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What are the challenges?



Timing of AV technology

The technologies that are the building blocks of AV 
technology are here today.

So what’s the hold up?
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Regulatory environment
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Enacted Legislation

Source:  National Council of State Legislatures, Autonomous/Self-Driving Legislation, 6/6/16
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Adoption

2016 AAA Survey

75% of drivers are scared of self-driving cars
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Historical public opinion

“If I had asked people what they wanted, they would have 
said faster horses.” – Henry Ford

Image: Nantucket Historical Association Library 7



What do we have to gain?



Primary cause of accidents

The NHTSA’s crash causation survey estimates driver error is the 
cause of 94% of accidents.

By reducing driver error, autonomous technology is predicted to 
significantly reduce the number of motor vehicle accidents.

Source:  NHTSA, Critical Reasons for Crashes Investigated in the National Motor Vehicle Crash Causation Survey, 2/2015  9



Current automobile accident statistics

38,300 fatalities

4.4 million injuries

$412** billion crash related 
expenses

In 2015* in the US

Source:  National Safety Council Vehicle Fatality Estimates, 2/17/2016

*provisional estimate increase of 8% year over year, largest increase in 50 years
**economic cost of motor-vehicle deaths, injuries and property damage
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Significant safety improvements already

KEY:

LDW -
Lane 
departure 
warning 

ACC -
Adaptive 
cruise control

Source:  IIHS, 2015 11



No guarantees

“In the real world there are always unknown moving obstacles . . . it’s always 
possible to find situations where a collision will happen.”
Thierry Fraichard

Project-Team PRIMA, 2014

“As the Google AV was reentering the center of the lane it made contact with 
the side of the bus. The Google AV was operating in autonomous mode and 
traveling at less than 2 mph, and the bus was travelling at about 15 mph at the 
time of contact.”

California Department of Motor Vehicles, Google Accident Report, 2016 
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Risk or opportunity?



Large-scale adoption is a game-changer

The Driverless Car, Officially, 
Is a Risk

New industries will emerge, 
others will decline.

14Source: Wall Street Journal, March 3, 2015



Auto ownership

 Today your car is an 
unused asset 95% of the 
day. 

 Will we own fewer cars if 
they are available on-
demand?

 Will you hire-out your 
car? 

 Or send it on errands 
when it’s not in use?

Source:  Forbes, Self-Driving Cars Are Coming, 10/13/2014 15



Livery options

 Google and Uber 
compete to develop 
driverless taxis. 

 Eliminating the “driver” 
significantly reduces 
overhead costs.  

 Consumers can expect a 
driverless Uber fleet by 
2030.

Source:  Mobility Lab, Uber’s Plan for Self-Driving Cars Bigger Than It’s Taxi Disruption, 8/18/2015 16



Other impacted industries

Disruption to the so-called “accident economies”
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Examples of other impacted industries

 OEM’S
 HOSPITALS
 FIRST RESPONDERS
 TELECOMMUNICATIONS
 URBAN PLANNERS
 MASS TRANSIT 

MANUFACTURERS AND 
OPERATORS

 ELECTRIC GRID
 CONSUMER 

ELECTRONICS
 PERCEPTION SYSTEMS
 MATERIALS SCIENCE
 NON-FOSSIL FUEL 

PROVIDERS
 COAL INDUSTRY
 OIL COMPANIES

 TOURISM UNIONS
 CHIROPRACTIC
 TORT & LIABILITY 

RELATED LEGAL FIELDS
 TRANSPORTATION 

REGULATORS
 CRASH TESTING 

FACILITIES
 DRIVER EDUCATION
 TRUCKING AND FREIGHT
 PARKING LOT 

OPERATORS
 VENTURE CAPITAL
 VEHICLE 

FINANCING/LEASING
 MINING
 TRANSPORTATION 

MONITORING

 BIKE MANUFACTURERS
 RESEARCH 

UNIVERSITIES
 ENGINEERING 

PROGRAMS
 AUTO REPAIR FACILITIES
 TRAFFIC 

INFRASTRUCTURE
 PERSONAL AND 

COMMERCIAL 
INSURANCE

 STOCK AND BOND 
EXCHANGES

 TIRE INDUSTRY
 HUMAN MACHINE 

INTERFACE
 ARTIFICIAL 

INTELLIGENCE
 MILITARY

 SOFTWARE 
DEVELOPERS

 CLOUD COMPUTING
 MOBILE DEVICE 

MANUFACTURERS
 VEHICLE SALVAGE 

OPERATIONS
 CUSTOMS AND BORDER 

PATROL
 AUTO CLAIM LITIGATION
 VEHICLE SUPPLIERS 

(TIER 1& 2)
 USED VEHICLE 

DEALERSHIPS
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Insurance industry impact

 As of 2015, approximately 38% of P&C insurance industry premium is 
derived from personal automobile insurance

 According to Celent, auto insurance premiums could drop 60% starting in 
2020’s 

 IHS Automotive predicts worldwide self driving vehicles sales of 230,000 
by 2025; 11.8m by 2035 

Source:  SNL, P&C Net Premiums Written, 3/28/2016, IHS Automotive, Emerging Technologies: Autonomous Cars - Not If, But When, 1/2/2014, Celent, End of Auto Insurance, 
5/2012 19



Insurance industry impact

“Self-driving cars and ride-sharing programs will completely disrupt the 
car-insurance industry.”
 "Accident frequency will decline to where the difference among driving behaviors 

becomes negligible and it is difficult to charge a meaningful premium for insurance."
 "Insurance will take the form of commercial product liability instead of personal driver 

liability as we let the robots do the driving."
 "Vehicle utilization will rise and cars on the road will decline as one car can serve the 

driving needs of multiple travelers per day, which, in-turn, means fewer cars."

“This could be the beginning of the end for the car-insurance business.” 
Business Insider July 21, 2015

20



Potential shifts in liabilities and premiums

Auto liability

Product recall

Cyber risk
tech E&O/IoT

Auto physical damage

Equipment breakdown/warranty

Products liability

Transition to full 
vehicle 

autonomy 
------

Varying degrees 
of impact over 

time

Likely to shrink

Likely to increase Likely to increase

Likely to increase Likely to increase

Likely no material change
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How will the insurance industry respond?



Looking ahead

Inevitable              Complex                    Evolving           Challenging 

Insurance of auto exposure will change, possibly dramatically over time 
 Liability shifts from driver to manufacturers and technology companies
 Auto physical damage, cyber, products warranty may grow
 Exposures will be more complex – Cyber/software, car manufacturer, driver
 Coverage issues will emerge and take time to stabilize
 Telematics use will grow – continue the progress towards individual ratemaking
 Insurance industry should understand the issues; be prepared to adjust and innovate 

(particularly those with material personal or commercial auto portfolios)
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How is Munich Re responding?

