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Introduction

TUV SUD AUTOMOTIVE 16 YEARS PRO RACE CAREER
1995 - 2007 1982 - 1997

e

250cc, Superbike, Supersport
GP, World, European, German
Championship

General Manager Chassis
Systems

Vehicle Dynamics, Tire & Wheels, Int. German Champion 1996
Brakes, Measurement & ProSuperbike Team Champion
Simulation 1993/ 1994
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Our Motivation

Complexity of new ADAS/AD systems and upcoming test effort.
The customer acceptance and satisfaction.
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Development Efficiency Driving Experience
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Location Kempten
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New Location Memmingen
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Our Research Groups in the Field of Automated Driving
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Facts and Figures

Research
Groups

» |

— Int Pubhcatlons* 3 0
i Since 2017 >

Fﬁunded PrOjECtS* 3 2 Mio VQlume*
10 Industry / 7 Public p a.

* Since 2017 without IFM
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Digital Evaluation Processes

Efficient and traceable evaluation and knowledge bundling should be applied

‘:;/) On Touch Evaluation

A" Automated Analysis
p KPI Generation & Report

Evaluation Catalogue

Multiple User / Vehicles

Evaluation Guide

Comments (Text, Audio, Image, Video)
Co-Pilot Function

Quick Results
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Validation Source Test (Quellentest
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Validation Source Test (Quellentest)
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Road Testing Methods and Activities

Measurement Method with Ground Truth Approach
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Precise positioning of the vehicle
within the lane

Pre-Measurement of Geo-Referenced Ground Truth Data
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Virtual Testing Methods and Activities

How can we transfer the real to the virtual world?
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Attribute Based Developement for ADAS/AD
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Human Factors Research
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Status Driving Simulator
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Status Driving Simulator
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experienced inavirtualized development process.
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Virtualization — Early Stage Driving Experience
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Virtual Testing Methods and Activities
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Virtual Testing Methods and Activities
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General Infos and Lecture program

-

\

https://moodle2.hs-kempten.de/moodle/course/view.php?id=2914

[m(/mtnuz) eduedlors (mw/vm»(. our world

Nr. | Datum | Inhalt Ort | Von Wem

1 01.10. | Virtual Test Driving (VTD) T314 | Self-study
CarMaker Quick Start Guide

2 08.10. | Requirements for vehicles and their global T314 | Schick
attributes Zoom

3 15.10. | Vehicle dynamics attributes and their target T314 | Schick
conflicts Zoom

3 22.10. | Test and evaluation methods for vehicle T314 | Schick
attributes (1) with practical simulation Zoom

4 29.10. | Test and evaluation methods for vehicle T314 | Schick
attributes (2) with practical simulation Zoom

5 05.11. | ADAS DRIVING EVENT Living | Gunther/Riedimuller/
Measurement Tech. Introductions Lab | Schwandke

6 12.11. | Basic vehicle dynamics calculation and T314 | Schick
vehicle models with exercise Zoom

7 19.11. | Chassis components and functions (1) T314 | Schick
Tire & Wheels Zoom

25/09.06.20 A drive living

8 26.11. | Chassis components and functions (2) T314 | Schick
Axle & Suspension Zoom

9 03.12. | TEND: ADAS Development for a sports T314 | Manuel Hofer
car manufacturer Zoom | (Porsche)

10 | 10.12. | Chassis controls and functions (1) T314 | Schick
Overview & Brakes & Steering Zoom

11 17.12. | Chassis controls and functions (2) T314 | Herr Lutz (BOSCH)
ESP-Functions & Application & Process Zoom

12 | 07.01. | Chassis controls and functions (3) T314 | Herr Lutz (BOSCH)
ESP-Application & Hands-On Workshop | Zoom

13 | 14.01. | Analysis of international standards and T314 | Schick
application into the simulation Zoom

14 | 21.01. | Exam preparation T314 | Schick
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Survey and Introduction of Participants

1. Zoom survey of pre-knowledge concerning vehicle dynamics

2. Introduction round
1. Name
. Former University
. Bachelor study course

. Pre-Knowledge of vehicle dynamics simulation

o B W N

. Expectations of the lecture
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Requirements for vehicles and their global attributes

Individual mobility was always important for mankind to survive.
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Requirements for vehicles and their global attributes

Individual mobility of American emigrants “THE DREAM OF BETTER LIVE”
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Requirements for vehicles and their global attributes

Human & good transportation improves our live

Horse Based Ship Based Rail Based
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Requirements for vehicles and their global attributes

Motor driven mobility chances our live

by Henry Ford
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Requirements for vehicles and their global attributes

