Technology with Vision

Hella & Driver Assist
Technology

Harry Liaros

(&Eh cutmANN @ PAGID BEHR (ELn

EEEEEEEEEEEEEEEEEEEEEEEEEEEE



HELLA Worldwide

© One of the top 100 industrial
companies in Germany

© One of the top 40 automotive
suppliers in the world

37,000 6700 125 35

TOTAL EMPLOYEES EMPLOYED IN R&D LOCATIONS COUNTRIES
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Systems Competence in Lighting and Electronics

Precise and reliable monitoring!

%"

Electronics

Competence in Lighting and Electronics

Improved visibility!
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ELECTRONICS & ELECTRICS BY HELLA
WHY?

OE EXPERTI SEé

A 60 years as a reliable
electronics/electrics partner

A 20 production and development
locations across 10 countries

A Leading electronics provider
with comprehensive product
portfolio

...TRANSFER IN AFTERMARKET

A Extensive brand portfolio with
wide vehicle coverage

A Efficient logistics solutions and
parts identification

A State-of-the-art calibration tools
and diagnostic units




HELLA ELECTRONICS EXPERTISE
Trends and Future Prospects

INCREASE IN ELECTRONICS IN CARS 7T DEVELOPMENT FROM 1950 TO 2020

Electronics in Vehicles [%)]

Steer-by-Wire
Brake-by-Wire
Drive-by-Wire

Remote keyless entry |
Integrated drive-train control :
Electronic instruments :

Electronic suspension adjustment | _

Active cruise control

Impact sensors Lane tracking assistant
_______ | Blind spot warning
Cruise control | Vehicle diagnostics Night vision system
Electronic 1 _ _ _ Navigation system Integrated chassis
fuel injection Electronic stability e L
Electronic program
transmission control Immobilizer

Electronic control units

Alternator

1 Lighting, horn, radio,
_____ I starter

1960 1970

1950 1980 1990

Years

2000 2010 2020
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HELLA Competence at a glance

Intelligent Battery Sensor

A Global IAM market leader
A More than 30 million sensors
produced since year 2000

Accelerator Pedal

A Market and technological
leader

A Established standard OEM
product

(Oil) Level Sensor

A Global market leader

A More than 50 million
sensors sold

Vacuum Pump

A Global IAM market leader
A More than 10 years of
experience

Rain Light Sensor

A Market leader since 1999
A More than 10 years of
experience

Radar

A A pioneer for 24 GHz radars

A First one with rear
applications on the market
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Body Control Module

A Customized and highly
integrated solutions

A Scalable and flexible
integration platform

Trailer Tow Modules

A 100% exclusive OE product
A OEM experience and
development competence

Remote Key Set
A Experience of 20 million keys
produced annually
A OEM experience and
development competence
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Driver Assistance Systems for enhanced vehicle safety
Driver assistance systems based on RADAR, ultrasound and RLS

Adaptive Cruise Traffic Jam Parking |
Control  rapar Assistant  rapar Assistant  soud
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Adjusts the speed to Adjusts acceleration and Measures size of the space
maintain a safe distance from slowing down according to the and moves vehicle in the
vehicles ahead. vehicle ahead. parking space.
Automatic Headlight Automatic Wiper
Activation RLS ~ Control RLS

Measures light intensity and Activates wiper and controls
activates headlights of vehicle. wiper intervals according to

rain intensity.
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Driver Assistance Systems for enhanced vehicle safety
Driver assistance systems based on camera technology

Driver Drowsiness Traffic Sign Lane Departure
Detection Recognitio Assistant
cav 179 il '

aaaaaaa

Sends alrt signal after Recognizes traffic signs. and Moves vehicle to the center of
driving more than 1.5 sec. alerts driver. Reduces speed the lane as soon as car gets
with closed eyelids. in ACC combination. to the lane markings.
Lane Departure Top View & Rear View Adaptive glare -free
Warning Camera High -Beam
O S 3

Alerts driver as soon as car Selectively masks the area
gets to close to the lane that the other car is in from the
markings. light distribution.
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Active vs. Passive ADAS systems