24

Researching AV emerging risks

Collecting and analyzing data

Developing innovative products and solutions

Educating and empowering stakeholders

Partnering with AV start-ups to stimulate progress



Thank-You For Your Attention 
Email:  Mscrudato@munichreamerica.com
Twitter: @mjsdado3

© Copyright 2016 Munich Reinsurance America, Inc.  All rights reserved. "Munich Re" and the Munich Re logo are internationally protected 
registered trademarks. The material in this presentation is provided for your information only, and is not permitted to be further distributed without 
the express written permission of Munich Reinsurance America, Inc. or Munich Re. This material is not intended to be legal, underwriting, 
financial, or any other type of professional advice. Examples given are for illustrative purposes only. Each reader should consult an attorney and 
other appropriate advisors to determine the applicability of any particular contract language to the reader's specific circumstances.



The Elephant in the Room
Functional safety for driverless vehicles



WHAT IS FUNCTIONAL SAFETY?

The overall safety of a system
depends on the system operating 
correctly in response to its inputs.



WHAT IS FUNCTIONAL SAFETY?



Hazard Analysis and Risk Assessment (HARA)

WHAT IS FUNCTIONAL SAFETY?

1. Look at potential Hazardous Events (HE)
2. Severity + Exposure + Controllability = ASIL Level
3. Formulate Safety Goals (SG)



WHAT IS FUNCTIONAL SAFETY?

All this deals with likelihood.  Events with high severity but low likelihood don’t bloat the safety case



WHAT IS FUNCTIONAL SAFETY?

Severity = S3 Life-threatening 
Exposure = E4 High probability 
Controllability = C3 Difficult to control

Driverless is always ASIL D



WHAT IS FUNCTIONAL SAFETY?

FMEDA - Failure Modes, Effects, and Diagnostic Analysis

Latent faults - system can 
be working correctly but not 
operating safely.



DRIVERLESS SAFETY

Scope of FMEDA becomes infinite

• As rigorous and varied as all 
driving

• Scales with permutations
• AI adds black box ambiguity



DRIVERLESS SAFETY

cred SAE International/J3016



A NEW DEFINITION OF SAFETY

Functional Safety - system responds safely to 
a given set of inputs

Operational Safety - system responds safely 
in a given set of scenarios



OPERATIONAL SAFETY

A behavioral approach using a 
“virtual test track”

Empirical dataset - MMs of miles, 
relevant scenarios

• Comprehensive and exhaustive
• Standardized and shared
• Evolving
• Tooling for parallel test



OPERATIONAL SAFETY

Regulatory & Insurance

• Relevant measure of safety/capability
• Quantifiable performance = quantifiable risk
• Traceable



BUT NOT THAT NEW

“Proven In Use” - for companies with products in 
the field with statistically low failure rates, these 

products can be certified as functionally safe 
under ISO26262 using empirical evidence.



OPERATIONAL SAFETY

Challenges

• How do we know that a simulation is valid?
• How much data is enough? What kinds?
• Where do we get the data?
• Do we still need traditional methods?



Driverless cars = biggest change to cars ever

Naturally we need new tools



Josh Hartung, CEO
jhartung@polysync.io

888 810.4284 x700

@joshuahartung

polysync.io nc.io



www.tassinternational.com

ADVANCED PHYSICS BASED SENSOR
SIMULATION APPROACHES FOR TESTING
AUTOMATED AND CONNECTED VEHICLES
Tony Gioutsos,  Director Sales and Marketing

Automated Vehicles Symposium 2016
July 19th, 2016
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What is Due Care?
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The world of all active
safety scenarios



Random and Deterministic
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Deterministic  scenarios
can be recreated exactly
and include variations in
actors, roads, lane
markings, trajectories,
etc.

Random or Probabilistic
scenarios cannot be
recreated exactly and
include variations due to
car motion, sensor noise,
complex scenes, etc.



“Due Care” related to the V-Cycle - Development
process
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System
requirements

System
requirements

System
design
System
design

Sub-system
design

Sub-system
design

Component
development
Component

development

Sub-system
integration
Sub-system
integration

System
verification

System
verification

System
validation

System
validation



Some Issues
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Due Care for Passive Safety
• Child death situation

HUMANS ARE GREAT DRIVERS!!!
• 100 million miles before a death from a vehicle accident
• Rand Corporation recently released a study saying that an autonomous

vehicle would need to drive 650 BILLION miles to prove it can drive as good
as a human with only 90% confidence (so “due care” is >>>> 650 Bmiles)

Time to drive
• Humans get from point A to point B in a fast time. This time must be used

to evaluate automated systems (something lacking from SAE and NHTSA
“levels”)

Artificial Intelligence (e.g. Deep Learning Neural Networks)
still need work and massive training

• Voice recognition on your cellphone (an easier problem with a much better
sensor) still has a 3% error rate



Due Care? - The Answer: Integrated Tool Suite
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Simulation Test-track tests Field tests

Detailed simulations to develop the systems
Test-track tests to validate components and full-vehicles
 Field tests to verify the real-life system robustness



Typical Automated and Connected Car Sensor System
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•Each Sensor can have various steps of processing or NO processing

•The closer to the sensor the more “raw” the data

•All steps of processing can be tested thoroughly, some more than others

•Probabilistic models should be used for all steps to induce random components

Sensor # 1Sensor # 1

Sensor # 2Sensor # 2

Sensor # NSensor # N

Processing
Step #1

Processing
Step #1

Processing
Step #1

Processing
Step #1

Processing
Step #1

Processing
Step #1

Processing
Step #M

Processing
Step #M

Processing
Step #L

Processing
Step #L

Processing
Step #K

Processing
Step #K

FusionFusion

Probabilistic
Models

Probabilistic
Models



Sensor Example - Radar
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•Raw data is Inphase and Quadrature

•Preprocessing creates a data Cube (range, range rate, elevation, etc.)

•Object processing sorts the potential targets out of the data cube

•Filtering and tracking locks into specific targets

RadarRadar PreProcessingPreProcessing Object
Processing

Object
Processing

Raw I&Q Data Cube Object Data

Object filtering
and tracking

Object filtering
and tracking Target

Probabilistic
Model

Probabilistic
Model

Probabilistic
Model

Probabilistic
Model

Probabilistic
Model

Probabilistic
Model

Probabilistic
Model

Probabilistic
Model
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Field Tests/Real World Data Collection

• It is important to drive as many miles as possible
• Any processed data level can be stored
• Unfortunately, field tests cannot provide enough trend setting scenarios to
fully qualify a complex system (i.e. 650 Bmiles)
• Ground truth (generally) is not available and hence accurate performance
measurement or training is difficult
• Closed loop performance for algorithm changes/calibration are not
available

• However, data from field tests can be used to provide valuable
probabilistic models for use elsewhere and hence enhance the testing of
complex systems
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Test Tracks

• Test Tracks allow the creation of trend setting scenarios as well as
dangerous scenarios
• Any processed data level can be obtained
• Ground truth is generally available
• Closed loop testing can be done but could be time consuming to change
• Appropriate test tracks for automated and connected cars are still in their
infancy

• Even with excellent test track design and availability it is impossible to
fully test complex systems with test tracks alone because of the multitude
of scenarios as well as randomness of the system/data
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Simulation

• Simulation allows for the thorough testing of complex systems because of
speed and cost
• Generally, it is more difficult to provide raw data and early processed data
because of complexity and processing time
• Ground truth is available (including segmentation)
• Closed loop testing is simple
• The closer to raw data the better
• Can run faster than real time
• Create “base” scenarios
• Simple to add in probabilistic models (once designed)

• The best simulation programs get as close to raw data as possible and can
add in probabilistic models to create random variations



What is PreScan?

