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Leading the way to greener and smarter mobility solutions
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We are where mobillity is needed

Over

74,000

employees worldwide

From

166

nationalities
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A global leader In the transportation sector in the digital age

URBAN
ROLLING STOCK

FLEXIBLE
SERVICES

MAINLINE
ROLLING STOCK

e LOCOMOTIVES

COMPONENTS

Alstom develops and markets mobility solutions
that provide sustainable foundations for the future

: TURNKEY
of transportation. SYSTEMS

Our comprehensive product portfolio ranges from
high-speed trains, metros, monorail and trams,
to turnkey systems, services, infrastructure,
signalling and digital mobility solutions.

INFRASTRUCTURE

SIGNALLING
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Alstom in Vasteras -
Rolling Stock & Components

o One out of three Global Component
Development Sites for Traction equipment

o A Global Test and Technology Centre for
Powertrain Systems

e Product responsibility for Mitrac control
electronics W

(it
i

: il
Site scope: i
o Development of Powertrain Systems including |

converter- and traction-motor design with
validation & verification at in-house, large
scale, PowerLab

e Traction equipment manufacturing, from
prototyping to after market

e Train Control and Communication electronics

e TCMS Applications including Control, 1/0 and
visualization products
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About Me

o Mechatronics Engineer from Monash University in
Melbourne, Australia. Now enjoying the freezing cold in
Sweden.

o 3 years Electrical Engineer at Rio Tinto aluminium smelter.
o Gap Year travelling Europe

e 7 years Control Software Engineer working in
Bombardier/Alstom Traction Control for Traction.

- Software control engineer transforming Traction Control to a

Daran Smalley Model Based Design development approach

- Train performance simulations for Bids and Tenders

Daran.Smalley@alstromgroup.com _ . . .
y@ J P - Customer interface verifying and closing requirements

Brakes Subsystem Manager
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Global Trends
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. Megatrends affecting the global rail market

Digitalisation / Emission

Automation e Urbanisation Connectivity

Environmental
awareness

Seamless
journey

Globalisation

Source: UNIFE, Roland Berger
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Growing system and software complexity

! Software complexity NEWS  Home / News

Driverless cars will require one billion lines of code, says JLR

Jaguar Land Rover says autonomous vehicles will need 3;68&-times more computer code than Apollo 11
3 @ by: Tristan Shale-Hester 16 Apr 2019 10,000

Source: Auto EXpress
2 The changing face of test: testing advanced aerospace systems

Aerospace electronics and avionics continue to advance at a rapid pace, with few signs of slowing. As
aerospace systems grow in complexity, engineers face myriad challenges in the test, validation, and
verification of these modern devices. This trend is changing the face of test, and accelerating the need
for flexible, scalable test solutions.

Software-development productivity

1
Author — Courtney E. Howard

2010 2020
Apr 14th, 2017
Source: McKinsey & Company Source: Intelligent Aerospace
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Our Traditional workflow
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. Typical Design Process

REQUIREMENTS | |
Cannot validate design

Eﬁ Eﬁ Eﬁ e against requirements

v v

\/
DESIGN Cannot test or optimize
_ H i fully integrated design
Mechanlcal Electrical

Control
Can only find problems
using hardware prototypes y
IMPLEMENTATION
- Manual coding is slow,
Emb. Code buggy, and hard to verify J
v
INTEGRATION AND TEST
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Traditional design and verification

Design Build Verify  Design Build Verify Design Build Verify

2 2 2

o
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How to reduce time and cost with quality?

Verify

e Design Build Verify  Design Build Verify Design ~ Build
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odel-Based Design

odelling instead of documenting
alling Fast
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. Model-Based Design Benefits

) REQUIREMENTS |
» Eﬁ Eﬁ Eﬁ Detect errors right away
€ a with continuous verification
U U —- /
. 7 v W
SYSTEM LEVEL D *—___ Optimize design in a single
| — simulation environment
== W R :
Control Mechanical 8 Electrical ||

Lower costs

AR :
using HIL tests

V-
i/IPLEEW'ﬁL'IEMEN

TEST & VERIFICATION

ji! Save time by automatically

Aa™™ generating embedded code
t Emb.‘Code HIL System J ’
r A\ 4
5 > INTEGRATION AND TEST
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Fail Fast - Detect errors early with Model-Based Design (MBD)

Requwement Model Verify Model Verify Model Verify Docs Build Verify

18
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odel-Based Design compared to traditional approach

equirement  Model Verify Model Verify Model Verify Build Verify
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7.2. Software
Requirements

