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Purpose of use and notes of this guideline

Purpose of use and notes of this guideline

This model exchange process guideline (GL) was developed by summarizing the
achievements of research in simulation model exchange for model-based
development which have been discussed in the “Research Committee of Model
Usage in the Automotive Industry". This committee has been funded by the
Ministry of Economy, Trade and Industry since 2016 in Japan.

“Plant Modeling I/F Guidelines for Vehicle Development” has been rereleased by
above research committee, however, in order to exchange the simulation models
between Japanese and oversea automotive companies, Japanese and oversea
related guidelines need to be compatible with each other.

Therefore, a new guideline which defines the relationship between conventional
Japanese and oversea model based development guidelines and summarizes the
items to be considered for simulation model exchange among Japanese automotive
companies is required to develop.

This GL investigates other guidelines and recommendations such as
recommendations for SmartSE working of Prostep iViP, and shows examples of
how the conventional guidelines can be linked in simulation model exchange. This
GL does not inhibit other guidelines and recommendations.



Purpose of use and notes of this guideline

Purpose of use and notes of this guideline

« In order to apply this GL to development process,
purpose of use and notes of GL have to be shared
among collaborated partners.

Purpose
of use

Improving communication efficiency between collaborated
partners by applying this GL as a example of procedures in
simulation model development.

Promote simulation model exchange by having a common
understanding of the model through reference use cases and
reference architectures at each timing of each procedure.

This GL only defines the physical principles and references in
model-based development.

This GL does not enforce a strict definition of the vehicle
architecture of each automotive company.




1. Introduction

Differences in important items in MBD
in Europe and Japan

« The items that European and Japanese OEMs place importance on in MBD are
different due to the clear differences in development culture that exist in

JJapan Automotive Model-Based Engineering center

Europe and Japan.
Differences in important items of MBD between OEM development culture by region/country.

OEM development
culture by

Region/country

Pros/Cons

Important
items in
development

Specification
exchanges
during
development
between OEM
and suppliers

Sl Europe

E Japan

m Contract based development
» Making suppliers to develop components
according to the contract.

B Pros : Short development terms due to clear
scope of development responsibilities.

B Cons : Undescribed requirements in the contract
may not be developed in the components.

B Accurate requirements, standardized rules

v Detailed requirements are
documented and released by
OEM. Infrequent communication
with suppliers.

w -

Function Prototyping
requirement

B SURIAWASE based development
» Developing individual performance of components
by OEM and suppliers working together to the end.

B Pros : The quality of individual component
performance is high because the content of
development is agreed upon.

B Cons : Long development terms due to need of
understanding many requirements and flexible
response.

B Suppliers who understand background and
previous product requirements of OEM.

v" Minimum requirements are documented
and released by OEM at the beginning.

v' Requirement are detailed through
frequent communication with suppliers

during the development.
i % |
TS /
~N

Function Prototyping
development
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1. Introduction

The objective of this guideline

® This GL contributes to promote world wide simulation model exchange by having
a common understanding of the model development platform among
approximately 600 European and Japanese automotive companies.

» This GL enables suppliers to make proposals based on systems thinking, and
contributes to create collaboration opportunities with new business partners.

'Japan Automotive Model-Based Engineering center
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1. Introduction JAMBE

Concept of SURIAWASE 2.0

« In order to enhance Japanese development capability, the speed and accuracy of collaboration between
industry and academia, companies, and within companies are improved by “thorough utilization of
simulation” and “fusion of science and engineering”.

* World’s most advance development base will be realized by achieving human resource development by improving the
productivity of suppliers and deepening industry-academia collaboration at the same time.

World's most advanced development base

moems  Research X Development e

: ds - Dispatch of : :

— (Science) \ o Zupgﬁ,pzfcc’/(Englneermg) \

Q VL 4 Accelerate
hr | - Driving [ .

Enriching re/earch environmen

T vibration t
Q_ | ] offered as a i
\ ' simulation model : In-house consensus

University

Association of

Dgies
del

*Functions as a
Im prove thle appea | gatekeeper for their
of academics! needs and as a resear

coordinator

(countermeasure @)

Domestic level

._ QT 2. Human resource &, _"" - 3.Introduction
1. Common guideline - model ._f-“--iil development = "r"_: » ° support

*1) SURIAWASE : Consensus or mutual agreement
https://warp.da.ndl.go.jp/info:ndljp/pid/10341576/www.meti.go.jp/press/2016/03/20170331010/20170331010.html



1. Introduction

Vision of SURIAWASE 2.0

« Achieve coordination throughout the industry aiming to achieve “the world’s highest
development efficiency” set by SURIAWASE 2.0.
« Prioritize functional design as the starting point for model dissemination / distribution, while also

targeting other areas, including manufacturing design.

Ideal
Goal

Coordination
from
upstream

Current

Handover
method

MBR (Academia) | MBD (Industry)

JJapan Automotive Model-Based Engineering center

The lestside of
development
process

Phenomena industry- i Functional Unit / part Manufacturing
by academia concept i A e : - ¢
elucidation BT desi design design design
distribution en
Research
Association ‘_' * * OEM * ’ ’ *
Model Model Model
Universities and
research Tierl . ‘ A
3 $ " - -
institutions m” mt’ '. ::
Tier2,3 " * & py
(Deveiopment/Manufacturing) L
v:
Tier2,3
{ Manufacturing only )
Coordination Coordination Coordination
Between Between Between
models modeis models

fameter

(design stage quality
verification)

Overall optimum
design

World’s highest
I development
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1. Introduction JAMBE

Vision of SURIAWASE 2.0

« Development items in MBD need to be prioritized (area A—area B— area C) according to Japanese
engineering development culture.

« Area A (function design) which is an important development item in Japan is set to priority No.1.