A co-simulation tool for
algorithm development,
performance measurement,
optimization and testing



Creating Real-world Scenes using PreScan
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Scenes/targets

Sensors

EGO Vehicle
Motion

Create countless DOE versions of scenes and scenarios with
variability of roads, buildings, actors, markings, weather, lighting,
signs, animated displays, infrastructure, etc

DETERMINISTIC/DOE – only PreScan required

RANDOM
- PreScan provided – some sensor and scene variations
- Probabilistic advanced based physics simulation
- External Probabilistic Modeling (real data needed) - Using

Matlab Simulink (or wrap around code)

Create countless DOE versions of  all sensor variations including:
type of sensor, location, size, angles, frame rates, resolution,
detection distances, scan patterns, number of beams, frequency,
antenna pattern, etc.

Create countless DOE versions of  pitch, roll, yaw, x, y, z, speed
profiles, turning, cornering, reaction time of driver, etc.
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Example : Ground Truth Sensors for Testing or Training
• Prescan provides various ground truth sensors - Lane marker, Depth Image, Segmentation



PreScan GIDAS (German In-depth Accident Study) Automatic
Scene Generation

• Where to get “base” scenarios?
• Roughly 12 years of crash death scenarios recorded accurately
• Approximately 5,000 deaths per year

21-7-2016 16
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PreScan Advanced Based Physics Simulation

• Deterministic
 Camera – Physics based camera model that uses the user’s true

camera spectral density (RAW)
 Radar – “raw data” simulation  (under development) (RAW)
 LIDAR – similar to radar, will follow (RAW)

• Probabilistic
 Radar – random detection and clutter of radar object data (object

probabilistic)
 DSRC – probability density functions for packet loss (target

probabilistic)
 Intelligent Traffic Module – randomly change the traffic for a given

scene



21-7-2016

New physics based camera model

Algorithms
Object

detection &
classification

Sensor fusion
&

Risk
estimation

Driver
warning &

Vehicle
control

Global light
(sun, moon)

Medium effects
(clouds, fog, precipitation)

World objects
(shapes, materials)

Local lights
(head lights, street lights, etc)

World

Optics

Shutter

Color filter array

Imager

Camera sensor

Light

Electronic signal



21-7-2016 19

New physics based camera model
New in V7.2 camera pipeline

Lens modelling
• according to Zmax standard
• Focal length
• Aperture
• Vignetting
• Modulation Transfer Function
• Barrel and Pincushion distortion

Color filter array
• RCCC or BGGR filters
• edit the transmittance

Image sensor
• Imager layout
• Imager electrons

Circuit board
• Digital precision
• Off-chip gain

Noise model
• Read noise
• Dark noise
• Photon dependent noise, array

uniformity Detailed information is available in the manual.



New physics based camera model
Broad spectral range

21-7-2016

Top left is wavelength 400-410, bottom right is
wavelength 1000-1100

• Light radiance levels per wavelength
“bucket”

• Spectral bands <320-720nm> can be
defined

• Number of buckets is userdefined

• Width of the buckets will be
userdefinable in V7.3



Confidential

New physics based camera model for HIL

We can use the new Physics based Camera model to inject a “raw” signal

PreScan HIL
(Injection Based)

PreScan platform
(Simulation on system-level)



Example Usage for Adapting Camera Exposure

22



Gothenburg City
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New Physics Based Radar Model
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 Raw data generation in the PreScan radar federate
 Signal processing on GPU and/or in Simulink



Deterministic Radar Object Data
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With the Probabilistic RADAR model, a more realistic
result is achieved that includes missed detections and
false alarms
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Probabilistic radar modelling
Baselabs Radar sensorplugin for PreScan
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The ground truth of the Radar object data is available



Statistical V2X Communication model plugin from Fraunhofer:

• Simulates packet loss depending on:
• Line of sight
• 5 typical scenarios
• vehicle distance

• Additional scenarios and automatic scenario selection will come in future versions

28

Probability Density functions for packet loss



This example shows the
calculation even from scattering
objects and variability due to
Baud Rate

29

Probability Density functions for packet loss



V-Cycle for Connected Cars

30

iVSP platform
(Rapid Prototyping HW + SW)

Something is Missing ????

VeHIL laboratory
(Vehicle HW in the Loop)

PreScan HIL
(Controller HW in the

Loop)

PreScan platform
(Simulation on system-level)

ITS Modeller
(Simulation on network level)

DITCM test-site
(Validation on network level)

???????????



Another Example of filling in the V-cycle
“Octobox” (see it at Cetecom Open Lab Alliance)



V-Cycle for Connected Cars
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iVSP platform
(Rapid Prototyping HW + SW)

General philosophy:
 Integrated usage of simulation platforms, test-facilities and HW/SW-toolkits
Simulation results used to define the physical experiments
Experimental results used to validate the simulations

VeHIL laboratory
(Vehicle HW in the Loop)

PreScan HIL
(Controller HW in the

Loop)

PreScan platform
(Simulation on system-level)

ITS Modeller
(Simulation on network level)

DITCH test-site
(Validation on network level)

Octobox



Intelligent Traffic Module
Driver Model Configuration
 Model configuration is a combination of vehicle type and driver type
 Vehicles generated according to specified statistical model configuration at origin (e.g.

30% small car, 40% medium car, 20% truck and 10% van)
 Anything that occupies a lane (car, truck, motorcyclist) can be seen by ITM vehicles.

