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Valeo worldwide ranking
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Model-Based System Engineering at Valeo

Deployment

Pilot Projects ‘
1 2014
fil
SysML Profiling ‘2012

Tool sclecion JIgly _ Traning

®
o
Organization
72006

System Process
Valeo
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Examples of Pilot Projects with SysML-SysCARS

Electric Steering
Gasoline Engine _ P08l Column Lock
Fuel System | = % ol (Safety concept)

Electrical Vehicle - Electric Power
Inverter ' Steering

Valeo
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Motivations for Model-Based System Engineering
o ~ Area of Automotive Embedded Systems

L!L‘—Increasing complexity
B Mechatronics systems

®  Business models

B QOrganizations involved

B Safety regulation (ISO 26262)

\
e . .
—ModeI-Based System Engineering ~
(
= Higher level of formalization and traceability
®  The model as a shared description to coordinate interdisciplinary works
®  Capitalization of know-how and design justifications
®  Improvement of efficiency thanks to “early validation” and reuse
\ Y
Valeo
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Standard System Engineering Process (TFG12)

GEI-RD-H01-0000-123 System Design & Validation Process |
Stakeholders M

Needs l

Define Analyze Functional Physical Define

= Stakeholders Requirements Archnteptural Architectural Components Implementation
S ... .. LResion L Pesian. L | e Nesds L
a System 0 External Internal Architecture T Component : -
@ : Boundaries t i Interfaces Functions Breakdown @ & Features ] P
o : User HE Services Pl

. - = . Internal Internal = Component

E Requirements : : Usecases :©: : H 0

3 - B 3 - States Interfaces I Interfaces

: Missions & : User modes : : ] d

e anm n am f SND e m SyRD R mn i e e aalm n e rSyDD Eaanmaun e T W CND

Define PEIE Prepare Component Integrate Validate
Validation Integration Validation p 9
+— Acceptance System System
n Plan Plan Resources
O — DR TIOH | TR L | YT e .
— Validation :: Integration : . : Com_pon_ents System Validation
Strate i1 Strate : [festEquipment I Aggregates Reports
gy i gy : Reports ggreg p :
: Validation Plan EE Integration Plan : Test Sequences : Integration H
: i : : Reports e
- - o
SyVP } SyIP SyIVR|
09:28
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. B Requirement Distributed
Technical Formalization e tm—— e a—
effort Effort J Jeurre

engineering

Focus engineers Avoid transfer of formal
on design justification design artifacts to

and robustness poor textual statements  |Efficient handling of traceability in models

MODEL CENTRIC

Improving efficiency by tansitioning from textual to model descriptions

09:28 February 201418 >




~ System Modeling Tooling

To Support Valeo System Engineering Process (TFG12)

/Y\ -Difficulty to keep different viewpoints consistent

B Requirements

B Use cases (test cases) and scenarios

B Operational modes and system states

®  Functional/physical breakdown and architecture description

-

[1]
—SySML as de Facto standard ~
' Standardized by OMG

Independent from commercial tools

XMl interchange format (to be improved)
Increasing penetration in industrial sector

. 4

Valeo

09:28
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System Modeling Steps and Viewpoints

Stakeholders Needs PROBLEM STATEMENT Lifecycle ? Interactions ?
Definition « WHY IS THE SYSTEM NEEDED » Use cases ? _
Understand system needs from user point of view Scenarios » | Degraded
g — modes ?

-m
Requirements ABSTRACT SOLUTION performances ”
Analvsis « WHAT THE SYSTEM SHALL DO » Withstood

Specify system services and interfaces that will solve user problem | environment ?

