valida-

tion of radar sensors, as Infineon confirms on page 2. 

With electromobility on the rise, an exciting market of 

the future is emerging very dynamically. While still on a 

low level, sales of electric vehicles in 2019 climbed by 

www.dspace.com/go/vsr_booking
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CUSTOMERSPAGE 6

To develop new chassis control strategies, Brilliance has built a laboratory 
setup that consists of a combination of a dSPACE steering and brake 
system test bench.

Test Bench  
in Control     

Chassis control tests using 
a mechatronic test bench   

dSPACE Magazine 2/2020 · © dSPACE GmbH, Paderborn, Germany · info@dspace.com · www.dspace.com



PAGE 7BRILLIANCE

Test Bench  
 >>

During each stage, certain hardware 
and software components are pro-
vided by external suppliers. The elec-
tronic stability program (ESP) and 
electric power steering (EPS) systems 
are also supplied by external sources, 
and two different ones at that. This 
is why Brilliance engineers perform 
both component tests and integration 
tests to rule out any system inconsis-
tencies. Specific tests were performed, 
for example, for lane change, slalom, 
traction control system (TCS), vehicle 
dynamics control (VDC), antilock 
braking system (ABS), and hill hold 
control (HHC).  

dSPACE System for Managing 
Test Variety 
The dSPACE system was purchased 
to save time and reduce the cost of 
testing while tackling the above-
mentioned challenges. In addition, 
Brilliance also wants to frontload the 

tests to the early stages of develop-
ment to detect possible errors as 
early as possible and thus ultimately 
increase the technical maturity of the 
products. In addition, the company 
wants to easily verify the controllers 
provided by suppliers via black-box 
testing, i.e., testing them exactly in 
the condition in which they are pro-
vided to Brilliance. This saves Brilliance 
the effort of accessing the inner work-
ings of the controllers via interfaces 
that would first have to be created. 

Setup of the Test Bench  
The dSPACE SCALEXIO simulator, 
which provides the required processor 
power, input and output interfaces, 
and signal conditioning, is used to 
control the test bench motors (fig-
ure 2). The simulator also records all 
measurement data. The experiment 
and instrumentation software dSPACE 
ControlDesk is used to control the 

of components must be taken into 
account. This includes the brake and 
steering systems, for example, which 
play an important role among the 
vehicle safety systems because they 
contain a number of electrical and 
electronic components and make 
the driving status directly accessible 
for the driver. Therefore, Brilliance 
has set up a development environ-
ment for functions for chassis control 
that includes a steering and a brake 
system test bench from dSPACE. 
With this setup, Brilliance can per-
form comprehensive tests to ensure 
that all functions for chassis control 
work reliably.    

Test Challenges  
At Brilliance, the development pro-
cess is divided into several stages. 

During the development and 
testing of new chassis control 
strategies, a large number 

Did you know? dSPACE offers test benches for a wide range of applications, 
such as steering, brakes, radar, electrics, and test benches with motion platforms.

Figure 1: Launched in June 2018, the Brilliance V7 SUV was the first vehicle 
that Brilliance developed using the dSPACE test bench. 

More models are already in development.     

Picture credit: © BrilliancedSPACE Magazine 2/2020 · © dSPACE GmbH, Paderborn, Germany · info@dspace.com · www.dspace.com



CUSTOMERSPAGE 8

entire test bench for setting, moni-
toring, and graphically displaying 
parameters, for example. The dSPACE 
test automation software dSPACE 
AutomationDesk also plays an im-
portant role for testing, because it 

dSPACE ModelDesk is used for con-
venient parameterization of the 
vehicle models. Using this develop-
ment environment, the engineers 
at Brilliance have created dozens of 
driving maneuvers and road courses 

can be used to automate all test 
sequences, even for overnight tests.
Vehicle dynamics are simulated in real 
time using the dSPACE Automotive 
Simulation Models (ASM) tool suite. 
The graphical user interface of 

Figure 3: On the left is a typical 3-D animation with MotionDesk, and on the right is the ModelDesk user interface for parameterizing 
the road tests.  

Figure 2: For the development of chassis control functionalities, the dSPACE setup enables comprehensive, accurately reproducible, 
automated tests of a wide range of driving scenarios.

“  Our engineers were able to use the dSPACE test bench very 
productively for a wide range of chassis control tests.”

Chenggang Shen, Brilliance

HIL simulator
	� Real-time vehicle dynamics simulation via ASM Vehicle Dynamics 
	� Signals for reference forces for the counter motors
	� Interface for supplying the measured gear rack displacement 

Synchronous motor
	� Simulating the torques acting on the steering rod

System under test

Test bench with integrated 
climatic chamber for the 
simulation of environmen-
tal conditions

Synchronous motor
	� Simulating driver hand torque 
and steering wheel position

ControlDesk
	� Controlling/monitoring experiments, 
parameter settings, etc.

MotionDesk
	� Visualizing the driving maneuver

1) Visualization
 of the test
 vehicle

2) Definition of
 the test track

3) Definition of
 complica-
 tions

Picture credit: 
© Brilliance
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PAGE 9BRILLIANCE

for their experiments. The 3-D ani-
mation software dSPACE MotionDesk 
displays all test drives, allowing for 
a rapid evaluation and modification 
of the driving maneuvers.    
 
Testing Critical Driving Situations     
A great strength of the dSPACE sys-
tem is its ability to perform tests 
under clearly defined and reproduc-
ible conditions in the laboratory as 
if they were executed with a vehicle 
on the road. This work method 
allows for an exact analysis of very 
special and critical driving situations, 
the reproducible execution of which 
is either dangerous or even impos-
sible in road tests in most cases. 
In addition, the engineers can insert 
specific errors on the test bench, for 
example, to simulate a technical 
defect in components to analyze 
and optimize the system response. 
In summary, the company is able 

Yancheng Zhang, Brilliance

“  We are very satisfied with the dSPACE test bench. We were able 
to achieve our quality goals with this powerful test system.”

Yiqi Zhao, Brilliance    

About Brilliance

Brilliance China Automotive Holdings Ltd. is an invest-

ment holding company that consists of two business 

areas: Manufacture and sales of minibuses and auto-

motive components as well as manufacture and sales 

of BMW vehicles. The company’s most important oper-

ating subsidiary in China is Shenyang Brilliance Jinbei 

Automobile Co, Ltd, which accounts for around 90% 

of sales. The company is also involved in constructing 

and converting minibuses and limousines as well as 

providing financing services through its subsidiaries.

to achieve a very high level of test 
coverage before a prototype vehicle 
has undergone its first test drive. 
The various possibilities of the test 
bench make tests much easier and 
at the same time very efficient.

Quick Familiarization  
In addition to the ease of use and 
time saved by the dSPACE system in 
completing the many tasks involved 
in tests, another outstanding feature 
is the short familiarization period. 
The Brilliance engineers required the 
support of dSPACE staff only during 
the initial phase. After only a few 
weeks, the engineers at Brilliance 
were able to use the system to work 
independently and extremely pro-
ductively on various projects.   

More Projects Planned 
The dSPACE landscape for chassis 
control development based on the 

dSPACE steering test bench and vari-
ous dSPACE software tools has been 
in use at Brilliance for some time, and 
has been very helpful in testing the 
Brilliance V7 SUV (figure 1) as well as 
launching it on the market in June 
2018. Based on the positive expe-
rience, the dSPACE development 
environment is already being used for 
other projects, and various enhance-
ments are also planned.  

Chenggang Shen, Yiqi Zhao, 
Yancheng Zhang, 
Brilliance   

dSPACE Magazine 2/2020 · © dSPACE GmbH, Paderborn, Germany · info@dspace.com · www.dspace.com
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Flexible HIL simulation based on a combination 
of FPGA and CPU makes motors more efficient 
and their development safer

Voltage, 
High 

Low Risk 

Modern electric drives combine high power with perfect control, down 
to the microsecond. In the development of today’s drives, manufacturers 
depend on efficient platforms that release these high powers while ensur-
ing operational reliability. To achieve this, JEE uses hardware-in-the-loop 
(HIL) testing with powerful software modeling and SCALEXIO hardware 
from dSPACE.

Picture credit: © JEE
dSPACE Magazine 2/2020 · © dSPACE GmbH, Paderborn, Germany · info@dspace.com · www.dspace.com
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A Multistage Control 
The typical setup of a motor control 
system consists of a controller and a 
power module (figure 1). This power-
ful system calculates algorithms and 
converts control signals into three-phase 
high voltage to drive the electric motor. 
The torque generated by the motor 
is transmitted to the drivetrain.  
 
Validation System and Design
To validate the motor ECU, dSPACE 
provided JEE with a customized HIL 
simulation system designed for sim-
ulation at the signal level. This means 
that the actual controller of the ECU 
is connected to the HIL simulator by- 
passing the power stages, and only 
the relevant signals are fed in. The 
advantage of this process is that the 
controller can be fully validated with-

out the need to generate the real 
currents and voltages under labora-
tory conditions. This not only reduces 
cost and resource consumption, but 
is also particularly advantageous for 
occupational safety, as possible risks 
from potentially dangerous voltages 
and currents can be avoided in the 
test phase. 

Models of the HIL Simulator
In this HIL system, the model topology 
is as follows: The simulation model 
includes an inverter model, motor 
model, battery model, and the me-
chanical model (figure 2). The high 
dynamics as well as the control prop-
erties of the inverter and motor model 
require high simulation and compu-
tation speeds. To meet this require-
ment, simulation algorithms must be 

„  The open dSPACE model libraries were of great importance for the project. The use 
of the ASM and XSG libraries allowed us to carry out measurements under labo-
ratory conditions, which would have posed an enormous challenge on a real test 
bench.”

Ying Jiang, JEE

s China’s leading supplier of 
electric drive systems, JEE ad- 
vances developments in differ-

ent fields. These range from individual 
components to highly integrated solu-
tions that consist of electric motor, 
converter, and reduction gear. In addi-
tion to purely battery-electric systems 
for industrial vehicles and passenger 
cars, the focus is also on e-drive sys-
tems for plug-in hybrid vehicles (PHEV). 
According to the ISO 26262 standard, 
the functional safety of the motor 
control system must be guaranteed 
as well. To ensure the required safety 
and achieve the highest possible effi-
ciency at the development level, JEE 
adopted dSPACE HIL systems in early 
development phases for software 
safety tests and validation on the 
target hardware.

Figure 1: Setup of the motor control.

 >>

Current Signal

Position Signal

Three-Phase 
Voltages

Transmission

Controller Power Stage Electric Motor Mechanics

Application
Controller Sensor Signals

ECU

Current
Controller

Vehicle
Application
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implemented via field programmable 
gate array (FPGA) chips. The structure 
of the JEE simulation is therefore 
divided accordingly (figure 3): The 
FPGA part contains models that re-
quire fast computation – inverters, 
motors, and resolvers – while the 
main processor part contains the 
less time-critical models, such as 
the load model. 

Figure 2: Structure of the HIL model.

Figure 3: Model topology.

Open Models Facilitate Adaptation 
The software models from the dSPACE 
XSG Electric Components Library and 
ASM Electric Components also play a 
central role. JEE uses the open dSPACE 
ASM libraries, which simulate entire 
vehicles or parts, such as asynchro-
nous motors and controllers. JEE also 
uses the XSG Electric Components 
Library, which customers can use in 

conjunction with dSPACE Engineer-
ing Services to develop new models. 
JEE revised the existing asynchronous 
motor model to develop the controller 
for an asynchronous motor from it. 
The modification also made it possible 
to carry out measurements that were 
of decisive importance for the success 
of the overall project, because per-
forming the corresponding tests on a 

ECU

Current Signal

Controller Power Stage Electric Motor Mechanics

Application
Controller

DS2655 incl. 1-5 
DS2655M1 Multi-

I/O Modules

Digital Inputs

Real Component Simulation
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Controller

Analog Outputs

Position Sensor
Simulation

Standard I/O

FPGA

Automotive Simulation Models

SCALEXIO Processing UnitSCALEXIO EMH Solution

XSG Electric Components
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HW Interrupt
XSG Utils PWM
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XSG Utils APU
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ASM Electric Components

Current Feedback
XSG Utils Scale DAC

Battery Model
ASM Electric Components

Rotor Speed
PSS Interface
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ASM Vehicle Dynamics

Node #1

Node #2

Inverter Model
ASM Electric Components
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real test bench, which would be the 
alternative approach, would entail 
considerable challenges.  
 