« Small and medium-sized enterprises that manufacture machine parts have a low applicability rate of
3D-CAD and CAE, and there is a high need to promote their dissemination in manufacturing design

(Area C).
Development area in MBD
) N N
Vehicle concept design Function design Unit/components design Manufacture design
- Mechanical manufacturing Mechanical
Mechanical 3D-CAD/CAE| 3DCAD/CAE components
1D-CAE - Electric Manufacturing Electric/electronics
| Electric 3D-CAD/CAE | 3DCAD/CAE
[ | |\ o _..components ______
| MILS/HILS || [ Coding Control software
[_ﬂ [ 1 [ 1
[_H | 1) L LEH_
[ ! 7 I—
——— Area A Area B AreaC ——

Priority of development area in Japanese automobile industry

11



1. Introduction

Deeping of SURIAWASE 2.0

Modelling other areas are difficult in systems thinking.
T-shape model creation is an important point for SURIAWASE development especially.

Concept of simulation models in MBD in Automotive industry :
layer, purpose of use, security policy for confidential information---

Ist Layer: Default (basic)models WEREETIL

Drive |[Wheel/ SR RE
ENg. || train || Tire || SUSP- || BOOY || AWK | i g

d . T ,gc Tier 1MOEME(FIRILIC
2nd [ ayer: Tierl spec, %I%E!IIE lEAd 2ie é‘_L

SUSP. | egs o Ik RBETFIL

37 Layer: Tier2 specific ﬁ

RRIEETIL
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1. Introduction

Deeping of SURIAWASE 2.0

'Japan Automotive Model-Based Engineering center

From 2018Year to 2020Year, the simulation model has been developed through
industry-academia collaboration focusing on expansion of the performance area
according to the Japanese conventional guidelines and the layer of vehicle
simulation model.
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Simulation Model Exchange Process guidelines

2. Simulation model exchange process and

modeling definition approach

- Qutlines
@®Definition of overall process
@Definition of interaction scenarios and use cases
®Definition of model architecture
@Definition of model type
®Definition of exchange model development process
®Definition of evaluation environment of model
@Risk and action of model modification(IP protection)

- Summary of outlines

14



2. Process of simulation model exchange and modeling definition approach

Technical issues in model exchange

In order to exchange the models in systems development, it is necessary to define
the model architecture, layer and interface (I/F). The efficient communication
method between the model developer and the user also needs to be considered.

In order to exchange the simulation model between OEM and suppliers,
the following technical issues which cause the huge burden of man-hours across
companies are required to solve.

1) Definition of process for simulation model development
(Significantly different in each company)
2 ) Definition and sharing of purpose of use of simulation models
3) Definition of optimum layer of simulation models
4) Definition of evaluation environments[utilized(exchangeable) of simulation models
5) Definition of optimized I/F for model layer
6) IP protection of simulation model exchange

The viewpoints of the model exchange process utilizing "PSI GL" and "Plant I / F GL"

are described on the following pages, based on the manners, reference architecture
and I/F for model exchange which are shown on the next page.

15



2. Process of simulation model exchange and modeling definition approach

Outlines of referenced guidelines

Smart linkage of various conventional guidelines is necessary in order to exchange
the simulation models. In this GL, examples of simulation model exchange are
described based on two conventional guidelines are shown below.

'Japan Automotive Model-Based Engineering center

Plant Modeling I/F Guidelines
for Vehicle development

(ver.4.0)
o Mar. 2021
Smart Systems Engineering |=|
SmartSE Recommendation V2 Plant Modelling I/F Guidelines
Simulation Model Exchange Version 2.0 for Vehicle development ver.4.0
(PSI GL) (Plant I/F GL)

16
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2. Process of simulation model exchange and modeling definition approach %
Outlines of referenced guidelines

Promoting common understanding of model exchange and models by defining ares in
Japanese MBD that are mainly problematic in model transfer between collaborated
partners from the three perspectives of manners, architecture, and I/F.

Modelling request/ E' E—lTl

1 1
= l elling l
3 ! Specification release !
Ra : |
S w I i
D S I I
= = ! . i
S o : Model, document prepara !
& OEM output provision " OES
n " -S[-hspl[.eeszonﬂ_lzi::t(i)ec:sc of (?Elvrlm?r’lﬂe B Since each company has a different concept of B Since the I/F is set individually for
n u lers wni ur auri hierarchy and layer, the area of division at the
o exchange of simulation model is component/system level when creating a each company, prob_lems may
Z unclear. model is unclear. occur when connecting models.
In order to clarify the division of A reference map which is clarify the A common understating for I/F which
responsibilities manners are required area of model requested to create is _ secures conneqt/nq directions and units
needed to have common understanding. of each model is needed.
Definition of manners () Budiing of reference architecture Definition of I/F
= st e s B
8 B/ B BE # e | B ESA47kLA
2 NP - S
= e e
EE3 e EiE | BE e
===Li= ® B |[#—waTF L
E—hk .
2 :

SmartSE Recommendation V2 Simulation Model Exchange Version 2.0 Plant Modelling I/F Guidelines for Vehicle development ver.4.0

Reference : Pre-GL Building Committee Meeting No.2, METI:11 (12, Sep., 2019) 17



2. Process of simulation model exchange and modeling definition approach

Outlines of referenced guidelines

'Japan Automotive Model-Based Engineering center

The simulation model exchange guideline to be integrated this time links
two reference guidelines in the following process.

