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IN THE AGE OF DIGITAL TRANSFORMATION

Automated Driving Electrification Connectivity

Our world is changing in a disruptive way. The development and validation of 
the new systems significantly increases the complexity.
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The dream of self-driving vehicles
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Utopia?
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Reality?
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Workshop 1: Which driver assistance systems do you know?
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Vehicle fleet show a relative low technology penetration of ADAS.
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Taxonomy definition of Autonomous Driving (SAE J3016)
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Vienna Convention 1968
• Under international law (United Nation - UN)
• Every vehicle which is in motion must have a 

driver
• At all times, the vehicle operator's ability to control 

his vehicle
• Controllability of the vehicle driver at a speed which 

is adapted to the traffic conditions

Amendment to the Vienna Convention:
• For the first time, vehicle systems are allowed 

which have an influence on the driving of a vehicle
• Has entered into force on 23 March 2016 for 

Germany
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On 30 March 2017, German parliament agreed the new regulations for the driving of cars 
with high and fully automated driving functions.

• highly automated and fully automated driving function is permissible "within the 
scope of the intended use". Is designed for use on motorways, the car should not be 
used for traffic on other roads.

• Driver must remain perceptible. 
The driver may "turn away from traffic and vehicle guidance“, but must be 
perceptible, that it can take over the control again if requested.

• Liability in automated mode is with the manufacture
Data logger must be installed. Deadline for the data storage is 6 months, unless the 
car was involved in an accident
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Difference between level 3 and 4 – there is still a driver

Driver activates the System

Driver takes over the driving task upon 

request to take over

Opertional Design Domain

Manual Driving

Automated Driving

Level 3 - Automation

Driver activated System

Driver takes over the driving task

Opertional Design Domain

Level 4 - Automation
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Workshop 2: Why would you buy an automated vehicle?
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What drives ADAS and “Automated Driving” technologies?

Usage of wasted time

Gain in comfort

Gain in safety

Keeps elderly people mobile

Keeps handicapped people mobile

Gain in Efficiency
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Control systems are core technologies for ADAS/AD

Chassis Controls ADAS / HAF / AD
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What drives ADAS and “Automated Driving” technologies?

Gain in safety
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Target of the EU is to reduce thee fatalities 50% each decade.

ESC for passenger cars

ESC for trucks and trailers

Emergency brake for trucks

Lane departure warning  for trucks

ABS for Motorcycles 
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What drives ADAS and “Automated Driving” technologies?

Fatalities by kind of involvement and location
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Main categories for FAS are LFAS, QFAS and Parking

LFAS
Adaptive Cruise Control (ACC)

Predictive Cruise Control 
(PCC)

Forward Collision Prevention
Systems (FVCX)

QFAS
Lane Departure Warning
(LDW)

Lane Keep Assist System 
(LKAS)

Lane Change Assist (LCA)

Parking
Guided Parking Assist

Semiautomatic Parking
Assist

Autonomous Parking Assist

Mix between LFAS 
and QFAS

Traffic Jam Assist

Full autonomous driving

Vision aid

High beam Assist

Night Vision Assist

Sources: BMW Group
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Vehicle dynamics control are very important for ADAS

SENSE PLAN ACT
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Vehicle dynamics control are the actuators of ADAS/AD

Act

Plan
Sense
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LidarUltrasonicCameraRadar

GPS & MAP
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Workshop 3: Assign the ADAS/AD to the primary sensor(s)!
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LONG RANGE RADAR

SHORT RANGE RADAR

SHORT RANGE LIDAR

SURROUND VIEW

MULTI FUNCTION
CAMERA WITH LIDARSTEREO CAMERA MONO CAMERA

HIGH – RESOLUTION
FLASH LIDAR

ASSISTED / AUTOMATED
DRIVING CONTROL UNIT

Source: Continental 
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LFAS – Longitudinal Control ADAS

This system controls the distance to the traffic in front, even if it’s only

stop-and-go. It makes things a whole lot easier for the driver,

particularly in congested traffic and tailback situations.