Functional Safety
During the development and testing 
of the motor control system’s func-
tional safety, JEE simulates various 
faults on the HIL system to test the 
control strategies for fault diagnosis 
and fault handling in the control sys-
tem. The fault diagnosis unit of the 
Failure Insertion Unit (FIU) in the 
dSPACE HIL system is mainly used for 
the ECU wiring harness to test pos-
sible faults in the wiring harness, such 
as short circuits to ground or poten-
tial, or between pins, as well as volt-
age drops. This task is performed by 
the host PC, which controls the cor-
responding hardware modules via an 
RS232 interface. The Failure Insertion 
Units of dSPACE HIL systems enable 
JEE to conveniently implement safety-
relevant function tests and fault in-
jection (figure 4). Due to the flexible 
real-time restbus simulation, this can 
be done even with incomplete systems. 
Furthermore, test cases are reproduc-
ible and the development cycle can 
be accelerated. 

Test Automation 
An important part of HIL tests is test 
automation. Test automation focuses 
on the execution of automated, repeat-
able tests and commissioning based on 
predefined automation sequences. 
Under the guidance of dSPACE engi-
neers and with the help of the Python 
API library in dSPACE ControlDesk, test 
cases can be programmed to perform 
more complex test routines. JEE built 
the HIL test automation platform and 
created a HIL test case database for 
various projects, which significantly 

improved the development efficiency 
and reusability of test cases.  
 
Results 
The extensive use of dSPACE HIL sys-
tems from the early development 
stages to the test phase has signifi-
cantly accelerated the JEE motor con-
trol project. In addition to an efficient 
increase in the technical maturity level, 
the operating times on the real test 
bench were reduced. The HIL system 
thus improved occupational safety while 
reducing the necessary resources.  

Figure 4: Diagram of the Failure Insertion Unit (FIU).

„  By using dSPACE HIL systems early on, both the efficiency of the entire development 
process and work safety were significantly increased.”

 Ci Zhang, JEE

Ying Jiang 
Ying Jiang is Senior System 
Engineer at JEE in Hefei, China.

Ci Zhang  
Ci Zhang is R&D supervisor 
at JEE in Hefei, China.
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ZFL and Sikorsky are developing new electrical 
rotor control technology 

Electric 
Purely 

ZF Luftfahrttechnik (ZFL) and Sikorsky have teamed up to develop a new 
electrical rotor control system (LIBRAS™) that provides primary flight control 
and individual blade control for vibration and noise reduction, power sav-
ings, and additional performance enhancements for helicopters in a single 
system. A dSPACE system is being used to read and process sensor data 
from the rotor head and control the system to help identify and optimize 
control functions.  

dSPACE Magazine 2/2020 · © dSPACE GmbH, Paderborn, Germany · info@dspace.com · www.dspace.com
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I n 1939, the world got a glimpse of 
the first successful helicopter flight. 
The VS-300 was conceived by avia-

tion pioneer Igor Sikorsky. It featured 
a single engine and a three-blade rotor 
designed with a variable pitch to cap-
ture the air flow and enable the heli-
copter to rise vertically into the air 
and fly. Since then, the basic configu-
ration of the classical helicopter has 
not changed by much. Helicopters 
still rely upon bladed rotors to help 
them take off, land, hover, and fly 
forward and backward, and still have 
combustion engines for power. As heli-
copters became larger and heavier, 
hydraulic control systems were inte-
grated to help pilots manage flight 
movements. But in this era of electri-
fication, the helicopter is primed for 
significant transformation.

Shifting from Hydraulic to Elec-
trical Solutions
While today’s helicopter control sys-
tems still use hydraulic servos to move 
the aerodynamic surfaces, the inter-
est is shifting to electrical solutions. 
But before a fully electric helicopter 
can be achieved, proof is needed to 
show that hydraulic components can 
effectively be replaced by electrical 
systems. International helicopter com-
ponents supplier ZF Luftfahrttechnik 
(ZFL) and aircraft manufacturer Sikor-
sky (a Lockheed Martin company) see 
the possibilities and are collaborating, 
along with support from the German 
and US governments, to develop a 
new rotor control technology based 
upon a purely electric blade control 
system for a high-speed rotor system. 
The eLectrIcal Blade Root Actuation 
System (LIBRAS™) would replace the 
hydraulic components that currently 
regulate flight control, and could bring 
forth numerous added benefits. “The 
new Individual Blade Control (IBC) 
system we are designing and testing 
in this program is an innovative way 
to control the helicopter and may 
offer many benefits by being able to 
individually control each rotor blade  >>

The 80 x 40 ft. test section of the National Full-Scale Aerodynamic 
Complex (NFAC), where the wind tunnel test will take place.

Picture credit: © NASAdSPACE Magazine 2/2020 · © dSPACE GmbH, Paderborn, Germany · info@dspace.com · www.dspace.com
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via its own electric actuator,” said 
Chris Sutton, Flight Sciences Technol-
ogy Lead at Sikorsky. “Those benefits 
are things like reduced noise, better 
fuel efficiency, and vibration reduc-
tion in the cabin that would other-
wise cause pilot fatigue, annoy pas-
sengers, and wear out components 
in the aircraft.”

Controlling Blade Pitch – 
The Conventional Way 
In a traditional helicopter design, the 
blade pitch of a rotor determines how 
the aircraft will lift and fly. Changes 
in airspeed and the rate of climb or 
descent are all regulated by the angle 
of the rotor blades. The greater the 
pitch, the greater the air flow. The 
blade pitch is mechanically controlled 
by a swashplate device connected to 
the helicopter’s flight control system 
(figure 1). The flight control system 
sends inputs to hydraulic servos, which 
in turn command the swashplate to 
move and adjust the angle of the rotor 
blades via pushrods as they travel in a 
circular path around the rotor shaft. 

While the swashplate device allows 
the pilot to move the helicopter in 
any direction, its design has kinematic 
restrictions. Because the swashplate 
is installed in the non-rotating fixed 
frame, the blade pitch motion is lim-
ited to one cycle per rotor revolution, 
making it far from optimal. ZFL and 
Sikorsky are developing Individual Blade 
Control (IBC) technology as a means 
of achieving a more efficient and op-
timized rotor design. This technology 
uses blade-individual actuators, one 
dedicated to each blade, that allow 
for both higher-frequency (usually 
harmonic) pitch variations and the 
once-per-revolution primary control 
combined within a single system. 
“The IBC system, in combination 
with being able to provide different 
inputs to each blade, can also apply 
what we call ‘higher harmonic con-
trol,” Sutton explained. “Traditional 
control systems can only apply steady 
and once-per-revolution control inputs 
to the rotor head. This just means 
that each blade pitches up and down 
once each time it makes a revolution. 

With higher harmonic control, the 
blades can be pitched two or more 
times as they travel one revolution. 
This higher harmonic control and 
individual blade control are what 
make things like vibration reduction 
and better efficiency possible with 
IBC, if you know how to apply them.” 

Individual Blade Control (IBC) 
Technology
For many years, ZFL has pioneered the 
concept of IBC. In fact, several systems 
have been developed and successfully 
demonstrated during various wind 
tunnel and flight test campaigns. In 
flight tests using IBC technology, fu-
selage vibrations have been reduced 
by up to 90%, the radiated noise has 
been attenuated by 3 to 9 dB, and 
the rotor power requirement was con-
sistently reduced by more than 5%. 
Moreover, such active systems enable 
in-flight rotor track and balancing to 
compensate for blade-to-blade dis-
similarity and inherently provide recon-
figuration capabilities to potentially 
compensate for dangerous foreign 
object damage (FOD) effects. ZFL has 
started to develop novel rotor control 
systems, which are based on multiple 
redundant electromechanical high-
performance actuators. In the architec-
tural design of this system, not only 
are all hydraulic elements replaced (no 
push rods, no swashplate, no hydrau-
lic boosters), but all mechanical con-
trol linkages, from the fuselage to 
the rotor blades, are eliminated as 
well (figure 2). With the swashplate 
removed, an IBC system can achieve 
full functionality, and the aforemen-
tioned benefits (vibration and noise 
reduction, power savings, and per-
formance enhancements) can be 
achieved. Moreover, when the com-

Figure 1: Sikorsky S-92 rotor head with a traditional control system. Hydraulic servos 
(not visible) are located below the swashplate.

“  The dSPACE system is central to the task of achieving targeted objectives for our 
electrical rotor control system.” Chris Sutton, Flight Sciences Technology Lead, Sikorsky

Picture credit: © Sikorsky
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Figure 2: Approach for an electrical rotor control system without a swashplate.

Figure 3: A CAD model of the LIBRAS™ rotor design.

plete hydraulic system is removed, 
there is an added safety benefit – the 
hot, pressurized, and flammable oil 
required for hydraulics to function no 
longer has to be onboard the aircraft.

Matching the Power of Hydraulic 
Actuators
While IBC technology and its electrical 
counterparts can offer many benefits, 
more work has to be done to match 
the very high power densities of hy-
draulic actuators. To achieve a com-
petitive system weight, a completely 
new control system topology must be 
leveraged. Specifically, the primary 
control and the IBC functionalities 
have to be combined into a single 
system. This kind of design could pro-
vide the same level of reliability re-
quired for the primary control system, 
enabling use for safety-critical active 
control applications, such as ground 
resonance suppression. Moreover, it 
is conceivable that local failures from 
a single blade (be it the blade pitch 
actuator or the blade itself) could be 
compensated for through suitable 
reconfiguration of the control inputs 
applied to the remaining blades. 
Sutton noted that respective simu-
lations have supported this concept, 
but it has yet to be tested with hard-
ware in a relevant environment.

Validating the Concept 
To validate the feasibility of the IBC 
design concept, Sikorsky and ZFL have 
partnered to set up a technology 
demonstration that tests full-scale 
hardware under realistic operating 
conditions. Sikorsky has defined all 
relevant high-level system requirements 
for the mechanical and primary con-
trol performance, operating loads, 
electrical interfaces, and IBC perfor-
mance. Simulations have been con-
ducted to estimate the required IBC 
authority at the respective higher har-
monic frequencies. Expectations are 
that IBC technology will not only be 
suitable for established applications 
like vibration and noise reduction, 

but also for different and innovative 
capabilities that relate to the unique 
characteristics of the co-axial rigid 
rotor (optimizing lift offset and/or 
enabling smaller inter-rotor spacing).

System Architecture
On the basis of the identified system 
requirements, ZFL has synthesized a 
system concept and harmonized it 
with Sikorsky. The high-level system 
architecture features a LIBRAS™ rotor 
hub (figure 3), containing the electro-
mechanical actuators (EMAs) along 
with the power and control electron-
ics, called the Actuator Power Control 
Unit (APCU). Most of the ZFL compo-
nents reside in the rotating frame and 
are shown in red, green, and blue 

color in the system architecture dia-
gram (figure 4). The hardware and 
software elements for the control 
and supply functions are primarily 
located in the non-rotating frame 
(blue). The overarching triple-redun-
dant architecture is easily recognized 
(shown in red, blue, and green, 
one color for each ‘lane’ of the 
triple-redundant system) and carried 
through from the power supply to 
the electromechanical actuator and 
its sensors. The main components 
of the system architecture are sum-
marized below: 
Rotating frame components: 
�  4x electromechanical actuator (EMA) 
�  3x Actuator Power Control Unit 

(APCU) (to process the incoming  >>

Interface to lower fairing* APCU cowling**

** Mechanical integration of 3 APCUs* Aerodynamically optimized cover

Power lines APCU    EMA Signal lines APCU    EMA Blade (not shown)

EMA

 No swashplate, no linkages 
 Purely electric, no hydraulics
 Primary control & IBC
 No mechanical lag dampers

Blade root actuators for
primary control and IBC

Power electronics
No push rods

No swashplate

Fly-by-wire controls

No hydraulic boosters
No mechanical linkages
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command signals, to control the 
power electronics, to provide posi-
tion control for the actuators, and 
to monitor compliance with the 
various limits [currents, torques, 
temperatures, etc.])

