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Motivation for Systems Engineering in Combination with‘ '
Digital Data Processing

Stakeholder Requirements: @
~_* legal

* Consumer Protection

e Internal

» Requirements @
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Motivation for Systems Engineering in Combination with‘ '

Digital Da

ta Processing

Stakeholder Requirements: @
~_* legal
* Consumer Protection
e Internal

System

Software Control Units
Cockpit
Steering Wheel

&4

Component

» Requirements @

Variants:

* 3 Spokes
Round/Flattened

@ Stakeholder Requirements:

* Legal
 Consumer Protection

« Internal

V) Requirements

P

<

> Regulatory-compliant data retention and proof of compliance required for several decades.
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System Network: Enabling Machine Processing of Data \ W 4

Project-Independent 1. Collection of Master Data
Master Data Catalog

Project

2. Product Setup\ / 5. Product Status Monitor
—— SCALE.sdm

4. Analysis and Evaluation|

3. Storage of Test and
Simulation Data

# VisVerdi CAE-Bench
FRL@ AN

> System network of various tools that communicate with each other to provide transparency from testable
requirements to final approval.
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Method: Continuous Requirements (Traceability in the System Network) ‘ '

> Method:

® (Capture of requirements along with the verification specification, so that they can be digitally processed (broken down into
individual characteristics).

® During verification, test results can be automatically assigned to the requirements and evaluated.

Requirement:

Seatbelt buckle release force after test < 60N. (;30
9
Features (//‘G
A

Type Name Value Q

Stakeholder | Regulation Protocol ECE-R_94_02(Final-2016- (///6
Version 06) /))@

TestCriteria | Barrier ODB /)(\(9
TestCriteria | Impact Angle 0°
Test Criteria | Vehicle Speed 56 km/h -0/+1 km/h
Component | Component Seatbelt Buckle

Target Seatbelt buckle release | <60 N
Value force
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Method: Continuous Requirements (Traceability in the System Network) ‘ '
> Method:

® Capture of requirements along with the verification specification, so that they can be digitally processed (broken
down into individual characteristics).

® During verification, test results can be automatically assigned to the requirements and evaluated.

Type
Stakeholder

Requirement:
Seatbelt buckle release force after test < 60N.

Features

Name

Regulation Protocol
Version

Value

ECE-R_94_02(Final-2016-
06)

TestCriteria
TestCriteria
TestCriteria

Barrier
Impact Angle
Vehicle Speed

ODB
OO
56 km/h -0/+1 km/h

Component | Component Seatbelt Buckle
Target Seatbelt buckle release | <60 N
Value force

>| Result

force

Test
Features
Type Name Value
Test Criteria | Barrier oDB
Test Criteria | Impact Angle 0°
Test Criteria | Vehicle Speed 56,3 km/h
Seatbelt buckle release | 24 N

> What do we gain from this:

® Real machine-driven digital data processing = Thousands of requirements can be checked and verified in seconds without errors.

® Digital/continuous verification status overview from requirements through test data to approval.
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———
Method: Prerequisite for Collaboration of Distributed IT Systems
> Standardization and harmonization of information addresses and content.
Tools
Master Data Glossary
SCALE.sdm
‘ Digitally supported editorial process
Master Data User

Test attribut A common language
est attributes for all tools in the V-
Load cases

Requirements CAE-BE“E‘h. model

Curves
Components ...

> Based on the master data glossary, the necessary expert tools are connected. This enables communication between
the tools without the need for mapping.
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Master Data Glossary: From Information Management to Knowledge

Management

Information——
1

1
Information——

> Possible Questions:

> Which measurement curves are required to verify a regulation?

> Are all requirements of a regulation verified?

> .