Active ADAS Systems

m REAR RADAR

Systems that play a preventive role

Providing advance warning Qﬂ BLIND SPOT ASSISTENT
Giving the driver additional /
assistance in steering/controlling -

the vehicle. v" ABS - Anti-lock Braking Systems

v ESC - Electronic Stability Control

m FRONT RADAR

\_| 7 p v -
v Automatic Emergency Braking &3 * RAIN-LIGHT-SENsoR * Back-up Camera
v" LDW - Lane Departure Warning

v TCS - Traction Control System

v" Emergency Steering

v FCW - F d Collision Warni
v" Adaptive Cruise Control orward Lofision arning

v" Blind Spot Detection
v L Keeping Assist and Lane Centeri

ane Keeping Assist and Lane Centering STEERING ANGLE SENSOR + Parking Assistance
v Traffic Jam Assist g

v" Self Parking
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INTERNAL and PARTNERS

Driver Assistance Systems for enhanced vehicle safety
ADAS T New Technologies

Interior Camera/ Smart Camera Rear—
Front View Driver Monitoring Remote Park Assist
Camera System Park Assist/Self-Parking

Night Vision/Surround
View Camera

Side Impact

Emergency Brake Assist

System and Adaptive
Cruise Control

Cross Traffic

Assist \‘\‘O i i aa : M —  Blind Spot Detection/
x — T8 G Surround View
L /A  Radar Fusion
Center

High Beam
Control
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Driver Assistance Systems for enhanced vehicle safety
Driver Assistance Systems

Blind spot
All round vision
Oncoming traffic

Traffic sign Collision Collision
Emergency braking

ACC

All round visior y =
Parking /
) !

Lane departure
Collision

All round vision

1 Long Range Radar (~250m) Blind spot e
LiDaR (~200m) h
Camera (~600m)

Short-/Medium Range Radar (~0.2 - 80m)

B uitrasonic (2-4m)

ELLA
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Driver Assistance Systems for enhanced vehicle safety
ADAS T New Technologies

U Adaptive Cruise Control T ACC

U Traffic jam assistant

U Lane keep assist or lane departure warning
U Electro-mechanical steering

U Parking assist or park help

U Reverse assist or all round vision camera system
U Night vision assist

U Adaptive lighting systems

U Traffic sign recognition

u Lidar

U PALM T Position Acquisition Local Mapping
U AEB T Autonomous Emergency Braking

U Blind spot monitoring

U Driver drowsiness detection
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Driver Assistance Systems for enhanced vehicle safety
ADAS T What are the drivers?

AFER
TG,
&

EURO NCAP

WWW.eUuroncap.com

6 0 6 &

From 2016 any new vehicle will require a minimum of two ADAS systems
fitted to qualify for a 5 Star NCAP Safety Rating, these must be Autonomous
Emergency Braking (AEB) and Lane Departure Warning.

HELLA
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Driver Assistance Systems for enhanced vehicle safety
ADAS T What are the drivers?

2018 nSafety Ass

Froml1stJ anuary 0
U Lane Support System

u AEB /
Will be included in the scoring regime, to determine a vehicles safety rating.
From the year 2020 Junction (intersection) Assist will be included.

Testing of these systems is also planned to be included.

ANCAP°®

SAFETY

Minimum requirements to achieve 5 stars in 2018 - 2020

2018: 1999:
Introduction of oblique Minimum scores introduced 2012:
pole test (32km/h) for frontal offset and side e e
2012; impact tests > 5
1992: Whiplash test introduced for pedestrian protection
ANCAP founded
2001:
Pedestrian test
introduced 1995:
1999: 2018: Frontal offset test speed
Star ratings introduced Adoption of common protocols increased to 64km/h
2018: and policies with Euro NCAP

New dummies introduced

(Q-Series child d

2o, and WorldSID)

Minimum scores introduced
for head protection in pole test

2000:
Pole test introduced

lummies

2018:
Side impact test updated
o (heavier test trolley; wider,

| higher, stiffer barrier)
Kl -

1993:
First NCAP to introduce
frontal offset test (60km/h)