LOGICAL SOLUTION

« HOW INTERNAL FUNCTIONS PROVIDE EXPECTED SERVICES»
Define logical architecture and internal functions

Logical Architecture

et ks
Physical Architecture BOX -
Parts ? -
PHYSICAL SOLUTION

Design

« HOW SYSTEM PARTS PERFORM INTERNAL FUNCTIONS»
Define system parts and internal functions allocation onto parts

Components Needs
Definition

-L as the de facto standard to capture multiple SE viewpoints l
leo
09:28 ‘/7 ebroay 2014110 o




Valeo SysCARS Methodology

(SysCARS: System Core Analyses for Robustness and Safety)

A SysML alone not sufficient

Syntax but no semantics
Many diagrams and artifacts sometimes redundant
Provided without any methodology
A pre-existing System Engineering process is required

[1}
—SysCARS as a precise guideline to use SysML ~ ————

Sequence of modeling activities to be performed
Subset of SysML diagrams and artefacts to be used
Defined semantics ensuring model consistency

09:28

Stereotypes and templates for automatic documentation generation

February 2014 1 11
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SysCARS-CS Optimized Workflow

<5

Stakehol_dt_ar_s Needs Context
Definition

BDD

Requirements External
Analysis Interfaces

IBD

Logical Architecture |nter_nal
Desian Functions

AD

Physical Architecture

Design

Candidate
Solutions

BDD

=>

Main
Services

Logical
Architecture
BDD

Physical
Architecturen
BDD

“e

System
Scenarios
SD

Log Internal
Interfaces
IBD

SND

SYRD

SyDD

Phy Internal | Phy Internal

Interfaces Scenarios

IBD

SD

On carry over projects Logical Architecture design is bypassed

09:28

February 2014114

—




Workflow-driven Approach

SysML Valeo Profile

Z!s—Learning curve and standardisation

\

B Complexity of SysML tooling for non software specialists

B SysML / SysCARS slow learning curve
B Heterogeneity of results on different projects

1 —Valeo Profile embedding SysCARS workflow =~ ————

Predifined package structure

09:28

= Guidance on the correct ordering of modeling activities
= Guidance on the relevant diagram to be used at each modeling step
= Stereotypes automatically put on artefacts, depending on modeling step

February 2014115
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SysML Valeo Profile

| 1 Mew Madel, .. Iy Chrl+M |
= 145 Adding the WALED Prafile profile...
[ ©Open Model... Chrl+0
New Model... lll
. l
[ O TEiEs i dfing the ML profie...
O ecs+ Allowg you to model C++ specific information Creating destination objects
O &Java Alloves you to model Java specific information |Copying object relationships and properties
Checking object conziztency
Software Engineering Completed successfully
\dding the Simulink profils...
O w Feal-Time Support for the QMG profile for 5 chedulabilit c b
5 UmL Pravides stereatypes and tag defiritions that  |Creating destingtion abjects
Copying object relationships and properties
. . Checking object consistency
Systems Engineering Completed successtully
[ «ﬂ Simulink, Fequired by the tathematical Model Spnchi fadding the SystL (Full Profile) profile...
ﬂ?. SyzhdL [Full F'.roflle] Configures Studio =0 that y?u can model Sy et st a¥ete
D '3.] Syshl [Fequirements Orly] A subset of the SpebL Profile that allows yor ICopying object relationship: and properties
O i ® Fremmred-bithe Sustem Architecture Migrati EhecTingDbiECt CUPﬁ:StenQ‘r’
== WALED Profile Ergonomic SyskL profile LA S
1A.dding the WALED Profile prafile. ..
R epository: I\\E nablersPOMT-L114324\adels Creating destination objects
Copying object relationships and properties
Model Name:  |MNew Model —
Help | L 1 1 |
VALEO Profile to help System Architects throughout the workflow
09:28 >
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A new model is no more empty...

..y!q;;HyhridVehicIefMP4lTrainingfsysEARS. Yersion 2 - Artisan Studio - [VALED Methodology::00_ Workfow:System Engineering Workflow:

© File Edit Misw Tools

Window  Help
D@ REX o SR E D E-O- @X R b i

B e e = e e = 0 e )

e ElE] R EE® o

=N

. +UML Profile:

» ﬂ +3imulinkProfile

-- ‘% +5ysML Profile

-] HYALEO Profle

511 +VALED Methadolagy
0 +00_ProjectDats
E]CI +00_Requirernents

£ +00_orkFlow

]--D +02_a_Systern

[ +01_Stakeholderiiesds
=11 +02_SyskemRequirements
@1 +03_Componentbeeds

b +01_b_Context Use Cases
(-] +02_b_System Use Cases

[
[
E
[
B
0 +03_s_Internal_Functions
-0 +03_b_Logical Architachure
B
[
£
2

“ [System Engineering Workflo... X I

=10l

-8 X

01 - Needs Definition

[ 02 . Re quirements Analysis m

03 - Logical Archite ctura Dy

_ (System Requirements Document (SyRDY

I 5l

Staceholder Meeds Document (SHI0

i +04_Physical Architecture w \[ X [system Design Document (SyD D) B,
]--C:I +05_Components ] |