�  3x rotor azimuth sensors (required 
to provide a reliable reference of 
the actual rotor position)

�  Data acquisition systems (DAS) 
to receive sensor signals and mon-
itor blade loads and other safety-
relevant flight parameters

Non-rotating frame components: 
�  1x flight control computer (FCC) 

consisting of:

	�  Pilot Control Console (provides 
primary control operator input)

	�   Higher Harmonic Controller (a 
dSPACE system synthesizes suitable 
amplitude and phase values for 
the higher-harmonic and/or blade-
individual components based 
on entered presets or computed 
from real-time sensor signals)

	�  Gate Verification System (a 
separate dSPACE system that 
monitors pilot and HHC control 
inputs against a control range 
and control rate envelope to 
inhibit commands which are 
invalid and/or out of range)

�  1x test control computer (TCC) 
�  3x power supply 
�  Data acquisition systems 
Sikorsky and ZFL have built their test 
platform, which includes an advanced 
control system. For this test platform, 
the rotor hub and rotor blade design 
have been completed and manufac-
tured, along with actuators, power 
electronics, and power converters. The 
rotor hub and rotor blades have been 
integrated with other system compo-
nents, resulting in a very sophisticated 
design of both mechanical and elec-
tronic parts. Figure 5 shows the cus-
tom power and control electronics 
hardware (APCU) installed into a rotor 
fairing for cooling and low drag, as 
well as the custom, highly integrated, 
highly reliable, and high power 
density rotor actuator (EMA).
 
Simulation and Testing
To verify the mechanical design and 
performance of the electromechani-
cal actuators and software function-
alities, Sikorsky and ZFL are conduct-
ing simulations and tests at the com-
ponent level, the subsystem level, 
and the system level. Various software 
tests are also being run within a highly 
automated test environment to verify 
requirements based on the DO-178 
standard. This includes such things 
as complex sensor data processing, 
position control, cross-communica-
tion, voting, and error handling func-
tionalities of the actuator control unit 
software. Additionally, thermal sim-
ulations were conducted to validate 
heat distribution under various opera-
tional conditions.  

dSPACE System Features 
ZFL and Sikorsky use dSPACE systems 
for a variety of applications in this 
research effort. For example, control 
and monitoring of all test rigs for 
component and subsystem testing at 
ZFL is performed by dSPACE systems. 
On the Sikorsky side, the dSPACE 
system features four DS1005 PPC 
Boards for processing and comput-

Figure 5: Assembly of the power electronics on the aluminum cowling (left) and 
the electromechanical actuator (right).

Figure 4: High-level system architecture and control/monitoring periphery setup.

Blade 4

Blade 1

Blade 3

Rotating frame Triple-redundant slipring

APCU status/
data

WT
data

Rotor data

Flight control output/vibration data

SAC FCC

Non-rotating frame

Blade 2

High-speed resolvers

E-machine

Gearbox 1:i 

Low-speed
resolvers

Output
sensors
at blade

Data from
blades
(strains,
angle)

APCU

APCU

psi(t)
psi(t)
psi(t)

PCON to
270 VDC

480VAC

GEN1
(Socket)

Power Control Cross-com-
munication

Monitoring (temperature,
 torque, position, faults)

FCC bus
(CAN bus)

TCC bus
(Ethernet)

 
 

 
  

 

PCON to
270 VDC

480VAC

GEN2
(Diesel)

PCON to
270 VDC

480VAC

GEN3
(Diesel)

Ether-
net

TCC
[ZFL]

DAS
[NFAC]

DAS
[SAC]Pilot safety switch

Main
computer
(dSPACE)

Gate
computer
(dSPACE)

Gigalink shared memorySensors

psi(t)

Control
console

APCU

Picture credit: © Sikorsky

dSPACE Magazine 2/2020 · © dSPACE GmbH, Paderborn, Germany · info@dspace.com · www.dspace.com



PAGE 19SIKORSKY

Chris Sutton  
Chris Sutton is the Flight Sciences Tech-
nology Lead for the Engineering Sciences 
group at Sikorsky, a Lockheed Martin 
Company in Stratford, Connecticut, USA.

Integration Lab tests at Sikorsky. The 
major objectives of the tests are:
1.  Verify test article assembly and 

mechanical integration of the 
LIBRAS IBC system

2.  Verify Sikorsky Flight Control 
Computer operation (of which the 
dSPACE system is a main compo-
nent) in the fully integrated system

3.  Validate LIBRAS system operation 
through a range of rotor speeds 
and control motions

4.  Demonstrate robustness of the 
triplex system architecture to 
induced faults

5.  Satisfy entrance criteria require-
ments for the wind tunnel facility 
(endurance testing, vibration test-
ing, and overspeed testing)

After completion of these tests, wind 
tunnel testing will take place to dem-
onstrate primary flight control, to 
quantify the benefits of IBC technol-
ogy, and to evaluate the IBC design 
and its implementation challenges. 
During wind tunnel testing, the 
dSPACE system will package com-
mands and send them, along with 
pilot controls, to a human pilot who 
will use a joystick to fly the model 
from a control room, adjacent to the 
wind tunnel. Once the commands 
are implemented, the controller will 
read the sensor data to measure what 

changed and then repeat the process. 
“In the wind tunnel, we will spend 
time at a variety of airspeeds and 
conditions to see how much ability 
the IBC system has in affecting param-
eters in a way that could benefit our 
future helicopter platforms,” Sutton 
said. “If the System Integration Lab 
and wind tunnel tests go very well, 
we will consider a follow-on effort 
involving a flight test in the future – 
this is the next logical step after a 
wind tunnel test in our technology 
development.” In the end, Sikorsky 
and ZFL hope to demonstrate the 
feasibility of a purely electrical, 
’swashplateless’ control system that 
combines both primary and IBC 
functionalities.   
 

Chris Sutton, Sikorsky

Figure 6: Qualification testing: component, subsystem, and system level.

ing real-time applications, a DS2202 
HIL I/O Board for simulating and 
measuring signals, a DS4002 Timing 
and Digital /IO Board for generating 
and capturing digital signals, and a 
DS2302 Direct Digital Synthesis Board 
for simulating complex sensor signal 
waveforms. The dSPACE controller 
receives sensor data inputs, such as 
accelerometers and strain gauges on 
the rotor, processes the data, and 
then utilizes this information in a con-
trol algorithm to identify optimized 
control inputs. The dSPACE system 
suggests amplitudes, higher-harmonic 
phases, and individual blade com-
mands to reduce or change param-
eters of interest such as vibration, 
blade loads, or power required. The 
commands for the pilot controls, 
along with higher-harmonic and 
blade-individual controls, are then 
digitally packaged and sent as a tri-
plex stream by the dSPACE computer 
to the ZFL IBC system at the rotor 
head. “The dSPACE system is central 
to the task of achieving targeted 
objectives,” said Sutton.

Outlook and Future Testing
Upon completing the majority of qual-
ification testing at ZFL in Germany, 
a full system will be shipped to 
Sikorsky in the United States in 2020 
to begin preparation for the System 

Component Level
(completed)

 Power supply unit
 Power control unit converter
 Actuator control unit
 (initial hardware test)
 Actuator control unit
 (software modul test)
 E-motor

 

Subsystem Level
(about to be completed)

 Electromechanical actuator
 Actuator control unit:
 hardware-software integration
 test
 Actuator power control unit:
 functional integration test

 

System Level
(started)

 LIBRAS system (non-rotating)
 LIBRAS system (rotating)
 With blade simulator

 
Picture credit: © Sikorsky
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Great Wall Motors: Electric and hybrid 
vehicles developed with dSPACE TargetLink
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For more than ten years, Great Wall Motors (GWM) has focused on new 
drive technologies as one of their development paths and operates devel-
opment and test facilities for electric and hybrid vehicles. 
Today, the GWM brand portfolio includes innovative production vehicles 
such as the Wey P8 plug-in hybrid and the Ora R1 electric car. During 
development, the company used the production code generator dSPACE 
TargetLink as well as other tools from the TargetLink Ecosystem.

The

Versatile  
Electric
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GREAT WALL MOTORS

Electric and hybrid vehicles and 
their charging infrastructure 
have numerous safety-critical 

functionalities that must be developed 
in accordance with safety requirements 
and validated prior to series produc-
tion. The safety-critical functionalities 
include battery management to prevent 
overcharging and overheating, torque 
control, braking and recuperation, the 
safety of the electrified steering systems, 
and charging station management 
with voltage control. To develop and 
validate the associated ECU software 
functions and the generated produc-
tion code, GWM uses a sophisticated 
tool environment in which numerous 
specialized tools are interwoven. 
 
Coordinated Tool Environment
At Great Wall Motors, most of the 
software for electric and hybrid drives 
is developed centrally and then inte-
grated into the respective vehicles of 

the GWM brands. At GWM, work in 
distributed teams plays a major role. 
These teams usually consist of up to 
20 employees. We use IBM® Rational® 
DOORS® to manage the complex 
requirements. We have also used the 
dSPACE TargetLink production code 
generator in the New Energy division 
at GWM since 2015 and have imple-
mented it successfully over ten pro-
duction projects. The tool has also 
proved its worth in distributed teams. 
A special team for functional safety 
ensures that all safety-relevant require-
ments are met, including general stan-
dards and norms as well as GWM-
specific guidelines. Based on Simu-
link®/Stateflow®, function modeling is 
now carried out directly in TargetLink. 
In TargetLink, GWM intensively use the 
AUTOSAR and simulation functional-
ities (MIL, SIL) as well as the TargetLink 
Data Dictionary. We also introduced 
the dSPACE SystemDesk architecture 

Electric

tool into our work and use it to model 
and integrate our AUTOSAR architec-
tures. With SystemDesk, we can per-
form efficient AUTOSAR round trips in 
TargetLink. Virtual ECUs (V-ECUs) gen-
erated in SystemDesk can be tested 
very early on with the dSPACE VEOS 
simulation software, long before per-
forming the HIL tests. Compliance 
with GWM-specific modeling guide-
lines is checked with the MES Model 
Examiner®, while MES MTest is used 
as a test management tool for the 
requirements-based testing of Simu-
link® and TargetLink models. After the 
software is implemented on the ECU, 
it is validated by means of hardware-
in-the-loop (HIL) simulation on 
dSPACE HIL simulators. 
 
Optimized Production Code
We evaluated the major production 
code generators and, based on 
these benchmarks, finally decided 

“  From the very beginning, we were extremely pleased with TargetLink because of 
the high quality and efficiency of the generated code, its excellent readability, 
and the tool stability in continuous operation and interaction with other tools.”

Xuechen Zang, Great Wall Motors            

Picture credit: © Great Wall Motors
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Using dSPACE TargetLink, tools from the TargetLink Ecosystem, and other tools, GWM is developing and validating software for electric 
and hybrid vehicles.

the above-mentioned tool environ-
ment in series production. In addition 
to the fuel efficiency and emission 
reduction of a hybrid drive, the Wey 
P8 offers plenty of driving pleasure by 
combining an all-wheel drive with an 
alternative combustion/electric drive. 
The Ora models all use the same in-
telligent New Energy Platform (hard-
ware/software), from which numer-
ous model variants can be derived. 
It is the first exclusive platform for 
electric vehicles from China. 
 
Outlook
We plan to develop even more soft-
ware in-house in the future, for which 
we will continue to use TargetLink 
and the tool environment described 
above. AUTOSAR and the devel-

on dSPACE TargetLink in March 2015, 
because TargetLink proved to be par-
ticularly powerful and ideal for our 
requirements. Since then, TargetLink 
has been an integral part of our devel-
opment process. Thanks to the quick 
start-up assistance from our dSPACE 
contacts, we were able to set up the 
relevant process very quickly and start 
productive work with the new tool 
after only a short time. Today, we use 
TargetLink for almost all components 
of the ECU application software. 
From the very beginning, we were 
extremely pleased with the high qual-
ity and efficiency of the generated 
code, its excellent readability, and 
the stability of TargetLink in continu-
ous operation and interaction with 
the other tools. The TargetLink Data 

Dictionary, which we use in all our 
projects, has proven to be very prac-
tical. For example, we use the Target-
Link Data Dictionary to manage inter-
face, measurement, and calibration 
variables, and also use it to generate 
variable descriptions in A2L format. 
The TargetLink API allows us to use 
our own scripts to accompany the 
process, for example, to handle 
library functions and add informa-
tion during A2L generation. 
 
Validated Software in Series Use
Our Wey P8 series vehicle, a plug-in 
hybrid with four-wheel drive, and the 
Ora R1 electric car launched at the end 
of 2018, which is specially designed 
for city traffic, are examples of soft-
ware developed and validated with 
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dSPACE TargetLink
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dSPACE SystemDesk
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ETAS ISOLAR

Runs on electricity: Ora R1.
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opment of safety-critical function-
alities will play an even greater role 
in the future. Specifically for this, 
TargetLink offers the right prereq-
uisites, such as direct, native sup-
port of the AUTOSAR standard and 
certification for software develop-
ment according to ISO 26262, 
ISO 25119, and IEC 61508.  

GREAT WALL MOTORS

Top and right: The powerful plug-in hybrid Wey P8.

Xuechen Zang
Xuechen Zang is a software devel-
opment engineer at Great Wall 
Motors, China.

