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Introduction, objectives and agenda (10 minutes)

How to use Digifed capabilities in Lighting, Reliability Testing and
Autonomous Vehicles as part of your project while leveraging DigiFed
Partners to maximise your proposal scores: Excellence, Impact,
Implementation Quality (45 minutes)
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About myself

DI Dr. Josef Zehetner

Chief engineer IODP system architecture
Head of Digital Process Innovation team

Integrated and Open Development Platform
josef.zehetner@avl.com

T: +43 316 787 1765

M: +43 664 8379198

AVL List GmbH
Hans-List-Platz 1, 8020 Graz
Austria

www.avl.com

https://www.linkedin.com/in/josef-zehetner
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DigiFed Webinar, 17.03.2020

INTEGRATED AND OPEN DEVELOPMENT
PLATFORM (AVL)

* Function: Integration of all elements of the modern product
development process - independent of tools

*  Principle:
* Integratereal (HW) and virtual (simulation models)
components into a single development framework

* Bridge the gap between development environmentsto
allow reliable, holistic decisions

*  Bringing transparent contributions from various teams
inta an overall context

«  Key Performances:

*  Model CONNECT™ connects simulation models of
differentcomponents and systems

*  Testbed. CONNECT™ merges simulation models and
testbeds into a complete system

* Data.CONNECT™ guarantees traceability and
interoperability between data sources

* Device.CONNECT™ Interlinks globally distributed
devices and data centers

Confidential

Uniqueness:
* Collaboration through step-by-step integration
*  100% focus on a functional representation

* Smooth interaction of teams, processes and
tools

Maturity/TRL:
ERFSEPEDIADERTDADXD

Applications:

*  Optimal product design based on standardized
parameters, exchangeable models and neutral
tool interfaces

* Step-by-stepintegration of virtual/real
components throughout the development
process

Dr. Josef Zehetner | IODP | 11 Mai 2020 |




Vehicle Development Process
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, AVL 3
AVL's Answer to Smart Development
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~\

Connects virtual Connects real with
components virtual components

Testbed.CONNECT™

Model. CONNECT™

Connects different
data sources

Connects different
devices to data sinks

Data.CONNECT™
Device. CONNECT™

AVL List GmbH | IODP| May 2020| 9
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Customer References
Connect Simulation and Test for many Tasks

Thermal management
CRUISE, GT, AMESim, FLOWMASTER, SIMULINK,
Exothermia, SIMPACK

Control development
Dymola, Simulink

Turbo-lag behavior
CRUISE M, VSM, DRIVE, GTP

Advanced Calibration of Drivability
CAMEO, PUMA, DriCon, VSM, DRIVE, INCA,...

Virtual Shift Strategy Calibration
Model.CONNECT, VSM, SPA, Simulink,...

Confidential

Data driven solutions
Integrative different data sources

Belt Starter Generator Control on ETB
PUMA, CRUISE M

Advanced Driver Assistance Systems
VTD, ADAMS, Simulink

Electrification, Thermal Management,

ADAS
CRUISE, CRUISE M, VSM, VTD Vires, Simulink

Thermal management in the loop
Cruise, Simulink, Kuli, FMUs, CarMaker

Vehicle controls
Adams, Simulink

Engine and powertrain control

function development
CarMaker, GT, Simulink, Saber
Optimization tasks via DVI server

RDE applications expanding to

Testbed.CONNECT
CarMaker, VSM, GT, Simulink, Silver-QTronic

Dr. Josef Zehetner | IODP | 11 Mai 2020 |




Office Simulation 'Qlutions
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‘ Model. CONNECT™
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T e 7 I, Virtual Prototype

Connect different simulation tools

—r= B (Reuse existing models)

PG

Virtualization of testbeds
(Connect hardware & software, simulation & test)
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- Use case oriented
, (Flexible architecture supporting multiple tasks)

Tools specific interfaces (30+ software vendors) and interface standards (FMI)
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Customer Reference
BOSCH: Cross-domain vehicle system development