Output
Work Products

Software

requirements Traceability

E Ze

Interfaces Analysis report

g B

Software Architecture
Design and Integration

Wl

Software Development Process for Safety-Critical Applications
EN 50128 / EN 50657

7.6. Software
Integration

Output
Work Products
Test specification
Testresult
7.7. Software Cad
Validation Traceability
IDE
" Output Work Products h
Software Testspecification
*a) 2
Traceability Testresult
s &

Output Work Products
Software L
architecture Interfaces Traceability _pi CupuTWork Products
i S . — .
- o= Software Component 7.5. Software Testspecification  Testresult ~ Traceability
Design and Testing Component Testing 1 k-; t‘-,?
DE
OutputWork Products Output Work Products

Detailed Design Detailed Design

Dynamic Behavior - Dynamic Behavior .
Software Unit Interfaces Traceability 7.5. SW Com pO nent Software Unit Interfaces Traceability
Implementation W) ?] &a s

. - ﬂ g ]
Model Verification ‘sl fe Cad -



https://www.mathworks.com/products/system-composer.html
https://www.mathworks.com/products/system-composer.html

Model-Based Design: Software development

Source Requirements
4\ Mathworks

EOS_PSW_RS-1978
The manual DG selector switch has three positions |
Software Development Process for Safety-Critical Applications

‘The switch shall be supervised via two binary inputs for status code 1 and 2.

. EN 50128 / EN 50657
EOS_PSW_SWRS.reqifz . "

7.7. Seftware
| Validation

Index: 31372

Au to m a_ti C Custom ID: 1978

Summary:

Requirement , == wes

The manual DC selector switch has

Reuse of Architecture and Integration Tests !
[*a
‘ 7.6 Software }_

L Design and

three positions. The switch shall be

Document e t——
=

» Custom Attributes Vomican Ticontity

Reuse of Component Tests

Toslapaciliatisn  Tastrasut  Trecashiiy

Softwar
4l c«mm'k:ﬂn: — [ 2 E

Software Component
Design and Testing

~ Links

Generation

= :
= Implemented by: Automatic Code

O swC DcSelSw

= 4 Verified by:
o Model Verification

Dotsil
Drmanic B psiaces  fymcent
Bt tn Trecsbitty

]

Code Verification
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Model-Based Design: Software development

Source Requirements

EOS_PSW_RS-1978 [
The manual DG selector switch has three positions

‘The switch shall be supervised via two binary inputs for status code 1 and 2.

EQS_PSW_SWRS.regifz

<\ MathWorks

Gt
Morh Produets

Testapacification

Software Development Process for Safety-Critical Applications

EN 50128 / EN 50657

Index: 31372
Custom ID: 1978

Automatic
Requirement
Document

Summary:

Description  Rationale

The manual DC selector switch has  *

three positions. The switch shall be
sunervised via twa hinarv innnts for

» Custom Attributes

~ Links

= 4a Implemented by:
O swC DcSelSw
= Verified by:

Link

Automatic Code Generation

Cetsia

uign
L T ——

Implementation W 2 [}

Model Verification

Design

Automatic Checks

(@ Model Advisor - SwC_DcSelSw C:\Projects\PCU_NG\branches\4585\PCU_MG\m

Py Sl M D Sevl

File Edit Run Settings Highlighting Help

NI L —

= ¥ Model Advisor

:’ = ~ [W] 33 BT model check configuration
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= Simulink
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> [ B3 MAAB Checks Simulink version: 10.0
» [ 3 Model Metrics System: Swi_DcSelSw
> I Simulink Requirements
. v [m] g BT Credss Run Summary
» | - > D Block settings Pass Fail
o R FI blocks used
e e = [ & € & @ Fo blacks used @12 Qo
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Automatic
Design
Documents

2
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Model-Based Design: Software development
Source Requirements

EOS_PSW_RS-1978 I ‘ MathWorks
The manual DG selector switch has three positions . . .
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=i B
. _ EN 50128 / EN 50657 _
EOS_PSW_SWRS.reqifz ; _ Softuare Requirements Vaidaton Tests . =

Index: 3132

Au to m a_ti C Custom ID: 1978

Summary:

Requirement , === e

The manual DC selector switch has

three positions. The switch shall be B H ! B N
DOCUI I |ent aumervised via two hinarv innuts for I' 4 L] =
i —
put o Praducs Reuse of Component Tests
» Custom Attributes St et Tassibiy . = ) )
C o =
= . —-—

~ Links

.