Mobility as a system has efforts and side effects

Effort Benefits
e Economical

* Raw materials ope
* Energy MObIIIty * Social

* Space

* Personal

Negative Side Effects

e Waste
e Harmful emissions
e Hazards & Fatalities
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Requirements for vehicles and their global attributes
Mobility as a system has efforts and side effects

Effort Benefits Effort

Negative Side Effects
=D 3
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Requirements for vehicles and their global attributes

Motivation: Improvement of the mobility system

A

Effort Benefits
>
e Raw materials e Economical
* Energy * Social
° Space i Personal

Negative Side Effects

* Waste
e Harmful emissions
e Hazards & Fatalities

T

33/09.06.20 A drive ivinglab Kempten University of Applied Sciences



Requirements for vehicles and their global attributes

The urbanjzation lead to new challenges
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Requirements for vehicles and their global attributes

Growing cities — shrinking villages

75 NORD-
. AMERIKA

?1-' LATEIN-
. AMERIKA |
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Requirements for vehicles and their global attributes

Benefit of the vehicle mobility system.

Transportation
People & Goods

Vehicle

Mobility

Working Room
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Requirements for vehicles and their global attributes

Trend: Our world is changing in a disruptive way
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purce: Continenta

Automated Drlvmg Electrification Connect|V|ty

IN THE AGE OF DIGITAL TRANSFORMATION
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Requirements for vehicles and their global attributes
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Requirements for vehicles and their global attributes

=

-

=
——-

——

il

39/09.06.20

A drive living Kempten University of Applied Sciences



Requirements for vehicles and their global attributes

What drives ADAS and “Automated Driving” technologies?
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Requirements for vehicles and their global attributes

What drives ADAS and “Automated Driving” technologies?

Sonstige Unfalle unter dem Einfluss
berauschender Mittel; 0,6%

Unfalle mit
Getoteten; 0,1%

Unfélle mit Schwerverletzten

Unfélle mit schwerwiegendem
Sachschaden im engeren Sinne

0 >

10,0% » Unfalle mit Leichtverletzten

Insgesamt
{ibrige 83,9% 2 406 685
Sachschadensunfalle
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Entwicklung der Zahl der im StraBenverkehr Getéteten

in Tausend

24

Hochstgeschwindigkeit
100 km/h auf LandstrafRen 22

20

0,8 Promillegrenze, Olkrise

Richtgeschwindigkeit
130 km/h auf
Autobahnen

Helmtragepflicht (Verwarngeld)

Hochstgeschwindigkeit

50 km/h innerorts Gurtanlegepflicht (Verwarngeld)

0,5 Promillegrenze

T T T T T T
1960 1970 1980 1990 2000 2010
— Getétete ® Gesetzliche Anderungen

2019 vorlaufig = 3 059

© W Statistisches Bundesamt (Destatis), 2020
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Requirements for vehicles and their global attributes

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

6000(%
6,400
r 54.000 53 390 w2020 objectif
55000 ' | -» e EU fatalities

50,400 ***i ——objectif 2010
50000 - 47,300

45,400
45000 - 43,100 43 500
e | Emergency brake for trucks |
4,800
35000 A
.00 30 500
30000 - L
28,900
25000 - 27,000
25300 27
20000 4 21,900
),400
19,000
’ 15,500

10000 4

Source: - CARE (EU road accidents database)
- National data
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Souree: - CARE {EU road accidents database)
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Requirements for vehicles and their global

attributes

What drives ADAS and “Automated Driving” technologies?

Fatalities by kind of involvement and location

Flew

Anteil in Prozent

\x"»&

@ Statistizches Bundesamt, Wieshaden 2016
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Requirements for vehicles and their global attributes

Taxonomy definition of Autonomous Driving (SAE J3016)

keine
Unterstiitzung

Mensch

44 / 09.06.20

assistiert

Hande weg

'S

teil
automatisiert

A drive living

hoch
automatisiert

Aufmerksamkeit

Beifahrer
weg
voll

autonom

automatisiert
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Requirements for vehicles and their global attributes

Vehicle fleet show a relative low technology penetration of ADAS.

Annual Penetration Rate* [%] Total Penetration Rate* [%]
50,00 s
Introduction of the criterion "Safety Assistants
45,00 with 10% in Euro NCAP Test
doubling 10 to 20 %
40,00 LKAS rating 20,0
35,00 NBA
30,00 SHA 15,0 14,6

25,00

TWA
20,00 S
! == ACC 10,0
15,00 7,4 U
HUD
10,00
5,0 3,5
5,00
o'oo T - .
2008 *2 0,0

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
EB LDW/LKAS Blind Spot ACC HUD
Jahr der Erstzulassung

contribution [%]

* Overall Vehicle Fleet 59,1 % >10 years, 40,1 % > 10 years Source: Mobile.de
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1. What is vehicle dynamics?

