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Ausgangssituation

Testergebnisse

Simulationsergebnisse
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Meta-
informationen

Meta-
informationen

Unterschiedliche
Bezeichnungen, von
Metainformation:
Lastfall, KPI, Kurven, ...

Spater keine
integrierte Darstellung

Datenaufbereitung

Datenaufbereitung

Unterschiedliche
Datenformate

Jeweils unterschiedliche
Auswerteverfahren /
Tools

Ablage in
unterschiedlichen
Datenbanken

Auswertung /

Analyse / Reporting

Auswertung /

Analyse / Reporting

Eine gemeinsame
Auswertung oder ein
Abgleich ist mit hohen
manuellen Aufwanden

verbunden



EinfUhren eines gemeinsamen Datenmanagements &'SsbM

Digitaler Zwilling DIGITAL TWIN

Kein digitaler Zwilling ohne eine durchgangige Datenstruktur
und Metadatenverknupfung.

(g
SIMULATION

=z}
TEST

Wirtschaftlichkeit / Compliance

Manuelle Prozesse / Abgleiche / Reports sind teuer
Regulatorischer Druck

Herausforderung der Kl-Integration
Kl kann nur funktionieren, wenn Daten strukturiert, sauber und
kontextualisiert sind. Daten werden zum Werttrager

SCALE

k!SDM

SCALE=Z



Gemeinsames DM-System: Losungsansatz &1SDM

Meta-
informationen

Meta-

informationen
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EinfiUhren von Normierung / Master Data Management (MDM)

« Gleiche Bezeichnungen / IDs der (Kontext-)informationen
Lastfall, Parameter, KPIs, Eigenschaften, ...

Warum?

« Grundlage fur gemeinsame Darstellung und Reporting
Auf Grund Ihrer gleichen Beschreibung gelingt eine einheitliche Darstellung/Navigation

« Reduziert Datenkonflikte und Inkonsistenzen
MDM sorgt fur eine ,Single Source of Truth” - eine zentrale, verlassliche Datenquelle. Versuch
und Simulation setzen dieselben Bezeichner ein.

- geringere Fehlerquote bei automatisierten Workflows
Automatisierungen werden zuverlassiger, weniger Nacharbeit



Gemeinsames DM-System: Losungsansatz
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Meta-
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Attributes
Requirements

Test cases

Attribute components
Attribute value lists

Attribute values

Calculation rules

Disciplines

&I

Data classifications

Result

Project

Add-ons

¥ 3 9 €
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ﬂSDM £ configuration ~/

Master Data Management in g}
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F
MDM attributes
*= Drag here to set row groups Quickfilter
State :  Identifier :  MName : Compone.. J i Source Data type ¢ Display unit i
v v v W  External / Intern: ¥ ¥ 7
'ﬂ' Main_Location_ID Main Location Requirements attri_. ﬂ External TEXT
Q Customer test engineer name Customer test engineer name GRID attributes ﬂ External TEXT
ﬂ test111 test111 General fu Internal DATETIME
] 1.0.00.0.0.PROJECT_TYPE Project type General =% Internal TEXT
(] 0.0.00.R.0.GENERAL_INFORMATI... Simulation Walltime General &5 Internal NUMEBER h
] 1.0.00.D.0.LOCO_PARAM_OVERLAP  Barrier overlap General &5 Internal NUMBER
[ ] 1.0.00.0.0.LOCO_PARAM_RUN_AT..  CFD Velocity General &% Internal NUMEBER
[} test.loadcase_abbreviation test.loadcase_abbreviation General &% Internal TEXT
] YES_NO Yes No General 2% Internal TEXT
a PRIORITY PRIORITY General fﬁ Internal TEXT
(] 1.0.00.D.0.PROJECT Project General @& Internal TEXT
'ﬂ 1.0.00.0.0.LOCO_PARAM_RUN_LA..  Label General fﬁ Internal TEXT
ﬂ SUUID SUUID General fﬁ Internal TEXT
'ﬂ 1.0.LE.R.O.VEHICLE_OLC_BPILLAR.. OLC B-Fillar lower left optical General fﬁ Internal NUMEBER G
'a 1.0.00.0.0.VEHICLE_SPEED Vehicle Speed General fﬁ Internal NUMBER km/h
[} 1.0.00.0.0.BARRIER_OVERLAP_PE..  Barrier overlap General &% Internal TEXT
'a 1.0.00.0.0.LOCO_PARAM_RUN_AT..  Discipline General fﬁ Internal TEXT
Q STYPE STYPE General fa Internal TEXT
'a 1.0.00.0.0.LOCO_PARAM_1.0.00.D... = Vehicle speed General fa Internal NUMBER km/h



Gemeinsames DM-System: Losungsansatz
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Datenaufbereitung

Velocity

et [m /5]

Datenaufbereitung
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Gleiche Auswertungsroutinen wo immer maoglich
vor allem KPIs, Nachbearbeitung Kurven, Bilder, ...