Pedestrians and bicyclists cannot be seen.
 Two driver types
 Assertive (risk seeking)

 Average (risk avoiding)

 Infrastructure types
 Motorway, urban, rural

 2D only

 Traffic rules
 Right of way for straight over left turn

 Right of way from right

 Speed limits defined for road sections

33



Confidential 34

• Create 1,000s of scenarios of interest (real crashes (GIDAS, NASS, etc.),
false alarms, youtube, etc.) and expand to 1,000,000s of simulation runs

• Variations:
 Deterministic (examples)

• Use PreScan current Radar object and DSRC models (future – Physics based
Radar model)

• Speeds of vehicles
• Starting distance from vehicles
• Road Shape
• Lane change timing
• Weather
• Today - Antenna patterns, frequencies and other object level parameters
• Tomorrow – raw radar data

 Random (examples)
• Use Fraunhofer Transmitter model (change seed)
• Use Radar Probabilistic model (change seed)
• Intelligent traffic module (change seed)
• User’s own probabilistic models added via simulink (from real or test track data)

at the same processed data point

Training and Testing for a Radar and DSRC Based AEB System
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Detection Case

35



Confidential

False Alarm

36
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• Use real data to train a Neural Network

• Use test track data to train a neural network

• Create probabilistic models from real and test track data

• Use all of these variations available in PreScan (including probabilistic
models developed from real/test track data) to train a Neural network

• Train using ground truths from PreScan as desired result

 For testing of the designed Neural Network, generate new
unused data and/or set aside real/test track data

Automatic Emergency Braking - Training
Neural Network (Deep Learning, AI, etc.)
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Automatic Emergency Braking - Testing
Receiver Operating Characteristic

38

Probability of false alarm

Pr
ob

ab
ili

ty
 o

f d
et
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tio

n

“Best” ROC

Ideal ROC point
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Automatic Emergency Braking
Histogram of Collision Velocities

39

• Approximately 2500
detection events occurred
out of 6000 tests for the
“best” ROC point

• Created a histogram of the
velocities at impact

• Plot of those impact
velocities for the “best” ROC
point

• Note a majority of times the
car was stopped

• But in many cases the vehicle
barely slowed down

# 
te

st
s

Impact velocity (mph)
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Due Care

All real-world
states of a specific
system (an ideal
fully deterministic
simulation model
would be capable
of testing exactly
these states)

Test coverage with
real-world tests

Test coverage with
inexpensive and
fast simulation
models

Test coverage using
advanced test
tracks
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Conclusions
• Do as much field testing as possible
 Create Probabilistic models from the real data to insert in the

simulations
• Do as much test track testing as possible
 Use data for probabilistic models
 To reduce costs, only test cases that seem like trouble from

simulation

• Use a simulation tool that can do the bulk of the testing – thousands of
“base” tests, and after variations more than one million tests
 Ground truth available
 Closed loop testing is simple (retesting is simple)
 The closer to raw data the better
 Simple to add in probabilistic models (once designed) or use a tool

that already has these
 Perfect for training and testing
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1. EXECUTIVE SUMMARY 
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Leading Provider of Automotive Technology 
The world’s automotive manufacturing and innovation hub 

EUR 404 billion turnover – Largest Industry in Germany 

Europe’s number one 
automotive market 

30 percent  
of all manufactured passenger cars (5.7 million)  

 20 percent of all new car registrations (3.04 

million) 

One in five cars 

worldwide carries a 
German brand 

Industry R&D expenditures reached EUR 19.7 billion 

41 automobile assembly and engine 

production plants 

100,000 of the total 792,500 

employees work in R&D 

R&D (internal) investments (2014, in billion €) 

19.7 

37.3 

Automotive
Industry

Remaining
Industry Sectors

21 of top 100 supplier companies German 

Over 40 percent of 
premium car 

production 
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Total Turnover in the Automotive Industry  
Germany´s automotive industry turnovers exceeded 400 billion EUR 

Turnover of the German Automotive Industry in Germany – New Peak in 2015 

(in billion EUR) 

Source: VDA (2016) 

404.4 

0

50

100

150

200

250

300

350

400

450

2008 2009 2010 2011 2012 2013 2014 2015

Turnover in Germany Turnover through exports

Total turnover of EUR 404.4 billion  
(+10% to 2014) 

High export share: EUR 263.3 billion 
generated in foreign markets (+11%) 

79% of the industry’s turnover (EUR 318.1 
billion) is generated by the OEM 
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Germany´s Automotive Market Size 
Germany is Europe´s largest automotive market 

Passenger car production in Europe 2015  

(in million units) 

Passenger car registrations in Europe 2015  

(in million units) 

3,2 

2,6 

1,9 
1,6 

1,0 
0,5 0,5 0,4 0,4 0,3 0,2 0,2 0,2 

0

1

2

3

4

Sources: ACEA (2016); OICA (2016) 

5,7 

2,2 
1,6 1,6 1,3 1,0 

0,7 0,5 0,5 0,4 0,4 0,2 0,1 
0

1

2

3

4

5

6

Increase of passenger car production numbers in 
Germany in 2015: +2.1% 
 
Number one market by production and sales, accounting 
for over 35% of all passenger cars produced in Europe 

Increase of passenger car registration numbers in 
Germany in 2015: +5.6% 
 
Number one market by car registrations, accounting for 
over 23% of all newly registered passenger cars in Europe 
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Premium car production by country 2015 

The country’s strong industrial base, its value chain density, its R&D power  
and particular strength in the automotive premium business, enables investors to  
develop cutting edge automotive technologies for today’s automotive needs. […]“ 

The Premium Segment 
Germany. World´s premium car production and innovation hub 

Sources: GTAI Research (2015); MarkLines database (2015) 

41% 

14% 

13% 

6% 

6% 

19% 

Germany

China

USA

Japan

UK

Rest of World

40% of all produced premium vehicles 
worldwide are made in Germany 

60% of all produced premium vehicles are 
manufactured in Europe 

70% of the premium car production is 
manufactured by German OEM 
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2. MARKET TRENDS 
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Mega trends in the automotive industry 
Efficient and connected cars 

Source: KPMG‘s Global Auto Executive Survey (2012); GTAI  Research (2016) 

 ENVIRONMENTAL ISSUES 

“Fuel efficency and environmental friendliness rated as 

most  important product issues.“ 

ICE DOWNSIZING No 1 

ELECTROMOBILITY 
No 2 

Battery electric 

mobility 

Fuel cell electric 

mobility 

URBANIZATION 
“Congestion and limited parking space are major  

concerns in megacities.“ 

INNOVATIVE URBAN CAR DESIGN 

CONCEPTS 

LIGHTWEIGHT 

MATERIALS NO 3 
Innovative urban 

vehicle design 

concepts 

OEM CAPTIVE FINANCING,  

LEASING, AND PAY PER USE 

CONNECTED CAR CONCEPTS /  

AUTONOMOUS DRIVING 

NO 6 

NO 5 

NO 4 

Mobility 

services 

OEM captive 

financing and 

leasing 

Connected 

car concepts 

DIGITALIZATION & CHANGING 
CUSTOMER BEHAVIOR 

“Customers expect the same services when in the car as 

they receive at home, at work or on their smartphones.“ 

 

