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Different Reasonsor \Vehicle Automation



1978 ABS

1980 Airbag, Belt Tensioner J@‘
1989 Automatic Rollover Bar

2
1995 ESP, Sidebag \M/
1996 Brake Assist System
1997 Sandwich Concept
1998 Distronic WindowbagAdaptive Airbags
2000 Integral Safety Approach
2002 PRESAFE
2003 Active Light Functions
2005 Adaptive Brake Lights, Brake Assist System BAS PLUS,
NECKPRO Head Restraint
2006 PRESAFE Brake, intelligent Light System
2007 Blind Spot Assist
2008 Active Park Assist
2009 Attention Assist, Adaptive Highbeam Assist, Lane KeessigtASpeed Limit Assist, Self-Adaptive Rear Belt Faraeets
2010 Active Blind Spot Assist, Active Lane Keeping Assist
2011 COLLISION PREVENTION ASS BRESAFE Brake with City Braking Function, Night View Assist with
SpotlightFunction
2012 360! Camera, Side Wind Assist by ESP
2013 Intelligent Drive: DISTRONIC PLUS with Steering AssisSanp&.GoPilgtPRESAFE Brake with

Pedestrian Detection, BAS PLUS with Cross Traffic AssiSEAHE PLUS, PREAFE Impulse Beltbag, MAGIC
BODY CONTROL, Adaptive Highbeam Assist Plus
2014 COLLISION PREVENTION ASSIST PLUS

2016/17/18 Intelligent Drive Next Level: Map enhancedActive Distance Assist DISTRONIC and Active St
Assist, Active Lane Change AssislActive Speed Limit Assidctive Emergency Stop
Assist, Active Brake Assist with Cross Traffic Functionasive Steering Assis| PRESAFE
Sound,PRESAFE Impulse Side

MercedesBenz has the
Longest History in AD




AD - Systemscalability

Daimler MercedesBenz
Trucks Cars

MercedesBenz
Vans

We are able to scale our AD System acrasscasesandregions
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Formsof On-Demand Mobility

Car Sharing Taxis / "Ubers"
You are the driver Chauffeured

+ Flexible, no driver, affordable + Versatile, convenient, anywhere
- Limited coverage area, parking issues - Costly, needs driver

Mercedes-Benz



AutomatedOn-Demand Mobility

Car Sh Robocabs [ "Ubers"
You are t Selfdriving wffeured

+ Flexible, no di Eventually nvenient, anywhere
- Limited coverage the best of both worlds? . needs driver

Mercedes-Benz
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There are a lot of Inefficiencies in Road Transportationalod
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Potentials for Automated Driving Example US Market

L $

9%
Insurance
34%
driving 12%
lease/
purchase

5,9%
loading
unloading

Mercedes-senz
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FromTechnology Research E

2014 2015 2016 2017
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E to Technology irProduction

Highway Inner-City

Gated Areas Rural

2019 2030 ff

Mercedes-Benz



First and Last Mile StillOperatedoy Driver

A

Driverless on highway
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Amsterdam
AutonomousDriving on Bus Rapid Transit
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Safe Technolog



Safe Technology

Components

Sensors

What an autonomous vehicle does not "see",
it is likely to drive into

Data provisioning and collection
as well as operator commands

Mercedes-Benz

Autonomous Vehicle "Brain"

Deciding which course of action is right
depending on the situation

Redundant Actuators

Anythinga driverwoulddo
needsto be controlledelectronically
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Safe Technology

to understandSensor Data

. Fusion & Situation Maneuver
Dense Data Classification e : )
Localization AVEWAIS Planning
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Safe Technology

to understandSensor Data

. Fusion & Situation Maneuver
Classification N : )
Localization AVEWAIS Planning
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Safe Technology

to understandSensor Data

Fusion & Situation Maneuver
Dense Data e : .
Localization AVEWAIS Planning
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Safe Technology

ShallowNeural Networks

Mercedes-Benz
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Safe Technology