Tools / Skripte konnen in SCALE.sdm verwaltet und versioniert werden

& Configuration. v

omponent

ilue lists

) rules

wles

ules

iffcations

ement

@ents

a

4. Confidanbal Informotion

Calculation rules

=t Direcrive 13

DNirective Test tast & Protanal \lesions M 3 5= \lerechacearra

G Python code: -CNCAP AOP Seite S2 Bauch Ergebnis 001

12
13
14
1t
16
17
18
19
28
21
22
23

25
26
27
28
29

cisc.

max_df = max{abs(fleoat{args[e])),abs{float(args[1])))

# Left side crashes
if args[4]=="RI":
# check if data is missing
if args[2] is MNone or args[3] is None :
raise Exception("Daten fehlen")
#return max value
else:
max_df = max(abs(float{args[2])),abs(float{args[3])))

if max_df >= @.848: result= "capping”

else:
res_rib = 1.e+(max_df-e.@38)*(1.8/(0.238-2.0848))
result = round(max(8.8, (min(1.8,res_rib)+modvc)),2)
return result

-CNCAP AOP Site 53 Dunmay Ensalins,001
-CNCAP AOP Site 52 Raat Ergebabs 001
--CNCAP AOP Site 51 Reat Ergebnies 001

FAEAD AND Citem VAC Precmm s s D i le A AT

X Close

ay 2

May 29, 2024, 1:59

May 29, 2024, 1:59
May 29, 2024, 1.59

Al MY NI A AP

"

a @A

= ?

Detats ”»

Narne:
-CNCAP AOP Site W6 Oummy Result 001

Description:

1.3 1.3.2.8 Overall rating for the side
mipaot test against the mobile defpar
intible barner fest aganet the mobile for
set unl tater Al hte 2.1.3.

Iral test altributes:

(({x1).5{x12 S{x.3) R.0.CNCAP_SID_
HEAD_RESULT _001

(1{x1) S{x22 S{x.3) R.0.CNCAP_SID_
CHEST RESUIT, 001

(({x1}) S{x>3 S{x.3) R.0.CNCAP_SID__
ABDO MEK_RESULT_0C1

{1(xL} S{x12 S{x.31 R.0 CNCAP_SID_
DUMMIYFICS. ND.001

{({x}) S{x12 S{x.3) R:0.CNCAP_SID_
DEPLAYMENT_001

Versuchsart

Result test aitribute:

-“CNCAP_2113. 5{xx).S4 2.1. D MBYRROD
SET_MY_REUSLT_BEET SYSTEM_FAILURE.
EISD1

Versuchsart
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Gemeinsames DM-System: Losungsansatz &1 SDM

Einsatz von KI: Bild Labeling / - Automatisierte Prufung

Datenaufbereitung

Reduziert manuellen Aufwand / Skalierbar
Das automatische Labeling Ubernimmt die Erkennung und Zuordnung der Bilder direkt beim
Import - keine manuelle Pflege ndtig.

 Sichert konsistente Datenqualitat / Zuverlassigkeit und Datenqualitat
Vordefinierte Regeln und KI-Modelle sorgen fur einheitliche Bezeichnungen und
Klassifikationen.

« Grundlage fur weitere Automatisierung und Analysen / Reporting
Standardisierte Labels kdnnen in weiteren Prozessen wie Qualitatspriufungen oder
Datenaufbereitung Datenanalysen genutzt werden.

Zusatzlich
 Inhaltliche Auswertung

« Anomalie-Erkennung, ...
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Gemeinsames DM-System: Losungsansatz &1SDM

Einsatz von KI: Prufen von Kurven / Zeitreihen

Datenaufbereitung

Vorteile analog Klassifikation von Bildern
Hinzuflgen von Kanalnummern

 Erkennt Messfehler und Ausreilder automatisch
Die KI pruft Kurvenverlaufe auf Llicken, Springe oder unplausiblen Werten, die durch
fehlerhafte oder fehlende Messdaten entstehen.

« Validiert Kurven gegen erwartete Muster
Abweichungen vom typischen Verlauf werden erkannt - etwa invertierte oder verzerrte

Kurven.
Datenaufbereitung (T
- Bewertet Kurvenqualitat
statt nur Inhalte
Neben der reinen Klassifikation wird OK

die formale Qualitat der Messdaten
Uberpruft, um fehlerhafte Datensatze
auszufiltern.

XA / ‘
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EinfUhren eines gemeinsamen Datenmanagements &1SDM

Meta-
informationen

Datenaufbereitung

Testergebnisse
Auswertung

Analyse
Reporting

SCALE

SDM

Meta-
informationen

Datenaufbereitung

Unterschiedliche Keine einheitliche
Simulationsergebnisse Bezeichnungen, von Bezeichnung fur
Metainformation. Ergebnisse KPIs
Spater keine Unterschiedliche
integrierte Auswerteverfahren
Darstellung
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EinfUhren eines gemeinsamen Datenmanagements
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4 Confidential information

Yaris Fy =

& Projects and Collections X

Drag here to set row groups

Quickfilter

Simulation Overview ...

O  BReportt X

Legend -

Crash NVH

b R B
0:00 P p—

= [ntegrierte Darstellung
von Test und Simulation

Identifikation relevanter

Firewall Intrusion »