“The world is moving from asset owend to asset shared 

business models.“ 

KEY ISSUES KEY TRENDS SOLUTIONS 

MOBILITY 

SERVICES 
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Disrupters in the automotive industry 
From asset owned and human driven to asset shared and autonomous 

Sources: Morgan Stanley (2016); GTAI Research (2016) 

TODAY 
 

• 130 year old industry 
• Same propulsion system 

• No revolutionary development 

1 2 

3 4 

OWNED AUTONOMY 
 

• Sensors, algorithms and  
mechatronics 

• Strong focus on automated  
   driving technologies 

SHARED MOBILITY 
 

• Human driven 
• Mobility on demand through  
   apps  

   

AUTOPIA 
 

• Autonomous PODS 
• On-demand public transport 
• Billed by driven distance or  
   time 

Asset Owned Asset Shared 

H
u

m
an

 D
ri
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n

 
A

u
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n
o
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o

u
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• New business models 
emerge 
 

• Earning money without 
building cars 
 

• Pay per mile or minute 
 
• On-demand service 

 
• Questioning individual 

ownership 
 

• Change of customer 
behavior „ millennials“ 
 

• Environmental 
friendliness 
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*Disruptors, e.g. Google, Apple 

Sources: PATENTSCOPE (2016); IW, Köln (2016) 

Autonomous drive in Germany 
German OEMs and suppliers are dominating  autonomous drive 

innovations 

Amount of patents related to autonomous drive technologies  

(By different company groups and Top-10 patenting companies; 2010-2016) 

1.192 

730 

185 
82 202 

1.646 

768 

850 

0

500

1000

1500

2000

2500

3000

Total OEMs Suppliers Electronic Disruptors

World  without Germany

Germany

103 

142 

156 

166 

184 

198 

246 

277 

292 

545 

0 200 400 600

Ford (USA)

BMW (Germany)

Daimler (Germany)

Toyota (Japan)

VW (Germany)

Google (USA)

General Motors (USA)

Continental (Germany)

Audi (Germany)

Bosch (Germany)

32 
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Connected Cars Technologies 
Germany is Europe´s leading market for connected cars 

Country Ranking Connected Car Index 

Source: Connected Car Innovation Study (2015) 

66,8% 

58,8% 

50,6% 
46,4% 

27,8% 
22,5% 

15,3% 

7,6% 

00%

10%

20%

30%

40%

50%

60%

70%

80%

USA Germany Japan China South
Korea

United
Kingdom

France Italy

Germany is creating the framework to enable future autonomous driving 

Methodology & Assesment: 50 percent innovation power OEM; 30 percent country‘s market size and digital power; 20 percent power of big data player 
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National Strategy – Automated & Connected Drive 
National strategy with five central action fields 

Remain Leading Technology 
Provider 

Increase of transport 
efficiency & quality 

Increase of transport 
safety 

Reduction of mobility-
related emissions 

Reinforcement of 
Germany as business 

location  

Strategy development based on work results 

Become  
Lead Market 

Enable automated and 
connected drive 

Infrastructure 
 
 

Law 
 
 

Innovation 
 
 

Connectivity 
 
 

IT-Security 
 
 

Ongoing advancement & exchange 

National Strategy 

Automated and 

Connected Drive 

Goal 

Potential 

Action Fields 

• Foundation: Set up by the Federal Ministry of Transport and Digital Infrastructure in 2013 

• Involved Parties: Experts from the fields of politics, R&D, insurance industry, vehicle manufacturer and suppliers 

• Main Target: Development of strategic implications to answer the numerous individual legal and economic 
aspects related to automated driving   

Roundtable Automated   Drive 
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Automated Drive Roadmap 

Source: Federal Highway Research Institute; German Association of the Automotive Industry (VDA) 2015 

Level 0

Driver
Only

Level 1

Assisted

Level 2

Partly
 Automated

Level 3

Highly
Automated

Level 4

Fully
Automated

Level 5

Autonomous

Driver carries out 
all lane holding 

and lane changes 
No inventing 

vehicle systems  

System handles 
the other function 

System handels 
lane holding and 
lane changes in a 

special 
application case 

System handles 
lane holding and 
lane changes in a 

special 
application case. 
Detects limits of 
system and asks 

the driver to take 
over with 
sufficient 
warning 

System can 
handle all 
situations 

automatically in 
the specific case 

System can 
handle all 
situations 

automatically 
throughout the 
trip. No driver 

needed. 

Driver carries out 
all lane holding 

OR lange changes 

Driver must 
continously 
monitor the 

system 

Driver needs no 
longer 

continously 
monitor the 

system. Must be 
available to take 

over 

No driver 
necessary in 

special 
applications 

2010 2020 2025 2030 >2030 Penetration 

D
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Unified agreement about the process towards the autonomous car 
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Automated Drive Landscape 
Digital Test fields and national automotive R&D & industry 

Source: Federal Ministry of Transport and Digital Infrastructure; Federal Ministry of 

Economic Affairs and Energy; GTAI Research 

 

Initiator:  

• Federal Ministry of Transportation and Digital      

Infrastructure; State Ministries Baden-Württemberg and 

Lower-Saxony 
•  

 

Test fields:  

• Bavaria: Automated driving on the Autobahn A9 – Real time 

measurement of dynamic data; for more safety and better 

traffic flow 

• Baden-Württemberg: Autonomous and automated action field 

Karlsruhe; urban and rural areas will both be tested 

• Lower-Saxony: Approximately 270 km length between 

Hanover, Brunswick, and Salzgitter by 2018 
•  

 

Target:  

• Testing, evaluating & improving mobility 4.0 technologies  

 

Three different test fields enabled for autonomous and automated driving  
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4. GERMANY TRADE AND 
INVEST - SUPPORT 
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Who we are 

Foreign trade and inward investment agency   

of the Federal Republic of Germany 

Shareholder 
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What we do 

International marketing of Germany as 

a business and technology location 

Business location consultancy services 

for international investors 

Economic promotion of the new  

federal states and Berlin 

Export market information for the 

German economy 
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Advantages of the partner network  

As the hub for a global network,  

we maintain close working  

relationships to a number of  

institutions. 

Industry 

associations 

and lobby 

groups 

Chambers of 

Industry and 

Commerce 

(IHKs) 

Economic 

development 

agencies of 

the federal 

states 

German 

embassies 

and 

consulates 

Multipliers 

German 
Chambers of 
Commerce 

Abroad  
(AHKs) 
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About GTAI Support 
Two headquarters in Germany – 50 locations worldwide 

Athens  
Brussels 
The Hague 
Helsinki 
London 

Madrid 
Milan  
Paris 
Stockholm 

Almaty 
Belgrade 
Budapest  
Bucharest  
Kiev 

Moscow 
Prague 
Warsaw   
Zagreb 

Dubai 
Istanbul 

Bangkok 
Beijing  
Hanoi 
Hong Kong 
Jakarta 
Kuala Lumpur 
Mumbai 
New Delhi  
Seoul 
Shanghai 
Taipeh 
Tokyo  

 

Berlin 
Bonn 

Chicago 
New York 
San Francisco 
Toronto  
Washington D.C. 