Scheme: Master Data Type: Master Datum Knowledge Generation
Based on References

Regulation Protocol Version: ECE-R_94_02(Final-
2016-06)

Requirement: Seatbelt buckle release force <60 N

Test Attribute: Load Case:

Seatbelt buckle release force Frontal 56km/h ODB 0° 40%
| _ _ _0°_

Calculation Rule:

Fmax1l = max

(F_Seatbelt_Buckle_Release_1)
|

Measurement Curve:
F_Seatbelt_Buckle_Release _1




n m) Suchergebnisse X <+

LS C [ &) portal.epp.audi.vwg

Relex  Suche

Marcel van den Hove ©
Stammdatentypen Stammdaten/Vorschlage Freigabestatus Veraltet Suchbegriff(e)
Merkmalsset ~ Suche v Kein Filter v Nein v frontal Q
Merkmalsset (560)
Anzahl der Ergebnisse pro Seite: 1000 + % M | ¢ .*
Assoziationen
Stammdatentyp Allgemeine Infos Fahrzeug H3 50%
Details - Name Veraltet - Richtlinien-Bewertungs-Protokoll-Version Typ Versuchsart Geschwindigkeit Linkslenker/R... Sitzposition

Q ‘ é Frontal_ECE-K_UY4_SoKm/n_UUB_U"_aU%_lINKS_LL_Fanrzeug nein cuen CUC M_95_UZ{FIHdIFZU 10700 ) AUUIFT 2G D1_DUUNUI=T . vuo FIUnEnL o =10 Lo

Q 0 Frontal_ECE-R_094_56km/h_ODB_0°_40%_rechts_RL_1H3 Nein ECE-R ECE-R_94_02(Final-2016-06) oDB Frontal Front 15.0-16.1 RL 1. SR links
; Q o Frontal_ECE-R_094_56km/h_ODB_0°_40%_rechts_RL_3H3 Nein ECE-R ECE-R_94_02(Final-2016-06) obB Frontal,Front 15.0-16.1 RL 1. SR rechts
i Q @ | Frontal_ECE-R_094_56km/h_ODB_0°_40%_rechts_RL_Fahrzeug Nein ECE-R ECE-R_94_02(Final-2016-06) Audi-FzgSi_Struktur-F. ODB Frontal,Front 15.0-16.1 RL

Q O Frontal_ECE-R_094_JAP_56km/h_ODB_0°_40%_rechts_RL_1H3 Nein ECE-R ECE-R_94_02(Final-2016-06) obB Frontal, Front 15.0-16.1 RL 1. SR links

Q Q Frontal_ECE-R_094_JAP_56km/h_ODB_0°_40%_rechts_RL_3H3 Nein ECE-R ECE-R_94_02(Final-2016-06) ooB Frontal Front 15.0-16.1 RL 1. SR rechts

Q e’ Frontal_ECE-R_094_JAP_56km/h_ODB_0°_40%_rechts_RL_Fahrzeug Nein ECE-R ECE-R_94_02(Final-2016-06),Audi-FzgSi_Struktur-F. oDB Frontal.Front 15.0-16.1 RL

Q O Frontal_ECE-R_137_50km/h_starr_0°_100%_LL_1H3 Nein ECE-R ECE-R_137_01(Final-2016-06) 100%,100% Wand Frontal,Front 133-144 LL 1. SR links

Q 0 Frontal_ECE-R_137_50km/h_starr_0°_100%_LL_1T3 Nein ECE-R ECE-R_137_2024-01(BestCuess-2031-09) 100%,100% Wand Frontal Front 133-144 LL

Q & Frontal_ECE-R_137_50km/h_starr_0°_100%_LL_3HF Nein ECE-R ECE-R_137_01(Final-2016-06) 100%,100% Wand Frontal Front 13.3-14.4 LL
j Q @ Frontal_ECE-R_137_50km/h_starr_0°_100%_LL_Fahrzeug Nein ECE-R ECE-R_137_01(Final-2016-06), Audi-FzgSi_Struktur-.. 100%,100% Wand Frontal,Front 13.3-144 LL

