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1 Introduction — SmartSE
15 B A -SmartSE

2 Interaction scenarios and SmartSE Use Cases

25 HHESFUA ESMartSELI—R—X

3 Derived Demands on simulation models for collaborative scenarios
=z = - — s

35 RADIZHDET IIVEREH

4 SmartSE Reference Process Overview

458 SmartSE 227 0t

5 IP protection - recommended actions for the protection of intellectual property
=z =

S5& IP{R:&

6 SmartSE Simulation Tasks
=

6% SmartSE >=3 L —>3>% XY

7 Relevant standards and formats- the SmartSE Layer Model
L — A

78 BEMIgE IA—YY bk

8 SE data model and management
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3 Derived Demands on simulation models for collaborative scenarios
32 BHASFIADIZHDOET ) LERDEH

3.1 Purpose-oriented Simulation System Architecture
(4-layer approach)
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3.2 Generic System Model
—ARINIRS AT ATETIL
3.3 Core/boundary models and coupling scenarios for
collaborative SmartSE
EAsmartSED=sbD 77 /)N > F ) —FF)LEFEESFUA
3.4 4-Quadrant Model Categorization
4 -REES)LDEE
3.5 Simulation model specification and documentation
SZal—23>EFILDARE RFIA S
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3.1.1 Example application: subsystem for autonomous driving
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3.2 Generic System Model(— &2 X5 LAEFTIL)
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3.3 Core/boundary models and coupling scenarios for collaborative SmartSE
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3.3 Core/boundary models and coupling scenarios for collaborative SmartSE
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3.3.3 Guideline for the standardi‘zation of coIIabo\rativer used boundary mog:lels
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3.3.3 Guideline for the standardization of collaboratively used boundary models
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Full extent standardization approach & “Harmonized Vehicle Simulation Architecture”
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3.4 4-Quadrant Model Categorization
3.4 4-RIBEFTIL D

The 4-Quadrant Model Categorization is a sorting pattern for the representation of different structures to clarify
requirements, indications, open issues as well as tools & formats for collaborative SE projects between OEM and supplier.

ARBRETILDODFEE, SFSHTMBEZRIRI DTHDUAREZ)\F—>2THD. OEMET TS 117
FOHRBSET O T U bOEM, IR, RBROBE, LY —ILEERZRECLET.

SmartSE Use Case specific
,»4-Quadrant Categorization*
NS 5 /
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SmartSE UC 1: -
,System Modeling 4-Quadrant Categorization
& Analysis“
Q1 Q3
% -EE
= E
Physical Software
Models Components Functions

A E

SmartSE Use Case Simulation - -
Environment

Simulator Simulator ECU /

Physics Basic Software

Q2 Q4
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3.4 4-Quadrant Model Categorization

3.4 4-KRIBEFIDHE

Quadrant 1 should be used for the documentation and clarification of elements relating to the modeling of the physical
components.

FIKRR(E. MBI R—R hDOEFTYUT(CRAET DIERDONENEEHRICHERAITINENDDET,
Quadrant 2 describes the simulation environment for physical components

E2RMB(E. MBI R—R D=L —2 3 BIRICDVWTCHBULTWED,

Quadrant 3 is used to document elements relating to the modeling of the software functions.

EIRR(E. VI NI HEEDET VI (CAETDEREXENTDHICERENET,

Quadrant 4 describes elements relatlng to the simulation environment for software functions.

FARIR(Z., VI ITHEBEDS =1L —> a3 RBICEEITBIERICDOVLWTCHALTULET,

(OUses and benefits of the 4- Quadrant Model Categorization:
ARBETIVDFEOREEFS

e Documentation of open issues, findings and requirements in joint workshops involving both the contracting entity and
the supplier

I PEL T T SAV—DOmANESITDIERT—I>3 v I TORBRAOEE. AERR. BLU
2D EL
e Presentation of the software systems and standards used for the individual SmartSE Use Cases
ofEl 2 DSMartSE1L—R T — A IEAESNDYV I NIT VS RFTLAEELEDT LT FT7—23>
e Presentation of monetary aspects and capacity requirements for specific system developments
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3.4 4-Quadrant Model Categorization
3.4 4-RIBEFTIL D

Requirement for models of physical components Requirement for :/;nu‘/jation environment
IR > R—R> RDESTILDEK __ of hardware components
JI\—RIJT 7O R—FK> bD

=31l —> 3 RBOEK

4-Quadrant Categorization
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3.5 Simulation model specification and documentation
3.5 =L —23a>EFILOAKRE RFaI AT b
3.5.1 Structure of Simulation Model Meta Data (SMMD)
3.5.12=Za3 L —>3>FFILASIFT—4 (SMMD) DIEiE
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Simulation Model Meta Data(SMMD)
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35 BRDITHDETIIVEREH
s EFIAIT—HDT T L— MERRL TS,

3.5 Simulation model specification and documentation
3.52ZaL—2a>EFILOAKRE RFIAS ~
3.5.2 Simulation model meta data template
3.5.2 223 -3 3> FEFIVAIFT—HIDFT>TL— b

Simulation Model Meta Data (SMMD) SPECIFICATION W smart

MODEL IMPLEMENTATION INFORMATION

The model implement ation information contain information about the tools and technologies used to implement the model