1993:
2015 Full width frontal test
Re-introduction of full width 2017: conducted (50km/h)
frontal test (50km/h) e e ot
child restraints mandatory
1993: 2003: 2015-2017:
First ANCAP test results published 1999: Head-protecting Transition to alignment
(no star ratings issued — vehicles 2008: MoU \-Milh Euro NCAP airbags required with Euro NCAP (star ratings
scored using GOOD, ACCEPTABLE, Electronic stability control aEnen a:'ji published based on local
MARGINAL & POOR) (ESC) mandatory g and European tests)
2011:
5013: - Annual increases commenced
mergency braking 2012: 2013: for all star rating levels
EEE(EEY ey 3-point seat belts Intelligent seat belt
mandatory reminders mandatory
2018:
Performance testing of autonomous collision
2018: 2018: avoidance technologies:
Child restraint Child occupant * Autonomous emergency braking (AEB) - City, Interurban
fitment assessment protection assessed and Vulnerable Road User (pedestrian and cyclist)
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 Lane support systems (LSS)

* Speed assistance systems (SAS)
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Driver Assistance Systems for enhanced vehicle safety
Where is it all leading?

SAE levels of Autonomous Driving

3

HIGHLY
AUTOMATED

The driver can turn
attention away from
the road, but must be
always ready to take
full control again.

The system can
autonomously control
the vehicle on defined
& released routes.
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Driver Assistance Systems for enhanced vehicle safety

Number of ECUs in vehicles
Even a low end car today can have 301 50 ECUs.
Todays luxury vehicles can have over 150.
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Driver Assistance Systems for enhanced vehicle safety

Functions of the ECUs 1 Becoming more complex due to ever
increasing computing power.

It is not uncommon for a car today, to have over 100 million lines of software
code. This compares to some 14 million in the Boeing 787.

17
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Driver Assistance Systems for enhanced vehicle safety

Cost share of ECUs with respect to the overall cost of the car

18

Share of total cost

60%

50%

50%

40%

30%

20%

10%

0%

1950 1960 1970 1980 1990 2000 2010 2020 2030

© Statista 2017
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Driver Assistance Systems for enhanced vehicle safety
Thrust Line - Definition

A vehicles Thrust Line is defined as:

An imaginary line drawn perpendicular to the rear axle's centerline.

19
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Driver Assistance Systems for enhanced vehicle safety
Importance of thrust line

Vehicle with perfect alignment

- —

The centreline and thrust line are equal if the rear toe is set perfectly.
The camera/radar are pointing in the same direction the vehicle is
travelling. (Image A)

Vehicle with rear toe setting not perfect

Thrust line [ '

If the vehicle centre line is different from the thrust line, the vehicle will
not travel down the road in the same direction as the centreline, but the
camera/radar will be aimed at the vehicle centreline (image B)




Driver Assistance Systems for enhanced vehicle safety
Importance of thrust line

Thrust line

<

A
2 degrees

Centre line

N

=F@ |
\ o

100 metres

If we consider a misalignment angle of:

A 2 degrees
A Distance of 100 metres

A Misalignment distance = 3.5 metres

21
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Driver Assistance Systems for enhanced vehicle safety
Cameras

22



Driver Assistance Systems for enhanced vehicle safety

Hella Driver Assistance Systems

Sensor Type Long Short / Mid
Range Radar Range Radar

Application 76 81MHz 24 26 /76 81 GHz
Adaptive Front Lighting (AFL), Traffic Sign X
Recognition (TSR)
Night vision (NV) X X
Adaptive Cruise Control (ACC) X X X X
Lane Departure Warning (LDW)
Low-Speed ACC, Emergency Brake Assist X X X
(EBA), Lane Keep Support (LKS)
Pedestrian detection X X X
Blind Spot Detection (BSD), Rear Collision X
Warning (RCW), Lane Change Assist (LCA)
Park Assist (PA)
Camera monitor systems (CMS)

LRR Infrared Video SRR/MRR Lidar SRR Video
1 to 280m 0.2 t0120m 0 to 80m 0.2 to 160m 0.2 to 90m 0 to 80m
HELLR
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Driver Assistance Systems for enhanced vehicle safety
Cameras

Parking Assist
Cross-Traffic Alert

@

Rear and Side

Camera
Park Assist
Cross-Traffic Alert
Junction Assist

©

Forward Camera

Single & Stereo
R & 3D Camera Adaptive Cruise Control
Driver Monitoring Automatic Emergency Braking
Presence detection Forward Collision Warning
Gesture recognition Lane Keep Assist
Adaptive Front Light Control
Traffic Sign Recognition

ELLA
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Driver Assistance Systems for enhanced vehicle safety
Cameras - Front

The camera may be:

AMlono i has a single camera lens.