=) CI +5tersotypes

¢ [ Initial Charige Noke \

: Pre-defined Package Structure Embedded SysCARS Workflow
For Help, WEW | y .
09:28 >~
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Workflow diagram monitors SE activities

Packages

=l &) BPIM_APK
-0 +UML Profile
-y +SimulinkProfile
- +SpshL Profile
w20 #VALED Profile

-0 +¥4LED Methodology
{:l +00_ProjectD ata
{:l +00_Requirements

() 400 Warkflow
-1 +01_a Contest

D +1_b_Context Uze Cases

[ +02_a_System

> o x 5 [Systmmering Workfo._. Xl

&

7] +03_a_Intemal_Functions
D +03_b_Logical Architecture
{:l +04_Phyzical Architecture
r_"l +05_Components

|:| +Slereotypes

Imitial Change Mote 1

Workflow 3 || et Step |
Start Link Prewvious Step
End Link Goto Step...
[inks - Work flow Help an alysts
Feport b How To.. 3
- SyzCars Help... 3
¥ Aot VALED Profil
r_"l +02_b_Spstem Uze Cazes Workflow Menu x
Remove From Favontes  Chl+5Shift+G
) Undo Crl+Z
Sys tem Requirements Document (SyRDY
% Copy Chrl+!
Bl Faste Chily
L 4
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Avallable features depend on workflow state

B Wit T a [ olse -@& 6 BEIR] K =B ®m-c o
E'I | SysCars Mew 3 Package
Packages Start Link Change Mate
B [4] MP41Training_FullModel End Link Comment
: ‘t +UIML Prafile Reqtify Constraint
ﬂ +5imulinkPr afile New Conkest Diagram \ P

Customized contextual Toolbar

+5ysML Profile
+YALED Profile

Ackor

-] +¥ALED Methodalag Primary Ackor

£ +00_ProjectDat
{:I +DakaTypes
-0 +Flowspecifi

Diff With Cther Model, ..
Context Block

Remove from Package
g Block

Scope To Package. ..

Flow Specification

Problem

-+ &k [Package] 01_a_Context

«Primarys
Actorl

09:28

Rationale

Apply Sterenotypes for Dglumentation...

Remove Stereotypes Bor Documentation

Switch to Contes

Customized contextual Menu

Actord

February 2014119 > i

Stereotypes are automatically set

2] +02_a_System

; {:I +ContextToSystem_Specialization

[ +5ystemRequirementsTraceabilityLinks
=& +Hybrid vehicle {System)

- +DiagriosisToolCommunicationPort :
- -+ZE¥ModeButton @ On-0OFF signal

- +StartiehicleButton : On-OFf signal
- +ElectricPlug @ Current

(-4 +ElectricStationCommmunicationPort | Commmunica

- +AcceleratorPedal | Continuous signal

Properties of "InformationDisplay’

General |Text | Dptionsl Data T_l,lpel Signature Ehangesl Style I Iterms I FlowaP, rt| SHD_FIowPortI

T

DiagnosisProk (iEE

- +RoadContact : Torque
- +BrakePedal : Continuous signg
|- +InformationDisplay : DisplayPr
f-% +  Hybrid Yehicle {Svstem)
f- % +Fct_Startvehicle

) % +Fct_Acceleratevehicle

Genelall Text I Elptinnsl I:hangesl Style I |tems I requirement

Fullname:  fyal EQ tethodology::02_a_Syztem:Hybrid Yehicle [System].lnfolmationDispla}/
Type  FlowPor Stereotype for Documentation
y 4
: Properties of "Range in ZE¥ mode’ ? - X

EMND_Requremant | For Requirement I

£
£
[
E
b
[
E
£
£
£
£
£

v & +Fct_RecoverBrakingEnergy

d

Requirements Attributes

/Gg Definition Mame ‘ Tagalue \ |
Title Range in ZEY mode
Yersion 1
Source Document
Comments
FeqTupe Ferformance
Lewel sger
Safety Lewel Huslity Management
Skill Syztem Engineering
Statuz Arccepted
Status Justification
Yerfication Method  Test
Responzible Yaleo
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Automatic Generation of Documentation