SmartSE Recommendation V2
Simulation Model Exchange Version 2.0

(PSI GL)

and use cases
development process
of model
@ Risk and action of
Model modification (IP protection)

@Definition of model type

@®Definition of overall process
®Definition of exchange model

@Definition of interaction scenarios
Q3 Definition of model architecture

®Definition of evaluation environment

Plant Modelling I/F Guidelines for Vehicle
development (Plant I/F GL)
+

Guideline compliant model (METI model)

18



Simulation Model Exchange Process guidelines

2. Simulation model exchange process and
modeling definition approach

@®Definition of overall process

19



2. Process of simulation model exchange and modeling definition approach JAMBE
@Definition of overall process : pevelopment flow example using METI model

The process of exchanging models such as the METI model between companies is described using PSI GL.

The points of change corresponding to Japanese SURIAWASE development are summarized in the
following three points.

Development flow example: Simulation model

Partner A Partner A & B Partner B
[ . ] [Objective]
Start project m Create flow of specification
v {Changing point]

[ Choose IS ] m Partner A send a request, not a specification
g ¥ m Partner B receives the request and prepares
= - the specifications then, both parties agreed
Q Preparation e L
o Choose UC on the model specifications.
@
g Create model specification < |

Create & send specification > Create & send documentation
Agree specification <
T T T T T T T T T T T T T T T TS T T TS ST TS T s E e \
: Create model < :[ Create model in charge ]4—
[Objective] a
®m  Confirm simulation objective Integrate to METI model
[Changing point]

% B By using the METI model, Partner B confirms Default - model rework
< the effect on the components and a vehicle. m Check GL compliance
- B GL compliance check is also carried out. O @)
c i e \
g : Simulate entire model ' Simulate entire model
)
% [ Create documentation ]
o v

[ Integrate model Share evaluated results of Partner B -[ Package and send model ]

v [Objective]

Evaluate model

]— Share evaluated results of Partner A

B Sharing flow of simulation results
[Changing point]

B Share the evaluation results confirmed by

Project
end

Close project

between A and B.

] Partner B using the METI model to Partner A.
B Sharing the effect in the final overall model

20



Simulation Model Exchange Process guidelines

2. Simulation model exchange process and
modeling definition approach

@Definition of interaction scenarios and use cases

21



2. Simulation model exchange process and modeling definition approach

Manners Architecture I/F 'Japan Automotive Model-Based Engineering center

@Definition of interaction scenarios and use cases
As one of the important points in the process, it is necessary to clarify the
interaction scenario (IS) and use case (UC) for model exchange. Useful for

understanding requirements, IP settings, model layer, etc. among partners.
Development flow example: Simulation model

Partner A Partner A & B Partner B
[ Start project ]
L
@ [ Choose IS ]
© v
Preparation ]
a
i [ Choose UC (Agreement of contrasts)
£
(] Create model specification <
Create & send specification > Create & send documentation
Agree specification <
72 \ r
' Create model < > Create model in charge ]4—
Integrate to METI model
Default - model
(9]
: Sy e
Check GL compliance

s (Ol (®) pli
+J
c T T T T T T T T T s s s s s s s s s s s e \
g ' Simulate entire model ' Simulate entire model
)
% [ Create documentation ]
o v

[ Integrate model ]: —{ Package and send model ]

v
reworkl—’[ Evaluate model ] %

Project
end
o

Close project ]

22



2. Simulation model exchange process and modeling definition approach

(2 Definition of interaction scenarios and use cases
Choose of interaction scenario

A common understanding between the partners is promoted by applying the model change process
in the supplier selection and initial development phase, in order to emphasize the design area of the
system / functional level in line with the Japanese SURIAWASE development culture during the interaction
development phase between OEM and supplier.

Contents

IS-1 : Advanced project

Information and data transfer
flow in the early phase of
system advance development,
and collaborate between
partners.

s e
I
I L
s | btudy
g: Concept |Pemo Eval.
I
I
: Lesqdformalized
I Cofipperation
I
I
I !
n | ptudy
8: Concept |[Pemo  Eval.
I
I
'\ ﬂS 1: Advsnced Projects
Reference :

— e e e e e e o -

IS-2 : Specification

Organizing information and
data for IS-3 to clarify the
system.

N o "
I
I
| Fl’reparatlod
I
Concept Specificationl A
K|¢k-off selectio
I
: IS-2: Specifjcation ﬂﬁ
Base Develoginent A
IS-
N ’ 7 I

Priority area in Japan

Architecture

IS-3 :

Information and data
transfer flow at the time of
proposal, and the process
until the system contract is
given to the system supplier.

Instruction (bid/public announcement)

I/F

IS-4

Flow of input and output
information and data
(especially simulation
model) until the final
production of the product.

. Joint Product Development

'VT —————————————— 3
velopment

B C-sample 4
I Uff e

formalized
cooperation
B C-sample

Joint product Development

— o o o e e o o e e o -

| Priority area in Europe |

RECOMMENDATION Smart Systems Engineering Behavior Model Exchange Version 2.0(Prostep iViP)

JJapan Automotive Model-Based Engineering center
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2. Simulation model exchange process and modeling definition approach JAMBE
@ Definition of interaction scenarios and use cases Architecture I/F A S By e

Representative use case in V shape process
Promote common understanding among collaborated partners by prioritizing area A, which is a system/

functional level design area, which is an important item in line with Japanese SURIAWASE development
culture in the V-shaped development process.