Buenos Aires 
Bogotá  
Mexico City 
Santiago de Chile 
Sao Paulo  
 

Accra 
Johannesburg 
Cairo 
Nairobi 
Tunis 

Jerusalem 

Sydney  
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Germany Trade & Invest serves as a one-stop 
consultant to the investing company  
 

Investment consultancy services 

• Discussion on the market/industry and 
competition in Germany and Europe 
 

• Information on tax and legal issues in Germany 
 

• Information on different registration or licensing 
requirements 
 

• Information on the financing of the project 
(including incentives) 
 

• Discussion of location proposals/site evaluation 
incl. site visits 
 

• Joint project management with regional 
economic development agencies 
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About Germany Trade & Invest 

© 2015 Germany Trade & Invest 

All information provided by Germany Trade & Invest has been put together with the utmost care. However, we assume no liability for the accuracy of the information provided. 

Mechanical and Electronic Technologies Division – Worldwide Contacts  

Mrs. Peggy Görlitz 
Senior Manager 
Machinery & Equipment 
T. +49 30 200 099 602 
peggy.goerlitz@gtai.com 

Europe  Berlin - Headquarters 

Mr. Oliver Seiler 
 Director 
 Mechanical & Electronic Technologies 
 T. +49 30 200 099 400 
 oliver.seiler@gtai.com 

Mr. Max Milbredt 
Manager 
Electronics & Microtechnology 
T. +49 30 200 099 408 
max.milbredt@gtai.com 

Mr. Stefan Di Bitonto 
Senior Manager 
Transportation Technologies 
T. +49 30 200 099 401 
stefan.dibitonto@gtai.com 

Mr. Rico Trost 
Manager 
Transportation Technologies 
T. +49 30 200 099 405 
Rico.trost@gtai.com 

Mr. Jérôme Hull 
Senior Manager 
Machinery & Equipment 
T. +49 30 200 099 602 
Rico.trost@gtai.com 

Dr. Rainer Müller 
Senior Manager 
Nanotechnology & Lightweight 
T. +49 30 200 099 410 
rainer.mueller@gtai.com 

Mr. Claus Habermeier 
Director 
New York, USA 
T: +1 212 584 9715 
F: +1 212 262 6449 
claus.habermeier@gtai.com 

Ms. Angelika Geiger 
Director 
San Francisco, USA 
T: +1 415 248 1246 
F: +1 415 627 9169 
angelika.geiger@gtai.com 

North America  Chicago Office 

Mr. Emilio Brahmst 
Director 
Chicago,  USA 
T. +1 312 377 6130 
F. +1 312 377 6134 
emilio.brahmst@gtai.com 

San Francisco Office New York Office 

Mr. Omar Oweiss 
Director 
Washington DC, USA 
T: +1 202 629 5713  
F: +1 202 629 5711 
omar.oweiss@gtai.com 

Washington, D.C. Office 

Mr. Jonathan Schoo 
Director 
Beijing, China  
T. +86 10 6539 6729 
F. +86 10 6590 6167 
jonathan.schoo@gtai.com 

Mr. Markus Hempel 
Director 
Shanghai, China  
T. tbd. 
F. tbd. 
markus.hempel@gtai.com 

Mr. Iwami Asakawa 
Japan Representative 
Tokyo, Japan 
T. +81 3 5275 2072 
F. +81 3 5275 2012 
iwami.asakawa@gtai.com 

Shanghai Office Asia-Pacific B eijing Office Tokyo Office 

Ms. Cleona James 
Assistant 
Mumbai, India 
T. +91 22 6665 2181 
F. +91 (22) 6665 2179 
cleona.james@gtai.com 

Mumbai Office 

Ms. Claudia Grüne 
Manager 
Machinery & Equipment 
T. +49 30 200 099 430 
claudia.gruene@gtai.com 



Next methodologies for complex ADAS/AV testing 
San Francisco - AVS 2016   



Who we are & what we do 

Applus IDIADA is an engineering partner to the 
automotive industry providing complete solutions 
for product development projects worldwide 

Our assets: 

Team of more than 2.000 professionals 

First class state-of-the-art testing facilities    

International presence in 23 countries 
with 49 local offices             

Innovation in new services and 
technologies Know-how          

in all vehicle 

functionalities 

Project 

Management 

Complete 

solutions 

 for automotive 

 engineering  

Testing and 

CAD & CAE tools 
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International presence  

Main Centres for Engineering, Testing and Homologation 
 

Other offices 
• Aichi 
• Bangkok 

• Brussels 
• Detroit 

• Kuala Lumpur 
• Lu Kang 

• Maranello 
• Nizhny Novgorod 

62 
 

Total: 2.020 people 

China 

• Shanghai 
• Zhaoyuan 
• Beijing 
• Changchun 
• Chongqing 
• Guangzhou 
• Liuzhou 
• Shenzhen 

224 
Germany 

• Ingolstadt   
• Munich 
• Stuttgart 
• Wolfsburg 

140 
• Pune 
• Chennai 
• New Delhi 

 

India 
119 

Spain 

• Barcelona - 
Headquarters & 

 Main Technical Centre 

• Granada 
• Madrid 
• Mojácar 
• Vigo  

• Pamplona 

1.165 

101 

• Pretoria 
• Riyadh 

• Puebla 
• Seoul 

Brazil 
62 

• São Paulo 
• Curitiba 
• Resende 
• Tatuí 

Czech Republic 
170 

• Hradec Králové 
• Liberec 
• Mlada Boleslav 

 

• Turin 
 
 

• Nuneaton 
• Cambridge 

UK 
39 

• Istanbul 
• Jakarta 

• Paris 
• Poznan 

• Tokyo 
• Togliatti 
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ADAS & Automated Driving  Engineering Services 
g (2/8)  

Function specification  /  Control logic development  /  Calibration, testing and validation  /  Field operational tests 



From ADAS to Connected and Automated Driving 

ADAS (L1 & L2) 

Industrial 

development 

R&D 

Testing and 

validation  

C-ITS (DSRC) 

Testing and 

validation 

R&D 

Automated 

Driving (L3 to L5) 

R&D 

Testing and 

validation 

Industrial 

development 

Time: Technology evolution 

D
e
v
e
lo

p
m

e
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t 
s
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g
e
 

Industrial 

development 



Evolution of testing in AD 

Testing for automation needs to be taken into account from the design stages 

• Use case and scenario definition  Simulation and real road tests setups 
• Complexity evolution in parallel  Direct impact on testing costs 

Dr. Arne Bartels – Volkswagen – TRB presentation 

* Prof. Winner et al., Damstädter Kolloquium, “”Mensch un Fahrzeug” 2011 

Estimation for AD: 

• Increased diversity of relevant test scenarios 
• Forecast: 100 MKm  several 100 Million € 

“Traditional” testing needs to be redefined 

• Updating already existing tools and 
methodologies 

• Introducing new ones 



Testing methodologies 

Simulation 

• Versatile and “cheap” but, What parameters need to 
be simulated? 