Ind

2/ [New hybrid Yehicle =..] - Artisan Publisher

Fle iew Tools Hep

ependence Between Data and Documentation

e ma|=lciB

| Mew Document

2% | MP41_SND.ds |

Default Templates

] Blank Document

] SystL

] SvsML - Blocks

] SysML - Diagrams Detaled
o

] UPDHM - e Diagrams O
| UPDM - AcY Summary

=l e

New Document from Template

Flease select a template

"

| Renderer

—Render Options:

Shyle:

ValeoEES

Output Format:

Word =l
Qutput Path:

le:idocuments and settingshjpiquesiMy Documents ..

Render

I™ validate Output [ Launch After Render

Publication Mode|  Renderer

|Ready

| |Current User: YNET \ipiques

Templates taking into account Valeo entities and customer specificities

09:28
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Model

/1\ -SysML simulation not (yet) adapted

.

Verification Policy

Limitations of SysML tools capabilities
Completeness of models not sufficient

B Skills required antagonistic to (generalist) system engineers job profile

W T¥ - Static verification preferred to simulation

\
®  Traceability rules defined by SysCARS data model
® | ocal traceability analysis with SysML tool
= Global traceability analysis with traceability tool (Reqtify)
® |n the future, using a modeling rule checker
g 4
09:28 Ao
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Local Traceability Verification

——
StakeholderNeeds Refine Traceability Matrix

Needs Satisfied By Physical Block [VEMUJ]

«requirement» «requirement»
VEMU overall dimensions VEMU communication harness
id# id#
VEMU_C04 VEMU_C02
txt txt
[erequirements Overall dimensions shall not The Vehicle Energy
[ncclerationin 26V mode rane :
Requirements 01 exceed: Mangement Unit
|erequirements - Length = xx mm communication harness shall
e condions retme § - e
Requirements:01_ - Heigth = xx mm transmit the following signals:
[ eesmen . - Thickness = xx mm <<Connector drawing
feheiolo g, Ropremene o ched>>
st = «satisfy» wsatisfy»
|coz emssion in 26V mode e
requremens:o1
evic reguatons et
|IWALEO Methodelogy:00_equrements: o1 — — .
% reaurements «requirement» > «satisfy»| «satisfy» «requirement»
ewropean rguatons ete A . " -
Requirements:01 VEMU maximum weight VEMU altitude conditions
ereqirements
raviod capcity rene et P -
(e id# id#t
[erequirements VEMU_C03 VEMU_CO01
reformances dosed o CE vehide atos et
Requirements: 01 txt txt
rtne The weight of the Vehicle The Vehicle Energy Manager
Energy Management Unit Unit (VEMU) shall operate
e shall not exceed xxx g. between -100 m and 3500 m
altitude.
StakeholderNeeds Requirement Table
idn_[Name et [Refined By
Vot fon in ZEV mode in ZEV mode, time from 0 km/h to 100 km/h shall be less than 15 5 [Use Case» Accelerate (VALEQ b UseCases)
[Uo2_|[Altitude conditions [The vehicle shall operate between -100 m and 3500 m altitude. [«Use Case» Drive Vehicle (VALEQ b_Context Use C: ional_UseCases)
[U03_[Battery reffiling capability It shall be possible to refill onboard elecirical battery by connecting to external electrical power stations.
[The vehicle C02 (direct and indirect] impact will be limited to 80g/km in Hybrid mode.
Uoa. [co2 emissions in Hybrid mode «Use Case» Drive ( |_b_Context Use C: | UseCases)

[Nota: External electric power is supposed to be provided by nuclear plants.