2. Why is vehicle dynamics of immense importance
for ADAS/AD?
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Requirements for vehicles and their global attributes

:
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Automated Driving - Impact of Vehicle Dynamics Behavior

“Driver — Vehicle — Environment” — a closed loop!

—_— e, )
N - DA 46 Vehicle
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Automated Driving - Impact of Vehicle Dynamics Behavior

Vehicle dynamics behavior remains very important in all driving modes

Vertical Motion

and situations

Lateral Motion
Longitudinal Motion

L
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Automated Driving - Impact of Vehicle Dynamics Behavior

Vehicle dynamics behavior remains very important in all driving modes

Source: I\/IdynamiX Source: istock ﬁ /" Source: BMW. i . ' .. .
Fun to Drive Fun to be Driven Confident to be Safe
» Good steering feeling & precision * Good straight running & precision * High longitudinal & lateral performance
* High agility & controllability * Low body movement & ride comfort * High stability
« Low roll /pitch recognition * Low acceleration & jerks & oscillation e Good maneuverability & controllability
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Automated Driving - Attribute Driven Development

Evaluation process for driving attributes will play a key role for ADAS/AD to
satisfy customer!

— +—1,2— 3,4 |[5,6]7] 8

"LKAS

ri@g\ 2y V¥

3s —— —

eéi : 2 3 g on Y,
Y Legend
Driver intervention  LKAS intervention  Variation Procedure Step
Source: MdynamiX - N F1-44[5]

Subjective Evaluation Driving Maneuver Catalogue Objective Evaluation

This is where driving dynamics competence is required. Homework have to be
done!

K max
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Requirements for vehicles and their global attributes

Control systems are core technologies for ADAS/AD
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Requirements for vehicles and their global attributes

Vehicle dynamics control are very important for ADAS
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Requirements for vehicles and their global attributes

Vehicle dynamics control are the actuators of ADAS/AD

Antreiben ; Bremsen
al _Elektromechanischer
b ~  Bremskraftverstarker
Elektronische
Stabilitatskontrolle (ESC)

Parkbremse

» Verbrennungsmotor

Elektromotor

ame . Porsche

LE=2 W Doppelkupplungs- ﬁl" -~ Lenken o
getriebe (PDK) \Es -

. '\-i Elektrische Lenkkraft-

Hinterachslenkung unterstiitzung (EPS) “
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Automated Driving - Motion Sickness and Comfort Feeling

R\ T ——

Motion Sickness will be a big challenge and depends strongly on the driving
behavior and chassis system
el VUV 4 N YA
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Automated Driving - Motion Sickness and Comfort Feeling

The railway becomes the benchmark N P
b R A b .
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Automated Driving - Motion Sickness and Comfort Feeling

We will need the best chassis systems ever - but with different focus!

* Road Type * Longitudinal * Passive systems * Seat Position * Type
* Driving style * Lateral * Active Control * Task Age
* Vertical
Driving Stratevgy , . % \;
. \ \ 2 Comfort Feeling
‘ \ @ - T N 4 Motion Sickness
5 ) : Chassis Systems :
Vehicle Motion y Head Motion
and Controls

Improved chassis systems and driving dynamics are required!
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Requirements for vehicles and their global attributes

Major issue for customer values are the global vehicle attributes

Availability

Quality

S

Emission — . 7 »
B tééJ éd ,_..c_;—/’ Drlvablhty
- Cost of Ownership g7 =
\/ Styllng

"Fu nctlons
\
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Requirements for vehicles and their global attributes

How can we evaluate the global vehicle attributes?

Availability

Cost of Ownership
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Requirements for vehicles and their global attributes

How can we evaluate the global vehicle attributes?

Measurable
(sample)
Availability Millage Range Service Intervals Times for fuelling Interrupt times
Cost of Ownership Invest Fuel Service Insurance Money
. System Component N
Quality Service intervals C(js:izacr;lc)e Defect rates Breakdown statistics Statistics
Seat position Seat pressure Accessibility reonomic
measurement
Styling Exterior Interior . Customer survey
Safety NCAP Rating Stability Controlability Brake distance Crash tests
measurement
. ore Acceleration . Tip In . I .
Drivability Tip In Jerk . Tip Out oscillation Vehicle measurement
performance Latency time
Handling Cornering behavior Steering behavior Braking behavior Straight running Vehicle measurement
Ride Comfort Primary Ride Secondary Ride NVH Noise Vehicle measurement
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