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Long Dlstance Automated Driving

Bertha _Benz

y & ; | ° 100+ km
| X ’ on historic route
- Q. . 3 large cities

« 23 smaller towns



Sensor Box for Automated Driving ﬂ(".

Karlsruhe Institute of Technology

VLS-128 Alpha Prime Lidar — L

2x Hesai XT-32 Lidars for near range

6 x 90° low-distortion cameras

Stereo HDR cameras

a
a
a
a
® HD-map, Trigger box, IMU, GNSS
a

Radars adopted from series
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Sensor box: Cameras in Ring ﬂ(".

Karlsruhe Institute of Technology
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SAE Automation Levels — Automotive Industry
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Partial Conditional Full
Driver only Assisted Automation Automation Automatlon Automation
Driver completely Driver permanently Driver permanently Driver mustalways Driver is not No driver required

in control

No automated
intervention

In Vehicles Today
Driver is Responsible

in control for some
functions

Single control
functions such as
speed selection,
braking or lane
keeping are
automated

-~

Manual Driving

~
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Adaptive Cruise

Control J

monitors functio
and environme

L2++
Hands-
off
Driving

Stop & Go
Automation

be availafe to
resume c ol
koo ble

nghway
Pilot
2022
Mercedes
-Benz
S-Class

2024
Mercedes
-Benz &
BMW

Highw
Piloi

required during
defined use case

Vehicles performs

longitudinal and
lateral cor trol in
defined us -ase
Taxi
Pilots
2023
Waymo,
Cruise

Vehicles performs
longitudinal and
lateral control in all
situations

Last Mile Self-Driving
Taxi Car
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Safety Goal

AT

Karlsruhe Institute of Technology

® Naive Thinking: The safety goal for SDA should be ,Zero Accidents®

W Safety goal should be ,safe x% lifes”, i.e. achieve SIF level

\_

Safety Improvement Factor =

Risk of Traffic with Conventional Driving

Risk of Traffic with Self Driving Automobiles

)

® Which SIF level is societal acceptable?

Christoph Stiller
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AT

Required Safety Level

® Risk of traffic in Germany: 1 fatality per 230 Mkm
B Best Al perception performance is some % error rate

® Al Networks are by far not safe enough
— just as model-based Bayesian Perception

® Improvements:

Restrict ODD

Information fusion with diverse sensors (camera, lidar, radar), maps
Diversity in prediction & planning

Uncertainty aware Al

Scenario-based training and validation

Collective safety

Diversity in hardware, data, processing & verification is key to safety
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Real World Driving Real World Data Synthetic Data
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How to test 1010 km? Carbtohe sttt of Tehnoloy
#Scenarios, Critical Situations >
Volume
of Data
< Realism, Price of Ground Truth

rld Driving Real World Data Synthetic Data
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U N I CA Rag I I Ve h I C I eS Karlsruhe Institute of Technology
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MECHATRONIC ARCHITECTURE UNICARagil -\\J(IT

Karlsruhe Institute of Technology

; M= | mopul
(GZT o / “Cerebrum”:
Yo aisen — = « Environment representation
4\\\\\\‘L_/'/ NGSTmf » Behavior and trajectory planning
GF DRI\/I
ECTORy
Ry | - “Brainstem”:
/3 —— * Realization of desired trajectory
Lo =l - Safety ECU
! \ gpINAL 7 e * Dedicated HW developed
: 5 j' CORD - ’” S = ;/E“[ ] = - ‘-‘
[& e = j}ﬁyi “Spinal Cord“:
WL i 7 \ R— « Steering angle and drive control
| ¥l 4| » Fallback in case of “Brainstem” failure

| MODULE

B ol unsersty universitat ;“f";”':"' chnische L TECHNISCHE o o
RWTH KITe uum TUTI gEEE=® @ 5 stlatec #'PCG jiMaR SCHAEFFLER fly
e Istitut fur Technologie Sﬂtlxtetl’gsé l:
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. . Eco-Sytem for Automated Driving
unicarag//=—— =

\ \ - ./
\ " 7 . _ Intelligent Infrastructure
v .‘ CONTROL- = e = Minimal stationary sensors
= Dynamic supplement through sensor
N ROOM . cluster = drones
Control-Room )
= Remote vehicle operation | . el Wil '\Z‘ \O
= Service center, e.g. for emergencies or B ’_,_, Q‘/
sovereign interventions -~
j —_—
17 -
-~ P S — Sensor-Modules
=~ -~ Identical integration for all vehicle
%_ . VEUERS
- - ~
. . — — - — ™~ Fail-operational due to 3 physical
Cloud .F_unctl.onallty . ‘ . | ~d - sensor principles
: Adtd|t|0r;ald|rgjfc')r'matf|on f;)r T [ Provides environment
QUICIIICECIM O ILICROD | A \ \ | ‘f {_ information as a service
= Collective environment model ( v |
= Collective traffic memory ) \
De Uy
L
Four Fully Automated and Driverless o 1T . \P,
Vehicles YS! = (@ \DYNAMIC-
Enabled by Modular Information ' ( N l \ _f' MODULE
Processing -
PLATFORM Driving-Platform with Dynamic-Modules

= Service-oriented SW architecture allows
updates and additions to secure modules

= Modular structure consisting of 4 dynamic modules, energy

. . . i + -
= Vehicle fully functional without external (L], (BTN 30 < Sl FEErEnEss

Information

= Scalable, different vehicle sizes can be displayed
= Electric (48 Volt) and functionally safe
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Field Monitoring of Automated Vehicles 56™ CIECA [
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Homologation
& Market
Introduction

Operationin
Real Traffic

Safety Metric:
#critical situations

MEEBIRUEN  4minor collisions Safety

SRCIVE Zfatalities Monitoring
Promise

Regulatory
Control
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Summary & Conclusions ﬂ(".

. Automated Derlng Karlsruhe Institute of Technology
B s feasible in restricted ODD, or with safety driver
® will cause a revolution in human mobility

B Safety
® is key to market introduction
® Societal consensus required on safety goal

“,f‘

® Verification and Validation
B Testing 10" km requires real world driving; real world data and synthetic data
® Openissue: Design of a scenario set that is sufficient for market introduction
® Crowd data collection must continue with series vehicles

® Eco System for Automated Driving
® Vehicle, infrastructure, cloud, control center, etc.
W Safety validation will continue in the development-life cycle of automated vehicles

Christoph Stiller 19
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