Ouse Case (UC)

Outline Template for each Use Case Y A model of the same level can be

used on both right bank and left bank

UC-X | Use Case Name S
(1~8)

Use Case Outline Product
Level / \
Input Process/ Output

Implementation S
Contents area A
System 1
) Level
Tools - Environment
UuC-1 3
System Modeling & Analysis

SubSystem

uc-7
Virtual “real time”

ECU Validation
UC-6

Virtual "non real time
ECU Validation
(SW integration)

Example : Use Case (UC)
UC-1 System Modeling & Analysis
UC-2a Components/System
Analysis & Optimization
UC-2b Function/Controller
Design & Simulation
UC-3a Mechanical Components

UC-2a
Component/System

Designh & Development Analysis & Optimization | ' ' UC-5b
UC-3b Function Evaluation with RCP UC-2b Function/Controller MIL / SIL / (v)
UC-4 Software Design & Code Generation Design & Simulation PIL
UC-5a Mechanical Components =~ IESSEENISS—— o/

Integration & Evaluation UC-3a UC-5a Integration &
UC-5b MIL/ SIL /(v)PIL Mechanical Component Y g Validation of Mechanical
UC-6 Virtual “non-realtime” ECU Validation Design & Development Components

(SW integration) . "
UC-7 Virtual “realtime” ECU Validation UC-3b Functional Component UC-4 Software-Design

UC-8 HIL Evaluation with RCP Level & Code Generation
Reference : RECOMMENDATION Smart Systems Engineering Behavior Model Exchange Version 2.0(Prostep iViP)

24



Simulation Model Exchange Process guidelines

2. Simulation model exchange process and
modeling definition approach

B Definition of model architecture

25



2. Simulation model exchange process and modeling definition approach JAMBE

Manners Architecture I/F

3 Definition of model architecture and I/F

« areas and layer of simulation model are required to define for modeling.
« Standardized process and examples can be help to have common recognition between
collaborated partners in order to define areas and layer of simulation model.

Development flow example: Simulation model

Partner A Partner A & B Partner B
[ Start project ]
v
@ [ Choose IS ]
© v
a Preparation ]
i [ Choose UC ]—P[ (Agreement of contrasts)
£
(] Create model specification <
Create & send specification > Create & send documentation
Agree specification <
2 \ r
' Create model < :L Create model in charge ]4—
Default - model Integrate to METI model
: Sy revor
_g (O)(®) Check GL compliance
=
5 T T T T T T T T T T T T s s s s e \
£ ' Simulate entire model ' Simulate entire model
5
% [ Create documentation ]
e v
[ Integrate model Share evaluated results of Partner B -[ Package and send model ]
v
rework’_>[ Evaluate model ]— Share evaluated results of Partner A
. v
272 .
£° [ Close project ]

26



2. Process of simulation model exchange and modeling definition approach JA_MBE
Manners I/ F 'Japan Automotive Model-Based Engineering center

3 Definition of model architectureand I/F :

4 Layer approach

® PSI GL recommends a layered approach that divides the process of determining
the scope and layer of modeling into four levels of abstraction.

® Set the required area and I/F according to the purpose of model development,
and decide the type of model is required.

Architecture
of Software

1st layer
Overall System
Environment

2nd layer
Topology

3rd layer
Simulation

m— Look Up Table [ o

]
(=]
(<))
()
S
oo
(<))
a

Electro/Magnetic
Mechanic,
Thermal Effects

iy
B

Generator

4th Jayer
Model
mrmm

llllll

Model! implementation

Rough overall system architecture for engineering problems (HAD,
CO2, drive dynamics, ...)
Purpose: Coordination with OEM about functional and physical architecture

f «tn» firation Al sfined < steom | T and R rTININID T ¥
of stoandargixatic e [ eU sysic oovTers anag o¢ Nanon ¢

Topologies of relevant sub-systems with couplings (energy &
information flows)

Purmpose: Specification of topologies and cause-effect-chains of the regarded
system

anefit of

System model with input/output behavior of componentmodels
(granularity, interfaces with potential flow variables and signals)

Purpose: Specification of modeis and simulation tools, probably coupled simulations
for main simulation tasks, simulation execution

& mulat osults fe erability of

Implementation/selection and parameterization of component models
and numerics (effects, model equation, solver,...)

Purpose: Provision of component models including IP protection for collaborative
modei-based engineering with customers

{ stand fization: EMiciency ! ug ise and If necessary, tavlonng of

12, Sep., 2019

Pre-GL Building Committee
Meeting No.2

Reference : RECOMMENDATION Smart Systems Engineering Behavior Model Exchange Version 2.0(Prostep iViP) 27



2. Simulation model exchange process and modeling definition approach JAMBE
® Definition of model architecture and 1/F : e . Tm—

Definition of referenced architecture case example

« Optimal model layer can be determined by customizing based on the reference architecture
to create a model and by recognizing the required model hierarchy in common.

« In the plant I/F GL, the architecture of a general model that takes a certain performance as an example is defined.
The architecture which is required to model in this time is build according to the Plant I/F GL as a reference.
In addition, by clarifying the hierarchy of each system with reference to PSI GL's Generic Vehicle System Model,
the layer of the exchange model shall be clearly defined.

st layer ‘
m

15 lay
Overall Syste

2 layer
Topology

Generic Vehicle System Model

LB s gty et [

98 b T
22 s T el
nE <

12

_ Lf‘;m n=2{ Lok Up Table = 2 R —— 57 s |
33 ",‘-‘g_, = ElectroMagnetic &
qs QC C 3 __Mechanic, E

oo < Thermal Effects = . ’—I-L‘ r-l——*—rl HJT, IJ_1 [—%—l |-J~I ,_"—l—‘j—\
‘Mode! implementation

%M

PSI GL: Generic Vehicle System Model

AEHEHBIERAE
i ;’:E:l§‘i§

The architecture and hierarchy is required for modeling this time )8



2. Simulation model exchange process and modeling definition approach JAMBE
® Defritonof modelarchtecureand

Definition of Reference Architecture
By defining using the Generic Vehicle System Model with reference to the plant I/F GL

compliant model (METI model), A common understanding of The layer of the model is
developed.