DeepNeural Networks
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Safe Technology

50 major German Cities

5000 precisely labeled frames

>4000 downloads

www.cityscapeslataset.com

Mercedes-Benz

More Data

I Universities/Experts can compare the performance of tdiNs
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Safe Technology

Today
SemanticClassification

Mercedes-Benz

26



Safe Technology

238.200 persons
47.300 images

More Data

31 cities 12 countries

4 seasons
Diverse Weather
Day and Night
Accurate Labels

Class Attributes
Bbox Orientation

Evaluation Server

Mercedes-Benz

1 Automotive Dataset

IntelligentVehiclesGroup (1V)
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Safe Technology

InstanceDetection
Joint InstanceDetectionand OrientationEstimation

Mercedes-Benz

IntelligentVehiclesGroup (V)
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Safe Technology

PedestrianTorso & Head Orientation

Robustheadandtorso estimationusedas contextinformation

Mercedes-Benz

Head and torso estimation
takes into account physical
constraints.

For clarity, results are only
shown for one pedestrian
at a time.
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Safe Technology

Mercedes-Benz

Lidar Principles
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Safe Technology

Sensors
LR-Radar
LRRada r
LRRadar
| LONG RANGE RADAR

Mercedes-Benz

LR-Radar
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Safe Technology

Sensors
HardwareSoftwareCodesign

@
UNTIL TODAY

Radarhardware and
algorithmconcepts
pushedeachotherequally

W

Software Hardware

Mercedes-Benz

@
TOMORROW

Newalgorithmconceptsdemand
Imagingradarresolutionandmassive
computationapower

W

SIEE Hardware
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Sceneunderstandinglassificationevel

Mercedes-Benz



Safe Technology

Sensors

Radars } Radar PreProcessing } Deep Neural Network } Radar Semantics

Convolution network Deconvolution network
o J \_ J
g g
What? Where?

Mercedes-Benz



Safe Technology

to understandSensor Data

Situation Maneuver
AVEWAIS Planning
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Safe Technology

Fusion
Thelmportant StepBetweenPerceptionand Planning

Mercedes-Benz
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Safe Technology

Fusion
Fusion Tasks

Mercedes-Benz
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Safe Technology

Fusion

FUSION PROVIDES:
basis for planning the car's behavior

an accurate and detailed picture of the environment on a @aggeegated level, i.e. the consolidated
sight of the car

NO LONGER ABSTRACT FEATURES FROM SINGLE SENSORS BUT:

AN

Classified object Movement over time Contours of obstacles Roadinfrastructure Visible space

Mercedes-Benz
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Safe Technology

Fusion
Fusion Tasks

Mercedes-Benz
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Safe Technology
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to understandSensor Data

. Fusion &
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Safe Technology

Understanding

A humanrdriverrelies
heavilyon context cuedo
anticipatenhowa traffic
situationwill evolve

IntelligentVehiclesGroup (1V)

Variouscontext cueanfluencethe pedestrianmotion

Mercedes-Benz
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Safe Technology

Understanding

At intersection?
On collision course?
Hand gesture?

IntelligentVehiclesGroup (1V)

Mercedes-Benz 43



Challenge



Mercedes-Benz

Challengedor Sensors

)



Challenges

Test your own vs. a Neural Network

Check the image for three (3!) seconds and then have a loble aesult of the Neural Network, which had
only a mere 30 milliseconds glance at it. Ready to start?

Not sure whether some ONew PlayersO would have detectedsiagtruck ...

Mercedes-Benz
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Challenges

CNNsperformonly well,
If training dataandtraining parametersare chosencarefully

Example Night performance of CNNFtrained with day dataE
E and if trained with proper night data

Mercedes-Benz



Challenges

The Right Data

Relevant Data Corner Cases

Mercedes-Benz
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Challenges

The Right Data

Relevant Data Corner Cases

Mercedes-Benz
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Challenges

The Right Data

Relevant Data Corner Cases

Mercedes-Benz
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Data Scilence
Right

s in 1 minute

Continuous Fleet Driving

S~

Mercedes-Benz

—>

Data Ingest Data Selection

Most efforts go
Into this data loop!