[The vehicle C02 (direct and indirect) impact will be limited to 10g/km in ZEV mode (CO2 used for electric production).
02 emissions in ZEV mode «Use Casen Drive Vehi |_b_Context Use C: ional_UseCases)
[Nota: External electric power is supposed to be provided by nuclear plants.

uc

-ability checking now and modeling rule checker in the future
Valeo
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Global Traceability Verification

———

Mod1

Edz

H MODES (STM)

Stakeholders Needs
Definition

Requirements system
Analysis

I ERFACES (1BD)

REFINES

SATISFIES SATISFIES

Logical Architecture : }

Design ]-

<

ALLOCATION

Physical Architecture
Desig

SATISFIES

Valeo
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Coupling to Requirement Management Tools
Centralized vs Distributed Approach

/ 1\ -Centralized requirement management not optimized

B Redundancy between models and external repository contents

B | oss of time when re-writing requirements from models to ext. repository
B Loss of information when translating model items to natural language

® | oss of semi-formal verification possibilities

.

[1)
—Distributed requirement storage ~

®  People working with tools well adapted to their discipline

®  User requirements synchronized with the external repository

®  System and component requirements only formalized inside SysML
®  Component specifications generated from the SysML model

L 4
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Distributed Requirement Management

Customer

s

Requirements ? [ afego

Product — Tools fap =39 |

.
Architecture Breakdown ™~ ~
Component é@ N 7
Requirements MATLAB
? % f? /EQT'FY
Development E :

g‘ Refined Requirements é

COMPONENT L
Design/Validation Elements

Discipline
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SysCARS-CS Data Model

system
(context)

Stakeholders Needs
Definition

4

i [Mods

H MODES (STM)

Requirements
Analysis

Logical Architecture
Design

Physical Architecture
Design

SATISFIES

SATISFIES

1 } DECOMPOSITION

3 1 } ALLOCATION
i DECOMPOSITIONS (AD) é

09:28
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Implicit Traceability Links

Road @umac E
' 0o k-
: evert| g isted Accelerating
! UdSA
: i “Jm:!w»wa_ﬁccelerate\rehicte
I
E E i%:ﬂ;w»ecs,cmmm;wﬂun
] 'em_PoiwenrahWheelPosllNeTorque i
! | 1
1

T |
5 event_ReleaseBrakePedal

Functional Requirements

Interfaces Requirements

-tically populated, no textual requirement writing needed

09:28
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Explicit Traceability Links

req Component Needs Satisfied By Physical Block [VEMU]J

«requirement»
VEMU overall dimensions

- Length = xx mm
- Heigth = xx mm
- Thickness = xx mm

«requirement»
VEMU maximum weight

= ~satisfyy

«requirement»

VEMU communication harness

id# id#
VEMU_C04 VEMU_C02

txt txt
Overall dimensions shall not The Vehicle Energy
exceed: Mangement Unit

communication harness shall
transmit the following signals:
<<Connector drawing

- ksatisTyy) «requirement»

VEMU altitude conditions

id# id#
VEMU_CO03 VEMU_CO1

txt txt
The weight of the Vehicle The Vehicle Energy Manager
Energy Management Unit
shall not exceed xxx g.

Unit (VEMU) shall operate
between -100 m and 3500 m
altitude.

_inks used for non functional requirements

09:28
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Valeo

SysCARS Traceability at Architecture Level

SysML Model Artifacts

System (or System Element)

(Block)

SysML Requirements

©! Non functional Requirements:

~~d .
1> e Global constraints
Parameters I
(Values) - :
~ =~ e Mesurements of Performance (MoP)
Functions Satisfy :
(Operations) T~ === e Functional performance requirements
|
Dynamic Behaviour o . _
(State Machine) > e State/Transition performance requirements
|
1
_ :a, e |Interface performance requirements
I
|

Valeo
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Conclusion

P

ERTS? 2014

February 2014

Model-Based System Engineering at Valeo

09:28

—

—
—
—

System Engineering Process
(Valeo TFG12)

SysCARS Methodology
(CS for carry over, XS for innovation)

SysML + Valeo Ergonomic Profile
+ Document Generator + Doc. Templates

System Architect trained to SysCARS

Valeo
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MBSE Topics of Interest

© Synchronizing with Satefy analyses (ISO 26262)

© Lean System Engineering life cycles and agility

© Product line management and reuse of COTS

© Link to multi-physics simulation for trade-off analyses
© Methods for verification of models

© Model-based testing for complex systems

-unctional digital mock-up for early validation

: Valeo
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Your questions are welcome
’—-7

February 2014