Q 0 Frontal_ECE-R_137_50km/h_starr_0°_100%_RL_1HF Nein ECE-R ECE-R_137_01(Final-2016-06) 100%, 100% Wand Frontal,Front 13.3-144 RL

Q O Frontal_ECE-R_137_50km/n_starr_0°_100%_RL_3H3 Nein ECE-R ECE-R_137_01(Final-2016-06) 100%,100% Wand Frontal, Front 13.3-144 RL 1. SR rechts

Q & Frontal_ECE-R_137_50km/h_starr_0°_100%_RL_3T3 Nein ECE-R ECE-R_137_2024-01(BestGuess-2031-09) 100%,100% Wand Frontal Front 133-144 RL

Q C’ Frontal_ECE-R_137_50km/h_starr_0°_100%_RL_Fahrzeug Nein ECE-R ECE-R_137_01(Final-2016-06), Audi-FzgSi_Struktur- 100%,100% Wand Frontal.Front 133-144 RL

Q o Frontal_ECE-R_137_JAP_50km/h_starr_0°_100%_RL_1HF Nein ECE-R ECE-R_137_01(Final-2016-06) 100%,100% Wand Frontal,Front 13.3-144 RL

Q 0 Frontal_ECE-R_137_JAP_50km/h_starr_0°_100%_RL_3H3 Nein ECE-R ECE-R_137_01(Final-2016-06) 100%,100% Wand Frontal Front 133-144 RL 1. SR rechts

Q O Frontal_ECE-R_137_JAP_50km/h_starr_0°_100%_RL_3T3 Nein ECE-R ECE-R_137_2024-01(BestGuess-2031-09) 100%,100% Wand Frontal,Front 133-144 RL
=) Q O Frontal_ECE-R_137_JAP_50km/h_starr_0°_100%_RL_Fahrzeug Nein ECE-R ECE-R_137_01(Final-2016-06),Audi-FzgSi_Struktur-.. 100%,100% Wand Frontal,Front 133-144 RL

Eir ben Sie bifte ein Rele 2121 rev0cf2d299. | Achtung: Die in Re 2n sind als verira rt und unterfiegen der KSU 4.1. O e-/Drittbiblioth
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Product Setup: SCALE.sdm

SCALE.sdm s = 2

A~ Requirements «

= Milestones v
u = i Region v 9 » i Richtlinien-Test-Protokoll-Versionen € » i Test case Quickfilter C A 4 =+ m
m Group & Name Description Threshold Status
Value Assessm... Referenc... Con
v v v v v
& > USA (385) B
Normalized Data from 22 e G8)
Master Data System L e
> Indien (80)
v ECERL (128)
> None (76)
v ECE-R_94_2016(Final-2016-086) 76)
> Frontal [ECE-R_094.56km/h_0..  (18)

Vehicle Project Configuration

v Frontal ECE-R_094 56km/h_0D_. (18)

in SCALE.sdm 1.0.00.R.OVEHICLE_Y_DEVIATIO..  Annex 3 "1.3.1. Alignment... -20.00<x<520.00 +1 b
Dummy PO51 geborgen ohne Sit... | 5.2.5. After the impact, it ... x=YES m k
Dummy PO51 geborgen ohne W... 5.2.5. After the impact, it ... x=YES m k
d f Dummy PO53 geborgen ochne Sit... = 5.2.5. After the impact, it ... x=YES m k
Pro UCt eatures Dummy PO53 geborgen ohne W... 5.2.5. After the impact, it ... x=YES m k
Eine oder mehrere Tur(en) verrie... = 5.2.4. After the impact, th... x=MNO k
Eine oder merhere Tiir(en) wahre... | 5.2.3. During the test no d... x=NO x=MNEIN +3 k
Elektrolyt in Innenraum 5.2.8.2. Electrolyte spillag... x=MNEIN x=]A k
Geschwindigkeit ECE-R_094 (Beh..  Annex 3 "4 Test speed” Ve . 56.00<x<57.00 +1 k
I Gurtschlosséffnungskraft 5.2.52 Torelease the du._. m 600D <x<oo | +1 k
Gurtschloss&ffnungskraft 5.2.5.2. To release the du... -0 SXS 30.0 60.00 <x < co +1 k.
> 0 »