No video available

f_56kmh_lhd_-_T5677

& Projects + T
Yaris w I
m Collections + B-Piler >
SR ) - = History Comment Firewall Intrusion [mm] B-Pilla
E——
Y Scenarios X : i 1395_YARIS_FMVSS_RW_3... cleanup 11444 0 34.019568354127045
> [ Japan (0/0) 1395_YARIS_IIHS_MDB__. cleanup -13.00 0 0
v Korea (a/4) 1395_YARIS_IIHS_SOL_ODB. cleanup 197.70 0 32.220788954433985
KOR.. (414) 1395_YARIS_IIHS_SOL_ODB cleanup -238.70 0 30.31024865779854
v USA (233/ 1395_YARIS_IHS_SOL Pole..  cleanup 31418 0 48.43855954887755
USN.. (208/ 1395_YARIS_IHS_SOL Pole.. cleanup -358.57 0 43.59195036021475
IiHS (18/1- 1395_YARIS_KoreaNCAP_0.. cleanup 0 0
FMV_. (h)) 1395_YARIS_KoreaNCAP_R. cleanup 0 0
> O NH ©/74) 1395_YARIS.USNCAP RW_..  cleanup 16284 0 43.00693916882932
v [ PEDESTRIAN (0/0) 1422_YARIS_USNCAP_RW._. Test with OLC Evaluation 16223 42.87060311115417 42.972268817588066
[ china (0/0) 1422_YARIS_USNCAP_RW._. Test with OLC Evaluation -186.12 47.75810291995737 48.13539791875922
[ Europe (0/0) 1425_YARIS_USNCAP_RW._. ANSA ohne MC wegen LOC._ 16223 42.87060311115417 42.972268817588066
0O Japan (0/0) 1426_YARIS_USNCAP_RW/_. Wandst\xedrke railouterwal -156.47 43.53352062121112 43.5898089561675
[ «orea (0/0) 1427_YARIS_USNCAP_RW_. Schwixedchung des outerw..  -140.64 43.9179536335038 44.02543172235168
0 usa (0/0) 1428_YARIS_USNCAP_RW._ Kieines LoCo hinzugefixfcgt -164.48 43.2064976317091 43.26360173963587
v PHYSICAL TES. (/1) 1429_YARIS_USNCAP_RW._. Wandst\xedrkevariationeni.. 16556 42.96513080409722 43.055987518673554
China (0/0) 1430_YARIS_USNCAP_RW._. DEMO Loch im CMS -164.03 42.98134429188357 42.9891961067235
Europe (0/0) 1431_YARIS_USNCAP_RW._. Wandstarken CMS auf 1.6m._  -154.22 44.02553369397297 4412587376932999
Japan (0/0) 1432 YARIS.USNCAP RW_.  Wandstareke erhoehtauf2.  -176.31 42.662377060464074 42.85214624769927
Korea (0/0) 1435_YARIS_USNCAP_RW. Wandstaerke wiederauf 17..  -154.83 43.72757261654082 43.79568965956774
UsA 2] g
Selected: 2
oA @ Photos X | WV s & Event L2}
| Fiiter ‘ =

mi(s*s)

Versuche und
Simulationen einfacher
moglich

' Engine Acceleration

Acceleration-X Engine top

Q
UEXXEY TEST_YARIS_U.

[REGET TEST_YARIS.

Acceleration-X Engine b

Gegenuberstellung und
Auswertung werden
ermoglicht
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a SCALE

Reportin

SCALE
ﬂSDM B Result Yaris ~/ .,e = 2 =
S Prejects and collections % LB = | 8 report x WX
A Drag here to set row groups Y, sle C ‘ CRASH side - m
W Projects + e Select a report . @ Automatic =
r—— = e SAFECAR-ML Side Crash Selection
SAFECARML a verview ment Failure
a
; + Star Name & A |52 g
B Collections E B-Pillar T B-Fillar B-Pillar B-Pillar Roof
L Lower R e, Lower i Upper i Intemal §  Cros
Quter nner Bracket Outer Support Mem
¥ Scenarics x o x
Quickfiter... B C ® X
- CRASH
i L AL ¥I_ ¥ v v v v
» Eliope Wy D173YARIS_IHS_MDE s_60kmhind_NR_- lscyna_cB.. | 0135.. ||SO00NMIN 23.00 400 0.00 0.00 &
e Japan Wf%  O172_YARIS_IIHS_MDE. s_6Dkmh_Ind_NR_-Jscyna_ef3c | 0164 SOOI 20.00 400 0.00 0.00 '
TRIAS 18/47 Wy O171_YARIS_IIHS_MDB. s 60kmh_hd_NR_-lsdyna Se.. | 0163_. [AGUDNNNNNNN 27.00 400 0.00 0.00
JAPAN-NCAP W Yy | DI70_YARIS_IIHS_MDE. s_60kmh_nd_NR_-lscyna_d3.. | 0105_.. |HOMONNNNNN 7.00 0.00 0.00 0.00 Template e
Other W f¥  O169_YARIS_IIHS_MDE. s_60Kmh_nd_NR_-Jscyna_73.. | 0161_.. JGOONININNY 11.00 0.00 0.00 0.00 Presentaton mode @ [s“’e Crash - Structural Rating B8 -
» Korea W ¥y | D168_YARIS_IHS_MDE. s_60kmh_hd_NR_-_tscyna_fall | 0167 [[SEOONMINNN 2400 400 0.00 0.00 3
- usa W f¥  D167_YARIS_IIHS_MDB. s_6Dkmh_Ind_NR_Jscyna_db.. | 0160_.. |SBOONINNNN £.00 400 0.00 0.00
USNCAP m fy | D166 YARIS_IIHS_MDB. s_60kmh_ind_NR_- lsdyna_23.. | 0157... |MAOONNNNN 15.00 7.00 0.00 0.00
IIHS W f¥  O165_YARIS_IIHS_MDE. s_60kmh_nd_NR_-lscyna 80.. | 0132... |HSO0NMNINN 7.00 0.00 0.00 0.00 e
FMVSS W fy | DIGAVARISIHSMDB___ o 60kmhhd_NR_-lsdyna_efdd | 0158 [4600 | 2300 200 0.00 0.00
Other W f%  0163_YARIS_IIHS_MDE. s_60kmh_ind_NR_Jscyna_0d.. | 0139_.. ATOONINNNN 2.00 400 0.00 0.00 2
Other m fy | D162_YARIS_IIHS_MDE. s_60kmh_ind_NR_-lscyna_d9.. | 0131_.. |SBOONMNNN 32.00 400 0.00 0.00 144
> O n W fy  0161_YARISIHS_MDE s_60kmh_nd_NR_-Jscyna_04.. | 0142_.. |JGOONINNNNY 10.00 000 0.00 0.00
O swrack w ¢y [0160_VARISIHS_MDE s_60kmh_ind_NR__lsgyna_69__| 0156_. 4500 | 7.00 400 [ [ .
> [ PeoestRan W f§  D159_YARIS_IIHS_MDE. s_6Dkmh_Ind_NR_-_Jscyna_dcfe | 0147... ||HOONNNNIN 15.00 400 0.00 0.00 -
> [ PHYSICALTESTS W fy | D158_YARIS_IIHS_MDB. s_60kmh_hd_NR_- lsdyna_eaTe | 0153_.. |SOUDNNIN 2400 200 0.00 0.00
Py 0157 VARIS WS MOR © ANbmh e WE . lema 18 nasn  DASIAARIIEN 13 nn 200 FIEETT
O ower “ v 4 3 o
:
Selected: 2 Total items: 171 v
—_— H 1
E 1
B Videos # Measure data O FPhotos x - = "1
Vo
| % s C = o
'
0.6+ i
v v v 3 v v v ’
L
, A ¥
04 2
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H
ek
K 024
i .
v ] > > & % 7 = Y
ﬂ ﬂ 0.5 0.3 0. 0.1 03 0.5 0.7 03 11
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RISDM MRt v RV ¢