[
L
YST=) =2 i ESATrLAY
‘/Z: -
EnEinE
3e \_‘**
233k
= Structure
v [
d [ SEE o RE D |
F L -
il A —_— —_
T com (2 s = . o=a |
. 5274 .8 —_
T VYL RATA (s
METI Vehicle Model
Domain Power Source I I Drive Train I I Vehicle Unit I I Auxiliary System I I Thermal System I IAir-conditioningSystemI I Heat Sink I
System -
£ 5 = £ N | P = ’:
el % ) 2 Efl % el 2|5 € g £
1 £ ol el &[22 2 2
| B2 | s . = c 2 Jollell 2le 2 [ | R 7 <
alle 2 ol | B £ g SllaolENel [sllellel|a]® & Fllg|ga a0 2
wll gl < oll & - oll |l 2|l s E ®Il @ SllellE & 21812 o = £
wilslls|le = <l =El1% = el sl IEH c|l = e & c|ls||lE c £
ollsllgflls < S || € 3] ol S|l ol @ o & = (I | I | = | S Sllo = =S
20z s o] Slia|l & ol &) @ | &l & all S|la]l © ] ElZ||® < .0 I
sllofl< 2 >l = ~ al|l 2 S =flollelle|z 2 |l o o = =3
Qo © © S| 5] = = aoll Efllz2
5| ef22 il | (R o = a < < ollsl¥|o2 < |l & = T €
2| of|T o [= [ ~ wl|&H < |- @ || 2 g'c 5 9
S|l © an > ] (] an =l ¢ = 8 ©
S || = o < = © o ol 5|8 o T L
of = 9 S Wit © B | ] = O
= o = (@] & < [~
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2. Simulation model exchange process and modeling definition approach JA,MEE
® Defritonof modelarchtecureand TN G

Definition of Reference Architecture

The Plant I/F GL presents the first-layer architecture and I/F cases as guideline for
vehicle performances, which can contribute to the improvement of common

understanding during the simulation model development.
Example: Performance of vehicle system

Example: Electrification use case Example:
Vehicle vibration
7.8 _ Use case

W (M)
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2. Simulation model exchange process and modeling definition approach JA.MEE
® Defritonof modelarchtecureand TN G

Definition of Reference Architecture

The guidelines for the deep moat part are created by Plant I / F GL. It is necessary to define the

architecture of the reference model depending on evaluation objective according to the purpose of
the simulation.

Examples:
&
B
£
i
I
E
Example:
Vehicle
System
e
] P ol 2 2
el B -».-»
'| l'? D B e
iy} zliéﬁ‘
é .‘_
\oiE e ol
RESd FAn K i AN
Example: .
Vehicle Electrification Example: ICE Example: Transmission
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2. Simulation model exchange process and modeling definition approach JAMBE

3 Definition of model architectureand I/F : Manners Architecture I/F
Definition of Model 1/F

The physical I/F and the information I/F for the I/F of the distributed model are required to defined.
Regarding physical I/F, there are some parts that can be defined by referring to the basic principles
of plant I/F GL and model I/F examples of each layer. Regarding information (control, etc.) I/F, itis

necessary to investigate and build guidelines as a future work.

maa | e e

Basic principles

15t layer
Overall System

~ . - Perarenical Plant models shall be connected using across variables and
& T sinstre 1st |through variables. Across variables and through variables shall be
. in the opposite direction.
%%Z Py 1= 2nd The direction of flow from energy source to energy sink shall be
Re = i@- L | considered as the positive direction of energy flow.
I i i T i i 3rd The overall Interface will be defined based on the Interface of
i i it Pomaln ISR [Soiei) (EEERS) (i) W SN (5 elements which store through and across variables.
58 R et A Y - — -
55 N T D system Ts Tl ath | A Through variable shall be regarded as positive when its
"% = i g: gl [5lg 1| |2 b s input/output is in the same direction as the positive flow of energy.
e ) ? g i éf °l * H ’ég For input/output, the SI units system and the SI derived unit
i3 /;é@ e — = *le g IF 2 5th | system shall be used. For the quantifiers, the JIS standard shall be
g2 Q=" 3Tk : — . applied.
il Definition of architecture ] e
Study for layer Plant I/F GL Basic Principal
Topology

. -y = ‘Suhsys(em IF Delm\luubsys\em Name: Engine ‘
d efl n Itl o n Subsystem name Wodel function overview

IIF and function
o
v

3Othe
Cakcuate the fuel consumption
ratelamount

description _Fon -y L
3 e W e T = -] = R
cion

BAES WEYIEHE 5 DL, 3, EV,AD/ADAS. .

Plant model
input signal

i
B
£
z
12
o
E

FHEREHEREACE
]

Control input
signal

Plant model =
- Torque T
output signal e W]
ol Model
:H:mm
En

Control output
signal

I>DY RS2 RZv 232,88 ECU..

Energy direction

-In case of MIT, the fiywheel between engine and T/M may In case 0' dev‘atm." fmm the
principles of guideline,

describe the reason and

Revision history

= Plant I/F GL
Definition of I/F for each architecture of model 32




2. Simulation model exchange process and modeling definition approach |

Manners Architecture I/F

3 Definition of model architectureand I/F :
Definition of Model I/F and Domain

- In the plant I/F GL, the following energy domain are defined for the physical
domain of the plant. By Defining the I/F of the exchanged model in each physical
domain, it becomes easier to define the I/F of the plant model. Domain that have

not been set need to be discussed in the future.

m List of across variables and through variables for each physical domain

Physical Domain Across Variables Through Variables

Electrical Voltage Current
Translational Velocity Force
Rotational Angular velocity Torque
Temperature Heat flow
Incompressible flow Pressure Volume flow
Temperature Enthalpy flow
Thermal fluid Mass flow/

Pressure Specific enthalpy
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Simulation Model Exchange Process guidelines

0. Purpose of use and notes of this guideline
1. Introduction
2. Simulation model exchange model and
modeling definition approach
- Qutlines
@®Definition of overall process
@Definition of interaction scenarios and use cases
@ Definition of model architecture
@Definition of model type
®Definition of exchange model development process
®Definition of evaluation environment of model
@Risk and action of model modification(IP protection)
- Summary of outlines
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2. Simulation model exchange process and modeling definition approach JA_MBE
@Deﬁnition of |e| . Manners I/ F 'Japan Automotive Model-Based Engineering center

Definition of behavior model type

For the model type to be used, a core model that can understand the design value of each
system and a boundary model created with the layer that can understand the boundary
conditions are set. It is necessary to set each model as a core model / boundary model
according to the purpose of the simulation and optimize the layer of the model.