Hangdi Yao
Hangdi Yao is a software devel-
opment engineer at Great Wall 
Motors, China.

“  TargetLink makes it easy for us to develop safety-critical systems thanks to its 
certification for software development according to ISO 26262, ISO 25119, 
and IEC 61508.”

Hangdi Yao, Great Wall Motors                 

Xuechen Zang, Hangdi Yao, 
Great Wall Motors

Picture credit: © Great Wall Motors
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Energy 
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Researchers from the academic and private sectors have teamed up to find a 
faster and more efficient way to charge an electric vehicle (EV). Their inten-
sive study showed that a vehicle-to-vehicle (V2V) charging solution is a viable 
alternative that can lead to faster and wider customer adoption of EVs.  
A dSPACE MicroLabBox was used for testing to verify the feasibility of the 
V2V charging solution.

Analyzing vehicle-to-vehicle 
charging and its potential for 
future mobility
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THE UNIVERSITY OF ALABAMA

W hen it comes to charging 
an electric vehicle (EV), 
everyone can agree on 

one thing – the faster the better. How-
ever, limitations such as the availability 
of public charging stations, restricted 
grid capacities, and varying charging 
speeds can put the brakes on fast 
charging. A group of researchers from 
the University of Alabama, the Virginia 
Commonwealth University, and the 
University of Akron have teamed up 
to find a solution for this challenge. 
The study also involved a partnership 
with Andromeda Power, LLC, a Cali-
fornia-based company that manufac-
tures EV chargers.

The Idea: A V2V Charge Sharing 
Network
Power-grid-based AC and DC fast 
charging systems are among the most 
commonly used tools to charge an EV 
today. However, the research team is 
proposing a vehicle-to-vehicle (V2V) 
charging solution. The idea behind this: 
The energy is transferred between 
the EVs using a bidirectional DC/DC 
converter, which is more efficient than 
traditional AC/DC power conversion. 
Dr. Kisacikoglu, Assistant Professor in 
Electrical and Computer Engineering 
at The University of Alabama and ini- 
tiator of the project, explained that 
most EV owners charge their vehicles 
overnight from their homes, but on 
average, they use only enough energy 
to commute over 25-30 miles (approxi-
mately 40-50 km). The surplus energy 
left in the battery could be made avail-
able to sell to other EV owners. In the-
ory, by establishing a V2V charge shar-
ing network, EV owners with unused 
electric energy on board of their ve-
hicle could connect with users who 
need a charge at comparable trans-
fer rates to charging stations. “This 
proposed solution can benefit not 
only EV owners, but also local com-

munities, municipalities, and the sup-
ply network – especially during peak 
load periods.” said Dr. Kisacikoglu. 
“A charge sharing network could 
provide a more convenient and flex-
ible way to conduct EV charging at 
minimal infrastructure cost.”

Case Study with Prototype City 
To analyze and verify the viability of a 
V2V charge sharing network and show 
how such a system could impact the 
operation of the power grid, the re-
search team developed a virtual en-
vironment. They used a Java-based 
simulation tool to generate a custom-
ized simulation environment using 
different parameters, such as EV types 
and counts, charging station types 
and locations, and user mobility pat-
terns. The team created a case study 
using the Dallas metro area as its proto-
type city. The number and types of 
EVs that are present in Dallas were 
simulated, as well as the number and 
locations of level 2 (L2) charging sta-
tions. Next, the battery charge levels 
of users and their commuting patterns 
were factored in to analyze usage 
patterns of the L2 charging stations.

Adding V2V Chargers to 
the Equation 
During the simulation activity, the im-
pact of growing power demands on 
the charging stations became more 
and more transparent with increas-
ing EV counts. To better understand 
how energy sharing can help meet 
power demands, the use of V2V char-
gers was then added into the equa-
tion. The team found that a V2V 
charge sharing network can yield a 
larger number of EVs operating in the 
area and meet growing demands 
without having to install additional 
L2 charging stations. In their specific 
use case, they found that V2V charg-
ing effectively reduced the peak 
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Figure 1: A Nissan Leaf transfers energy to a Tesla Model S through a conductive charging 
cable. A mobile app communicates with both vehicles and lets the drivers control the 
charging process.

uate each solution, a test bench 
was set up that consisted of supplier 
and receiver EV emulators, a V2V 
charger solution running on three 
different power stages, and a dSPACE 
MicroLabBox to coordinate and con-
trol the charge exchange. During the 
investigation, the team found that 
multiphase, bidirectional DC/DC con-
verters are most suitable for V2V charg-
ing as they showed a better inductor 
ripple current behavior compared to 
the single-phase counterpart.

Testing with a Closed-Loop 
Controller Design
Next, the team set out to validate 
their analysis. The V2V charger was 
executed in a closed-loop test bed 
using a dSPACE MicroLabBox. As part 
of the hardware implementation, a 
back-to-back inverter system was inter-
faced with the dSPACE MicroLabBox 
to test the different operation modes. 
The MicroLabBox functioned as the 
electronics control module, executing 
all high- and low-level controllers. 
“The MicroLabBox provided the team 
with a flexible controller development 
environment that served well for the 
closed-loop controller design, which 
operates at a switching frequency of 
20 kHz,” said Dr. Kisacikoglu. The 
tests finally confirmed what the team 
had established through its investi-
gation – multiphase, bidirectional 
DC/DC converters should be the 
first choice for V2V charging. 

charging load by 44%, alleviating the 
load on the power grid system. 
 
Evaluating Various DC/DC 
Converter Solutions 
Once the team determined that a 
charge-sharing network could, in-

deed, have a meaningful impact on 
communities, they turned to the is-
sue of transferring energy from one 
EV to another. They investigated 
three bidirectional DC/DC converter 
solutions: single-phase, two-phase, 
and three-phase conversion. To eval-

Developing and Testing Intelligent Charging 
Technologies with dSPACE Tools  

Did you know dSPACE offers dedicated tools for developing and testing 
technologies involved in the electric vehicle charging process? The new 
Smart Charging Solution is highly flexible and offers versatile application 
options, including the simulation of electric vehicle supply equipment as 
well as the simulation, test, and development of onboard chargers.  

Smart Charging Solution – Highlights
	� Prototyping and testing charging communication
	� Support of region-specific charging standards
	� Advanced manipulation and fault simulation 
options at protocol level
	� Emulation of charging stations with real power 

More information on the Smart Charging Solution: 
www.dspace.com/go/dMag_20202_DS5366 

Learn more about testing onboard chargers of electric 
vehicles using dSPACE tools: 
www.dspace.com/go/dMag_20202_OBC

 
Photo credit: Andromeda Power, LLC

The Smart Charging Solution from 
dSPACE combines hardware and 

software components. 
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Summary and Outlook
Through their intensive study, the 
research team was able to prove that 
V2V charging could be a valuable 
addition in the context of future mo-
bility concepts. Moving forward, the 
team plans to expand the scope of 
its research. They will investigate a 
high power density V2V charger de-
sign to improve the design footprint. 
The team will also seek to learn more 
about how it would impact more EV 
grid integration and its potential to 
integrate more renewable energy.  

With the kind support of The University 
of Alabama

THE UNIVERSITY OF ALABAMA

Figure 3: The research team tested three bidirectional DC/DC converter solutions for the V2V charging system: single-phase, two-phase, and 
three-phase conversion. The test setup included supplier and receiver EV emulators, a V2V charging solution running on three different 
power stages, and a dSPACE MicroLabBox.

“  The MicroLabBox provided the team with a flexible controller development envi-
ronment that served well for the closed-loop controller design, which operates at 
a switching frequency of 20 kHz.”

Dr. Mithat Can Kisacikoglu, Assistant Professor in Electrical and Computer Engineering, 
The University of Alabama (Tuscaloosa, AL)

dSPACE 
MicroLabBox
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Figure 2: Distribution of charging power demands from the grid with and without V2V charging.
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For more information about the study, refer to the following publication:
E. Y. Ucer, R. Buckreus, M. C. Kisacikoglu, E. Bulut, M. Guven, Y. Sozer, and L. Giubbolini, ”A flexible V2V charger as a new layer of 
vehicle-grid integration framework,” presented at the IEEE Transport. Electrific. Conf. (ITEC), Jun. 2019
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Standard-compliant workflow 
up to ASIL D paves the way 
to automated driving

Right Strategy  
It’s the   

That Counts

For developing the next generation of electric power steering systems, 
HELLA relies on new test strategies and systems. In parallel to developing 
the steering system, HELLA and dSPACE Consulting are working on an inno-
vative test strategy that meets the highest safety requirements. The test 
strategy relies exclusively on automated test sequences, which requires 
experience and expertise.
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O verification covers a wide range from 
calibration strategies for the hard-
ware used to the qualification of the 
software tool chain according to ISO 
26262. dSPACE experts quickly iden-
tified four areas in which they were 
able support HELLA:  
 
�  Creation of a technical safety 

concept
�  Conceptual design and setup of 

a test infrastructure that includes 
several HIL systems

�  Development of a tool chain 
for automated tests

�  Compliance with the ISO 26262 
standard

With the help of dSPACE, these tasks 
were carried out in parallel to ECU 
development and the test systems 
were put into operation and verified 
even before the actual tests – includ-
ing the connection to existing configu-
ration and requirements management 
tools. “This approach saves a tremen-
dous amount of time, because it 
avoids detours and dead ends. 
The result is a comprehensible, stan-
dards-compliant process that will 
also make entirely new customer 
projects much easier in the future, 
even if they have completely different 
requirements,” explains Andreas 
Brentrup from HELLA. 

“  If you are committed to automated testing without 
compromise, simulation and test tools must be absolutely 
reliable. Thanks to the expert knowledge of dSPACE, 
we were able to ensure this.”

Biju Kollody, test manager at HELLA GmbH & Co. KGaA, Lippstadt, Germany, 
is responsible for the complete test management of steering ECUs.

ver the last years, HELLA has 
developed various electrical 
power steering (EPS) control 

units that are used in millions of ve-
hicles all around the world. The grow-
ing demand for ECUs for partially 
automated driving (autonomous 
vehicles from Level 2) was the main 
reason for setting up an automated 
validation tool chain in cooperation 
with dSPACE Consulting. This tool 
chain had to comply with the stan-
dard for functional safety of E/E sys-
tems in road vehicles (ISO 26262) 
and today must provide the oppor-
tunity to develop steering systems 
suitable for highly automated driving 
up to Level 4 (figure 1). For this pur-
pose, the test process and tool chain 
had to comply with ISO 26262 up to 
ASIL D (figure 2). ISO 26262 recom-
mends the use of hardware-in-the-
loop (HIL) tests for testing safety-
critical functions, components, indi-
vidual ECUs, and ECU networks, 
because HIL tests have been state of 
the art for years. They have been 
used for testing safety-critical func-
tions for nearly the same amount of 
time. Test strategy and test environ-
ment must be seamlessly integrated 
and coordinated so that safety-criti-
cal systems can be tested and ap-
proved and the required test cover-
age achieved. To prove that this inter-
action is compliant with the standard, 
it is necessary to regularly verify 
that all components and processes 
involved in the test are suitable. The 

Figure 1: Autonomy levels according to SAE J3016, published by SAE International.

 >>
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HELLA Test Workflow
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Involved from the Start
“Since dSPACE consultants were 
involved at a very early stage, they 
were able to work out the test ob-
jectives in collaboration with HELLA 
very early on,” adds Biju Kollody from 
HELLA. The EPS control unit was still 
in the prototyping phase at the be-
ginning of the project. The test plan 
was completely rewritten, which in 
this case required detailed knowl-
edge of both functional safety and 
testing. To this end, all groups of 
people involved, such as testers, 
developers, system architects, and 
test engineers, were included in the 
process. The jointly developed vali-
dation strategy meets all functional 
safety requirements for EPS systems 
and was designed with a focus on 
easy testability (figure 3). 

Simulators and Test Bench – 
Fit for Purpose
HELLA trusts dSPACE not only for 
the preliminary work, but also for 
the actual tests with simulators and 
test benches. The test hardware con-
sists of two simulators: a SCALEXIO 
standard rack system that accesses 
a specially prepared ECU at signal 
level, and a SCALEXIO full-size sim-
ulator that stimulates the ECU at 
power level. The simulator can also 
be connected to a dSPACE steering 
test bench. As a third test procedure, 
the test bench can stimulate the real 
engine of the EPS control unit. The 
FPGA-based dSPACE motor models 
allow for both realistic motor simula-
tion for tests at signal and power 
level and closed-loop operation of 
the ECU. This flexible test infrastruc-
ture makes it possible to test differ-
ent system components individually 
or in combination, allowing for ef-
ficiently implementing the integra-
tion and test processes required by 
ISO 26262. ISO 26262 requires regu-
lar calibration of the test systems. 
For this purpose, dSPACE has writ-
ten a project-specific calibration 
manual.