Promised Benefits:

• Comfortable, stress-free driving with the flow of traffic

• Greater safety due to defined distance and warning if emergency 

braking is needed

Object
Detection

Driving Tube 
Identification

Object Tracking

RADAR

Object List

Object
selectionControl ESC ECU

ax request

Relevant 
Object

Brake

Engine

Pbrake

request

TEngine request

Tire/Wheel

Powertrain

TBrakeTire Force

Radar picture
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LFAS – Longitudinal Control ADAS

The Doppler effect (different wavelength between transmitted and received signal) can be used to determine
the relative speed between the ACC vehicle and an object. When the object moves towards the transmitter,
the frequency of the reflected wave increases. When the object moves away from the transmitter, the
frequency of the reflected wave decreases.

ACC is based on the cruise control. The difference: If the car catches up with a vehicle in front, ACC 
automatically brakes and maintains a distance defined by the driver.
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LFAS – Longitudinal Control ADAS

Sensor

ECU

Actor

Detects relevant traffic objects, measure distance & speed

Calculation of relative speed & distance and calculate acc-/decelration

Actuation requested (ax) to brake or powertrain system 

https://www.youtube.com/watch?v=IMYi3G7dkU4

https://www.youtube.com/watch?v=IMYi3G7dkU4
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Radar principle and function

24 GHz

77 GHz
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Automotive Radar function and resolution

Reflection energy cell
Default: 
• 1m radial resolution
• 1° angle resolution
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QFAS – Lateral Control ADAS

https://www.youtube.com/watch?v=QmAMO1tyhdk

https://www.youtube.com/watch?v=QmAMO1tyhdk
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QFAS – Lateral Control ADAS

This system detect road marks and controls the lateral displacement of

the vehicle in the lane. It should make things a whole driving lot easier

for the driver, particularly in inattention situations.

Promised Benefits:
• Comfortable, stress-free driving at motorways and highways

• Greater safety due to keep vehicle on the lane and warning if vehicle 

leave the lane
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CAMTrajectory
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Function of a Lane Keeping Assistance System – Edge Guidance (Type 1)

Desired
path

𝑀𝐻

Departure
left

Departure
right

Edge Guidance
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Function of a Lane Keeping Assistance System – Center Guidance (Type 2)

Desired
path

𝑀𝐻

Departure
left

Departure
right

Center Guidance

Sensor

ECU

Actor

Detects road marks of the lane

Calculation of relative position and calculate steer request

Actuating request of steering torque or angle / rack position
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Camera function, phenomena and resolution

Mono Camera

Stereo Camera

Image distortions

Image blur

Pixel effect
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Function of a Parking Assistance System

https://www.youtube.com/watch?v=PXInt6eQxmQ

https://www.youtube.com/watch?v=PXInt6eQxmQ
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Parking Assistance (PA)

Parking assistants park the vehicle in both longitudinal and

transverse parking spaces and also park out of longitudinal

parking spaces. These systems support the driver by

choosing the right steering angle. They also take over the

measurement of the parking space beforehand. In new

system the driver himself do not need to accelerate or brake.

Promised Benefits:

• Comfortable, stress-free parking

• Greater safety due to observation of the parking lot

• Less damages
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Ultrasonic principle
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LIDAR
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LIDAR – Time-of-Flight Method 
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LIDAR – Time-of-Flight Method 
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ACC LKA PA

Radar CAM
Ultra
Sonic

Yesterday

Radar CAM
Ultra
Sonic

Environment Model

ACC LKA PA …

…

Sensor Data Fusion

Tomorrow

ACC LKA PA

Radar CAM
Ultra
Sonic

Today

Source: Continental Source: Daimler Source: BMW
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Sensor Data Fusion – Example: Radar and Camera

Big win of complementary information and quality

▪ Radar:

• good determination of the longitudinal distances of objects

• even at night and fog

• Very weak for lateral distances and orientations

▪ Camera:

• good determination of the size and motion of the objects

• BUT: reduced visibility at night and fog

• Very weak for longitudinal distances

Fusion combines the strengths

▪ Field of view and data quality

▪ Overlapped information for plausibility
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Environment Model by Sensor Data Fusion

Radar CAM
Ultra
Sonic

Environment Model

ACC LKA PA …

…

Sensor Data Fusion
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