] Core Model :
Behavior Model Types - Defined within the scope of direct development

_ - A model with very detailed layer
Core Model

- Highly specialized
Boundary Model

1st layer
Overall System

(created by the specialist in charge of each
department)
Boundary Model :
- Reduction model tailored to a specific case

Behavior Model Types

2nd Jayer
Topology

31 layer
Simulation

- Used for other systems or other domains
"”"““""“":*] (more often replaced than the core model)

3 _ M e
3 Thermal Effects =

Eb g - Mainly a simple component model with rough content

Mode! implementation

s

B

i

L Bound

i‘u" ary MOde,
3

Core Mode|
Example: Definition of simulation model layer Architecture and hierarchy of simulation model

Reference : RECOMMENDATION Smart Systems Engineering Behavior Model Exchange Version 2.0(Prostep iViP) 35



2. Simulation model exchange process and modeling definition approach
@Definition of model type :
Utilization of guideline compliance model (Generic Model)

In Plant I / F GL, it can be used to have common understanding of model architecture,
I / F, and model detail among business partners before starting model development by
publishing a guideline-compliant model developed with general functions (generics).

'Japan Automotive Model-Based Engineering center

T
=L q]

o
£
RSl Y
AL '
Aw
2\ 2
<
\ ~% A '.

B70P _ B71P

50 E
|
i
TR
|

Example: Vehicle fuel
efficiency system use case
Matlab Simulink Model

5, - . /}’Q:]ﬁ ﬁn@ e s
- [, ==
CEECEaG
)] ; TR
Example: Electrification use case | Example: Engine use case Example: Transmission use case
(VHDL-ams Model) (Modelica Model) (Modelica Model)
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Simulation Model Exchange Process guidelines

2. Simulation model exchange model and
modeling definition approach

®Definition of exchange model development process
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2. Simulation model exchange process and modeling definition approach JAMBE
Architecture I/F 'Japan Automotive Model-Based Engineering center

® Definition of exchange model development process

In PSI GL, the development process of the model to be exchanged is defined.

Development flow example: Simulation model

Partner A Partner A & B Partner B
[ Start project ]
v
@ [ Choose IS ]
© v
= [ Choose UC ]_>[ Preparation ]
= (Agreement of contrasts)
g
(] Create model specification <
Create & send specification > Create & send documentation
Agree specification <
2 \ r
' Create model < :L Create model in charge ]< —
Integrate to METI model
§ Default - model rework
2 rﬁ Check GL compliance
o (Oll®)
5 T T T T T T T T T T T T s s s s e \
£ ' Simulate entire model ' Simulate entire model
)
% [ Create documentation ]
[a) 4 *
[ Integrate model Share evaluated results of Partner B -[ Package and send model ]
v
rework > Evaluate model ]_ Share evaluated results of Partner A
B
28 .
£° [ Close project ]
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Requirement

Implementation

2. Simulation model exchange process and modeling definition approach
Architecture

.Iapan Automotive Model-Based Engineering center

I/F

® Definition of exchange model development process
PSI GL defines 10 steps as a model standardization use case.

wn
=4
(0]

©

By using the plant I/F GL and the compliant model, it is possible

to have a common understanding.

Ul

Use Case Name

Definition simulation
task and simulation
architecture

Describe & decide simulation task &
simulation architecture

Specification of model
inputs and outputs

Specification of the
parameters

Describe technical I/F
(input value & output value)

Glossary of parameter which is required to
define in the model

Specification of model
requirements

Identification of model requirement,
documentation, and specification

Specification of test
requirements

Specifications of test requirements that
serve as model acceptance criteria

Specification of the test
environment

Determining a test environment for model
acceptance

Specification of the test
cases

Description and definition of acceptance
conditions in the form of test cases performed to
validate the model being developed

Specification Steps
Implementation Steps

Example case

Define model configurationand I / F I

n the plant model guideline

(control I/F and individual components
in the development request form + a)

Described in development request / external
specifications / manual It is also possible to utilize
the guideline compliant model

wn
=t
D

©

ot
D
o

1

1

1
0 wn
ct (g
[¢) D
o o
N (@)

[e)

Implementation of the
model

Model development with IT supplies based
on pre-specified elements

Create a manual

Testing and certification
of the model

Maintenance of the
model

Actual evaluation of simulation results and
testing of previously specified requirements

Describe the operation check result in the manual
Guideline compliant model can also be used

Model maintenance and simulation,
including bug fixes (fixing patches) from a
quality control perspective

Regarding support, describe in the development
request / external specifications / manual

Reference : RECOMMENDATION Smart Systems Engineering Behavior Model Exchange Version 2.0(Prostep iViP)



2. Simulation model exchange process and modeling definition approach JA_MBE
Architecture I/F 'Japan Automotive Model-Based Engineering center

® Definition of exchange model development process

An example of the relationship between "an example of a model development
flow" and "a standardization process for jointly used models" is shown below.
It is necessary for Partner A and B to collaborate and make decisions at the
following timing.

Example of relationship between distribution model development process and
model development flow.