Electric power steering
Self-steering
(ASIL D)

Antilock braking system
Unintended full-power braking
(ASIL D)

Vision ADAS
Incorrect sensor feedback 
(ASIL B)

Active suspension
Suspension oscillation 
(ASIL B to C)

Headlights
Failure on both sides
(ASIL B)

Engine control
Unintended acceleration 
(ASIL C to D)

Airbag
Random deploy
(ASIL D)

Instrument cluster
Loss of critical data
(ASIL B)

Rear lights
Failure on both sides
(ASIL A)

Rear camera
No valid sensor data 
(ASIL B)

Brake lights
Failure on both sides
(ASIL B)

Radar cruise control
Random braking
(ASIL B)

Figure 2: Typical classifications according to Automotive Safety Integrity Level (ASIL). ASIL 
is a key component of the ISO 26262 standard. The ASIL is determined at the beginning of 
each development process. The system functions are analyzed and put in relation to pos-
sible risks.

Figure 3: The defined workflow and the documented instructions in the safety manual 
ensure the trustworthiness of the results and the qualification of the entire tool chain 
at all times.
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“ Developing a validation strategy requires discussions with 
all parties involved. Whether developer, system architect, 
safety engineer, or test engineer – all must be equally in-
volved. With the experts from dSPACE, we were able to 
get everyone on board and ensure reliable, ISO 26262-  
compliant validation.”

Andreas Brentrup, head of the test laboratory at HELLA GmbH & Co. KGaA, Lippstadt, 
Germany, is responsible for the global test strategy for steering ECUs.
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Integration of Existing Tools
“An important requirement at the 
start of the project was that the soft-
ware tool chain must work ‘from 
DOORS to DOORS’. This means that 
a test specification from IBM® Ratio-
nal DOORS can be verified by the 
dSPACE tool chain and the result 
can be imported back into DOORS,” 
Kollody reports. For this purpose, 
HELLA connected the dSPACE data 
management software SYNECT to 
DOORS. The connection allows the 
test specification to be transferred 
automatically from DOORS to the 
dSPACE test automation environ-
ment. This enables test developers 
and test engineers to implement and 
execute the required tests while con-
tinuously maintaining traceability to 
the requirements. This ensures that 
requirements, test specifications, and 
test results are linked at all times. 
SYNECT then automatically executes 
the tests on the HIL simulators around 
the clock and displays the results. 
Testing an ECU in such a highly auto-
mated way is particularly efficient, but 
requires confidence in the simulation 
and the tools used (figure 4).
 
Functional Safety
The safety level of the EPS system 
meets the requirements for ASIL D 
(Automotive Safety Integrity Level D), 
the highest possible safety level for 
an automotive E/E system. To meet 

Figure 4: Simplified representation of the HELLA workflow: ‘From DOORS to DOORS’: 
The test specification is imported from DOORS (1) to the dSPACE workflow. Therefore, 
specification changes are immediately visible in SYNECT Requirements Management (2). 
With SYNECT Test Management (3), the required tests are created, planned, and then 
automatically executed with AutomationDesk (4). In the last step, the test results are 
automatically transferred back to DOORS (5).

1

2

3

5

4

the requirements of ISO 26262, the 
dSPACE Consulting team compiled 
a safety manual that specifies work-
flows for the verification process. 
The software and the defined work-
flow (figure 3) were determined to 
be fit-for-purpose. 

Conclusion and Outlook
“With the help of the dSPACE con-
sultants, HELLA was able to master 
the challenges that a safety-related 
project poses for the process, tool 
chain, and test equipment at an early 
stage,” confirms Brentrup. The dSPACE 
tool chain has been successfully 

used to find errors in the prototyp-
ing phase. The fact that an automated 
test system was already available at 
that time greatly facilitated the tran-
sition to customer-specific develop-
ment for HELLA. In the future, dSPACE 
will support HELLA in adapting the 
tool chain to the requirements of 
customer projects, ensuring that the 
working methods continue to be 
ISO 26262-compliant.  

  
With the kind permission of HELLA 
GmbH & Co. KGaA
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To ensure the suitability for everyday use and the safety of systems for 
autonomous driving despite the ever-increasing complexity of technologies 
used, the systems must be tested well before they are put into operation. 
Using the dSPACE and understand.ai solution for generating simulation 
scenarios, thousands of tests of safety-critical driving scenarios with special 
hardware and software can be performed by simulation.

Intelligently  

AI-based scenario generation 
from sensor data

Setting 
the Scene
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 >>

understand.ai offer a new service for 
generating scenarios from real mea-
sured raw data. Compared to classi-
cally generated object lists, which 
are calculated in real time, or online, 
in the vehicle, the subsequent sce-

W ith an innovative method 
based on artificial intel-
ligence (AI), dSPACE and 

nario generation from raw data is not 
subject to any restrictions in terms 
of computing capacity. This avoids 
imperfections caused by incorrectly 
detected or undetected objects (false 
positives or false negatives, respec-
tively) in the database. To cover as 
many different road traffic situations 
as possible, many factors are tested 

virtually before a physical prototype 
is available. This is done with the help 
of test scenarios, which are used in 
numerous tests and in different variants 
to obtain a meaningful result. How-
ever, this requires realistic scenarios. 
Since these scenarios are subject to 
special requirements, expert scenario 
generation is essential: The scenarios 
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Figure 1: Roundabout scene as a camera recording and as a generated scenario.

must reflect situations in many dif-
ferent real-world environments. In 
addition to a high variance of vari-
ables, such as weather and traffic 
density, a balanced mix of both 
critical and non-critical situations 
is crucial. 

Analyzing Real Situations and 
Validating Autonomous Driving
To meet customer requirements, we 
differentiate between two scenario 
types: logical scenarios for the vali-
dation of autonomous driving and 
replay scenarios, which can be used 
to analyze faulty algorithms in sim-
ulations of real situations. Replay 
scenarios are an exact reconstruction 
of real situations based on recorded 
sensor data. Scenarios of this type 
cannot be adapted by parameteriza-
tion, but they are excellent for sim-
ulating malfunctions and other real 
events in the laboratory. This way, 
failures of the driving function can 
be investigated and corrected in the 
lab under reproducible conditions. 
Furthermore, replay scenarios can 

measurement data. Video record-
ings, lidar point clouds, and vehicle 
bus data are used for this. They can 
be recorded with special data log-
ging hardware, such as dSPACE 
AUTERA. The realism of a scenario 
generated this way increases with 
the quantity and quality of the avail-
able data. A combination of differ-
ent algorithms enables a semanti-
cally correct replication of the real 
scenario, including the motion pro-
files of all road users as well as the 
road and a 3-D scene that reflects 
all essential elements of the static 
environment. First, relevant informa-
tion about the road and its surround-
ings as well as the trajectories of the 
road users are extracted from the 
raw data by means of AI-supported 
methods. The special quality assur-
ance method of understand.ai en-
sures that the ground truth that is 
generated guarantees the semantic 
consistency of the generated scenarios. 
The extracted data is then converted 
into simulable (replay and logical) 
scenarios for the dSPACE simulation 
environment and into scenario descrip-
tions based on the OpenDRIVE® 
and OpenSCENARIO® standards. 
The generated scenarios can there-
fore be immediately used for a wide 
range of tests, because in addition 
to the road description and the 

From the road to the lab – with test scenarios 
using real data

be used for sensor model validation 
by comparing sensor data of a real 
scenario with simulated sensor data 
of the identical virtual scenario. In 
addition, there are logical scenarios 
in which the movements of the ve-
hicles are abstracted and generalized 
to expose parameters of the scenario, 
which can then be adjusted to vary 
the scenario. These scenarios are 
used for the validation of ADAS/AD 
algorithms using scenario-based test-
ing. Generated scenarios offer the 
great advantage that critical situations, 
such as accidents, can be simulated 
and run as often as required. This 
allows users to determine exactly 
those parameters that represent the 
challenges for the ADAS/AD algo-
rithm. 

Generating Scenarios
Before scenarios can be used in 
simulation and testing, they must 
be generated. There are different 
approaches to scenario generation. 
The example in this article will first 
explain the generation based on 
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description of the movement pro-
files of the road users, a detailed 
3-D scene is also generated, which 
enables physical sensor simulation. 
A scenario can also be created com-
pletely artificially and digitally on the 
computer using scenario editors, such 
as dSPACE ModelDesk. This means 
that users can design scenarios ac-
cording to their own ideas and re-
quirements. Although the design 
possibilities are in principle unlim-
ited, diversity is ultimately limited by 
the requirements of the respective 
order or the creativity of the users. 
One advantage of this method is the 
possibility to construct scenarios that 
would be very difficult to re-record in 
the real world, for example, because 
they would be expensive or danger-
ous. Both for scenarios generated 

from measurement data and for 
artificially generated scenarios, it is 
possible to change parameters such 
as vehicle speed, weather, or the 
behavior of other simulated road 
users as required within the dSPACE 
solution by adjusting the correspond-
ing parameters. The major advantage 
of scenario-based testing is its scal-
ability depending on the available 
computing capacity. In addition, tests 
can be moved to the cloud, where 
the practically unlimited cloud capaci-
ties offer ample opportunities for the 
field of virtual validation and thus 
for the entire production chain.

New Solution Portfolio
The solution for scenario-based test-
ing in combination with scenario 
generation from dSPACE and under-

stand.ai helps customers overcome 
the obstacles on their path to a func-
tioning prototype. The solution is 
underpinned by the many existing 
scenarios created by experienced 
developers and by the scenarios that 
can additionally be generated on 
the basis of real recorded sensor data 
or object lists. This allows for millions 
of test kilometers in a wide range of 
realistic and relevant scenarios.     
   

Figure 2: A scenario for the simulation is generated from the acquired measurement data using the solution from dSPACE and understand.ai.

Re-Simulation of Critical Edge Cases from a Real Test Drive 

Take the realism and complexity of the real world to the simulation:

� Use scenarios that reflect realistic traffic situations.

� Derive new test cases by adapting existing simulation scenarios.

�  Use generated scenarios in the dSPACE simulation environment – immediately and without additional 

conversion effort (compatible with OpenDRIVE and OpenSCENARIO).

� Make the most of your data: Use the petabytes of material you have already recorded for the simulation.

Raw data

AI-supported Ground thruth

Scenario generation Simulation

Extraction from
raw data

Create traffic
Create 3-D
scenery

Create road
network
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The new DS1521 variants of the MicroAutoBox III offer a wealth of connection options from 
CAN FD, Automotive Ethernet, and LIN to FlexRay, analog inputs, and digital inputs/outputs.

Connected
Perfectly New MicroAutoBox III variants with 

DS1521 Bus and Network Board
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Additional variants of the new MicroAutoBox III with an even wider range 
of bus and network interfaces make the product range even broader 
and stronger. A new DS1521 Bus and Network Board integrated in the 
MicroAutoBox III provides an exceptional range of channels in the familiar 
small MicroAutoBox form factor.
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W

Example: A gateway application in the Bus Manager.

power for numerous applications 
from autonomous driving to zero 
emissions, compact, in-vehicle dSPACE 
prototyping systems reach an entirely 
new level of performance. This is 
achieved, for example, by the signifi-
cantly higher computing power and 
improved moni toring mechanisms 
for functional safety. 
The MicroAutoBox III offers four pro-
cessor cores and is up to 16 times 
faster per processor core than its 
predecessor, the MicroAuto Box II. 
Moreover, additional MicroAutoBox III 
variants with the new DS1521 Bus 
and Network Board will also be avail-
able. With their impressive range of 
channels, the new variants are particu-
larly suitable for applications such as 
intelligent gateways as well as execut-
ing superimposed controllers (super-
visory controllers) to control other ECUs 
in real time via buses and networks. 
They are also suited for designing 
central control units with service-
based Ethernet communication. To 
ideally address these applications, 
the DS1521 Bus and Network Board 

Focus: 
Gateway applications and 
supervisory controllers

nents via gateways or domain con-
trollers as central network nodes 
to new or existing recipients. One 
example is the integration of a new 
drive system into an existing vehicle 
platform.  
To reduce costs, space requirements, 

Buses and networks are increasingly 
used to connect the numerous con-
trol units, sensors, and actuators in 
the vehicle. When new functions are 
developed, this bus and network data 
often has to be redirected, filtered, 
or extended by new control compo-

provides eight CAN FD channels, 
three automotive Ethernet ports 
(100/1000BASE-T1), two FlexRay 
connectors (A/B), three LIN channels, 
and additional UART, digital, and 
analog interfaces. 

