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Expected Benefit Categories for Automated Driving

automation

» changing traffic modes

» choosing the right traffic mode

: according
Traffic the given

Effectiveness situation

The only
intrinsic
feature!!!

Benefits of
Automated Vehicle

Driving Efficiency

levels 3 /
> less responsive

Traffic » driving slow
Efficiency > high density for

wind shadow

» driving slow
» with low density

» driving faster
> with high density
» more responsive

» Validation needs quantitative description of the pareto fronts!
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Main Entities Effecting the Performance of Automated Driving

Traffic Control &

Traffic Situation . Management Systems

o /f Quantification of ADAS &
ALLESTIR RIS ( Dependencies Automated Driving

. Behavior of Drivers &

Laws & Guidelines Traffic Participants
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Main Entities Effecting the Performance of Automated Driving

Traffic Control & Control

Traffic Situation Management Systems Algorithm

Infrastructure

uonetadoo)

ADAS & Automated Control
Driving Algorithm

- Behavior of Drivers &

S e ElnEs Traffic Participants
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Methods of Choice in Development and Validation of

Automated Driving Functions

Technology/Method

Integral and Holistic Top-Down Development
Procedures

Scenario- & Simulation-based Development
Approach

Machine Learning & Al

Prospective Effectiveness Assessment

Targets driven
Data driven
Referable

performance
Effective

KPIs
Simulations
Control

Functions
Ratings
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Connecting Austria

CONN=ECTING
NUST RIN

« Lead Project for Automated Driving in Austria
« Platooning as instrument for improved energy and traffic efficiency
« Development and assessment of cooperative, connected, (semi-)

automated driving strategies
* 4 Principal Scenarios
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R&D Approach / Procedures

Comfort Safet Vehicle Traffic Traffic
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Scenarlo Management and Development/ApprovaI of Actlons
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VERONET Solution Concept for Automated Drlvmg and Trafflc

e

Variation of Systems/Components
Variation of Situations / Condltlons
Variation of Actions .
Variation of Behaviours

Scenario Catalog

Simulations
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Naturalistic Driving

Connected Mobility

Test Fields
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The Data Cube(s)
for Vehicle and
Traffic Automation
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Quick Identification and Resolution of
Requirement Conflicts

System Understanding

Conform Specification of Components
Realistic Performance Ratings
Excellent Control Algonthms
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Folding Various Decision Variables (e.g. collision probabilities)

Trajecto lot Trajectol lot
30 - J] ryp 30 - J ry p
I Ego I Eqo
Obiject trajectory (max. 1.000s to depicted object position) =] Object trajectory (max. 1.000s to depicted object position)
i o @  Obiject position (tUA) [} o @  Object position (1UA)
a
20| 20| g
o]
10 = 10
o
3
3 ] g
& 0 8 8 '.un_" 0
e L
=] o -]
> >
(o}
-10 - 10 o
o
@ o
-20 [ -20
o
o]
230 | i | [ I 1 1 ] _30 1 1 1 i 1 L 1 ]
-20 -10 0 10 20 30 40 50 60 -20 -10 0 10 20 30 40 50 60
xObject xObject
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
tUARel tUARel

© 2019, ANDATA, several granted and pending patents



ANDATA

Scenario Management for Traffic Automation

« Development/approval of cooperative vehicle and traffic control

« Building up a scenario database including variations of
« traffic situations (volume and composition) b
« traffic control algorithms
« vehicle control algorithms

e interactive behaviours of drivers,
pedestrians, etc.

« road conditions, weather
« road/lane geometries/topologies

© 2019, ANDATA, several granted and pending patents



ANDATA =

Identification and Clustering of the Relevant Traffic Situations

~C I I I Automated evaluation of floating car data
A & AN RN and various traffic sensors
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Procedure for ,Connected Development”
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Data Acquisitions from Fleet Data
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Evaluation of Tracks from Single Vehicles

» Development of individual,
context aware behavioural
driver models

» Spatial statistics of street
sections

> Validation of -
microsimulation model :

20—
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Evaluation of Tracks from Single Vehicles

Percentile 99

» Development of individual,
context aware behavioural
driver models

» Spatial statistics of street
sections

> Validation of
microsimulation model
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Traffic Observation with Video Tracking and Further Sensors

Vehicle tracks

VRU tracks

560 o0 1000 1200 1400
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Generating tracks of all
traffic participants by video

Fusion with further
sensors (radar, lidar, ToF)
In work

Data for development of
Interactive behavioural
models (extrinsic)



ANDATA
Comparision of different control variants and their effects

wrt traffic performance for a selected traffic situations

Kuchl->Pernerinsel

Kuchl->Autobahn
° Statl Stl CS Of Bestand: 237.16 sek/Fz (208.1 Fzg) Bestand: 230.22 sek/Fz (98.3 Fzg)
Alternative: 178.20 sek/Fz (316.6 Fzg) Alternative: 187.78 sek/Fz (149.5 Fzg)
Differenz: -59 sek/Fz Differenz: -42 sek/Fz
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Bestand Alternative.

Autobahn->Pernerinsel

asseSSI I Ient Autobahn->Kuchl
Bestand: 162.55 sek/Fz (138.7 Fzg) Bestand: 115.64 sek/Fz (141.9 Fzg)
Alternative: 120.67 sek/Fz (210.5 Fzg) Alternative: 105.17 sek/Fz (215.5 Fzg)
Differenz: -42 sek/Fz Differenz: -10 sek/Fz
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Differenz: -71 sek/Fz Differenz: -46 sek/Fz
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Filter: *Abendspitze*
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Comparision of different control variants and their effects
wrt traffic performance for a selected traffic situation
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Postprocessing and Rating of Different Control Strategies

Mainly Human Drivers Mainly Robot Drivers
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Dynamic Risk Rated Map

Direction 1: Wien - Salzburg

- Free For Platoon

Adaptive wrt
- B Non free For Platoon

* |ocal conditions

Entries
» traffic situation Exits
* weather I Bidgcs

) B Tunnels

!

» temporal incidents
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ANDATA Software and Tools

- y MathWorks
(E]l STIPULATOR e BHAINEB\
» Data collection, preparation and  Data analysis
normalization + Training, adaption and evaluation of Partner
+ Data cleaning Machine Learning models
* Sensor models * Meta modelling, feature selection, etc.

 Signal preparation
* Requirements definition ("labelling”, etc.)

fm
B2 scENE INSPECTOR ] EXPECTATOR
* Scenario management . + Data plausibilization
« Multilevel stochastic simulation « Anomalies and incident detection

« Execution of distributed simulations
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Summary and Conclusion

« Automated driving functions cannot be validated effectively without
massive utilization of numerical simulation

« Scenario Management and simulation-based system assessment is
core technology for functional validation

« Example/data based approaches are the most effective for complex
and multi-disciplinary functions
 Intrinsic requirement conflicts for automated driving functions cause
the must to multi-criteria optimization respectively pareto surfing

« MATLAB is a supreme platform to bring arbitrary disciplines and
domains into one common environment for development and
assessment
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ANDATA GmbH

Dr. Andreas Kuhn
. . . . Tel: +43 6245 74063
The singularity is near, let's be prepared! Email: office@andata.at
Web: www.andata.at

Thanks, for listening!
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