B : b , - x 2] 8
= Drag here to set row groups Y. il & CRASH side v m
@ Projects + g Automatic

-
S
- c >

SAFECAR-ML Side Crash Selection

oy
n
N

Star { Name ¥ H i  History Comment i Date i

<

<]

LZ:I
o
Q
X

TEST_YARIS_USNCAP_RW, £_S6kmh_lhd_-_T56

3_YARIS_USNCAP_R §_S6kmh_lhd_NR_-_lsdyna_6_. 0155 Sheet

tour changed in the radiator frame brac 10/28/25, 4.0

(CHCH<

o

o
r
o

YARIS_IIHS_MDB,

_NR__-_|lsdyna_c8 0155 Sheet contour changed in the radiator frame brac...

0172_YARIS_USNCAP_RW. f_S6kmh_lhd__NR__-_Isdyna_d 0164_ sheet deleted in upper right support frame. - A sh
h

0172_YARIS_IIHS_MDB, 5_60kmh_lhd_NR__-_lsdyna_ef3c 0164 s

eet deleted in upper right support frame. - A sh

0171_YARIS_USNCAP_RW f_S6kmh_lhd__NR__-_ladyna_f o

71_YARIS_IIHS_MDB s_60kmh_lhd_NR__-_lsdyna_Sa

0O 0 0 © o
o
n
o
®
w
~N

<
(<B4
&

0170_YARIS_USNCAP_RW f_S56kmh_lhd_NR__-_lsdyna_1 0165

USNCAP

0170_YARIS_IIHS_MDB. —5_60kmh_lhd_NR__-_lsdyna_45 0165 10

HS 0169_YARIS_USNCAP_RW. f_S56kmh_lhd__NR__-_ladyna_f 0161_ bead deleted in trunk floor side. - A bead located 0/10/25,. 3:57 |

FMVSS 0169_YARIS_IIHS_MDB, s_60kmh_lhd_NR__-_lsdyna_73 0161_ bead deleted in rrunk floor side. - A bead located 10/10/25, 3:57

Othe: 01 YARIS_USNCAP_RW f_S6kmh_lhd__NR__-_Isdyna_0 0162_ bead created in firewall. - A bead wa ted int 10/10/25 37 No test selected
b4 Othe 0168_YARIS_IIHS_MDE —5_60kmh_lhd_NR__-_lsdyna_fa01 0162_ bead created in firewall. - A bead was created int 0/10/25 37

> NVH 0167_YARIS_USNCAP_RW. f_S6kmh_lhd__NR__-_ladyna_8 0160_ bead depth increased in right floor. - The bead on 0/9/25 2:28P

SIMPACK 167_YARIS_IIHS_MDB nh_lhd__NR__-_lsdyna_9b 0160_ bead depth increased in right floor. - Thebead on .. 10/10/25, 2:31
PEDESTRIAN 0166_YARIS_USNCAP_RW f_S6kmh_lhd_NR__-_lsdyna_0 0 hole length shortened in Rear Wheel Well Router 101

Ooo00ooono

> PHYSICAL TESTS 0166_YARIS_IIHS_MDB 0157_ hole length shortened in Rear Wheel Well Ro 0/10/25,.10:05
Other 0165_YARIS_USNCAP_RW hole shortened in front radiator frame. - A hole lo 0/8/25,405P
0165_YARIS_IIHS_MDB, 0152_ hole shortened in front radiator frame. - A hole lo. 10
0164_YARIS_USNCAP_RW. f_S6kmh_lhd__NR__-_lsdyna_d 0 hole diameter increased in upper frame. - A hole | 10
0164_YARIS_IIHS_MDE —8_60kmh_lhd_NR__-_lsdyn hole diameter increased in upper fra 0
0163_YARIS_USNCAP_RW §_S6kmh_lhd__NR__-_sdyna_4 0159_.. hole created in right front floor member. - A circul.. 0/7 s8
0163_YARIS_IIHS_MDB. s_60kmh_lhd_NR__-_lsdyna_0d 015 hole created in right front floor member. - A circul 0/7
0162_YARIS_USNCAP_RW f_S6kmh_lhd_NR__-_lsdyna_f 0151 2175, pa 0/7/25,.11:32
0162_YARIS_IIHS_MDEBE e s_60kmh_lhd_NR__-_ledyn 0151_ 2175, part 0/7/25 32

bead depth decreased in right outer rail. - A previ

=]

161_YARIS_USNCAP_RW f_S6kmh_lhd__NR__-_|sdyna_f.