AStereo i has two camera lenses.

ACombined camera and Lidar (Light
Detection & Ranging)i incorporates the
camera and Lidar in one housing,
(typically Toyota).

Mono camera Combinedcamera&Lidar

SubaruOutbackheaderrailmountedW 9 & S {starebéaineda

Stereocamera

HELLR



Driver Assistance Systems for enhanced vehicle safety
Cameras - Front

Function:
Lane keeping / lane change assist.

A 1dentifies road markings
A Detects grass strips
A Distinguishes construction site markings

HELLR
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Front Camera System

Correct versus approximate calibration

27




Front Camera System

Wrong calibration

Hella Gutmann | International Sales 09.09.2025 19

HELLRA
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HELLRH GUTMANN @ GUTMANN

Front Camera System

Correct camera calibration




Driver Assistance Systems for enhanced vehicle safety
Cameras - Front

From the perspective of the lens:

A The markings show the orientation points of
the camera.

ELLR
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Driver Assistance Systems for enhanced vehicle safety

Cameras - Front

Function:
Road sign recognition.

A Speed limitations
A Passing prohibitions

NO
OVERTAKING
OR
PASSING

KEEP || KEEP S N
RIGHT || LEFT 8.9z

| 2%4-
| "DAYS

o
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Driver Assistance Systems for enhanced vehicle safety
Cameras - Front

SPEED
LIMITED

HELLR
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Driver Assistance Systems for enhanced vehicle safety
Cameras - Front

Function:
Antiglare high beam / high beam assist.

A Camera detects traffic driving ahead.
A Camera detects oncoming traffic.

Sio)
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Driver Assistance Systems for enhanced vehicle safety
Cameras - Front

Function:

A Optical support for ACC.
A Optical support for AEB.

HELLR
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Driver Assistance Systems for enhanced vehicle safety
Fusion




Driver Assistance Systems for enhanced vehicle safety
Cameras 1 Front

The camera can support several function. These can include a combination of:

Autonomous Emergency Braking
Adaptive Cruise Control
Lane Guidance

Lane Departure Warning
Lane Keep Assist

Traffic Sign Recognition

Traffic Light Recognition

Adaptive Lighting

o o To To Do Do Bo Do I»

High Beam Assist

Cameras may work in conjunction with other ADAS components on more complex systems.

37
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Driver Assistance Systems for enhanced vehicle safety
Cameras

A The camera is the only device (currently) that is capable of capturing color,
texture and contrast, e.g. reading traffic signs, lane markings etc. The high
level of detail captured by cameras allow them to be the leading technology
for object classification.

A The camera FoV (field of view) is limited to ~ 50 i 60 degrees
A Massive data amounts are generated by camera, e.g. 1 gb per sec at 30fps

A Cameras, similar to the human eye, are susceptible to adverse weather
conditions and variations in lighting

A The high level of detail captured by cameras allow them to be the leading
technology for classification.

These features, combined with the ever-increasing pixel resolution and the
low-price point, make camera sensors indispensable and volume leader for
ADAS and Autonomous systems.
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Driver Assistance Systems for enhanced vehicle safety
Cameras | Rear

Location:

Is situated at the rear of the vehicle, usually in the tailgate or boot lid and usually fitted
centrally in the number plate plinth/number plate lamp housing or outer handle area. The
camera may be visible, or it may be hidden under a cover when not in use, i.e. some

Mercedes and VW models.

HELLA



Driver Assistance Systems for enhanced vehicle safety
Cameras | Rear

Function:

In its basic form the camera is used to give a view of the area to the rear of the vehicle,
which is viewed on the vehicles multimedia/infotainment display or rear view mirror.

HELLR
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