10 vehiclesdriven 5 hourson 100days
create30 Petabytes

—

Testing & Validation Training

Data Annotation
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And More Challenges E

Mercedes-Benz
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The Road to Full Autonomy May Have a Few Curves
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Enablers



CustomerAcceptanceRemembeiE

Humansare actually ... andmostbelieve
prettygooddrivers... theyOrevenbettet



SiL-Simulation as Key Component for Validation

Sensor Simulation

Environment
Perception

Mercedes-Benz

Environment Simulation Vehicle Dynamics Simulation

Lateral

Maps Traffic Weather

Longitudinal

source: www.vires.com

Autonomous Software

High Definition
Maps and Fusion
Localization

Behavior Generation

and Trajectory Planning Motion Control
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GoodEnougl?

Mercedes-Benz
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Where Are We In the Hype Cycle?

"HSY&H ()*&'+)+,&

Peakof inflated Expectations

Plateauof Productivity

Slope ofEnlightenment

Troughof Disillusionment
Technology Trigger

Mercedes-Benz

OWeOre going to end up wi
complete autonomy, and we

have [it] In approximately
.0

-ElonMusk, Tesla (December 2015)

| Maybe itCrs , maybe itO4
. | am here to tell you

that honestly, itOs a bit of bot

- ChrisUrmson Google (March 2016)
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Enablers

joinedforceswith In commonProject House
o = mm o Em Em o Em Em Em Em e e e e e e e e e e e e |
, |
' [
' |
| + :
, |
I Hardware (Sensorsgs | Svst I I Vehicles
Actors, ECUSs) : ystem |
| Sensor Algorithms Embed. SMihfrastt | | ! Integration of systems
I Software for HW I : In vehicle line
components I Motion Control Testing I
' [
: EnvironmenEusion IT & Process Support
: Behavior Generation Vehicle Control Centgr
|
|

Common Development ofAD-Kit to be used iRRoboCars

Artificial Intelligence enabler for Autonomous Driving (Nvidia)
Functionally SAVEacc. to 1S026262
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Experiencing rban utomated riving @ San JosZ

)

First Pilot of
in 2019

Several new S-Class vehicles
mounted with latest AD Systems

Start in 11/2019

with demonstration of autonomous service

On-demand ride-hailing service
to simulate a real-life operating scenario

Day time operations
from dawn to dusk

Mercedes-Benz
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Research Collaborations
Intelligent Vehicles Group @ TU Delft

)

Prof. Dariu Gavrila

IntelligentVehiclesGroup (IV)  "#$%&(

Longterm research collaboration

Vulnerable Road User Handling
to understand and protect other traffic participants

PhD and Master Thesis / Internships
on interesting and cutting-edge topics

Joint Publications / Proof of Concepts
at top conferences and journals

Joint Benchmark Datasets
to accelerate research and evaluate development

Mercedes-Benz
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Research Collaborations

PhD topics @ Intelligent Vehicles Group

Christoph RistThomas Hehn

3D Scene Segmentation
and Labeling

N -
N, -
S’

Vehicle Localization
and Mapping

Mercedes-Benz

AndrasPalffy

N Object/VRU
" | Detection/Localisation

ﬁ O
Extractionof Intent
Relevant Cues

Markus Braun

Markus Roth

Driver Observation/Modeling

JorisDomhof Sebastian Krebs

—

=

State Estimation
(ContexitFree)

State Estimation
(ContexiBased)

Christian MYnclEwoudPool

AN

—
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The Reinvention of the car is happening right now
and together we will revolutionize future mobility E

Mercedes-Benz The Reinvention of the Car | Dr. Michael Hafner | 10.10.2018



E in order to provide space and time smartly usexd £ssential things.

For this revolution E

!"#$""%#&I () www.daimler.com/career
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