0161_YARIS_IIHS_MDB. s_60kmh_lhd_NR__-_lsdyna_04 0148_ - A previ
0160_YARIS_USNCAP_RW f_S6kmh_lhd__NR__-_lsdyna_5 0156_ bead width extended in trunk floor. - bead on the r 0:02
% n Aloab hd a0 lodiima AN N1 RA hand wideb nvemndad in seiinl Hans hand am tha - o nen
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Reporting

a SCALE
I

A Confidential information Yaris ‘o ¥= ? =
W& Report X -
- m Template
Presentation mode (@ [ ReportDesignerTest ODE < »
Widget title
~ { Chart ‘
| ~/ Chart f g Image
Hi ~ Widget layout @
Plot [m/(s*s)]
7 1484 _YARIS_USNCAP_RW f_56kmh_lhd__... Height value
[wo_—_mauyiia nN UEIDy { pixel [ 500 px
|64 - Isdyna -
Width Value
|-63__- Isdyna { percentage [ 50 %
700 4
[ -
II | Horizontal alignment Vertical alignment
| _61__-_Isdyna { start T [starl
|_60___-_Isdyna
= 100 4
|_59__ - Isdyna < w Channels
| _58___-_Isdyna "E~
=, @ v Plot [m/(s*s)]
|__57___-_Isdyna = 500
|_56__-_lsdyna @ v 1484 YARIS_USNCAP_RW. f_56Kkmh_..
|_55__ -_Isdyna
@ — 10ENGNBOO0DDOACKD / Engine Bottom X
|_54___-_Isdyna -1100 -
| 53 - Isdyna - (il Add plot Edit channels = W
3
ected:1 Total items: 64 4700 L v Curve properties
14.00 42.00 70.00 98.00 126.00
bottomview.png Display name *
e — —— .
bcuments MBS X [ms] { 10ENGNBO00DOACXD / Engine Bottom X ]
Stroke Stroke style
1 pX solid
T'|' Text { : [
Alpha*
Test Details g
Freitext hier + Calculate
Attribute Wert Search
[a
Barrier Overlap = 100.0
@ Template updated successfully. ok
- . ;
: . v Main operations
Barrier Overlap: 100.0
Microsoft Edge h -

SCALE=Z

= |nline Editieren mit dem
Report Designer

= Private oder offentlich
verfugbare Reports

Alternativ

= eigene JS-basierte
Reports, flexibel, kaum
Limitierungen

» |ntegration Reports
basierende auf z. B.
Animator, Metapost, ...
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Integration in Systems Engineering

SCALE

SDM

17 Systems Engineering im Bereich Fahrzeugsicherheit der AUDI AG: Von digitaler Zettelwirtschaft zu digitaler Transparenz 19.11.2024

Motivation fur Systems-Engineering in Kombination mit digitaler Datenvera

rbeitung ‘ '

* Gesetzlich
* Verbraucherschutz
* Intern

Stakeholder Anforderungen: @ @ Stakeholder Anforderungen:
+ Gesetzlich Software Steuergerate
* Verbraucherschutz Cockpit
* Intern Lenkrad

System 3 Varianten:

¢ +  3/4Speichen
v *  Rund/Abgeflacht
1 2 n
Sub-System
Komponent
» Anforderungen @ @ Anforderungen <

> Richtlinienkonforme Datenaufbewahrung und Nachweispflicht Uber mehrere Jahrzehnte erforderlich

SCALE=Z
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Integration in Systems Engineering &1SDM

17 Bystermns Engineering im Bereich Fahrzeugsicherheit der AUDI AG: Von digitaler Zettelwirtschaft zu digitaler Transparenz 19.11.2024

Produktsetup: SCALE.sdm

»
i
)
1l

SCALE.sdm

A~ Requirements «

- Milestones v
u = il Region + 0 L3 Richtlinien-Test-Protokoll-Versionen & » iii Test case € Quickfilter c Y, == m
| n Group < Name Description Threshold st

Value Assessm... Referenc... Con

v v v v ¥ |

° > UsA (385) -
normierte 22 > Kores 8)
Daten aus s e
» Indien (80)
Stammdatensystem o ecen s
> None (76)
w ECE-R_94_2016(Final-2016-06) (76)
> Frontal ECE-R_094_56km/h_0.. (18

~ Frontal_ECE-R_094_56km./h_0D.. 8y

in SCALE.sdm 1.0.00.R.0 VEHICLE_Y_DEVIATIO Annex 371.3.1. Alignment

“ Fahrzeugprojektkonfiguration

Dummy POS1 geborgen chne Sit. 5.2.5. After the impact, it ..