Use Case Name

. . Definition simulation
Development flow example: Simulation model el a1 G| ARG

Partner A Partner A & B Partner B architecture

( Start project ] Specification of model
v inputs and outputs
g [ Choo*se 1S ] — -
2 . Specification of the
a [ Choose UC Preparation
2 Agreement of contrasts parameters
<1J
£
o Specification of model
< requirements
Specification of test
reauirements
Create model
I

° ] .
b : ) P
= ) Step 6 Specification of the test
= ] - . cases
an i Simulate entire model ! ] . AN Ly )
s O \ ’ Implementation of the
& [ Create documentation ] . - A
] \N = agle
a v . bl == ey = e e =

Integrate model }< { Package and send model ] : ‘ |

v

Evaluate model }ﬁ [ M e im0 —

Close project ]

rework

-

Project
end
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Simulation Model Exchange Process guidelines

2. Simulation model exchange model and
modeling definition approach

®Definition of evaluation environment of model
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2. Simulation model exchange process and modeling definition approach

Architecture I/F apan Automolive Modsk Based Engineering center
® Definition of evaluation environment of model
In order to evaluate whether the model to be distributed matches the I/F of the
plant model of the vehicle model of Partner A, Partner B can verify the connection

with a METI GL-compliant (generic) model.
Development flow example: Simulation model

Partner A Partner A & B Partner B
[ Start project ]
v
@ [ Choose IS ]
© v
Preparation ]
a
2 [ Choose UC ]—P[ (Agreement of contrasts)
g
(] Create model specification <
Create & send specification > Create & send documentation
Agree specification <
2 \ r
' Create model < :L Create model in charge ]4—
Integrate to METI model
% Default - model N ——————} rework
< rﬁ Check GL compliance
= RSN S X (Onl®)
g ' Simulate entire model ' Simulate entire model
)
% [ Create documentation ]
o v
[ Integrate model Share evaluated results of Partner B -[ Package and send model ]
v
rowork > Evaluate model ]_ Share evaluated results of Partner A
B
272 .
£° [ Close project ]
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2. Simulation model exchange process and modeling definition approach
(©®Definition of evaluation environment of model :

Guideline check using guideline compliance model

By utilizing the guideline compliant model for the distributed parts model, it is possible to check the
I/F, check the behavior when putting it in the vehicle model, and estimate the effect, and trouble
after handing the model to the model user. It is also expected to have the effect of being able to
check in advance.

Guideline compliance model
(Fuel economy, Electric economy etc.)

Modelling

1. Vehicle level evaluation
is possible by the supplier.

~E

1. The effect on the vehicle to
some extent before considering it
in-house can be found.

LI

Driver Environment
Engine

Transmission a a A .
Distribution model Vehicle model

for combination evaluation

Driveline,
Diff

Air

Conditioner u

Alternator  Starter Engine Ty T
o . Drivelineg Component :::!:: :t:tzj
Guideline compliance model Diff | model Driver  Environment [
Engine i
Component Alternator Starter . \6\9 _ 0
model Tire Air B

(Each company has its own uniqueness
. Whether or not there is an e.g.
T / M vehicle model as a whole)

Driver

Environment

—
i Transmission
Air
Conditioner

Conditioner Pz

1’. F/B for in-house parts
development by suppliers is
possible.

Batte :
: : Alt
Vehicle Evaluation of I . ﬁ " e
Ee—— component model : Battery
oo (Check the model architect, -
bl I/F, and market price as a
Driver  Envirggment o - |
Enging vehicle) 1
r 1
i ~— -~ | 2. The work to match the |
Air <=7 K individual I / F of each 2. The in-house vehicle model and the |y
Conditioner 1 . '\ | manufacturer can be omitted. supplier parts model are immediately eronmen.t . e
Alternator Stomm ! \\ connected. (I / F match or difference [ Transmission Srivelin
————n i N is clear) Diff
b : N 1 onditione!
. ol ! N 74
Supplier: Component model S N e \ Alternator Starter E—

o

OEM: Vehicle model

(Each company has its own
unigueness)
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Simulation Model Exchange Process guidelines

2. Simulation model exchange model and
modeling definition approach

@Risk and action of model modification(IP protection)
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2. Simulation model exchange process and modeling definition approach JAMBE
Architecture I/F 'Japan Automotive Model-Based Engineering center

@Risk and action of model modification(IP protection)

Definition of exchange process of simulation model is required. PSI GL describes
the actions in terms of IP protection.

Development flow example: Simulation model

Partner A Partner A & B Partner B
[ Start project ]
v
@ [ Choose IS ]
© v
S Preparation ]
2 [ Choose UC ]—P[ (Agreement of contrasts)
g
(] Create model specification <
Create & send specification > Create & send documentation
Agree specification <
2 \ r
' Create model < :L Create model in charge ]4—
Integrate to METI model

§ Default - model rework
< rﬁ Check GL compliance
= RSN S X (Onl®)
g ' Simulate entire model ' Simulate entire model
5
g [ Create documentation ]
2 -

[ Integrate model ]1 I { Package and send model ] I

v
rework’_>[ Evaluate model ] %

Project
end
' o

Close project ]
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2. Simulation model exchange process and modeling definition approach JAMBE

@Risk and action of model modification(IP protection)

Ensuring transparency of model distribution by defining threats that can occur
when exchanging models between partners and countermeasures.