= 4a Implemented by:
O swC DcSelSw

Sevetea: | ink
Design /Link

[

e —
et by

aEm & B

Model Verification

Automatic Che

(@ Model Advisor - SwC_DcSelSw C:\Projects\PCU_NG\branches\4585\PCU_MG\m

Py Sl M D Sevl

Test Environment Test Manager

s Test Mansger o e o)

File Edit Run Settings Highlighting Help

[> @ g} = Fmd:_cj = PosaswCaT S DoSelSwCd1 C_DeLchOpDoSelSw| T = = ) % ww
~ Model Advisor S DosemwCaz
~ [W] 33 BT model check configuration T
v (8] &3 Model Development Checks e o peeuits 2018-Apr18 08:21.07 e
> Smulin ) "5 Si cmmaero s s i
> [ ) EN 50128 Checks + Results: 2019.Apr-15 09:57:20 10 5o
> ] £ MAB Chedks e 2018-Apr-15 10:04:26 se
> [ 31 MAAB Checks Simulink version: 10.0 ' =
> B &1 Model Metrics System: SwC_DoSelSw B v °
> I Simulink Requirements - i
~ @] g BT Chedks Run Summary o
>0 Block settings Pass Fail = swsie - -
@ Fl blocks used ) O e |
@ FO blocks used 12 0 e -

|
H
|
4

Integration Test

Automatic Automatic review|  Automatic

Design Documents Test e
Documents Specification H F !
& summaryReport.html N— ”Ev.‘ =y '_'\agn Jutomatlc
e R se | Test Report

provided without liability and is subject to change without notice. Reproduction, use, alter or disclosure to third parties, without express written authorisation from Alstom, is strictly prohibited.

© ALSTOM SA 2023. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be rel RS compl e o Corec o apply o any par!lcular project. This will depend on the technical and commercial circumstances. It is . A Ls I 6) M . 23



Model-Based Design: Software development
Source Requirements
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Model-Based Design: Software development
Source Requirements

[ 4\ MathWorks
EOS_PSW_RS-1978
The manual DG selector switch has three positions
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Model Based Design: Deployment

Software Development Process for Safety-Critical Applications

EN 50128 / EN 50657

Design
Code

i SR AV £ L DSt Sarmadk
e
& B M deeen B @
| O (T e | O (e
* Code generated for S

ALSTOM
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Model Based Design: Simulate together - Share models

Customer interface ALST ’im

Large train simulator

Simulation of other
sections of the train
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Timeline — How far we have come
O Year Journey and more to come

2013 - 2018

« Traction System functions verified with MBD

« Targeted First order project

» First Software Development Process using MBD

« MathWorks Model-Based Design Workflow running
on controllers controlling 4MW traction systems

« Training and upskilling Traction Control Department

4\ MathWorks:

MATLAB EXPO 2018 SWEDEN

A Model-Based Design Adoption Story from Bombardier Transportation
15:00-15:30

Bombardier Transportation, Rolling Stock Equipment delivers world-class propulsion systems for
trains. The propulsion system's main functionality is to convert electrical power to tractive effort to
make the train move. The control system consists of multiple different sub-parts that together
control various parts of a joint electrical circuit. With new development and applications including
major customization needs, there is a consistent challenge to deliver on time with maintained
quality. The propulsion system and control teams at Bombardier Transportation in Vasteras
decided to adopt Model-Based Design to address these challenges.

Erik Simonseon, Bombardier
The goal of this presentation is to share the experience of transforming from virtually no use of
Model-Based Design to where we are today. The presentation outlines the vital steps of our
adoption story, including the need for changes, problem statements, use cases, commercial
aspects, challenges, and the business case.

* MATLAB 2019b  Evaluate
* 4 order project MathWorks
using MBD System

Composer &
Design Verifier.

» 3 Train
simulators using
traction MBD
models

e train simulators
using Traction
System models
from Simulink

* Train global
control
departments on
MBD

. J \_ J
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» Alstom Purchase
Bombardier

 1stSafety
Certificate for
safe MBD
software process

J
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* MATLAB 2022b

» Jenkins Servers
using Simulink
projects

* Simulink
products for all
Alstom

* Alstom global
review best
practices

* New department
utilises latest
MathWorks
workflows and
experience from
traction.

\. J . J
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