Configuration of project requirements based on project-independent master data in combination with the product equipment
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Test and Simulation in One Cockpit: SCALE.sdm

SCALE.sdm W Resut v
BaCkend Systems @AU DI @ Projects and W x| 8 Grd -
& Projects + = Draghereto set row groups & v, -l | Default - m
Results ¢
Test bt Gut: Bl g et B g ey ey
Star Name Regul... P > Femur- Femur- 4 Ti Tibia-Mid- Tibia-Mid- Tibia-
. &ffnungs- Upper ::Ti‘h;m] Lower U.. Upper Lower Lower
B C m B Collections + kraft IN*m] ! IN*m] IN... IN*m] IN*m] IN*m]
! M 7 ¥ _ V¥ _v¥ __ ¥ _ ¥ v v _ ¥ v v
TR . = 400 ~
No rows to show i-\i' 200
1 Ty R 200
AT 61
i o e === 200
0 . o -300
Simulation e o
Quickl I ¢ X fd 300
B a
> [0 Euro-ncap w 500
> [J ECER137 w -600
~ [@ ECERI4 w 100
56 km/! w 100
‘ 56 k] ww 600
[ Other o 600
O Ece-r21 T 0
.: Attributs {9 3D Models 0= o -
. [ other
> [0 nar Selected: 1 Total iterns: 38
000
a Images ::: LR @ Attributes W Videos B Documents = Channels @ Events & Measure data A Photos X . x
[Fitter | =

B Videos

Data from all back-end systems
are standardized and presented
togetherin SCALE.sdm.

@ stakeholder Anforderungen:
* Gesetzlich
* Verbraucherschutz

* Intern

4

° Anforderungen

Results are automatically
evaluated/colored according to
the project configuration.
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Test and Simulation in One Cockpit: SCALE.sdm

Comparison of Test and Simulation

Reports

Barplot Fahrer HF
SCALEsdm 8 rest v
® Foscsad | WX]| @ o = : H
S Projects 4+ = Dragheretosetrowgroups C % =le | Defaul -~ m £ E
[ L] 5.
= ¥- M. - -
st Name Regul. [p o x.
Collct £ I - T
Ubersicht Fahrer | o eI
w ms] tms]
No rows to show o T
1 Side .
Ty | i e | fe—
14
W
w
w
3 w
> [ Eure-NcAP w
> [ ECER137 w
v @ EcERo4 1A
sekmn W T
e — ® sckm/l w
| O Other w
{ O ecer21 o
:J,,;_\ 0 ser 3
! O other
............. A2Ee, ifhs 2253 - HCN
e UL ; Aftributes W Videos § Documents e Channels
[Fiter
—
"l hr.vvv.u-‘w K L - NI -

=TT

Project Monitoring

Milestones

Test Evaluation
s ‘ Write back to databases

i Description: Produkiions-Versuchs-Serie
v Planned At: 2019-06-09

VER-24 (EX-20 Magter Tarm PlanStansgr)

VEK (palaute)
w® al ° © e oy s e e ' P Cen m CAE-Bench

® 1~‘ "
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Report Project Status: SCALE.sdm

Set as project status (1)

Add files to test

oy
DA
¥ Scenarios X . x e
Quickfl B | C X | & w
~ [ Europa T
> [ Eurc-nCap w
> [ ECER137 DA
~ M ECcER4 w
56 km/I w . e
E Ty = 600
O Other T = E 600 @ Edittest
O Eece-r21 P 0 —~
O azr 1 0 ~
O other N | E
O | B Clone test
© Attributes B Videos B Documents l Channels @ Events # Neasure data 0O Pholos X |