[

IMPLEMENTATION LANGUAGE

COMPILER

MODELLING TOOL

— MODEL EXECUTION INFORMATION
«— GENERAL INFORMATION
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4 SmartSE Reference Process Overview (SmartSE UJ 7L >R OTCXME )
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5 FIPfR:E

5.1 : AMBAE (CRE I D ENE

5.2 RE/BRD>FUA

5.3 : EFI)LYATDIP
5.3.1 : #AFEMEEESIL
5.3.2 : B RTLDETIL
5.3.3 : BEES RFTLDETIL
5.3.4 :7ZH)IVJ\—-RDJT 7

5.4 : IP{RE-SEDIEE/EE

5.5 : IPREDIZH DI R

5.6 : IPEREDRBEL
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55 IP{R:E 5.4 IPGRE-SEDEE /ST
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Identify intellectual property(IP)

IPODE

Classify security level Classify usage
ERAEDDR

Identify threats

BREDER
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FRODEA

Review applied
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=

Monitoring
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Unintentions modification of models
EFILOERURWEE

Unauthorized modifications of models
EFIILDRIEREE

Disregarding terms of use or
uncontrolled dissemination of models X (/)
FIRMRMIDEER, Fizld, BEEIN TR

WETILDER
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Insight into model structure v

) UBEDFR X(V) X(V)

Overcoming terms of use
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Applied Measures
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6 SmartSE Simulation Tasks

6E SmartSE > =1L —>3>4%RX0
e SMartSE(CHITBRZZaL —>3>DHRXITICDNWTIEFEEDEILCTCERELTWD,

6 SmartSE Simulation Tasks
6= SmartSE =1L —>3>5XD
6.1 Simulation tasks in vehicle development
6. 1BEMmMAREICHITDZ=aL—>3>2FRD
6.1.1 Model types for the conduct of simulation tasks (A-H)
6.1.1>=Z3L—>3>FRDZEFETIDIEHDETILIAT (A-H)
6.2 Clustering and prioritization of simulation tasks
6.2>=a2 L —>3>HRDODT SRS T EBEIRAT T
6.2.1 Cluster 1: Coupling of geometry-oriented models

6.2. 1055 —1: TAX NIJERIETILDES
6.2.2 Cluster 2: Coupling of different software and/or simulation tools

6.2.20TRH =2 : SFXIFRYVI DT 7P =L —>3> V- ILDEE
6.2.3 Cluster 3: Coupling of mechatronic functions with control responsibilities

6.2.305 XS5 —3 : XN SOZOXHEE EHHEEOR-S
6.2.4 Cluster 4: Coupling of controller models/controlle[ networks _
6.2.405XF—4 : 1> bO—F—FF)L/I> bO—-F—xv NDO—DDfEE
6.3 Challenges facing simulation task; )
6.3>=1L—> 3> AHRXITNERT DRE
6.4 Example application: Window Lifter

6.47 UG —23>26: D4 > RDOUTH—
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6 SmartSE Simulation Tasks
6E SmartSE >=aL—>3>%RXD

« SmartSET(d, 11— 7\0' REEHC, A—H—EEFTIVHB/I—hF—TEDLIRETIL
ZHETS =L —2329 3 &s"ELTLND,

Product Deintson Product Sgroft Test
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7))
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8 c EDOXDIRETIVA~H)ZHE TS =
= L—>3>938EN53N?
- Organizational, company aspects (distributed
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O ik tEONE SRR, PRE. ) F 2
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6 SmartSE Simulation Tasks
6E SmartSE >=a2L—>3>5RYD
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Model Type (EF)ILF1D")

3>

\I/
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modeling FRRERREFTUD (VT b 7EE) (ECU,7>4)L)\—RDT
MFMIEmETY > Multi body dynamics, Control function,SW- 7)
Finite elements, computed network electrical circuit, model,code,operating ECU-,uC, digital HW,
fluid dynamics energy-,signal flow system network, communication
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| ) ) Simulation task ll-a — ll-d
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X X
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© ©
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7 Relevant standards and formats - the SmartSE Layer Model

72 BERIBE T A—IY b - SmartSEL V77— DEF IV

s EF)LRBEEZXIEEETOSMatSE O 10 M CTHRBURERRNIQIEZLE D A4 —<wv MY
BN Tund,

System Requirements
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System Signoff Test

System Integrati

stem Architecture Design

E/E-Integration and
Test

Modellica

AUTOSAR

GENIVI

- O
F-% 3
— Production §§

Electric / Electronic Comp

m_ . Tooling Production - .

:

Mechanical Comp. @~

AML

Figure 37: Examples for different standards throughout the
V-model
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8 SE data model and management r——
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8 SE data model and management
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BEEEIC DT

ECU Electronic Control Unit

F/B feedback

FMI Functional Mock-up Interface
FMU Functional Mock-up Unit

HAD Highly Automated Driving

HIL Hardware in the Loop

HILS Hardware in the Loop Simulation
I/F Interface

IP Identity Protection

IS Interaction scenario

MBR Model-based research

MBSE Model-based Systems Engineering
METI Ministry of Economy, Trade and Industry
MIL Model in the Loop

MILS Model in the Loop Simulation
OEM Original Equipment Manufacturer
PIL Processor in the Loop

RCP Rapid Control Prototyping

SE Systems Engineering

SIL Software in the Loop

SOP Start Of Production

SW Software

T/M transmission

ucC Use Case
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