• Infinite  number of possible scenarios. How to select 
the correct ones? 

 

Functional safety (ISO 26262) 

• Safety in automation depends of the interaction 
between vehicles, the infrastructure and other road 
users 

• Does ISO need an amendment or upgrading for 
automation? Current hazard levels are enough?  



Testing methodologies 

Virtual drive / emulation / HIL testing / test bench 

• Certain test cases, external and internal parameters 
and environment constraints need to be defined 

• Small scale testbench for controlled environment testing 
(i.e. fog…) 

• Virtual test drive  How do we create test scenarios? 
 

Closed test track testing 

• Current test tracks are prepared for testing 
requirements? Can they emulate real world conditions? 
Is investment needed?  

 

Public road testing 

• How can it support road automation? Cost-benefit, 
technology assessment… 

• How do we define a minimum set of requirements? 
 



Regulation  
= mandatory requirement  
= minimum safety level for all the vehicles on the road 

 

NCAP (New Car Assessment Programme) 
= consumer information  
= ranking  
= not all the models and versions sold in the market are assessed 
= always need to distinguish vehicles one from another  
  short term evolution when OEM improve their performances 
 

Differences among regulation and NCAP 



 

Launch of NCAP 

• 1st born : in the USA, more than 35 years ago (in 1978) 
• 1992: ANCAP 
• (1995 IIHS) 
• 1996: JNCAP 
• 1997: Euro NCAP 
• 1999: KNCAP 
• 2006: CNCAP 
• 2010: Latin NCAP 
• 2012: ASEAN NCAP 

 

What is an NCAP? 



European New Car Assessment Program 

Mission: to provide consumers with a realistic and independent 
assessment of the safety performance of the most popular cars 
sold in Europe 
Members: Governments, motor clubs and consumer organisations 
across the EU 
7 official test houses 

About Euro NCAP 



Euro NCAP roadmap for safety assist 

01-2016 01-2014 

Pedestrian 

AEB Pedestrian (6 pts) 

SA 

ESC = 0 pts 

LDW/LKA (1 to 3 pts) 

SAS updated 

01-2018 

Adults 

AEB City (3 pts) 

SA 

AEB InterUrban (3pts) 

LDW/LKA (1 pt) 

ESC no longer tested, 
due to R13H 
requirements 

Adults 

AEB City (4 pts) 

Pedestrian 

AEB Pedestrian updated 

AEB Cyclists (6 pts) 

SA 

AEB InterUrban updated 

LKA with lateral support (4 pts) 

SAS updated 

SBR with CRS detection 

 

01-2020 

SA 

AEB InterUrban updated (4 pts) 

Head-on and junction (2 pts) 

Protocol application date 



Test scenarios 
 

AEB car to car protocols - 2014 



Protocols 2016 



AEB VRU scenarios 

Adult running from 

the far side 

Adult coming from 

the near side 

Child coming behind 

obstruction 

Pedestrian speed: 8 km/h 
Impact point: 50% 
VUT speeds: 20 to 60 km/h 

Pedestrian speed: 5 km/h 
Impact point: 25% and 75% 
VUT speeds: 20 to 60 km/h 
 
Entry test for slower pedestrian: 75%, 
VUT at 20 km/h, Pedestrian at 3 km/h 
 
Entry test for slow speeds: 75%, VUT 
at 10 km/h, Pedestrian at 5 km/h 
 

Pedestrian speed: 5 km/h 
Impact point: 50% 
VUT speeds: 20 to 60 km/h 

AEB car to Vulnerable Road Users - 2016 



LKA protocols - 2016 

Lane departure definition 
 

• Programmed lane departure with steering wheel robot 
• Robot disabled before LKA intervention 

R 

d 

d = variable  
R = fixed 
arch = variable to achieve 
multiple lateral velocity 

arch 

Straight 
Constant radius 

Torque level detected (LKA ON), 
pathfollowing is shut down 

System intervention 
Trajectory obtained with the 
system ON 

Programmed trajectory 



Key factors 2018 - 2020 

Major challenges for active safety  

Multiple target tracking: cars, pedestrians, cyclists 
Sensor performance at night (1 to 7,5 lux) 
Extended sensor field of view 
Fast brakes applications 

Autonomous 
Emergency 

Braking 

Lane Support 
Systems 

LDW, LKA and BSD fully operative 
Accurate detection of lane markings, road edges 



AEB City 

Updated protocols in 2018 

Foreseen updates (to be confirmed and further developed) 

AEB City systems seem to provide enhanced whiplash protection 
However, not all whiplash injuries are prevented, specially in those scenarios with not fully aligned 
vehicles 
Same stationary scenario, but executed with multiple offsets: +/-50%, +/- 75% and 100%  
Same speeds: 10 to 50 km/h, in 5 km/h steps 
Grid concept applied 

To be investigated: 
• Radius  
• TV speed  
• Use of lane markings 

Shifted to 2020 



AEB Inter-Urban 

Updated protocols in 2018 

Foreseen updates (to be confirmed and further developed) 

Slower or 
braking 

To be investigated: 
• VUT and TV speeds 
• TTC at lane change 
• Lane change aggressivity 

Stationary 
or slower 

To be investigated: 
• VUT and TV speeds 
• TTC at lane change 

AEB Inter-Urban systems already show good level of performance 
More complex scenarios are discarded for 2018 
However, Euro NCAP will support the development of more robust systems by the introduction of 
offset in current scenarios, via the grid method (same as AEB City) 
(Junction and oncoming traffic scenarios in 2020) 

Shifted to 2020 
Shifted to 2020 



AEB VRU Pedestrians 

Updated protocols in 2018 

Foreseen updates (to be confirmed and further developed) 

• 25% offset 
• Walking pedestrian, non articulated 
• VUT 20 to 40 km/h  impact avoidance 
• VUT 45 to 80 km/h  warning before TTC 2s  

AEB VRU Pedestrian systems already cover the great majority of accident scenarios 
Walking around the road is expected to be included 
Performance at night (urban night with artificial lighting) under consideration: crossing 25% near side 
adult, crossing 50% far side adult and longitudinal scenarios tentative 

To be investigated: 
• VUT and TV speeds 
• Synchronisation between VUT and TV 
• Street geometry 

Shifted to 2020 



AEB VRU Cyclists 

New protocol in 2018 
Foreseen updates (to be confirmed and further developed) 