Update test from external backend

SCALE.sdm BB Result v A Confidential information
B Projects and x| | & Grid
& Projects + i= Drag here to set row groups () Y. |+ ‘ Default = m
Results ¢
o v L] Bendin... } Bendin...
Y- SCL;'Irl.tOSS- Moment :‘erl:llnn%— Moment
Star Name Regul... P.. s Femur- T Femur- Tibia-Mid- Tibia-Mid- Tibia-
[... 6ffnungs- Upper Mid [N*m] Lower Upper Lower Lower
B Collections + kraft [N*m] [N*m] [N*m] [N*m] [N*m]
* v v v v v v v v v
EEI
No rows to show ﬁ

Project Monitoring

Verification of requirements using
test or simulation data

Filter

Dummy POS1 geborgen chne W_.. Kommentar:
Dummy POS3 geborgen ohne Sit.__. Kommentar:
Dummy PO53 geborgen chne W... Kommentar:
Eine oder mehrere Tir(en) verrie... Kommentar:
Eine oder merhere Tir(en) wihre... Kommentar:
P Elektrolyt in Innenraum Kommentar:
Geschwindigkeit ECE-R_094 (Beh... Kommentar:
Gurtschloss&ffnungskraft Kommentar:
Lenkradverschiebung nach Versu... Kommentar:
Lenkradverschiebung nach Versu... Kommentar:
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Project Monitoring and Reporting: SCALE.sdm

SCALE.sdm — . — Different views of the data
‘ (e.g., functional coordinator of vehicle safety)

A : '
Requirements « v Region

Milestones e AV 4 RegUlatIOn

n = HH Region + 9 » i# Richtlinien-Test-Protokoll-Versionen €3 » i Testcase € . (& Y,‘ =l m
n Group < Name Description Threshold Status v TeSt C a S e
Value Assessm... Referenc... o
v v v 1
& — — Requirement
-.ag > Korea 33 a
> Japan (114)
> Indien (80)
v ECERL 128)
> None (76)
~ ECE-R_94_2016(Final-2016-06) (76)
> Frontal ECE-R_094_56km/h_0... (18)
» v FrontaLECE-ROQd_SﬁkB’U’h_OD, sy
1.0.00.R.OVEHICLE_Y_DEVIATIO... Annex 3 "1.3.7. Alignment...
Dummy POS1 geborgen ohne Sit... | 5.2.5. After the impact, it .. Test 42 Level-by-level
( Dummy POS1 geborgen ohne W... 5.2.5. After the impact, it ... Test 42 eva luation and Up-
- Dummy POS3 geborgen chne Sit... | 5.2.5. After the impact, it .. Test 42 aggregation
Dummy POS3 geborgen ochne W... | 5.2.5_ After the impact, it ... Test 42 . .
Eine oder mehrere Tir(en) verrie... | 5.2.4 After the impact, th... Test 42 (hlera rChlcal data)
Eine oder merhere Tiir(en) wahre 5.2 3 During the testnod . Test 42
Elektrolyt in Innenraum 5.2.8.2. Electrolyte spillag... Test 42
| Geschwindigkeit ECE-R_094 (Beh... | Annex 3 "4 Test speed” Ve... Test 42
I Gurtschlossaffnungskraft : 5.2.5.2. To release the du... :
Gurtschlossaffnungskraft . 5.2.5.2 Torelease the du_
> 4

Values for each
individual With Reference to simulation / test

reauirement
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Project Monitoring and Reporting: SCALE.sdm

SCALE.sdm
A Requirements
= Milestones

i Test-Komponente L @

> Tir
.8 > Team Priffeld
atn
-

> Lenkszule
> Kraftstoffsystem
> Innenraum
>  HV-5ystem
> H35% Frau
> H350%
» v Gurtschloss
> MNone
> ECE-R_137_01(2016)
v ECE-R_94_2016(Final-201...

