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Expected Benefits from

Automated Driving

[ Wertschopfung: =
+30%
Umwelteffizienz:
- +20% Fuel
Zuganglichkeit: Efficiency
100 %!

_ Raumny}zung:
Individuelle ™, _ Parkplatzen

" Mobilitatskosten: Nferkehrefuse:

-50% 1 -70% an Stau;
ggii. Besitz; +500% an

9'1€/ a Kapazitat

Kosten fiir <

Produkfivitats-
gewinnez Fiir Wien
rund : ‘Mio.
StundenfJahr

Wartezeiten:
20" = alles
«nahtlos"

Quelle: World Economic Forum,
OECD ITF, Frauenhofer

Taken from the Austrian Roadmap for Automated Driving, 2016

Y weN =wa

« Sounding project for test
field for automated
driving 2016/2017

» Validation concept for
automated driving
functions

administered by co-financed by

L bm@ @

Federal Ministry
Austrian for Transport,
Research Promotion Agency Innovation and Technology

&
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Expected Benefit Categories
for Automated Driving

The only » changing traffic modes
intrinsic

featurelll » choosing the right traffic mode

according

iceliile the given
Effectiveness situation

Benefits of
Automated
Driving

> e.q.
automation
levels 3

Veh|cle
Eff|C|ency

- > less responsive
Safety Taihe » driving slow
% Efficiency > high density for
Y

> driving slow wind shadow
> with low densit » driving faster
> with high density
» more responsive
B CONNSCTING
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Methods of Choice In
Development and Validation of
Automated Driving Functions

o Scenario-based Development
o Prospective Effectiveness Assessment
o Machine Learning & Al

o Integral and Holistic Top-Down
Development Procedures
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Scenario-Management and
Development/Approval of Actions

~
s

1ir

A\

/" K ‘\‘\\
v \Q\{\_/
T4l

a0

— Jll—.. E—
(Monte Carlo) Variations of
actions and vehicle characteristics Jﬂ\_
behaviours (driver & traffic) i
streets & environment
traffic'(volume & constitution)
traffic control
communication (Car2X)
MILLIONS OF SIMULATIONS

N N NS

@
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Calculation/Estimation of Criticality

Trajectory plot

I Eg0

@  Object position (tUA)

Object trajectory (max. 1.000s to depicted object position)

Trajectory plot

I Eg0
Object trajectory (max. 1.000s to depicted object position)
@  Object position (tUA)
°©

xObject

0.1 0.2 0.3 0.4 0.5 0.6 0.7
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Comfort Nelt=1% Efficiency

ligeliile
Efficiency
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Effectiveness

xObject
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Detection Rates versus
Misclassification for Algorithm

> Specification for
necessary sensors
and information
(incl. V2X)
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Prospective Effectiveness Assessment

System Effectivity -

Euro NCAP VRU 2016 (Pedestrian) Euro NCAP 2020 {Junctions)
strians  Euro NCAP City / Inter- U ban Euro NCAP VRU 2018 (Bike)
1 1

//f

0
10 2 o 10 -] ] 10 il

uro NCAP VRU 2016 (Pedestrian) Euro NCAP 2020 (Junctions)
S uro NCAP City / It t -Urban Euro NCAP VRU 2018 (Bike)
1 1 1

ar2Car ar2Car - special cases edestrian:
Specification i : H : f
Ideal sensor g
Sensorset - no noise &
Sensorsel - pRefd8, noise 1%) E% :
— Sensorset - pRefd7, naise 5%) 2 :
No system :
| |

10 15 20 25
Relative Collision Velocity [m/s]

relative frequency

Partially dramatic differences in effectiveness
« due to details in concept realization See:

. . * On the Performance Evaluation of Integral
(l'e' wrf sensors and GlgOFITth) Safety Systems, Andreas Kuhn et.al.,

due fo situations in specified ,field of SafetyAssist 2013 ‘
f ti “ Development Processes and Accompanying
elecliveness Performance Evaluations of Integral