Software for Full Control
To configure the hardware easily 
and flexibly for each application, the 
MicroAutoBox III is supported by the 
tried and proven ConfigurationDesk 
implementation software known from 
SCALEXIO, including the seamlessly 

integrated Bus Manager. This allows 
for bus communication to be con-
figured clearly and conveniently for 
gateway or supervisory controller ap-
plications, all based on the latest stan-
dards and communication descriptions 
such as AUTOSAR (ARXML), FIBEX, 
DBC, and LDF. For integration into an 
existing vehicle electrical system, cur-
rent AUTOSAR features such as secure 
onboard communication (SecOC), 
end-to-end protection, and global 
time synchronization (GTS) are also 
supported on all relevant bus systems, 
including service-based Ethernet com-
munication (SOME-IP). To be able to 
respond flexibly and at short notice to 
project-specific adaptations, a compre-
hensive extension framework is avail-
able, which can be integrated and 
implemented by dSPACE to the cus-
tomer’s specifications with very short 

A vast range of channels in the compact MicroAutoBox 
form factor combined with a comprehensive software 
tool chain for bus and network communication.

ith the release of the 
MicroAutoBox III, which 
offers the highest all-round 
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Even the “small” MicroAutoBox 1403/1521 offers a wide range of channels. If this is not sufficient, you can simply double the DS1521 chan-
nels – by selecting the MicroAutoBox 1403/1521/1521 – or, depending on your requirements, by choosing one of the many other MicroAuto-
Box III variants, for example, to increase the number of analog and digital channels.

and system complexity, the required 
gateway components must ideally 
already be covered by the function 
development system used to execute 
the new control functions in real time. 
In combination with the dSPACE soft-
ware tool chain, the MicroAutoBox III 

development system with the DS1521 
Bus and Network Board is ideal for 
this task. The hardware offers a max-
imum channel count and maximum 
computing power with the smallest 
footprint, while the powerful, proven 
software guarantees fast develop-

ment cycles by means of simple 
configuration.

turnaround times. At run time, vari-
ables in the model can be visualized 
clearly and easily in ControlDesk. For 
access to the bus and network signals, 
the Bus Navigator offers the option to 
create preconfigured layouts for trans-

mit and receive messages. In addition, 
live bus monitoring and bus analysis 
can be activated directly while the ap-
plication is running. The ControlDesk 
Bus Navigator provides clear and syn-
chronized access to bus and network 

data with all other used inputs and 
outputs, eliminating the need to ac-
quire additional dedicated systems 
(hardware and software) for live moni-
toring. This significantly saves costs 
and also simplifies the system design.  

DS1403 Processor Board
(connectors at the front panel 
of the MicroAutoBox III)

NEW: DS1521 Bus and 
Network Board
(connectors on the back
panel of the MicroAutoBox III)
with additional interfaces

Battery voltage connection (12/24/48 V onboard power supply)

WLAN option

Status and user-programmable LEDs

IOCNET connector

Can be extended by I/O units, e.g., DS1514, DS1521

Quad-core ARM® processor

USB port (USB 2.0) for mass storage and data logging

2 x automotive Ethernet (100/1000 Mbit/s)

Ethernet ports (Gigabit Ethernet) for host and other devices

MicroAutoBox III 1403/1521
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8 x CAN FD

2 x FlexRay (A/B)

3 x automotive Ethernet (100/1000 Mbit/s), additional

3 x LIN, 1 x UART: RS232 or RS422/485
4 x Analog In, 6 x Digital In/Out
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4-D
5 GHz – new benchmark for radar target simulators 

Radar Simulation

Profile: Radar target simulator for 
over-the-air testing of automotive radar 
sensors 

	� Optimized for imaging or 4-D radar sensors. 
	� Simulates the reflections of a freely defin-
able radar target (extension for additional 
targets possible).
	� Simulates distance, speed, width, 
and elevation.

Technical Data 

	� Frequency range: 76 to 81 GHz
	� Bandwidth: 5 GHz 
	� Range: ≤ 2.5 to 300 m
	� Range increment: 2.5 cm 
	� Speed: ± 500 km/h

For more information, visit: 
www.dspace.com/go/DARTS_9040-G

Ultra-high-resolution imaging radar sensors, often referred to as 4-D radars, 
provide detailed images of the radar environment with a wide field of view 
as well as elevation, range, and speed information. Tests of these radar 
sensors place high demands on the capabilities and bandwidth of the radar 
simulator used. The dSPACE Automotive Radar Test System (DARTS) 9040-G 
is the first simulator to successfully meet these challenges with powerful 
high-frequency technology.
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ronment detection: For a self-driving 
vehicle to appropriately respond to 
any unforeseeable traffic situation, 
however complex, a reliable 360- 
degree panoramic view of its sur-
roundings is required. This is where 
radar (RAdio Detection And Ranging) 
sensors are key. Until now, radar sen-
sors have been able to detect their 
surroundings as a three-dimensional 
space only to a limited extent. They 
usually detect the speed, distance, 
and width of an object. The sensors 
can make only rough estimates of 
the object elevation at best.  

New Technology: 4-D Radars
To ensure a more comprehensive 
image of detected objects, industry 
is pushing the development of high-
resolution radars that also accurately 
detect the angle of elevation. The 
radar therefore becomes a de facto 
3-D imaging technology – with speed 
as an additional fourth dimension 
of measurement. These sensors, also 
known as 4-D radars, provide the 
basis for precise real-time object 
detection that works in all weather 
and lighting conditions. 

High Test System Requirements
To transmit the additional informa-
tion with the high-frequency signal, 
ultra-high-resolution radars operate 
with a particularly high modulation 
bandwidth, which is typically 4 GHz. 
Previous radars usually operated with 
a bandwidth of only up to 1 GHz. 

Assisted and automated driv-
ing poses enormous techno-
logical challenges for envi-

Comprehensive testing and valida-
tion of the new sensor class signifi-
cantly increases the demands on the 
test systems. Users therefore call for 
technology that covers more than 
the 4 GHz bandwidth of radars to 
be able to accurately analyze be-
havior in edge cases. This especially 
applies to radar target simulators, 
which simulate radar targets at long 
ranges, high speeds, and of different 
sizes under laboratory conditions 
and in real time.  

First Radar Simulator with 
5 GHz Bandwidth
In collaboration with its development 
partners ITS and miro•sys, dSPACE 
has designed the world’s first radar 
simulator that operates at a band-
width of 5 GHz. The new DARTS 
9040-G is designed and optimized for 
all next-generation automotive radars, 
such as imaging and 4-D radars. It 
completely covers the 77 GHz radar 
band without synthesizer tuning of 

the center frequency. The simulator 
has an exceptionally high, spurious-
free dynamic range with a particu-
larly low noise figure. This makes 
the new DARTS 9040-G ideal for 
all 77 GHz radars. Due to its easy-
to-use over-the-air technology, the 
system can be used in all develop-
ment phases, from chip design and 
sensor development to end-of-line 
tests. The new DARTS 9040-G is 
available in several variants, which 
are tailored to the different require-
ments of the tests in the different 
development and production 
phases.  

“ With the new DARTS 9040-G, dSPACE is once again positioning 
itself as a strong development partner for simulation and validation 
in the field of radar sensor technology.“

Dr. Andreas Himmler, Senior Product Manager, dSPACE 

The over-the-air method: The DARTS receives the radar waves from a radar sensor, gener-
ates a freely definable echo, and sends it back to the sensor.

Radar
sensor

Over the air

Delay <=> DistanceReceive

Transmit

Radar signal manipulationRF front end

Amplitude <=> Size

Frequency <=> Speed ƒ

RF IF

RF IF

RF: Radio frequency
IF:  Intermediate frequency 

The DARTS have the world’s smallest radar 
front ends and are therefore very flexible 
to handle.
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In Cyber Valley, researchers are working 
on solutions that make autonomous 
driving easily scalable.

Training 
End-to-End   

Picture credit: © A. Cardinale
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In 2018, you received the IEEE PAMI 
Young Researcher Award for your 
out standing contribution to bridging 
the gap between computer vision, 
machine learning, and robotics. Can 
you briefly describe what the award 
means to you?
The award means a lot to me because 
it recognizes the international impor-
tance of my work and shows that 
we are on par with the best computer 
vision research labs in the world. 
I was the first German researcher to 
receive it and the third researcher in 
Europe. The award is the most presti-
gious distinction in the field of com-
puter vision for a young researcher.  

What exactly did the award honor?
I was awarded for my research on 
self-driving cars. I first developed algo-
rithms and approaches to achieve 
scene understanding in my disserta-
tion at the Karlsruhe Institute of Tech-
nology. Since I wanted to work with 
real data, I equipped a test vehicle 
with comprehensive sensor technol-
ogy – several cameras, lidars, and GPS. 
At some point, we decided to make 
the tediously collected data available 
to the general public. This created a 
by-product of my dissertation: the 
KITTI Benchmark, which was created 
in 2012 and has become one of the 
most influential data sets in the field 
of autonomous driving. Today, the 
KITTI Benchmark is the state of the 
art in the field of computer vision 
for evaluating algorithms. 

In your words, what is the difference 
between control engineering and 
machine learning?
The lines between machine learning 
and control engineering are blurred 
and a matter of perspective. For a con-
trol engineer, perception is peripheral, 
for computer scientists, control engi-
neering is peripheral. Personally, I think 
the more daunting challenges for 
autonomous driving are perception 
and AI-supported decision making. 
Compared to the control technology 
for a humanoid robot with 50 actua-
tors and tactile sensors, the control 
system of a vehicle is relatively simple. 
Basically, a car is controlled only by 
steering, accelerator, and brakes. In 
addition, the industry has been work-
ing on vehicle control for a long time 
and has gained an immense amount 
of know-how accordingly.
 
Would you ride in an autonomous 
vehicle today?
Why not? I would not mind being a 
passenger in a Level-4 vehicle if the 
opportunity arose – There is usually a 
service employee in the car who can 
intervene if necessary. 
 
And when do you think the first 
autonomous vehicles without service 
employees will be on the road?
Many industry representatives had 
promised that this would be the case 
in 2021. By now, many have retracted 
their promise and are being more 
realistic. I do not expect Level-5 

Professor Dr. Andreas Geiger is Head of the Autonomous Vision research 
group at the Max Planck Institute for Intelligent Systems (MPI-IS) and 
Professor for learning-based computer vision and autonomous vision at 
the University of Tübingen. In this interview, he talks about the challenges 
of developing self-driving cars, explains how attractive German universi-
ties are by international comparison and elaborates on what has to be 
done to keep young talents in the country.

 >>

autonomous driving in the next ten 
years because fundamental questions 
in the field of artificial intelligence 
have not been answered. Whether 
driving at Level 4 is successful de-
pends on the defined framework 
conditions. In specific areas, under 
specific weather conditions, this may 
be possible in the next few years – as 
shown by Waymo. I suppose that we 
will start out with remote operators 
and speed limits. Tesla is a pioneer in 
this field, but I would be surprised 
to see an autonomous Tesla vehicle 
with Level 5 functions on the market 
within the next five years.
 
What are the greatest obstacles?
At present, we count one traffic fatal-
ity per 100 million miles. This shows 
that we humans have mastered driv-
ing quite well. An autonomous vehicle 
is intended to make fewer mistakes 
than the human driver and at best 
be better by a factor of ten or 100. 
It must therefore be safe in a whole 
range of different situations: For ex-
ample, the cars have to perceive their 
surroundings at night, in the rain, and 
when it snows. Even though cameras 
are still far from being as good as the 
human eye, we have made consider-
able progress in the field of sensor 
technology in recent years. Autono-
mous vehicles must then be able to 
master busy or blocked roads. They 
must also be able to deal with arbi-
trary pedestrian behavior, reflections, 
and unpredictable and rare events. 
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In order to train algorithms for these 
rare events, we therefore need an in-
credible amount of data. Another ob-
stacle is that algorithms cannot per-
form causal inference, meaning they 
are not able to draw conclusions. 
Therefore, a high level of manual repro-
gramming is required in the systems. 
Add to this ethical and legal issues 
that must be clarified. As you can see, 
there is still some work to be done. 