> Frontal ECE-R_094 _56..

~ Frontal ECE-R_094_56k...

> Frontal ECE-R_094_56...
> Frontal ECE-R_094_56...
> Frontal ECE-R_094_JAP_.

> None

[E1D)]
2n
20)
(140)
(40)
20)
(148)
(434)
20)
20$)
(10)
o
2)
(2)

2)
(2)
2)

(873)

A Confidential information

i Richtlinien-Test-Protokoll-Versionen €3

Assessm...

e -

I Gurtschlosséffnungskraft 5.2.5.2. To release the du...

5.2.5.2. Torelease the du...

Gurtschlossaffnungskraft

green

green

green

green

green

green

suwnd g

sialh 4

Different views of the data
(e.g., component owners)

v Component
v Regulation
v Test Case

Requirement
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Project Monitoring and Reporting: SCALE.sdm

SCALE.sdm e = 7 | =

A Requirements «

= Milestones ~
. hao%
m MASTER@p ¢ r— e p—ip—p — ‘ C

— Timeline

= iii Test-Komponente 4 @ » it Richtlinien-Test-Protokoll-Versionen €3 > #i Testcase @ Quickfilter c Yx -1+ m
Status
Group < Name Description Threshold - e — R o
v v v v v g
> HV-System (20)
> H3 5% Frau (148) green
> H350% (434) green
v Gurtschloss 20) “
> None (20) “
> ECE-R_137_01(2016) 10) green
v ECE-R_94_2016(Final-201__. o) “
> Frontal ECE-R_094 56... 2) green
v Frontal ECE-R_094_56k.. )
I Gurtschlossaffnungskraft 5.2.5.2. Torelease the du... Test 42 Komme
Gurtschlosséffnungskraft 5.2.5.2. Torelease the du... -2 5x%:60.00 6000 sx <o Test 42 Komme
> Frontal_ECE-R_094_56_. @ green
> Frontal_ECE-R_094_56_. @ green

> Frontal ECE-R 094 JAP..  (2)
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Project Monitoring and Reporting: SCALE.sdm

SCALE sdm
A Requirements
= Milestones

=

»

+ Add «

Dao %
ac |
MASTER < —00—0—0—0—¢ O —0—¢ : C
! " .
| — Timeline
2 1}\?0 R }w_‘,“ 7 o 1 ,9.:_;}"'; 1‘3?:.
= ii Test-Komponente & & » it Richtlinien-Test-Protokoll-Versionen €3 > Testcase €3 Quickfilter c Y,( =« m
Status
Group Name Description Threshold - e — e Comme
v v v o

> HV-System (20)
> H3 5% Frau (148)
> H350% (434)
~ Gurtschless 20)
> Nane (20)
> ECE-R_137.01(2016) o)
v ECE-R_94_2016(Final-201 o)
> Frontal_LECE-R_094_36... 2)
~ Frontal ECE-R_ 094 56k.. 2)

I Gurtschlossaffnungskraft : 5.2.5.2. Torelease the du... : Test41 Komme

Gurtschlossoffnungskraft 5252 Torelease the du Test41 Komme

> MNane

> Frontal ECE-R_094_56__ @
> Frontal ECE-R_094_56__ @
> Frontal ECE-R_094 JAP. 2)

(873)
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Summary

> Successfully implemented digital transparency

> Across the entire V-model

> Beyond Tool boundaries

> Real machine-driving digital data processing

> Thousands of requierements checked and verified in seconds, without
errors

> By referencing data entities, ,,Information“ becomes ,,Knowledge“
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Outlook

Use , Knowledge® for further use cases:

> Enable cost savings through optimization of the testing plan

> Automated resource planning (people, equipment, components, etc.) based
on product definition



Thank You!
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