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Challenges with autonomous driving

Environment sensors

= New technologies

= 360° view, all weather conditions

Vehicle networks

= Increasing bandwidth

Data processing
» High performance computing

» Data management = Service-oriented communication

Autonomous
Vehicle

Validation and homologation
» From real world to simulation

Artificial Intelligence (Al)
» Deep Neural Networks (DNNs)
» Data driven development

= New testing methodologies and operational safety
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Autonomous Driving - typical approach

Data driven development

Record real
world data

q Data base with Real world and simulation must be

real world data

brought together

Train/validate
DNNs

Data base
with simulation
scenarios

AD software

Perception & Fusion Driving Function
<

= = = = =

Perform large scale
simulations

Update AD

software
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Data driven development

Artificial Intelligence

Autonomous vehicle o

Fleet

---h----

data

AD software

4--------

update

I

Data annotation

ﬁl

Data

storage

Machine learning

Cloud, data center

DNNs: Deep Neural Networks
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Autonomous Driving — The challenge ...

= Realism in simulation

= Amount of simulation scenarios

= Critical traffic scenarios and edge cases
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AD validation
Real
world
> 90% <10 % < 1%

Test coverage

Typical traffic
scenarios

Probability

Critical scenarios,
edge cases

Validation effort
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Autonomous Driving — The solution ...

Bringing the complexity of the real-world into AV simulation
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The current approach is not

realistic Test with adult pedestrian

N

Car approaching

<Pedestrian (20 - 60 km/h)

running
(8 km/h)




A logic scenario is a description of a real driving situation

Autonomous Driving - The solution ... R
i = ] _ﬁ = ;rewfitnttuerrr;:cttion
Generate simulation scenarios from real world data 0

Example 2:
Overtaking maneuver
on a dual carriageway

Interesting

Record real
world data

Generate
scenarios logic scenarios

¥ Data base with
real world data

Train/validate
DNNs

Data base
with logic
scenarios

AD software

Perception & Fusion Driving Function
<

= = 3 &> =

Scenario based
testing

Update AD

software
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UAI / dSPACE Toolchain

A suite to generate high quality training and validation data
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PREVIEW
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Data Logging Data Data
High performance Selection Annotations
data recording The right data The right quality
Customer Storage UAI Product Suite
Customer Cloud AWS / Azure / Google Cloud Platform
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Training / Validation

@ Toolchain

Upload >
Scenario

Generation Simulator
The right quantity

Customer Applications
Customer Cloud
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Traffic
scenario
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The Problem:

With GDPR autonomous vehicles need to be
able to collect street scene data with all the
critical personal information automatically
removed.

Solution:
UAI Anonymizer

e Detects and anonymizes faces
and licence plates in a wide
range of situations

e Fully integrated into the UAI data
enrichment pipeline

e covers > 99.9% of all readable
license plates and > 99.5% of all
identifiable faces

e Keeps getting better and better

over time!
UD\




2D Bounding Box Annotation U\
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Polyline Annetation U\




Semantic Segmentation U\






Automation Strategy

UAI combines a variety of different
automation strategies which build upon one
another in order to achieve industry leading
automation rates.

Keyframe Selection

World Coordinate
Transformation

Hyperdense Point
Cloud Transformation

Velocity Based

Propagation

Interpolation

UA\



our base level automation

Keyframe Selection oo o and 30

(/{.
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Raw data from UAI removes frames Manually annotate UAI merges removed
customer from the stack objects on frames back into stack

remaining frames and automatically
interpolates annotations
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World Coordinates

prerequisite for advanced 3D automation
on top of Interpolation
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Data is recorded relative to the position of
the car. Thus, static objects like houses are
moving backwards through the scene. As a
consequence, all objects will be dynamic
which makes labeling super hard.

UAI transforms data into world coordinates
so that static objects stay at a fixed position
and dynamic objects move less. Labeling
gets much, much easier this way!
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UAI merges point clouds into one
hyperdense point cloud.