On which areas do you focus?
Our research group focuses on classi-
cal computer vision topics. For exam-
ple, we are investigating how to im-
prove depth perception and make it 
more robust. We also take a look at 
how algorithms can learn with less 
data. And we are working on making 
simulation more efficient, because I am 
convinced that in the future, simula-
tions that are as realistic as possible 
will become increasingly important for 
validation and training. Lastly, we train 
algorithms for autonomous driving. 
In contrast to the automotive indus-
try, which today works according to 
the classic modular approach, we are 
pursuing the approach of compre-
hensively trainable systems. 

How does end-to-end training work 
and what are the benefits?
In end-to-end training, you try to 
view the whole system as one process, 
from perception to control, and rep-
resent it in one neural network. The 
system collects perception and control 
data of the vehicle, i.e., steering, ac-
celeration and brake data. This gives 
us the advantage of training the sys-
tem directly towards a goal instead of 
training individual modules towards 
subtasks, such as object recognition. 
We believe that these comprehen-
sive models are the solution to better 
scale autonomous driving. Currently, 
these models are not as precise and 
robust as the modular concepts 
used in industry, for which a large 
number of engineers are working 
on individual modules. Once we 
manage data complexity, machine 
learning will allow us to move our 
system much faster into a new city, 
into new environments. 
 
How closely do you work with 
the industry?
Even though the industry follows the 
modular approach, we cooperate in 
many subprojects with suppliers and 

car manufacturers in the region. Our 
focus on the end-to-end approach is 
of great interest for the industry, even 
if they cannot apply it immediately. 
We are currently involved in the KI 
Delta Learning project, which ana-
lyzes self-learning methods for the 
automated processing of environ-
ment sensor data in the context of 
automated driving. The project has 
been commissioned by the Federal 
Ministry for Economic Affairs and 
Energy and involves leading indus-
trial companies from the automo-
tive industry as well as several uni-
versities, including the University 
of Tübingen. 

What keeps you in the Cyber Valley 
in Tübingen, and how attractive are 
German universities by international 
comparison? 
Europe is a strong player in academic 
research, and the automotive indus-
try has a great interest in AI. The 
University of Tübingen and the Max 
Planck Institute are part of a large 
network of researchers who not 
only work on computer vision top-
ics, but also apply AI in related dis-
ciplines, such as the neurosciences. 

We are working on making simulation more efficient, because I am convinced 
that in the future, simulations that are as realistic as possible will become increa-
singly important for validation and training.

Modular approach

Perception

Observation

Scene
interpretation

Trajectory 
planning

Vehicle
control

Steering

Brake/
Accelerator

Imitation/reinforcement learningObservation

Neural network

Steering

Brake/
Accelerator
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the big companies there. Amazon 
is currently expanding its site here, 
Bosch is building a new location in 
our neighborhood, NVIDIA is spon-
soring us, and I am working closely 
with Intel. However, we do have 
some catching up to do when it 
comes to start-ups. 

What exactly do you mean?
One, we need to change the public 
mindset. Two, start-ups need more 

support. The founder’s mindset is 
currently changing, but we need 
more incubators and less bureau-
cracy so that talented young people 
can turn their ideas into a reality 
here instead of being poached by 
the tech giants in the USA. Once 
they leave, they might never come 
back. Keeping talent here is vital. 
 
 
Thank you for the interview.

In this network, we can learn from 
each other across disciplines. This 
makes working here very attractive. 
We also continue to network in var-
ious initiatives at the European level. 
One of these is ELLIS, the European 
Lab for Learning and Intelligent Sys-
tems, which promotes the exchange 
of information between institutes 
and doctoral students on machine 
learning and AI. You do not have 
to be in Silicon Valley to work with 

The founder’s mindset is currently changing, but we need more incubators 
and less bureaucracy so that talented young people can turn their ideas into 
a reality here instead of being poached by the tech giants in the USA.

KI Delta Learning 
The aim of the KI Delta Learning 
research project is to evaluate the 
differences between domains and 
design new methods so that artifi-
cial intelligence can transfer exist-
ing knowledge from one domain 
to another and only has to learn 
the additional requirements, the 
specific “deltas”. This reduces the 
need for test data and accelerates 
the learning process when new 
knowledge has to be added.Professor Dr. Andreas Geiger is head of the Autonomous Vision research group at 

the Max Planck Institute for Intelligent Systems (MPI-IS) and is Professor for learning-
based computer vision and autonomous vision at the University of Tübingen.

Picture credit: © A. Cardinale
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Software tools from 
Intempora complement dSPACE  
solutions for data-driven development

the AD Portfolio
Strengthening 
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In July, dSPACE acquired Intempora, a pioneer 
in the area of real-time development software. 
The two companies already had a long-standing 
strategic partnership. Through the acquisition, 
dSPACE now offers a unique and reliable end-to-
end solution as well as optimized support for in-
novative development projects. In this interview, 
Nicolas du Lac, CEO of Intempora, explains the 
history of the company and how this closer 
cooperation will bring a unique value.

Nicolas, 20 years ago Intempora was 
one of the first companies to develop 
software for sensor signal processing. 
I am sure that in the early days, no 
one talked about autonomous driv-
ing. How did your first developments 
come about? And how did your 
software evolve to meet the require-
ments of the automotive market?
The reason for founding Intempora 
in 2000 was the success of our core 
technology RTMaps, which was de-
veloped at the Center of Robotics of 
Mines ParisTech in 1998. At the time, 
a team under former Director Claude 
Laurgeau was working on robotics 
and intelligent transport systems (ITS). 
The team participated in the Eureka 
Prometheus project, one of the very 
first EU-funded R&D projects focus-
ing on automated driving. At the 
outset of the project, autonomous 
vehicles were considered robots. The 
project therefore focused on overcom-
ing the challenges associated with 
mobile robotics: perception, position-
ing, control, capability to move fast, 

safety requirements, interaction with 
humans, etc. Back then, Bruno Steux 
and Pierre Coulombeau, PhD students 
in Claude’s team, aimed to develop 
computer vision algorithms and Bayes-
ian-network-based data fusion for 
vehicle perception and accurate posi-
tioning. Their objective was to execute 
these algorithms in real time in a pro-
totype vehicle equipped with a front 
camera, a front radar, and the very 
first models of lidar scanners. The 
pair soon realized they spent 90% 
of their time working on their soft-
ware architecture rather than on the 
algorithms at the heart of their thesis. 
They needed a modular (component-
based) environment to manage the 
different parts of their complex soft-
ware, such as data acquisition from 
multiple vehicle sensors and data 
processing as well as visualization, 
recording, and playback features for 
offline work. Additionally, they de-
cided to incorporate a time-stamping 
and data synchronization process 
to ensure smooth and coherent 
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sensor data fusion across the differ-
ent streams and asynchronous data 
sources. Since no development tools 
on the market met their requirements, 
they developed their own software 
solution: RTMaps (Real-Time Multi-
sensor applications). A few months 
later, another European project con-
sortium, called CarSense, was actively 
looking for a data logging solution 
for numerous camera, radar, and 
lidar sensors on a vehicle. They tested 
RTMaps and found it worked great, 
inspiring Claude and Bruno to cre-
ate a company based on the idea that 
such software could be useful for the 
automotive industry in the future. 
 

control. A few years later, the Grand 
DARPA challenge in the US launched a 
worldwide race towards autonomous 
driving. RTMaps participated in the 
challenge alongside the DotMobil 
Team. RTMaps was also showcased on 
the SwRI vehicle at the ITS 2008 exhi-
bition in New York. Today, we have 
customers around the world, some of 
which have been using our solutions 
for more than 15 years. Needless to 
say, our software has evolved and 
greatly improved since then.

You have observed developments in 
autonomous driving for quite some 
time now. What are the major chal-
lenges we have to overcome to get 
a self-driving car on the road?
When talking about self-driving cars, 
we have to distinguish between ro-
botaxis and personal vehicles. The 
former are heavily equipped with sen-
sors and computing resources, and 
evolve at quite a slow speed. Personal 
vehicles have to be affordable and 
follow a different maintenance sched-
ule. We still have many challenges 
to overcome on the path to Level 5 
autonomous (personal) vehicles for 
public roads that can be further devel-
oped at high speed. The main chal-
lenge is ensuring safety in all driving 
conditions and situations. Safety is a 
prerequisite to gain acceptance and 
for authorities to allow mass deploy-
ment. Achieving safety involves sev-
eral technical challenges, including: 
Sensor accuracy and efficiency 
in all conditions: 
Sensors are continuously improving 
in resolution and range. We have to 
combine sensor technologies for an 
autonomous vehicle to properly han-
dle diverse situations, including driv-
ing at night, in the fog, rain, snow, 
dirt, etc. 
Mastering software complexity: 
Autonomous vehicles are highly com-
plex real-time systems and require 
complex software to process numer-
ous high-bandwidth data streams. 
Multiple robust and efficient algo-

What were some of Intempora’s 
first milestones?
At the IEEE Intelligent Vehicle Sym-
posium in Versailles in 2002, Ecole 
des Mines de Paris demonstrated an 
autonomous vehicle prototype, called 
LaRA, which used RTMaps as the on-
board data processing software. The 
vehicle was driven on a track at more 
than 100 km/h with no hands on the 
wheel, using a single camera for lat-
eral control and a Pentium II computer 
in the trunk. In 2004, one of Intem-
pora’s first customers, the LIVIC Lab-
oratory presented a fully autonomous 
vehicle with similar capabilities, but 
with both lateral and longitudinal 

„  The majority of our customers use RTMaps to develop 
algorithms for assisted and automated driving.”

A Success Story: Navya Shuttles

To develop complex functions for autonomous driving, NAVYA, one 
of the leading suppliers of autonomous shuttles, relies on the multi-
sensor development environment RTMaps. “We have accompanied 
the company since its foundation. The Navya team already consists of 
250 employees, is still growing rapidly and already operates more than 
150 vehicles worldwide,” says Nicolas du Lac. RTMaps is a tool that 
many developers use on a daily basis. “We are proud that we were 
able to make our contribution to this success story,” explains du Lac. 
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rithms and software tasks have to be 
executed in parallel, with safety con-
straints on execution timing, latency 
and error management.
Data management and algorithm 
validation: 
Data is the virtual fuel of autonomous 
vehicles. To train, test, and validate 
perception and deep learning algo-
rithms, engineers have to collect var-
ious large sensor data sets in different 
driving conditions. Data annotation, 
labeling, and management tools for 
data selection and postprocessing, 
as well as simulation tools, are critical 
for the development and validation 
of robust and safe systems. 
 
Since the recent acquisition by dSPACE, 
our software engineers and consult-
ing experts have been collaborating 
closely to bring reliable and efficient 
solutions to the market. We are defi-
nitely thinking about the next steps – 
we aim to deliver a unique software 
tool chain, from prototyping to pro-
duction, to address all stages of the 
development process for autono-
mous driving, and we are bursting 
with ideas.

RTMaps is the core solution of Intem-
pora. What makes this software so 
special and who is working with it? 
Can you briefly present an example 
project? 
The majority of our customers use 
RTMaps to develop algorithms for 
assisted and automated driving, but 
some also use RTMaps in other ap-
plications and domains, including 
autonomous trains, robotics, offshore 
wind turbines, smart rearview mir-
rors, inspection robots, simulated 
driver and pilot behavior, mobile map-
ping systems, cognitive applications, 
and system and video monitoring for 
race sailing ships. The high versatility 
and performance of our solution is 
appreciated by many of our custom-
ers, with some of them considering 
RTMaps the real enabler for drastically 
speeding up their development pro-

cesses. Valeo uses RTMaps in R&D in 
different countries. We recently estab-
lished a technology partnership with 
them to publish the Valeo Drive4U 
Locate algorithm in the RTMaps AI 
Store. Valeo Drive4U Locate is an 
affordable, precise, and robust local-
ization and mapping solution devel-
oped by Valeo for automated driving. 
This proprietary SLAM enables centi-
meter-accuracy positioning in situa-
tions with limited or no GPS signal. 
This algorithm was developed with 
RTMaps and demonstrated in the 
streets of Paris with a Level 4 autono-
mous vehicle. 

Complementary solutions to 
RTMaps include your new data 
annotation software, RTag, and 
the Intempora Validation Suite (IVS). 
What is the functionality of these 
two solutions?
RTag is an annotation software ap-
plication for mobile devices. With 
RTag, it is easy to manually monitor 
in-vehicle data recorders and manu-
ally annotate recording sessions while 
driving to identify relevant scenarios. 
The Intempora Validation Suite (IVS) 
is a cloud-based software tool chain 
for training, testing, benchmarking, 
and validating ADAS and AD soft-
ware functions, including perception 
and deep learning algorithms (de-
signed with RTMaps, for instance) 
against large driving sensor data 
recordings stored in big data archi-
tectures (cloud or on-premise).