Automotive Safety Systems, FISITA 2014
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co-financel d by

b mQ T
wderal Minkiiry
for Tranggaer,

ovartian ard fechnalogy

o Lead Project for Automated Driving in Austria

o Platooning as instrument
for improved energy and fraffic efficiency

o Development and assessment of
cooperative, connected, (semi-)Jautomated
driving strategies . 2
PR a5 CNL L IE§$A
o 4 Principal
Scenarios

SIEMENS
fhg.«nuily{orb‘ﬁ

. Y N
virtual @ vehicle

Comfort safet Vehicle ligeliile ligeliile | CONNECTING
y Efficiency Efficiency Effectiveness ) AUSTRIA




4 Principal Scenarios
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Q
(a4
<
<
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. ’ v 2P e oL :-."‘: % : o o ' ’ (. . K ‘..
$3: Highway Exit $4: Controlled Intersection
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Main Entities with Effects on
Automated Driving

Traffic Control &

Traffic Situation - Management Systemns

| ADAS &
Automated Driving

. Behavior of Drivers &

Laws & Guidelines Traffic Participants

®
Comfort safet Vehicle ligeliile ligeliile o CONNECTING
S arety Efficiency Efficiency Effectiveness p NUSTRIN
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Main Entities with Effects on
Automarted Driving

Traffic Control & Conftrol

Management Systems Algorithm
Traffic Situation

uolpiadoo)

Infrastructure Quantification of
Dependencies

N Confrol
.- Driving Algorithm
- Behavior of Drivers &

Laws & Guidelines Traffic Participants

@
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../../../Projekte/P1154/Studien/A01_SystemKonzept/SystemKonzeptTestfeld_V01.vsdx

R&D Approach / Procedures

Comfort sofet Vehicle ligelijle ligeliil®
Y Efficiency Efficiency Effectiveness

Theoretical Potentials and Effectiveness

Pragtical Potentials and Effectiveness

Risks and Potential Counter Effects

O O O O

Total Multidisciplinary Eff%’riveness

~

O

RZlke))
— C
O -3
_|Z_JC
50
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J

Scenario Management

Traffic
Observation

<
<

L

&

Infrastructure & V2X | Vehicle Control Laws & Dynamic Road Risk Map

& Traffic Control Strategies Guidelines
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Theoretical Potentials and Effects
Due to Wind Shadow

o Theoretical fuel savings due to reduced distances
o Evaluation for different distances and vehicle configurations
o Practical effectiveness e.g. including reduced cooling

UMean Magnitude
10

pMean

8000e+01 40 0O | 40 8000e+0] . .
e virtual @) vehicle

@
Corier Sofet Vehicle Traffic Traffic o CONNSCTING
Y Efficiency Efficiency Effectiveness g NUSTRIN




15
What are the (theoretical/practical) potentials of

platooning according traffic efficiencye

o What are the traffic advantages due to reduced distances in
comparison to real traffic situations?

» Evaluation of realistic traffic situations (together with ASFINAG)

Traffic flow rate 3

¥ nominal situation
contour lines (250 veh/h)

flow [veh/h]
Abstand [Sekunden]

100 2
50

driving speed [km/h] headway [sec] 80 100

Fahrgeschwindigkeit [km/h]

» Theoretical potentials wrt traffic densities and flow rates
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Which traffic situations will result in
additinal congestione

o Example
o Elephant races: overtaking with few speed differences
o Overtaking of long truck pelotons

pZ . - -
3 -
- - |
g [}
<& - 2
7 :

© https://www.bussgeldkataloge.de/elefantenrennen/

» Potential risks wrt fraffic congestions
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Different cooperative conftrol strategies
and their consequences

o Scenario based evaluation of different vehicle control strategies

» Potentials and risks of control and driving strategies for more
safety and efficiency

Coriar safet Venhicle lifeliile ligeliile B CONNSCTING
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What are necessary lengths and
durations for overtakinge

o When to begin/avoid overtaking for prevention of
avoid weaving

S— Distance (m)

300

2 3 4 5
)