. h one

. S Wit
-\'\C Ob‘e‘c‘- c\_‘p ‘O" sU
otate Sta“«\e entir® cy and spe
S ieienN

c-‘s‘\on "

ed!

pnn
po*
pre

UA\



™
O u d in action

FrA L
1

Hyperdense Point Cl

-

UA\



Velocity Based Propagation 2 e imesone poit

Cloud
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Manually annotate dynamic Propagate box to next frame Via velocity based propagation
object and manually updated UAI correctly propagates box
position to subsequent frames
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Velocity Based Propagation i acion
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resolve Hyperdense Point

Ze I'O -TO u C h M ag i C Cloud™ back into keyframes

UAI transforms annotations back into
relative coordinates and composes
zero-touch boxes on the way. Results
are fed into Interpolation.
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Interpolation

UAI adds non-
keyframes back into
the stack and on the
way zero-touch boxes
are interpolated

UA\



UAI / dSPACE Toolchain

A suite to generate high quality training and validation data

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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PREVIEW Cormm—
o> r g Training / Validation
g E\> é {é} Toolchain
= <3 ®5)
) L il
. Upload >
Data Logging Data Data Scenario
High performance Selection Annotations Generation Simulator
data recording The right data The right quality The right quantity
Customer Storage UAI Product Suite Customer Applications
Customer Cloud AWS / Azure / Google Cloud Platform Customer Cloud
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Scenario Generation - What is a simulation scenario ?

+ Temporal
Road modifications _

Network

s B + Weather Dynamic

Content

Static

Content + Date &
Time-Of-Day
Yt ~N Logical scenario
description required

Essentially relevant for [ ‘
sensor simulation on R @ /

raw-data level
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Scenario Generation - What is a simulation scenario ?

6-Layer model, describing relevant factors and their geometric, temporal and/or logic relationship
according to [1], based [2], integration planned

Layer 6

Layer 5

Layer 4

Layer 3

Layer 2

Layer 1
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Digital information:
e.g. V2X information on traffic signals, digital map data
=> Availability and quality of information communicated to ownship

Environmental conditions
Light situation, weather (rain, snow, fog...) temperature
=> environmental influences on system performance

Moving objects

== relevant traffic participants and their motion incl. dependencies

Temporal modifications and events
Road construction, lost cargo, fallen trees, dead animal
=> temporary objects minimizing / influencing the driving space

Road furniture and Rules

traffic signs, railguards, lane markings, bot dots, police instructions
=> including rules, where to drive how

Road layer
road geometry. Road uneveness (openCRG),
== physical description, no scenario logics

https://www.pegasusprojekt.de/files/tmpl/Pegasus-Abschlussveranstaltung/PEGASUS_Abschlussveranstaltung_Wie_weise_ich_dies_nach.pdf
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Different types of scenarios

Usable for testing different parts of the pipeline
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Sensor Realistic scenarios for perception tests Low-fidelity scenarios to test planning
Road and 3D Scenery requried _ Only road required




Logical Scenarios vs. Replay-Scenarios

Replay Scenario

Logical Scenario

A scenario is a description of a driving situation
= -
(W) m— an intersection ¥
: =
xampile 22 l
L= EOvertF:kir?é maneuver -
(> )} on a dual carriageway l
L =l
A D (K '
= Might not exactly replay scenario due to abstraction and " Replay of trajectories
generalization - Exact reproduction of real scenario in the simulation
= Scenario can be changed by scenario-parameters * Not possible to change scenario
> Scenario can be varied by user - ScBT = Scenario might become inconsistent if ego motion
= Scenario will be consistent in valid parameter space changes due to different reaction of AD algorithm
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Trajectories to logical scenario ModelDesk = OpenSCENARIO
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ModelDesk

Object Lists Raw Trajectories Trajectory-based Scenario Logical Scenario

Advanced Fitting / Filtering / Convert Object-
. Extrapolation / Trajectories
TraCk.mg / Mapping to Road to logical scenario
Fusion and Lanes description

Replay in Closed-Loop Parameter variation
Simulation Scenario-based testing
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Demo Scenario from Only Camera

N48*46'14.63" E009*11'13.84"

UNDERSTAND.AI
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ADAS/AD - Beat the Challenge
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Important Information!
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All rights reserved. Written permission is required for reproduction of all or parts of this publication.

The source must be stated in any such reproduction.

This publication and the contents hereof are subject to change without notice.

Benchmark results are based on a specific application. Results are generally not transferable to other applications.

Brand names or product names are trademarks or registered trademarks of their respective companies or organizations.
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