Model-based development

with reliable co-simulation
SIMULATION CENTRIC APPROACH

Proven Benefits

xDomain simulation: backbone for vehicle systems engineering
BOSCH xDomain vehicle simulator: big picture

xDomain Vehicle Simu!ator
ATFORM D

$'2G Viemua

ONSTRATOSH

AVL |
919? ’ . Model Connect

Source 10th Graz Symposium Virtual Vehicle
June 27-28, 2017

GT ™

‘me
SIMULINK

Deliverables

» Simulation platform
with elements for reliable Co-Simulation

» Model Librar
with building blocks for efficient xDomain
simulation

» Virtual Platform Demenstrator
Vehicle models of mainstream system
configurations

Use Cases

» Concept development
» Requirements elicitation

= » System design

» System validation

xDomain Vehicle Simulator is starting point for simulation use cases in several BOSCH

business units & in central automotive Systems Engineering organization (BBM-SE)

Orere Gt Systems | TGS ZCATY & SAIY | TOONNET
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D4S: Diesed Gascling Systems
BEM: Bosch Business Sector Mobiity Sclusons

++ BOSCH
-

Reduction of
development and
testing time

Reuse of existing models
from different tools
(modeling time saving /
model: 2-12 month work)
X-domain integration of
components

&

Reduction of cost

Reduce development
iterations

More efficient collaboration
between Supplier and OEMS
Avoid misunderstandings

Increased product
quality

Better understanding of
overall system impact
Sound decisions in early
phases

Dr. Josef Zehetner | IODP | 11 Mai 2020 |
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Connect Simulation and TestBEDS
Testbed. CONNECT™

Simulation in the office

Simulation on the testbed

AVL Virtual
Testbed™

.
.
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Testbed.CONNECT™
Workstation

v

AT T
g =
T RS

:

:

Testbed.CONNECT™

Testbed.CONNECT™

AVL Testbed with
AVL PUMA Open 2™

Y Testbed.CONNECT™
REENE
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Customer Reference

German OEM: RDE - Real Driving Emissions

Reproduce and analyze emissions-relevant

driving cycles on the Engine Testbed

Proven Benefits

ROAD -> ENGINE TESTBED

@ LLLE [Conﬁguration: Windows J
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oooooo a
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i
2
1

Reduction of
development and
testing time

High automation - 24/7 (168
hours a week)

Repeatability between dyno
measurements high (same
driving style)

Higher tests/time rate with
rapid cooldown

Virtual transmission, vehicle

CO, % of road

e my
Real engine
measurement
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@pnfidential 15 1% Dyno

Reduction of cost

Potential to increase
prototype usage by factor 12
Less manpower for testing due
to automation

Reuse of data for drive mode
calibration

Increased product
quality

Higher testing coverage
leading to higher product
quality

Road and maps (e.g. Google,
Here) based cycles
Reproducibility Road = Engine
Testbed high

Dr. Josef Zehetner | IODP | 11 Mai 2020 |




Distributed Testing -
Research Project

Comprehensive Test Driving

at any time from anywhere

Virtual test tracks

Battery TB Electric Motor TB
Fraunhofer LBF Fraunhofer I1ISB
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- “rh ‘ v . - ll'
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Acceleration / Braking
Circular driving

Sinus steering

Slalom

Lane change
mu-Split / mu-Jump
Handling course
Rough road

Virtual public roads

Urban driving
Highway driving
Mountain driving

Dr. Josef Zehetner | IODP | 11 Mai 2020 |
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Data.CONNECT

Time series data
A

MY LY : i i
LR ‘.‘L.A\' 15 .n.;.',' ‘,u‘.lu {

S —

)
-_—
-_—

i

Measurement

files AVL Santorin MX

Calculated
signals

e
-—

~—"a

Data transport
& preprocessing

o
20¢

~ Visualization services

¥

A
- o

£

) o &
)
Convert to BigData a Provisioning of Scalable
formats for analytics Preprocess for Preprocess for Search search, random access and analytics
Random Access within measurement data conversion services
(temp > 80 & RPM < 5000)
Dr. Josef Zehetner | IODP | 11 Mai 2020 |
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Search and Explore

Time series data

Eesbas amrebncia g — Show me all data where the coolant
Measurement o temperature of the inverter is above
Iz AVL Santorin MX | 65°C
g ! ,, ... and where the cooling fan is on