Dummy POS1 geborgen chne W.. 5.2.5. After the impact, it ...
Dummy POS3 gebeorgen chne Sit..  5.2.5. After the impact, it
Produktausstattung

Dummy POS3 geborgen chne W. 5.2.5. After the impact, it
Eine cder mehrere Tir(en) verrie. 5.2.4_ After the impact, th

Eine oder merhere Tur(en) wahre... = 5.2.3. During the testnod..
Elektrolyt in Innenraum 5.2.8.2. Electrolyte spillag

Geschwindigkeit ECE-R_094 (Beh Annex 3 "4 Test speed” Ve

w

2.5.2. Torelease the du..

Gurtschlosséffnungskraft

Gurtschlossaffnungskraft 5.2.5.2. To release the du

Konfiguration der Projektanforderungen auf Basis der projektunabhangigen Stammdaten in Kombination mit der Produktausstattung

SCALE=Z 17




Integration in Systems Engineering: Automatisiertes Bewerten

SCALE

SDM

1 gﬁ" ¥ Result v

@ Projects and ¢ x - X
a
W Projects +
SAFECAR-ML [}
@ Collections + , suar
¥vs X - X
Quickfitter |8 C X X
v CRASH
> China
v Europe
EURO-NCAP L
ECE-R137
ECE-R94 (EG 96/79)
ECE-R21/AZT
Other

[CHC RS
=
[
&

USNCAP
1IHS
FMVSS
Other
Other
NVH
SIMPACK
PEDESTRIAN
PHYSICAL TESTS
Other

OO0D00OOo

SCALE=

T RPRPRRPRRPORRRRRRRR Rl

IIHS

v

0745_YARIS_IIHS_MDB.
0144_YARIS_IIHS_MDB.
0143_YARIS_IIHS_MDB.
0142_YARIS_IIHS_MDEB.
0141_YARIS_IIHS_MDB.
0140_YARIS_IIHS_MDB.
0139_YARIS_IIHS_MDB,
0138_YARIS_IIHS_MDB.
0137_YARIS_IIHS_MDB.
0136_YARIS_IIHS_MDB.
0135_YARIS_IIHS_MDB.
0134_YARIS_IIHS_MDB.
0133_YARIS_IIHS_MDB,
0132_YARIS_IIHS_MDB.
0131_YARIS_IIHS_MDB.
0130_YARIS_IIHS_MDB.
0129_YARIS_IIHS_MDB.
0128_YARIS_IIHS_MDB.
0127_YARIS_IIHS_MDB.
0126_YARIS_IIHS_MDB.

0125_YARIS_IIHS_MDB.
0124_YARIS_IIHS_MDB.

s_60kmh_lhd_NR__-_Isdyna_aeae
s_60kmh_lhd__NR__-_Isdyna_413e
s_60kmh_Ihd__NR__-_lsdyna_2f14
s_60kmh_lhd__NR__-_Isdyna_cf3c

_60kmh_lhd__NR__-_Isdyna_d917
s_60kmh_lhd_NR__-_Isdyna_9d42
s_60kmh_lhd_NR__-_Isdyna_8db2
s_60kmh_lhd_NR__-_Isdyna_dd74
s_60kmh_lhd__NR__-_Isdyna_ac6a
s_60kmh_lhd__NR__-_Isdyna_9ff4

s_60kmh_lhd__NR__-_Isdyna_ff18

s_60kmh_lhd__NR__-_|Isdyna_a325
s_60kmh_Ihd__NR__-_Isdyna_f596
s_60kmh_Ihd_NR__-_Isdyna_9c27
s_60kmh_lhd__NR__-_Isdyna_bf47
s_60kmh_Ihd_NR__-_lsdyna_e3e9
s_60kmh_Ihd__NR__-_Isdyna_46fe
s_60kmh_lhd_NR__-_|sdyna_9805
s_60kmh_Ihd__NR__-_Isdyna_d034
s_60kmh_Ihd__NR__-_Isdyna_318c
_60kmh_lhd__NR__-_Isdyna_836a

s_60kmh_Ihd_NR__-_lsdyna_3c2b

A\ Confidential information

Y% | == C

CRASH side

History Comment H

v

Date H

v

bead depth inuhsed in outer right rail. - A bead |

hole diameter reduced in lower right A-pillar. - A h.
sheet in interal roof rail deleted. - sheet connectin
contour of sheet in front floor seat bracket chang
sheet of left internal roof rail shortened by 8 mm
bead depth reduced in right floor. - bead located
bead shape changed in left side panel . - bead in f
bead created in floor tunnel. - A bead was created.
bead depth in lower internal a pillar changed - fro...
sheet deleted in second rear floor support. - A sh.
sheet shortened in left floor support. - A sheet lo.
sheet in crowbar bracket changed to a H like sha
hole in lower inner a pillar changed in form. - cent
Hole length extended in rear radiator frame.- A h
Bead contour changed in outer rail. - The contour
hole shortened in firewall. - A hole located on the
bead depth decreased in right radiator frame. - A
hole diameter increased in rear radiator frame. - S..
hole diameter reduced in inner rail. - A hole locate..
hole created on the upper middle trunk frame. - H...
Bead moved at rear right roof rail. - A bead locate

bead width shortened in rear right floor rail. - A be.