Acceleration constant (m/:«;2

T
£
=
~
=z
T
Q
Q
(o8
7]
o]
Q
w
T
b=
c

» Potential risks wrt safety

@
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Advantages due to local and temporal
compression?e

o Scenario
o Lane reduction

o Tunnels,
. . [ ]
construction sites, o
accidents

o Target t

o Efficient lane
merge

o Minimal lost time
o Maximum safety

o Avoidance of
congestion

o Example:
o Zip-Assistant System

D

Comfort safet Vehicle ligeliile ligeliile il CONNSCTING
Y Efficiency Efficiency Effectiveness .’ NUSTRIN




Traffic Micro Model of Hallein

o Scenario based evaluation of different traffic control strategies

o Extensively validated micro model of Hallein for evaluation of
different control b
strategies and
traffic situations

safet Vehicle eliife [ ] ® CONNSCTING
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Traffic Analysis for Test Region Hallein

Fiter: *Morgenspitze 700"

Simulation of different control strategies

Comfort Seiian Venhicle ligeliile ligeliile S
! Efficiency Efficiency Effectiveness

Speed for Nominal-STP004_resultCube (quantile 50)
T T T T T

T T T 50
—/ I45

N
o

0

Kuchl->Autobahn
Bestand: 237.16 sek/Fz (208.1 Fzg)
Alternative: 178.20 sek/Fz (316.6 Fzg)
Differenz: -59 sek/Fz
400 i

=

Bestand Alternative.

Autobahn->Kuchl
Bestand: 162.55 sek/Fz (138.7 Fzg)
Alternative: 120.67 sek/Fz (210.5 Fzg)
Differenz: -42 sek/Fz
Two| 1
w

v 150
_,_

Bestand Alternative.

Pernerinsel->Kuchl
Bestand: 316.17 sek/Fz (74.0 Fzg)
Alternative: 244.70 sek/Fz (112.4 Fzg)
Differenz: -71 sek/Fz

=

200 B
land

Filter: *Abendspitze*

Variation of vehicle control actions
Variation of traffic control actions
at different traffic situations

Kuchl->Pernerinsel
Bestand: 230.22 sek/Fz (98.3 Fzg)
Alternative: 187.78 sek/Fz (149.5 Fzg)
Differenz: -42 sekiFz

T
|

=R

Bestand Alternative.

Autobahn->Pernerinsel
Bestand: 115.64 sek/Fz (141.9 Fzg)
Alternative: 105.17 sek/Fz (215.5 Fzg)
Differenz: -10 sekiFz

= -

Bestand Alternative.

Pernerinsel->Autobahn
Bestand: 265.85 sek/Fz (172.7 Fzg)
Alternative: 219.54 sek/Fz (260.0 Fzg)
Differenz: -46 sek/Fz
=

Green time extension

Green fime start assist

Local compression
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../../../Projekte/P1154/Studien/A01_SystemKonzept/SystemKonzeptTestfeld_V01.vsdx
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Evaluation of Traffic Situations with xFCD

o Automated detection of relevant traffic scenarios

\ Y
\
N

\\//ﬂ

£

Change view

 Hide samplesineurori

h
21 2
Hol

» FCD evaluations and anomalies detection already running

D
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Automated Object Detection

o Video-Tracking of all fraffic participants

safet Vehicle ligeliile ligeliile o CONNECTING
Y Efficiency Efficiency Effectiveness p NUIUSTRIN



Automated Detection of Traffic
Situations

o Video fracking with continous
trajectories across intersections

MAHO01716

700

Persons Vehicles

200 400 0 0 200 400 600 800 1000 1200 1400

© SCCH © SCCH
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Automated Detection of Anomalies
and Dangers

Driving at wrong lane Diagonal crossing of intersection

Comfor Safet Vehicle ligeliile ligelijle )  CONNSCTING
Y Efficiency Efficiency Effectiveness /\USTRV\




Data Acquisitions from Fleet and
INn-Vehicle Data (Naturalistic Driving)

20
15 10 5 0 B i s

= 150 ‘ | : : :
=
2 100 —
2
8 s0—
ks
>

0

[

800 1000 1200
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Solution Concept for Development/Validation
Automated Driving and Traffic Automation

Scenario Management Variation of Systems/Components ;_,;ff*‘/'fp !