Calculated . i
signals

| ”,r x’l’ M| H‘ k"-w-' iy n *Tﬂ*Tmf ,Lll,""*"“‘qwi'.' ‘\"\.‘!""'ﬁW'

RETIT |

iy "a"sp"t First step towards predictive analysis

& preprocessing .
% A
£
Conyert :33;3:;;115 Simulation Testbed Vehicle s

Mai 2020 |
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Internal Customer Reference @

AVL Calibration: Consistent Flash sets for test vehicle

CALIBRATION PARAMENTER
MANAGEMENT and FLASHING

Proven Benefits

@

Reduction of development
and testing time

= Significant reduction of
time for finding the
right combination of
xCU software versions
(data sets)

Reduction of cost

= Avoiding, repeating of
calibration work
because of wrong xCU
software combinations
(data sets); (up to
30% MP costs savings)

@

Py

Increased product quality

= Consistent and
transparent process for
evaluating maturity of
calibration over time

Dr. Josef Zehetner | IODP | 11 Mai 2020 |
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Bridge the trust gap

Public



Your Benefits

Designed under ISO 270xx/IEC62443 consideration

Confidential Dr. Josef Zehetner | IODP | 11 Mai 2020 |




Device.CONNECT

Vehicles

NON-ROUTEABLE
COMMUNICATRION

DATA EXCHANGE WITHOUT COMPROMISES ON SECURITY

Confidential Dr. Josef Zehetner | IODP | 11 Mai 2020 |
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DigiFed offer at BME

Technologies at BME offered for application experiments:

. LEDbeSmart — modelling methodologies and workflow for
optimized LED based application design

. Versatile Reliability Tester — test methods and tools for
assessing how smart hardware will likely to behave under
application conditions

13. 05. 2020 BME-DIH's DigiFED offer
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LEDbeSmart: background for energy saving

Increasing n., Decreasing T,

« At constant forward current Ny
with o /W] ]
decreasing junction temperature 2”50 . o
efficiency and efficacy INCrease el
180 | = 627C
. This results in increasing light output TP e
. 160 N T 104 °C
of luminaires
- - . . 0 140 ™ -l
« Street-lighting luminaires are designed for the
highest possible ambient temperature 120 | '
0 200 400 600 800 1000
- Power saving potential by adaptive dimming .
y » Cconstant light output (CLO) operation
e In Colder weather conditions the » Changes in light output characteristics of
SSL devices are compensated:
forward current can be reduced ... =  to assure consistent visual comfort
... While the light output remains constant = to possibly improve product reliability

= to achieve additional power savings throughout
the entire product life span

BME-DIH's DigiFED offer



LEDbeSmart overview

BME proposes a methodology to develop LED based applications in which
physical prototyping is almost avoided...

- Design optimization is fully by digital means

- Reduce development time and cost by replacing physical prototypes by virtual prototypes

* Methodology:

« virtual prototyping based on the
Delph4LED industry 4.0 design
workflow

« simulation experiments to explore the 1|; s | ’
target parameter space (temperature, - g
current, elapsed life-time, luminous
flux)

Virtual
Each LED dissipates Z5W :| p rOtOtype

13. 05. 2020 BME-DIH's DigiFED offer 4



LEDbeSmart overview

Maturity/TRL:

*  Function: complex testing, modelling and
simulation methodology for LED luminaires to
achieve reduced power consumption and improved
reliability .

*  Principle:
* Constant light output (CLO) control realized through multi-
domain, embedded digital twin of the LED luminaire
*  Temperature compensation of the LEDs' driving current
*  CPS approach in the implementation: luminaires with
communications & "self-awareness" (sensors + edge
computing)
*  Key Performances:
*  Predicted annual power saving: ~6-8%

*  With pre-compensation for LED ageing total power saving
further reduced over the entire product lifetime

*  With a fully digitalized product optimization workflow there
is a substantial potential for reducing development
reductions”

*  Uniqueness:

*  CLO control scheme based on the LEDs’ actual multi-
domain characteristics

Prepared for future predictive maintenance approaches

13. 05. 2020

*THERMAL NET (N-port model
.SUBCKT THNET LEDO LED1 ..
.option TNCM=27
** LEDO

Rth_LEDO_ O LEDO O
Rth_LEDO_LED1 LEDO

Rth_LEDO_LEDZ LEDO

L9011
LEL}'_ 22
LED2 42

Rth LEDO LED47 LEDO
wv LEDL

Rth_LEDL_O LED1
Rth LED1 LED2 LEDI
Rth_LEDl_LED3 LEDL

LED47 ¢

0 32.3491
LEDZ 25
LED3 438

Rth_LED4&_LED47 LED4& LED4"
Rth LED47 0O LED47 O 48.985(
.ENDS THHET

Technology Readiness Level

Applications:

@, [Im]
14 300 -
i
14100 4| JJI* :il'Nlu\p
'r.‘““ #’ o I b " ‘”‘
13900 A !m | I'Ilh"k “‘-fl l
A i
13 700 | THIRLL i
| 'N".II,I‘/ .w#
13500 '
Constant current mode
13 300 Islo-flux control Date
1-Jan-2001 1-Jan-2002 1-Jan-2007

LED based streetlighting / tunnel lighting

Methodology can be adapted to other LED lighting
applications such as automotive headlights

Normalized light output

102% Constant current mode

Isoflux mode
- = 1{90) limit

100%

98%
96%
94%
92%

O0% = v s s e - — -

88%

0 20000 40000 60 000 Time [hours]
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LEDbeSmart way of working

{ Physical device
Coiwined thermal /

LEDs tested according to the latest LED
testing standards and recommendations
(CIE, JEDEC)

esting standards combined:

LED vendors, testing e Gasies T S EERE

HE

Principle: Virtual prototyping using the Delphi4LED Industry 4.0
workflow

Thermal test data
processing

p—
Test data reporting

DT, lp)and V(T Ig) Zp(t) curves,
CIE TC2-84 SPD(T,, le)  characteristies T, data

characteristics

Digital twins
Structure h LED package
function 3D model

* SME provides BME with LEDs to measure/characterize and
model =» LEDs’ multi-domain digital twins for system level
simulation

*  SME provides BME with luminaires’ MCAD models =
luminaires’ system level compact thermal model for system
level simulation

LED chip multi-domain
model

> LEDP
System level modeling gmpact model
-

Application use-case, implementation : temperature
compensated CLO

virtual prototyping

13. 05. 2020

* BME performs luminaires’ system level simulation to identify
the I(T,,,) function that assures constant luminous flux
output

Lighting desig esign of smart control

BME and SME decide together how to implement the in the actual

Relative Luminous flux vs. ambient temperature

Temperature dependence of
luminaires’ total light output tested
in a climate chamber

luminaire the I(T,,;,) function that assures constant luminous flux trsse . PVTam)/ (25 °C) [%]
output
* SME implements the corresponding embedded luminaire 110%
mOdel —®— CLO control, measured
«+- @+ Constant forward current
* BME provides test facilities to check the implementation F L
o-.-o......__. g
L M:Loé%:ll-—.q,"'"*-oﬂ. o
40 .M -10 0 10 20 30.\.{-40_“:\5-0/-\60 70
..,
95% hd o
Tamh[ C]
BME-DIH's DigiFED offer



Versatile Reliability Tester

°  Maturity/TRL:

Function: The reliability test environment integrates a + Technology Readiness Level

set of appropriate hardware and software components
built around the de facto industry standard T3Ster EDFDEDEDEDADEDEDED
equipment of Mentor Graphics. This versatile system *  Applications:
monitors the electric, t_hermal and even ,Opt'cal * Cycling and structural integrity test of RF modules, 7wt }
parameters of the device under test during freely sensors, PSUs, drivers, LEDs, FETs
customizable test sequences. * LED luminaires’ thermal assessment 125 ]
*  Principle: *  When designed properly, applicable to certain s -
* Power/temperature cycling reliability assessment of DigiFED demonstration L s k
* In-situ hermal transient measurements and stucture function systems -
. . Heating
analysys of the DUTs during cycling o —
*  Options to measure other performance indicators of DUTs OFF tfsee
¢ GUideIineS: T3Ster Master: cumulative structure function(s) 1 ° 1 2 * w0 %0 & 7
. . 10000 H— tr:mlsi-ant_DDDIDDD-Ch.DI ! I I
* Environmental and endurance test methods for semiconductor — ransient 005000
devices: https://home.jeita.or.jp/tsc/std-pdf/ED-4701_100.pdf 1000 i transient_015000 - C1. 0