How does the cooperation with 
dSPACE influence your relationship 
with international customers?
The acquisition was very well re-
ceived by our customers and part-
ners around the world. It is defi-
nitely a new chapter in the history 
of our company. 
We will continue to work as we 
always did – delivering best-in-class 
software solutions to all of our users. 
Our Cooperation with dSPACE is going 
well, as we are already involved in 

many strategic discussions. The ac-
quisition boosts our ability to pro-
vide optimized support in customer 
projects. 

How does the cooperation with 
dSPACE influence your relationship 
in terms of technology development?
Technologies are evolving fast, and 
we are continuously refining and 
developing our solutions to bring 
cutting-edge software to the mar-
ket. We are working with dSPACE 
to offer a seamless and complete 
end-to-end tool chain. We are also 
working on new enhancements for 
IVS by integrating tools from under-
stand.ai, another company in the 
dSPACE family. We continue to 
establish technology partnerships 
with semi-conductor companies 
such as NVIDIA, NXP, and Renesas, to 
better meet customer expectations. 
We are also working on our prod-
uct roadmap with dSPACE consult-
ing experts, which will define our 
strategic approach to future chal-
lenges. 

Who can customers contact 
about your products?
The best way is to contact your re-
gional dSPACE company and account 
manager. dSPACE has offices around 
the world, offering personal and 
optimized support in your native 
language.  
 
Thank you for the interview.

Nicolas du Lac is the CEO of Intempora.
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In autonomous vehicles, the elec-
tronic control unit (ECU) that inter-
prets the camera’s environment im-
ages plays a key role. dSPACE offers 
a system for testing these camera 
ECUs, consisting of a dSPACE camera 
box, a dSPACE SCALEXIO simulator, 
and dSPACE software.

Simulation Platforms
The dSPACE hardware-in-the-loop 
test system SCALEXIO is a proven 
platform that is quickly ready for use. 
Users also benefit from the advan-
tages of HIL testing, namely the reli-
able reproducibility of tests, test auto-
mation capability, and the resulting 
time savings in the test process. 
The dSPACE Automotive Simulation 
Models (ASM) can also be integrated 
to simulate the vehicle, other traffic 
participants, and the environment. 

Camera ECU Testing 
with Simulated 
Driving Scenarios 

The dSPACE Sensor Simu lation for 
Camera lets users visualize the test 
drives on a high-definition monitor.

Possible Use Case: 
NCAP Crash Tests
A possible use case for the dSPACE 
camera box is the implementation 
of New Car Assessment Program 
(NCAP) crash tests. Test sequences 
can be created using the dSPACE test 
automation software, Automation-
Desk. These test sequences can be 
started automatically to make the 
test process more efficient. For man-
aging different test variants, dSPACE 
SYNECT is ideal. Both software prod-
ucts, AutomationDesk and SYNECT, 
help increase the number of com-
pleted test variants and improve 
the test quality.   

The ECU evaluates the driving scenarios visu-
alized in dSPACE MotionDesk and responds 
accordingly. Tests include the verification of 
the correct detection and classification of 
environment objects, such as other vehicles, 
pedestrians, road signs, and trees.

Application example: Driving scenarios are played back to the camera on a screen to test 
the relevant ECU. Not only can the camera be individually positioned. It is also possible to 
install different lenses to create a sharp image for different camera types. During operation, 
the box is closed and completely darkened to prevent disturbing light reflections and glare.
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The new boards can be used in the following SCALEXIO systems (from left to right): SCALEXIO LabBox, SCALEXIO AutoBox, SCALEXIO rack system, 
SCALEXIO customized rack system.

New hardware continuously expands 
the range of functions and perfor-
mance of the SCALEXIO systems. 
The products listed below are fur-
ther strengthening the SCALEXIO 

New Functions for SCALEXIO Systems

cepts as well as the associated 
power electronics.  

product portfolio, particularly in the 
field of electromobility, and offer 
customized solutions for function 
development and ECU testing of 
highly dynamic electric drive con-
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Product Description

DS6121 Multi-I/O Board 	� A multi-I/O board with application-specific functional layout for the dynamic control of electric 
motors and power electronics
	� Various interfaces for processing encoder signals, synchronized current/voltage measurement, 
and for generating multichannel PWM signals
	� Integrated sensor supply

DS6651 Multi-I/O Module 	� An I/O expansion for SCALEXIO FPGA boards
	� Ideal for developing and testing highly dynamic controls in the areas of electrical drives and 
power electronics
	� Six powerful analog input and output channels and 16 digital channels
	� Up to five modules can be connected to one dSPACE FPGA Board (DS2655, DS6601, DS6602)

DS6342 CAN Board 	� A bus I/O board with eight independent CAN/CAN FD channels
	� Ideal for applications that require a high number of CAN/CAN FD channels

DS6321 UART Board 	� A bus I/O board with four independently configurable controllers for the communication 
protocols RS232, RS422, RS485, and K-Line
	� Ideal for connecting a SCALEXIO system to a control unit or external device via a serial interface
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The new MicroAutoBox III Embedded 
PC has everything that is required 
for in-vehicle use, both as a PC exten-
sion for the MicroAutoBox III real-
time system and as a stand-alone 
PC system. Despite its compact size 
and robustness, an Intel® Xeon® server 
processor provides high processing 
power for demanding Linux®- and 
Win dows®-based tasks. This includes 
applications for assisted driving 
(ADAS), for example, the execution 
of the multisensor software RTMaps 
and ROS (Robot Operating System), 
or infotainment and telematics appli-

MicroAutoBox III Embedded PC – 
The ideal PC Extension for Computation- 
Intensive In-Vehicle Tasks

cations. You can also conveniently 
execute dSPACE software, including 
ControlDesk, in the vehicle to reduce 
the number of additionally required 
devices, such as laptops, on a test 
drive. This lets you connect displays 
or touchscreens for various status 
displays as well as dashboards di-
rectly to a MicroAutoBox III system. 
 
To access internal MicroAutoBox III 
data during the test drive, an op-
tional LTE module including a GNSS 
receiver can be integrated. 
This way, data can be sent directly 

to the cloud or to another server, 
for example.
Two 10 Gigabit Ethernet interfaces 
(10GBASE-T) let you connect sen-
sors with high bandwidth, such as 
cameras. It is also possible to equip 
the Embedded PC with extensions 
for WLAN, CAN FD, and BroadR-
Reach.   
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In the electromobility industry, many 
manufacturers are currently facing 
the challenge of developing solutions 
for the charging infrastructure of the 
future. Intelligently controlled power 
electronics are key – whether you use 
them for quick charging in public 
places or overnight charging at the 
wallbox at home with the charging 
technology installed in the vehicle. 
But how can you test the control 
algorithms efficiently and with maxi-
mum performance? Manually creat-
ing real-time models is usually time-
consuming and requires considerable 
expert knowledge. With the Electri-
cal Power Systems Simulation (EPSS) 

High-End Simulation of Power Electronics – 
Even Without Expert Knowledge 

Package, dSPACE offers a compre-
hensive toolbox that supports you in 
completing this task. Whether you are 
working with complex topologies or 
compact rectifiers and DC/DC convert-
ers: The toolbox lets you generate the 
real-time-capable model from the cir- 
cuit diagram with only a few mouse 
clicks. Combined with the optimized 
algorithms of the EPSS toolbox, the 
dSPACE DS6601 and DS6602 FPGA 
base boards now enable even higher 
switching frequencies and larger model 
topologies. For circuits with particu-
larly high performance requirements, 
the dSPACE toolbox offers semi-auto-
matic model splitting: Algorithms an-

alyze the overall circuit and provide 
information on resource consump-
tion and stability to determine the 
optimal separation point for model 
splitting. By using the new optical 
high-speed communication interface 
(multi-gigabit transceiver, MGT), 
large topologies can then be easily 
distributed across multiple FPGAs.   
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Early virtual validation of ECU soft-
ware with PC-based simulation plat-
forms makes it possible to design 
particularly efficient development pro-
cesses. By supporting and integrat-
ing different modeling approaches 
and standards, realistic simulation 
environments can be implemented 
easily and quickly.

dSPACE V-ECU Task Force 

As a PC simulation platform for vir-
tual ECUs, dSPACE VEOS offers added 
value, for example, when frontload-
ing tests. Our software supports a 
variety of simulation formats, such 
as Simulink implementation contain-
ers (SIC), Functional Mock-up Units 
(FMU), restbus simulation (BSC), and 
virtual ECUs (V-ECU). Various inter-

faces, such as XCP and XIL API, allow 
for convenient instrumentation of 
the simulation. 

Our many years of experience in the 
field of virtual validation have shown 
us that the challenges do not lie in 
the simulation itself and the test 
integration but in the virtualization 

 >>
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of the artifacts required for the sim-
ulation. There is a number of pro-
cesses and workflows, especially for 
generating the virtual ECUs, due to 
their varying complexity. While cre-
ating a V-ECU with only the appli-
cation software (level 1) is still rela-
tively simple, the application and 
basic software of a V-ECU at  MCAL 
level (level 3) might have consider-
able dependencies on the underlying 
hardware. In addition to the techni-
cal challenges that have to be over-
come when creating V-ECUs, the 
different software managers of an 
ECU bring about additional political 
and process-related dependencies 
during virtualization. If, for example, 
the OEM is typically responsible only 
for a part of the application software, 
large parts of the application soft-
ware, and often also the majority 
of the parts of the basic software, 
might be provided by different sup-
pliers. While the system under test 
(SUT) in the hardware-in-the-loop 
(HIL) test is the real ECU, the SUT in 
the software-in-the-loop (SIL) test 
consists of a variety of artifacts that 
represent only a part of the real ECU 
and that have to be transferred to a 
V-ECU. Testers face great challenges 
especially when tests are frontloaded 
from HIL to SIL, because the parties 
involved in the V-ECU are different 
from those involved in the typical 
HIL test.
To support our customers in tackling 
these challenges successfully, dSPACE 
has set up the V-ECU Task Force. We 
want to help our customers to a suc-
cessful start with our SIL tool chain 
and especially support them during 
V-ECU generation. For this purpose, 
we have brought together a team 
of technical experts from product 
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In SIL validation, different parties interact with each other than in HIL validation. 
This also creates new challenges.

development and Engineering Ser-
vices departments that can quickly 
and flexibly come to the customers’ 
help. The team offers a wealth of 
experience with the V-ECU work-
flow and also aids customers in pro-
cess-related challenges that involve 
different parties. The V-ECU Task 
Force supports not only the genera-
tion of V-ECUs, but also the inte-
gration of a V-ECU or SIL tool chain 
into the test process.
You can immediately contact the 
V-ECU Task Force via your sales 
contact or directly at 
V-ECU_TaskForce@dspace.de.  �

A clear separation between the hardware and software layers as called for by standards such 
as AUTOSAR is usually not feasible. 

VEOS processes data from a variety of sources.
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To be able to drive more safely than humans, autonomous 
vehicles must first be able to see more clearly than humans. 
Radar sensors are the key to building reliable visual capa-
bilities because they can see clearly at night and during the 
day, in sunlight and rain, and potentially around obstacles. 
To design radar chips efficiently, performance testing at a 
very early stage in the laboratory is a must. Therefore, the 
simulation of radar targets plays a crucial role in the de-
velopment and verification process of radar chips. In this 

“ We rely on the dSPACE Automotive Radar Test System (DARTS) to verify the increasingly feature- 

rich, high-bandwidth radar chips. The highly accurate simulation of multiple targets allows us 

to determine the quality and performance of the chips early and easily in the lab.”

Patrick Alexander Hölzl, Infineon Technologies

Radar 
Chip Testing 

context, radar target simulators (RTS) have proven to be 
flexible and reliable. They work according to the over-the-
air principle: The real chip is stimulated with radar waves 
in real time during operation. This means that the RTS 
receives the wave from a radar chip or sensor, imprints a 
target internally, and sends the modified radar wave back 
to the chip or sensor. This allows for operating and testing 
both the chip and the radar sensor exactly as in a real 
environment.
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Our Solutions – Your Success: 
 
In the last months, we had the opportunity to implement numerous steering 
and braking test benches for and with our customers.

© Infineon 
Technologies AG 2020
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With us, mobility switches 
to electric even faster.
dSPACE implements visions in the field of e-mobility quickly and reliably, because we have long been familiar with the 
special requirements of electric drives. For the development and testing of electric motors, battery systems, fuel cells, 
and charging infrastructures, we offer customers all over the world an innovative, scalable tool chain – from a single 
source. This is how e-mobility becomes an actual alternative even faster. www.dspace.com
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