AEB VRU Cyclist concept based on the AEB VRU Pedestrian protocol 
Scenarios under definition 
Performance at night (urban night with artificial lighting) under consideration 

• Offset: 50% 
• VUT speed 2018: 20 to 60 km/h 
• VUT speed 2020: 10 to 60 km/h 
• TV speed: 15 km/h 

2020 2020 2020 

• Offset: 50% 
• VUT speed 2018: 20 to 60 km/h 
• VUT speed 2020: 10 to 60 km/h 
• TV speed: 10 km/h 

• Offset: 25% 
• VUT speed 2018: 20 to 60 km/h 
• VUT speed 2020: 10 to 60 km/h 
• TV speed: 20 km/h 

• Offset: 50% 
• VUT speed : 20 to 60 km/h 
• TV speed: 15 km/h 

• Offset: 25% 
• VUT speed : 50 to 80 km/h 
• TV speed: 20 km/h 
• FCW only 

2018 

2018 2018 



Lane Support Systems 

Updated protocols in 2018 
Foreseen updates (to be confirmed and further developed) 

Warning only systems: LDW and BSD, sophisticated warning 
• LDW warning limit: 0.2m of line crossing 

Support systems: LKA, not default ON requested 
Emergency systems: AES (= LKA with default ON in specific scenarios) 

• AES and LKA maximum departure limit: 0.3m of line crossing 
Test method: similar to LKA 2016 with constant ‘d’ and variable ‘R’ 

To be investigated: 
• Situation of TV  
• VUT and TV speeds 
• TTCL at lane departure 
• Lane change aggressivity 

AES - oncoming 

To be investigated: 
• Situation of TV  
• VUT and TV speeds 
• TTCL at lane departure 
• Lane change aggressivity 

AES - Overtaking 

AES – road deptarture  

To be investigated: 
• VUT speed 
• TTCL at lane departure 
• Lane departure aggressivity 
• Road edge geometry 

• No lane marking 
• Solid line  
• Dashed line 



Tests setup 

Data acq. 
system

V2V, masterD-GPS

Brake 
pressure

Microphone

Camera

CAN data

Steering 
robot

Brake robot

Accelerator 
robot

Robot 
controller

V2V, slave D-GPS

Steering 
robot

Brake robot

Accelerator 
robot

Robot 
controller

Pedestrian 
platform

VUT 

TV 

VRU 

Tests performance 
• Position measurement: 2 cm absolute, 3 cm relative 
• Position control: 3 cm offset 
• Speed control: 0.5 km/h relative 



Specific equipment for ADAS – test targets 

Tools for ADAS testing 

Euro NCAP test targets 

Validated for RADAR, LIDAR and camera by 
major OEMs and suppliers in Europe 
 
Official vehicle test target for Euro NCAP AEB 
CCR tests, representing a VW Touran 
 
Official pedestrian test target for Euro NCAP 
AEB VRU tests, representing a 50%ile adult 
male and 6 yo child, with articulated legs 
 
New cyclist targets with rotating wheels to be 
validated 



Self-moving platforms 

Euro NCAP EVT only allows rear-end scenarios testing 
Self moving platforms needed: ABD / DRI, DSD, 4a 
3D target vehicle needed: ABD / DRI, DSD, 4a 

 
Standard target Euro NCAP / NHTSA 

• Use DRI 3D target as base for the vehicle shape 
• Use the ABD / DRI GST platform as the base for the motion system 
• Currently under evalaution by OEMs and TIER1s in EU and US  
• Define standard specifications, so that other equipment suppliers can develop 

standard tools  

Tools for ADAS testing 



Thank you very much 
for your kind attention 



Applus IDIADA Belgium 

T +32 2 719 02 45 (Brussels) 

e-mail: idiada_belgium@idiada.com 

 

Applus IDIADA Brazil                                         

T +55 41 3373 0411 (Curitiba)                                                         
T +55 11 4330 9880 (São Paulo)                                                     
T +55 15 3205 2952 (Tatuí)                                             

e-mail: idiada_brasil@idiada.com 

 

Applus IDIADA China 

T +86 10 8446 3317 (Beijing)                                                          
T +86 431 8190 9680 (Changchun)                                               
T +86 23 6756 8060 (Chongqing)                                                                  
T +86 20 2282 9202 (Guangzhou)     
T +86 (772) 3166 619 (Liuzhou)         
T +86 (21) 6210 0894 (Shanghai)        
T +86 (755) 29184532 (Shenzhen)    
T +86 0535 8933658 (Zhaoyuan) 

e-mail: idiada_china@idiada.com 

 

Applus IDIADA Czech Republic 

T +420 493 654 811 (Hradec Králové)                                            
T +420 482 424 243 (Liberec)                                                                                 
T +420 326 736 860 (Mladá Boleslav) 

e-mail: info@idiada.cz 

 

Applus IDIADA France 

T +33 (0) 141 146 085 (Sèvres) 

e-mail: idiada_france@idiada.com 

For further information: 
 
Mr Andrés Aparicio 
ADAS, Product Manager 
e-mail: aaparicio@idiada.com 
www.idiada.com 
 

Applus IDIADA 

Headquarters and Main Technical Centre 
L’Albornar – PO Box 20 
E-43710 Santa Oliva (Tarragona) Spain 
T +34 977 166 000 
F +34 977 166 007 

Applus IDIADA Malaysia 

T +603 9207 7018 (Kuala Lumpur) 

e-mail: idiada_malaysia@idiada.com 

 

Applus IDIADA Mexico  

T +52 (1) 222 170 6722 (Puebla) 

e-mail: idiada_mexico@idiada.com 

 

Applus IDIADA Pamplona 

T +34   948 292 921 (Pamplona) 

e-mail: idiada_pamplona@idiada.com 

 

Applus IDIADA Poland 

T +48 61 6226 905 (Poznan) 

e-mail: idiada_polska@idiada.com 

 

Applus IDIADA Russia 

T +7 (831) 297 94 32 (Nizhny Novgorod) 
T +7 (831) 261 37 06 (Togliatti) 

e-mail: idiada_russia@idiada.com 

 

Applus IDIADA Saudi Arabia 

T +966 53 4147 301 (Riyadh) 

e-mail: idiada_GCC@idiada.com 

 

Applus IDIADA South Africa 

T +27 83 450 8925 (Pretoria) 

e-mail: idiada_southafrica@idiada.com 

 

Applus IDIADA Germany 

T +49 (0) 8418 8538-0 (Ingolstadt) 
T +49 (0) 8930 9056-0 (Munich)            
T +49 (0) 7116 7400109 (Stuttgart)                                                   
T +49 (0) 5374 920606-0 (Wolfsburg) 

e-mail: idiada_germany@idiada.com 

 

Applus IDIADA India  

T +91 994 0679 933 (Chennai)                                                        
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