—— transient_025000 f
Fl— transient_030000 -
— transient_035000 -

o
o
=]

==
==

OO0

*  Whitepaper on an application:

G. Hantos, J. Hegedis, M. Rencz and A. Poppe, ", Aging
tendencies of power MOSFETs — A reliability testing
method combined with thermal performance monitoring",
The 22nd International Workshop on Thermal Investigations of
ICs and Systems (THERMINIC), Budapest, 2016, pp. 220-223.

https:/doi.org/10.1109/THERMINIC.2016.7749055 o 01 0w 0z 0z 03 om

Rih [KW]
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https://home.jeita.or.jp/tsc/std-pdf/ED-4701_100.pdf
https://doi.org/10.1109/THERMINIC.2016.7749055

13. 05. 2020

DigiFed Application Experiments

« Open call for Application Experiment (AE): DigiFed offers grants of up to 55k as well as technical and
business support* for the development of smart applications in Europe.

* Ifyou are:
* Developing novel and innovative smart solutions worthy of market leaders.
e Bridging the physical and virtual worlds with advanced technologies and industrialized solutions.
* Interested in using premium resources and competencies to speed up development.

* Wishing to access a unique European ecosystem composed of: leading industrial companies, world class
research organizations, innovation accelerators and private investors.

- Key to success for getting a proposed Application Experiment funded:

* Excellence:
®  Introduce the your own unique selling points, e.g. what makes your luminaire competitive / what is your value proposition in the SSL market
®*  How your foreseen innovation would exceed the present state of the art in your market segment (e.g. reduced light pollution / reduced
disturbance to wildlife, better maintenance schemes, etc.)
* Impact:
®* Quantify the financial and other major business consequences of the improvement of your lighting product through the proposed innovation

* Benefits for you, such as reduced development cost, shorter time-to-market, possibility for more diverse/custom lighting product portfolio — describe how and to what
extent

Benefits for your customers, such as reduced total cost of ownership (through energy saving, longer lifetime, cheaper maintenance)
Describe how the proposed innovation would boost your business

*BME is a technical support partner

BME-DIH's DigiFED offer



Important DigiFed links

Register to the May 2020 Online Bootcamps!

. Website: https://digifed.org/

DigiFed - Promo Bootcamps May

Megnézen.. Megosztis

. Open Call for Application Experiments:
https://digifed.org/explore/open-calls/ =7, % L

@ DigiFed

WELCOME TO THE DIGIFED PORTAL!

)

 Guide for applications
. Application portal

. BME contact for AEs: Andras Poppe
andras.poppe@edu.bme.hu

13. 05. 2020 BME-DIH's DigiFED offer
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CEA

Suzanne LESECQ | Director of research
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SigmaFusion™ for environment perception

Function: fuse range data to build a
digital model of the environment in the
form of an occupancy grid

Principle:
* Bayesian fusion based on integer
arithmetic
Key Performances:

* Real-time fusion of a huge quantity of
data

* Light-weight computing solution
* Uniqueness:
* “Embeddable” on microcontroller

Contact : Suzanne.lesecg@cea.fr

Maturity/TRL:
* Technology Readiness Level

- EDIDIEDIOEDADEDEDED

Applications:
* Environment perception for Automotive
* Environment perception for urban mapping

* Environment perception for obstacle detection
embedded in a portable device — application to
a smart white cane

User interface

| ‘ } '::‘—_:‘%‘ m for smart cities
Q== on
i w

Promoting mobility
55 for all

3D dense occupancy grid with 1W PW budget,
computed with 2 Velodyne VLP16

SigmaFusion™ — CEA

Geographic data |
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=

Introduction to the Q&A
session




Q&A session

= (y¢pLuvoreHo Bootcamps DIGIFED &' , présentateur 0 (€

Activate your camera Activate your microphone

Partager un contenu ou

< :
f rojeter des webcams

/'

Grab your bubble and move around
the room to meet the experts

Webcams 1 & ® B .. Participants Live Chat
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Q&A session

& Partager un contenu ou

projeter des webcams

e p

M UEGYETEM 1782
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