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Engineering office for
 Technical Mathematics

; Mechanical Engineering : Automotive Safety
Specialized in = RahnGiogs
» Virtual product development
methods, simulation, CAE Located in
- Data Mining « Gaimersheim, Germany
« Artificial Intelligence currently > 190 employees

* Predictive Control

(. J

Series Development of

Locations in control algorithms for
« Hallein / Salzburg integral safety systems
* Vienna * restraint systems

emergency braking
warning systems

currently >16 employees
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Why such a boom?

Expected benefits
with respect to

Comfort

Safety

\

|: Traffic
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LaBS

Enrichment of individual transport
Giving back time to drivers

Reduction/elimination of human errors

Improving traffic quality and efficiency
Enforcement of cooperative behavior
Improving predictability

Avoiding accidents as congestion source
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Who takes over responsibility and coordination? @

 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

» Self driving cars can be trained to be
cooperative

» Traffic control must be
refactored/redesigned to take advantage

> Automation of traffic control

© 2015 by ANDATA, several granted and pending patents 3
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Who takes over responsibility and coordination?

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

Nothing different than today!
QG » Somebody has to take the lead and control
Iﬁ » Traffic control cannot be avoided and skipped

D (CDAEED Oy
OF w0 e IO L e )
R ) CHHCRaE or
G e (e

But:
» Self driving cars can be trained to be cooperative

» Traffic control must be refactored/redesigned to take
advantage

» Automation of traffic control
© 2015 by ANDATA, several granted and pending patents 4
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((VERONET>> Solution Concept

 Structure and Architecture \\(é}

» Decentralized, subsidiary, hierarchically arranged
network of uniform, modular control objects

« Mathematics of Control

» Artificial Intelligence, Machine Learning,
data driven modelling

» Model based predictive control
» Stochastic Simulation

e Process

» Requirement driven process model :{E

h 4
[ Implementation

© 2015 by ANDATA, several granted and pending patents 5
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| TARGET || RESERVE |

Structure and Control Architecture @,

CONTROL

» Decentralized ! l'l‘!
» Hierarchical, cascaded | | ]
> SubSIdlary | TARGET || RESERVE | | TARGET || RESERVE |
LINE LINE
> Modular ( CONTROL ( CONTROL
+1
> Uniform ll ' —y
> Object oriented | ] | ]_

| TaRgET || HE!EHE | TIIIEET || Reserve | | TameET || RESERVE |
Targets from upper Feedback of reserves " n n [ " n n [ " n n [
| hierarchy level to upper hierarchy level cn "THDI. cn H"Hnl cn"'nnl

Uniform Traffic Control Object 1 +1
Identification/Interpretation/Forecast of
Tefear Ao traffic/environmental situation —'_ - —' ' '
s
I
Selection of Choice of optimum i
Action
strategy control parameters

| TARGET || RESERVE | | TARGET || RESERVE | | TARGET || RESERVE | | TARGET || RESERVE |

S HEHII:‘:E y UEHII:IE S llEHII:IE 3 HEHII:IE
( cnnmm‘ ( nnumm‘ ( nuumm‘ ( nuumm‘

Reserves in lower Targets for lower
hierarchy level hierarchy level
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Targets from upper

hierarchy level

Feedback of reserves
to upper hierarchy level

Sensors

Information

A A

Uniform Traffic Gontrol Object

|dentification/Interpretation/Forecast of
traffic/environmental situation

Selection of
strategy

Choice of optimum
control parameters

Which control targets should be
fulfilled?

Reserves in lower
hierarchy level

Targets for lower
hierarchy level
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Machine-Learning,
DataMining,
Pattern-Recognition

Stochastic Simulation,
Evolution

Machine-Learning

Action

© 2015 by ANDATA, several granted and pending patents
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Traffic lights, traffic information
systems, route enforcement,
parking management, ...
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Example Hierarchy Level for Node Gontrol

Actions for Node Control:

» phase coordination, turnaround and green times
» unified interface by prescription of targets instead of solutions

® Capacities

O Travel times

© 2015 by ANDATA, several granted and pending patents
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Example Hierarchy Level for Traffic Line Control

Actions for Line Control:
» Targets for Node Control

B LineControlApp.

Control C:

Choose Strategy
Traveltime hcm
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Solution Concept Vehicle Control

t
I CarA
I X,
oo § S g
A (@]
Speed Adaption < (Static) Timing
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Car A
Car B

I Speed Reserve A

Density Reserve A

I X
== SIOlZ2
r'ﬁ-' ﬁ _= T @)
Reserves 5> Situation Interpretation
v

Choice of strategy
Control execution

Control targets <

\

Control Adaption
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Example Hierarchy Level Uehicle Gontrol

Conditions for safe Traffic density, energy and
Intersection crossing speed reserve

Targets from upper Feedback of reserves
hierarchy level to upper hierarchy level

SIS Identification/Interpretation/Forecast of
Information traffic/environmental situation
A A
1
' Selection of Choice of optimum .
' Action
! strategy control parameters
|
I ___________________________________________________
/] Reserves in lower Targets for lower
hierarchy level hierarchy level

Targets for vehicle dynamics

Energy and emissions, flow control (accelerating, braking
rates, speed, cooperativeness and steering)
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Austria Kind of Junctions
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Gonclusion & Outliook

 Traffic control cannot be a bypassed in the wake of
upcoming V2X-communication and automated driving

« Rather traffic control has to be refactored and automated to take advantage
of the new possibllities

 Introduction of VERONET as a general control framework and architecture
for distributed traffic control including V2X-communication and automated
driving

« Development of the necessary new control algorithms is in work (for network
control) and partially already available (for node and line control)

« Extension to vehicle control and development for optimal and robust
cooperative control strategies is in work
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