: Variation of Situations / Conditions
Scenario CGfG'OQ Variation of Actions

Variation of Behaviours

Simulations > Quick Identification and

The Data Cube(s) Resolution of Requirement
= for Vehicle and Conflicts
SR Traffic Automation System Understanding

Test Fields Conform Specification of
Components
Realistic Performance Ratings
Best Control Algorithms .. -

Naturalistic Driving

° £
WIESN &2WW/\
Cob

Robustness Mngt

Complexity Mngt

Conflict Analysis
Var. Labellings

| Artificial Intelligence
| Big Data Analytics
| Effectiveness Rating
| Reference Systems
| System-of-Systems

| Cond. Probabilistics

© ANDATA, granted and pending patents o) CONNECTING




Dynamic Risk-rated-map

Direction 1: Wien - Salzburg - Free For Platoon
- Non free For Platoon
Entries

Adaptive wrt e
* |ocal ) X I Bidocs
conditions TN * -»Tur‘mels
traffic e
situation
weather
temporal
incidents
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Summary and Conclusions

o Connecting Austria: lead project for
connected, cooperative, automated driving

o Scenario-based development
of platooning strategies and control policies

o Focus on infrastructure aspects and safe
traffic/vehicle efficiency

o Carry on validation concept from WienZWA
o Preparing next steps for Car2X
o Open for 3rd party Platooning Tests

i CONNESCTING
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Thank you

Dr. Andreas Kuhn
office@andata.at
www.andata.at
www.connecting-austria.at
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administered by co-financed by 3-'

FFG_  bmo

Promoting Innova tion.

13 Project Partners

I..FtTlFII"I.ﬁ.l_

AUTOMSDBIL
CLUSTER

-l TECHMISCHE INSTITUT FUR
| UNIVERSITAT ~ METHARIK LN D
WIE N RS Mechanics & Machalmncs

e o R—
lngenuity for life  usgminsmamn connoh munsnnnum
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Projektdaten

o Projektdauer: 36 Monate

o Projektstart: 01/01/2018

o Projektbudget: 4,3 MEuro

o Projektforderung (bmvit): 2,5 MEuro
o www.connecting-austria.af

o Projektleiter: Dr. Wolfgang Schildorfer,
Mailto: connecting-austria@hitec.at
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Technisch
iInhaltlicher
Hintergrund

- Ausgangssituation
- Ergebnisse aus WienZWA

‘dgju.JlEN =WA
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Example of ,,Misinformation(¢)"
about Traffic Situation

What's going wrong?
TMC-Messagee
C-ITS-Message?
Internete
Data fusion algorithm of car?
Policy of message provider?
Typing error of operator
in tfraffic management center?
Error of algorithm for traffic prediction?
Misinterpretation of C-ITS codes?

Consequences for automated car?
Stop?
Traffic Stuation Mogggtrfgn'}fg‘;'sti‘me Reroute?¢
Gain confidence? Ask for confirmatione
Eyes (/ears) shut and go forite

ADAS & Automated
Driving

- Behavior of Drivers

Laws & Guidelines

) CONN&ECTING
NUSTRIN
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Main Entities with Effects on
Automated Driving

Traffic Control &

Traffic Situation Monogemen’r SRS
| ADAS & Automated

Infrastructure

LENE & GUieElines Behavior of Drivers &
Traffic Participants
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Laws of Robotics aka Asimov's Laws

.. . Tesla-Mobbing auf den Straflen von
A robot may not injure a human being or, silicon Valley
Through inOCTion, O”OW O hU mO n being TO Die Highways zwischen dem Silicon Valley und San Francisco sind stets iiberlastet.

Mitten im Verkehrschaos entwickelt sich ein neuer Trend, der sich gegen

come TO h arm. selbstfahrende Autos richtet.

A robot must obey the orders given it by
human beings except where such orders
would conflict with the First Law.

A robot must protect its own existence as long
as such protection does not conflict with the
First or Second Laws.