Flow of threat for

IP and measures

v Can be dealt with

Can only be dealt with
in a specific environment

Identify intellectual property
) )
Legend

Contributes to
x(V) specific measures

ClaSSIfy security level (cannot be a single measure)

Classify usage

. . X ;
Clarification of Can not be dealt with

threat for IP

Identify threats and measures

No model protection at all

Source code obfuscation

Only complied models without source code
Hard-Coding of parameters

Model Order Reduction and other
Approximative Techniques

Integrity test of model
License-mechanisms

Encryption of all model-internal information
Remote Execution of FMUs without trusted
Access and Execution via Trust-Center

No model delivery all

Unintentional modification of 52 5% v 5% v 5% 52 W)
models
Apply measures - —
Unauthorized modifications of 52 5% v 5% v ) >< )
models
Th I‘eat Disregarding te'rms o'f us'e or % X % X X (‘/) v X v
. . fOI‘ uncontrolled dissemination of models
Review applied model
exchange Insight into model structure v v X v X)) X() X X
Overcoming terms of use X X X X X(V) v v
Monitoring
Applied Measures v X v X v X X X

Reference : RECOMMENDATION Smart Systems Engineering Behavior Model Exchange Version 2.0(Prostep iViP) 46



Simulation Model Exchange Process guidelines

0. Purpose of use and notes of this guideline
1. Introduction
2. Simulation model exchange model and
modeling definition approach
- Qutlines
@®Definition of overall process
@Definition of interaction scenarios and use cases
@ Definition of model architecture
@Definition of model type
®Definition of exchange model development process
®Definition of evaluation environment of model
@Risk and action of model modification(IP protection)
- Summary of outlines
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2. Simulation model exchange process and modeling definition approach

Outlines of referenced guidelines

'Japan Automotive Model-Based Engineering center

In Japanese automobile development, how each GL can cooperate this time
based on the following points in model exchange has been described.

SmartSE Recommendation V2
Simulation Model Exchange Version 2.0

(PSI GL)

and use cases
development process
of model
@ Risk and action of
Model modification (IP protection)

@Definition of model type

@®Definition of overall process
®Definition of exchange model

@Definition of interaction scenarios
Q3 Definition of model architecture

®Definition of evaluation environment

Plant Modelling I/F Guidelines for Vehicle
development (Plant I/F GL)
+

Guideline compliant model (METI model)
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2. Simulation model exchange process and modeling definition approach

Summary of simulation model exchange outline

It was found that it is possible to approach the problem by utilizing PSI GL and
plant I / F GL, but further study is still needed. By setting further guidelines and
sharing specific examples in the future, we will promote model exchange.

an Automotive Model-Based Engineering center

Issues Application example

1)Definition of modeling D6 Setting the process using the METI model by referring to
process the process for model development described in PSI GL.

2) Definition and sharing ® Share the purpose by setting mutual scenarios (IS) and
of target usage of model use cases (UC) and clarifying in which scene to use.

3)Definition of optimum Set the model architecture and distribution model type
layer of model for model | ®®@ | based on the 4-layer approach, and set the boundary
exchange model and custom model that suits the purpose.

By utilizing the METI model, I / F check, behavior
confirmation when putting it in the vehicle model,
estimation of the effect are examined, and trouble check
after handing over the model to the model user.

4)Definition of evaluation
environment[standard ®
(exchange)model]

Set the I / F that suits each level. Consider between plant
® | models based on plant I/ F GL. GL such as control will be
considered in the future.

5)Adjustment of I/F
suitable for model layer

The viewpoint for considering IP protection is written,
and further specific methodologies will be examined in
the future.

6) IP protection in model @
exchange
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2. Simulation model exchange process and modeling definition approach JAMBE

Summary of simulation model exchange outline

Examples of smooth model sharing below using PSI GL, plant I / F GL, and METI models, including
the background when distributing models has been described. For the details of the guidelines,
refer to each guideline, deepen the understanding, and hope that they can contribute to the
expansion of the collaborative areas and the efficiency of each individual function development.

Modelling request/ E' E—lTl

Specification release

3

Model, document preparati
Output provision

=
D e
o ®
>

> S
>

g3
mQ.
@

71 | | B The responsibilities of OEM and OES u ﬁ_ince er?Ch CnganYtT]aS a diffirsht_ c_oncetptthof B Since the I/ F is set individually
0 B . lerarcny and layer, e area o Ivision a e
c which occur during the exchange of component/system level when creating a for each company, problems
& simulation model is unclear. model is unclear. occur when connecting models.
In order to clarify the division of A reference map which is clarify the A common understating for I/F which
responsibilities manners are required area of model requested to built is secures connecting directions and units
needed to have common understanding. of each model is required.
Definition of manners () Budiing of reference architecture Definition of I/F
HES — ot LW T, METI Model TNPUT OUTRUT
HA FSA~DEH | I/F& From I'F& To
% ms || mE B BiE | B [F54 7kL1 R e i
— 7 T BE |[H—TLATL AR (H—TLLATFLA
S w: e
Py bl B | EEd (EdGax=r F Fs |E@Ea—v F
ﬁ ==J=i= YTl A

SmartSE Recommendation V2 Simulation Model Exchange Version 2.0 Plant Modelling I/F Guidelines for Vehicle development Ver.4.0

Reference : Pre-GL Building Committee Meeting No.2, METI:11 (12, Sep., 2019) 50



Appendix

Abbreviation

ECU
F/B
FMI
FMU
HAD
HIL
HILS
I/F
IP

IS
MBR
MBSE
METI
MIL
MILS
OEM
PIL
RCP
SE
SIL
SOP
SW
T/M
UC

Electronic Control Unit

feedback

Functional Mock-up Interface
Functional Mock-up Unit

Highly Automated Driving
Hardware in the Loop

Hardware in the Loop Simulation
Interface

Identity Protection

Interaction scenario
Model-based research
Model-based Systems Engineering
Ministry of Economy, Trade and Industry
Model in the Loop

Model in the Loop Simulation
Original Equipment Manufacturer
Processor in the Loop

Rapid Control Prototyping
Systems Engineering

Software in the Loop

Start Of Production

Software

transmission

Use Case
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