8/20/25,8:14 AM *
8/19/25,3:02 PM
8/13/25,2:36 PM
8/12/25,4:34 PM
8/12/25, 8:20 AM
8/8/25,416 PM
8/8/25,11:03 AM
8/8/25,11:49 AM

8/7/25,4:09 PM
8/8/25,9:50 AM
8/7/25,9:55 AM
8/6/25,2:10 PM
8/5/25, 211 PM
8/6/25,3:34 PM
8/5/25,10:.00 AM
8/5/25,8:10 AM
8/5/25,7:16 AM
8/5/25,7:21 AM
8/4/25,8:35 AM
8/1/25,4:07 PM
8/1/25,1:07 PM

8/1/25,1213 PM
v

>

Selected: 1 Total items: 171

SAFECAR-ML Side Crash

Pool Version
Head
Thorax
Abdomen

Pelvis

Pool Version
Head
Thorax
Abdomen

Pelvis

Pool Version

B-Pillar Lower Outer
B-Pillar Inner Part
B-Pillar Lower Bracket
B-Pillar Upper Outer
B-Pillar Internal Support

Roof Cross Member

Nanf Arans Mamhar Dranbad
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Datenanaylse

SCALE

SDM

B8 Grid -
‘= Drag hefe 10 Set row groups (o v,  =le FarSide m
Qualit. > DoE < Rating criteria <
Energ.. >
_ ) e Uoper Lower Lower
— e & el (S, IS err (ewem (SN (mAL e e B B IEE ST B B
(base) (base)
v v ¥ v v ¥ v v ¥, ¥ v ¥
- FS_Pole_75_x-ref_z-ref_50M_Sim_1__29_0025_Valida.. 2024-10-11, 4:08 PM DOE 0.0189 8e3 9e-3 13.004 1.089 1539.303 4459 266.61 84094 141.72 321207 81.1686 1.67619 15.50 o
* FS_Pole_75_x-ref_z-ref_SOM_Sim_1__28_0025_Valida.. 2024-10-11, 4:08 PM DOE 0.0214 9e3 8e3 13.489 998e-3 1517.586 37.88 237.36 850.89 136.73 32,9527 69.2137 3.33322 1464
* FS_Pole_75_x-ref_z-ref_S0M_Sim_1__27_0025_Valida.. 2024-10-11, 4:08 PM DOE 0.0214 12e-3 | 13e3 14442 951e-3 1572219 36.72 24510 823.05 136.81 33.6779 70.7418 440661 1412
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__25_0025_Valida.. 2024-10-11, 4:08 PM DOE 0.0200 8e3 7e-3 17.387 996e-3 1522.502 37.23 237.89 836,87 140.33 32.6604 70.975 3.68563 17.57
* FS_Pole_75_x-ref_z-ref_SOM_Sim_1__24_0025_Valida.. 2024-10-11, 4:08 PM DOE 0.0215 12e-3 12e3 10.097 926e-3 1366.076 3497 24520 84094 132.04 30.1618 67.7278 2.08787 16.06
* FS_Pole_75_x-ref_z-ref_SOM_Sim_1__23_0025_Valida.. 2024-10-11, 4:08 PM DOE 0.0212 11e-3 5e-3 19.903 946¢ ol Setas project stats (1) 24422 831.79 134.65 38.5811 72.085 45739 1455
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__22_0025_Valida.. 2024-10-11, 4:08 PM DOE 0.0212 12e-3 1e3 17.083 958¢ 24354 848.92 1347 304451 76,8647 317338 1287
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__21_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0119 5e-3 15e-3 11.988 1.06 L’J Edit 1est 300.60 1101.97 17.01 36.3031 458.297 10.0037 5455
- FS_Pole_75_x-ref_z-ref_SOM_Sim_1__20_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0215 13e-3 1e3 19.672 934¢ 243.40 84477 134.88 31.5334 723818 3.86003 14.62
& FS_Pole_75_x-ref_z-ref_S0M_Sim_1_19_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0194 8e3 9e3 18.486 100 B Addfilesotest 25017 83093 141.54 308966  79.1816 1.80957 16.75
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__18_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0202 1e2 5e-3 12825 993¢ 0 Clone test 266,74 | 834.05 138.29 413735 74.4727 1.69809 14.82
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__16_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0201 9e-3 1583 10.235 1.09 ' Dkt iest 253.48 840.43 140.87 30.0692 81.4835 195191 1424
* FS_Pole_75_x-ref_z-ref_S0M_Sim_1__15_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0133 6e3 S 1e3 11.661 1.03 266.89 940.95 139.84 35.2865 194.302 5.19004 3442
& FS_Pole_75_x-ref_z-ref_50M_Sim_1_14_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0217 763 83 11.683 903« @ Evaluate test (Experimental) 286.23 883.58 13436 861766 964862 482775 2287
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__13_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0212 1e-2 8e3 16.559 95e- 24398 834.36 136.60 35.9779 77.3507 3.55048 1456
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__12_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0193 7e3 11e3 18.811 951¢ * Un-star test 258.41 872.22 134.97 321 947276 3.57698 2435
* FS_Pole_75_x-ref_z-ref_50M_Sim_1__11_0025_Valida.. 2024-10-11, 4:07 PM DOE 0.0210 Me3 14e3 12.457 104 | 25358 821.40 139.54 30.7654 68.8347 253118 1404
4 » 4 a- Add-ons »
B  Apply calculation rule Selected: 1 Total items: 31
© Attributes 0 Photos M Videos X | [§ Documents = Channels Measure data @ Events ke Plot — B
.
Filter & Senddatato Data Analysis (1.0.3) *
v v v v v 0 Copy Ctrl+C
b m TR 3 } Lo s 0 Copy with Headers
% ‘ gg} V : Q ) Copy with Group Headers
2 " 2 [® Excel Export
° Open details page

SCALE=Z

Prognosemodelle, Sensitivitaten, Antwortfldchen, Korrelation, Would-be-Analysis

ML-basierte Datenanalyse
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Al - Integration in Postprocessing &1SDM