20.04.2017 um 1217

Automated cars must be very conservative T —

entstehen die innovativen Ideen auch im Stau. Denn damit muss man rechnen, vor

O n d d e f e n S i V e ! allem wenn man auf den Highway 101 und den parallelen Freeway 280 von San

Francisco nach San Jose unterwegs ist. Es sind die Arterien des Valleys. Auf ihnen haben
sich beriik ightech-Unternehmen i Google , Hewlett-Packard (HP),

W| | | o) -I- h er -I-rO ffIC p a r-l-l C | p an -I-S com p ensa 'I'e 'I'O Yahoo, Adobe, Apple, Oracle, Cisco - von Hunderten Start-ups ganz zu schwelgen.
take individual, singular advantagere e e

schnell voranzukommen. Sie schneiden anmutig iiber die Fahrspuren und fadeln sich
"sanft-aggressiv" wieder in die Kolonne ein. Weil aber im Valley immer mehr

autonome Autos am Verkehr teilnehmen, wird dieses Fahrverhalten zusehends
Traffic Situation 4 el £ risikoreicher. "Ich bin vor kurzem im Silicon Valley mit einem Freund herumfahren und

M 1 er zeigte mir, wie gern er Tesla-Fahrer neckt, wahrend er auf der 101 fahrt", wird Missy
> Singapur's s ns Shesap oo
North Carolina, in einer US-Kolumne zitiert.
. . f
solution: FINES for
ADAS & Autfomated
non-cooperative

bahaviour

cone oo CONNSCTING
AUSTRIA
[
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Who takes over responsibility
and coordinatione

Thought experiment. crowded situation

at intersection with automated, self driving vehicles

Nothing different than today!

» Somebody has to take the lead
and control

» Traffic control cannot be avoided
and skipped
But:

» Self driving cars can be trained to
be cooperative

» Traffic control must be
refactored/redesigned to take
advantage

Automation of traffic control

i CONNESCTING
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Who takes over responsibility
and coordination?

Thought experiment: crowded situation at
Infersection with automated, self driving vehicles

l. Nothing different than today!
» Somebody has to take the lead and control
.@ » Traffic control cannot be avoided and skipped

3D DD (D

S

NO|7
() (O (C) e
- O (2 ()

But:

» Traffic control must be refactored/redesigned to
take advantage

= » Self driving cars can be trained to be cooperative

» Automation of traffic control

i CONNESCTING
ANUSTRIA
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Data Driven and Evidence Based ¥
Development Procedure

» Overwhelming complexity requires new development
and testing paradigms

Expert .
Knowledge Concept / Draft Implementation

A
Data Control
Acquisition Application
Complexity
Data Mining Models Decision
Support

» Open test fiels as common

playground for all disciplines W RO RA T N

driven

0
O
O
Q0
2
0
C
\V4

Data driven




Dependent Methods for
Automated Driving Development

[ Complexity & Robustness 1

( Parametrized Field
L of Effectiveness

Process Automation

Conflict Analysis

|

Big Data Analytics

Scenario Based
Approach

different actions/systems

« different situations

« different behaviours

( Anomalie & Incident
L Detection

@

GIS

-

» different components Behavioral Models

« different detailization levels

Usability Testing

Naturalistic Driving

[ Connected Mobility ]7

B WIESN =WA
B wien =u.

[ Open Test Fields ]
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Evaluation and Ratfing of the
Systems and Components

o Evaluation of effectiveness accompanying the product
development process

Market driven > _ Speed iferenoe
N — ideal (#oolls = 132) Reference: MGs_FG_CE, No systemn
Requirements/Spec T mhaEg ool = 159 ey, focliions in elerence. 498

—— iceal+aYEgoD (#oolls = 227)

— ideal+domain (#colls = 268)

— ideal+domain+visibility #oolls = 263) 2

\ Field Of Effec-l-s\ Ez:z:ggégzg::zi;s; - .

Neural Networks,

: "\ Machine Leaming
Electronics J/

[ Sensors ]%
Functional requirement
@ Algo for algorithm:

«  Which action to take
: @ when
| Action @ / in which situations
\ based on which
_ \\ J

sensors/information

Effect! > Visible to
customer

) CONN&ECTING
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Scenario Management and Automated
Design/Development of According Actions

Austria Kind of Junctions

J CONNESCTING
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