Report/Vergleich Zusammenfassung c o

1 https://demo.sdm.scale.eu/cavit/dashboard - 3 = 9
. . . — " ) =
SCALE.sdm 8 vesut v wev & = 2 =
= Berichte kdnnen sehr lang sein,
B Grid ® B8 Report x [ — S
"= Drag here to set row groups < Y, =|l«= | CRASH side - m .
Structural Ratings > Legend . ~
1 h u 1 1 Intrusions B-Pillar < I 0011_YARIS_IIHS_MDB s_60kmh_lhd_NR_-_Isdyna_5c1b 11
= Die Uberprufung aller Ergebnisse ist .
[=]
Head Thorax Abdo... Pelvis = P
zeitaufwendig, der Vergleich noch mehr 0" "7° Wi Deseription '~
g’ g % v ks - = = = =
-~ e I T e T ey — _ o oo o . ™ o
oYy 0013_YARIS_IIHS_MDB. 0.34 _ o - ] . 0011_YARIS_IIHS_MDB. s_60kmh_lhd_NR__-
¢y ODIZYARISIHS MDE__ . 034 foss | oss 5 M ¥ Jsdyna_sclb 11 Marvin - N\
g R :
i * QOT0_YARIS_IIHS_MDB____. e _ o ‘-.III'"‘:I“.‘.‘:.':...: ‘ Improvement n the stiffness for thg -Slight increase of the intrusion =
| | . i f¢ 0009 YARISIHS MDB__ 034 EE R FEE === cross member atfioor height (PID values at head, thorax and
mplementierung T DOOEYARIIHS DS 0% s s | o 2075) - The comection tothe ool osomenheig
T W 4 0007_YARIS_IIHS_MDB______.. 0.34 _ § panel at the top has been widened gnd -Increase of the intrusion value
1 1 “ flattened. and additional spot welds| at pelvis height
# vy DOD6YARISIHS MDB____ .. 033 o35 o33 P - )
» Automatische Erstellung einer o ows o e om o om o T sdocomcraly ST Tmon ol
. 55 W DDDA_YARISIHS_MDE____. 034 [oss ] o35 to the rocker panel have been raised components of the B-pillar
p rag na nte N Z usammen fa sSsSun g = %  ooo3varisiHs mos__ . IR 034 036 036 and provided with . spot welds. - Spt _gjight worsening of the failure
4 b |4 CEE— L4 welds have also been added at the and plastic strain on the cross
Selected: 1 Total items: 26 bottom to connect this element withjt. mambar an tha raad
he floor panel
0 Aftributes n Photos X W Videos . Documents |~ Channels e i X | @ B

« Abruf der Daten fur wichtige Ergebnisse
der relevanten Simulationen/Tests g
)

Summary for

»

observations
of results

Thorax

« Erstellung eines Prompts fur das LLM -

- Darstellung Antwort

<
<
<

"

i D

« Fokus auf die relevantesten Anderungen, % ’m
z. B. bei veranderten KPI-Bewertungen.

4
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Al - Chat with TDM/SDM data & &1 SDM

- SDM/TDM Daten |n Search Index = @ Dashboards Component deletions | . . . & Askquestior cul+/ | @ |
« . . ™ Search eneric search terms pulationofSe... & © @ x |
und vektorisiert in RAG i |

VY @ Add filter Q
N
Rules wss  Referencing pools Components &7

= Die Zugriffsrechte der Nutzer —

werden respektiert i
Integrated Al Chat F

= Das Wissen aus bestehenden assistant for SOM/TDM DA
SimU|ationen/Versu Chen und B Q No, the last successful Euro NCAP evaluationusedseat

Count Components per poot 2022-10-24 16:28+02:00 v105. This wasdone in pool-versionv345 on October 12,

Beobachtungen wird genutzt

Referencing trees Tags of referencing pool version

Welcome Marvin to the SCALE.sdm
Assistant!

+ Modification time -

| can help you analyze data, create
2022-10-24 18:31+02:00 visualizations and get other insights.

2.10-24 16:28+02:00 How can | help?

2022-10-24 16:28+02:00 G oo
I ooo020062800200 '

2022-10-24 16:28+02:00

Go <

List of results

SCALE=Z



Integrating Al services in CAx workflows &1 SDM

A

I Desktop Client S
RAG system \ Al job log analyzer

Open Al | ChatGPT &) chatGpPT bﬂ

SDM
Anthropic | Claude 3 Claude
“ g T

Google | Gemini Gemini

Mistral | Mixtral H MISTRAL

AI_
self hosted models

Azure | ... P Azure Al Foundry

Llama-3.1

AWS | Titan, ... @5 Qwen-2.5 coder =
ism—y
Deepseek Web Client o -

= O A
Das Datenmanagement wird zu einem zentralen = ST p— e
° ° ° /= - = — :,___ r] observations
Knotenpunkt, der Test- und Simulationsdaten sowie = R
- o - O

Workflows mit Kl verbindet. Al for result processing

SCALE=Z

Al chat search & analysis
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EinfUihren eines Test- und Simulationsdatenmanagement
Herausforderungen, Losungsansatze, Einsatz von Kl
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Interaktive Reports und Analysen
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Kl
Ansatz, Stand und Ausblick

Zusammenfassung
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Zusammenfassung k1SDM

Digitaler Zwilling

Kein digitaler Zwilling ohne eine durchgangige Datenstruktur und
Metadatenverknupfung. Normierung der Datenstrukturen.

Herausforderung der Kl-Integration
Kl kann nur funktionieren, wenn Daten strukturiert, sauber und
kontextualisiert sind.

Offenes System zur Integration von Al / Drittsystem
Fokus auf Datenmanagement-Plattform - Integration Dritter

ﬂ SCALE

SCALE=Z
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