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Trends and key business challenges
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Complexity

=i 21 INEE - R

Stricter regulatory requirements
< ZE% Safety

- BIB{FM Inter-operability

H e B AI F 7K
Increasing customer demands
« KR Efficiency

. P SAIIRSSHEYIE) Maintenance & uptime

- SRR
Increasing Complexity
» REBIINBFREFESRANREEZIER
Increasing amount of Electronics leads to more Embedded Software

Complexity

'I-'ime-

= ESHKE

Increasing Concerns with
= HFRESIAE Software Quality & Certification
= _EAYE Time to Market
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Why Digital Transformation?

s “BH”
Do things better

Xl B/ R G THI T

Optimize design performance in-operation
X RGP R R I TTION

Predict when system needs maintenance
ERAE—EN B HITEE

Manage a fleet of connected systems

MATLA

BENEY

Do new things

BN Fhéug A0 14

Go into new industries and markets
Rl 54T R BIZE AT SRV AR 55 B HASE
Expand into an entire platform service
AT PREERFNNE

Provide unique value to your customer
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Key Factors - Extending Through the System’s Lifecycle

System System Functionality Subsystem Subsystem System Integration Operations and
Requirements and Architecture Design Implementation and Qualification Sustainment

Use Cases Behavior models Physics-based C,C++ Model-based V&V Predictive

_ maintenance
Docs & models VHDL, Verilog Code-based V&V

_ _ N Digital Twins
Architecture models Data-driven GPU code Certification

workflows
Structured text

1 1 1 1 J

Digital Thread
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Key Factors - Data centralization

AR #™hadoop ficLoubzra

Big Data
g A o2t . NoNg
=¥A @ docker vssamazon
Cloud Platforms webservices™

/AAzure

HRMAR SHRE R

Data diversity complexity

- TIEHIE. REBuRmMInEE
Engineering, Scientific, and Field

- B EIE & X5 HE
Business & transactional

IR, BE, BEEXL
Noisy, Outliers, Missing data

- BB 5 SRR EE

Time series synchronizing

SRR BIEEEME T X “EHHE”
Modern data management multiplies complexity
- MR E D NBIERIR
Proliferation of data systems, more siloes
c EERRIARINZmEIE . RIARE
Cloud, on-premise, hybrid
- MR BHEE— “X7 HiE
Big Data
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ALSTOM

\

— Rapid Prototyping

Train le <
requirements {2 =" \S 3

Alstom Generates Production Code for
Safety-Critical Power Converter Control

& Test and Validation

on Train with INCA
/ attached with
! ‘ / Mathworks tools
1T\ Detailed . /
& F fodel Mg, I s
SyStemS (2004) SR - \ uncion Mode! - S == architecture / = Test and Validation
b e IR\ ! on Sub-System
VA X / Alone with INCA
Gl Applicative Software Generanor)’ e matched with
Challenge Generation (".cand*h) ..., S5 S Mathworks tools
Design and implement real-time power conversion and BeTeoacele dans' Gofmans erioviare X / — '\\
control systems for trams, metros, and railways A e Basic Software @/ S
H S “ H‘%.’J;"A (*.cand “h) i HIL Testing
Solution Pendolino tilting train. ALSTOM 22:;::0n \ @ compatible with
Use MathWorks tools for Model-Based Design to design, Alstom (201 3) Sl G fubia \ Mathworks
simulate, and automatically generate production code for — - environment
safety-critical transportation systems

“When Alstom delivered a
Pendolino train to Czech

Railways, the railway applicati
was the first with automatica

Results
= Development time cut by 50%

= Defect-free, safety-critical code generated and certified
= Common language established

TSSCU Software
Download

Model structure Required V-cycle

Simulation Troubleshooting
generated code to receive T) 1 § 1
18 " Function
certification (for EN 50128 o »  Stand alone function
Han 5 et hom » Entire Software

~ Bug or New idea
train

> Drawn signals '
N

*.mdl

/ N r Word Word

- ' =] RPU Software -«
i o 1 s [RPU code ]
= ~ > 3 !
2 } H | i 118 C code C code
o e L o — il
=l K
— = -
—— R s = 1 2 i N ROM/RAM
Feedback strategy free space
» Train simulation - e h Variable reading poszible 'D
»  Simulink blocks or Dymola 3
Mode! for exemple




& BB EMBDEAIE N
Bombardier

The First Steps
Exploring MBD

2013: 120 hours prestudy as part of a process improvement work package

* We learned that we can detect and correct design errors earlier and more quickly
* We learned that Matlab/Simulink is a strong contender
* Aseminar arranged by Mathworks introduced MBD to ™

Rev. _draft
s reserved

2014: 1 MSEK investment
* 60% spent on creating “base” models, 15% on training
*  10% spent on mitigating identified risks in a real custo
* Results

* One electrical design issue was located ahead of first train t

An MBD Adoption
Story from

+ lterated a complete system design early, saving lead time fc BO m ba rd i er
+ Altogether the savings were larger than the investment (RO =
Transportation

i atlab Expo 2018
First attempt to truly adopt MBD was a —————
Remember to change project planning S e

’ Head of Propulsion Contro
2017-2018: We chose a small project, rationale being 1 23 May 2018
- Software is generated from model VAGSCNE1E18007
- Electrical main circuit is defined by the model Public
Lessons learned:
RAMRARNIFR

- The project must actually plan for early verification (i.e. upd

Status 2018
Work in Progress & Outlook

Update of the software process is in the works
First alpha-baseline of model
- Tested in February in PowerLab
- Launch in real order project planned second half of 2018

BUILD
2 _/
rPROPULSION CONTROL SOFTWARE

Complient with Safety Integrity Level 2 according to safety norms

PRIVATE AND CONFIDENTIAL
© Bombardier Inc. or its subsidiaries. All rights reserved

System Modelling & Verification
- We expect the largest gains here
- Including all three departments is in a developing phase
- 10 Different teams must coordinate their efforts and define a joint process

Result from 2017
Use Case: New Complex Function

Erik Simonson - ROQ/PME — May 23 2018 — Rev. _draft

| 35 % Lead Time Reduction

45% Cost Reduction using MBD

Traditional
Estimation

+2 Train
tests

MBD
Actual

I . 1 Train test

o] 50 100 150 200 250 300 350 400 450

mRequirements ®Design BmImplementation m®Test m®Documentation ™ Meetings/discussions

- Underestimated the work going from a quick & dirty model, to a model fullfilling all formal
requirements (configuration management, debug on target, test strategies, functional
safety etc.)

- Main Circuit Design: The electrical part of the model has to ,look & feel” like a traditional
electrical schematics if you want the electrical and system teams to embrace the new
method.

PRIVATE Al

Erik Simonson — ROQ/PM|
© Bombardier Inc. or its}

10

Workflow Step # MBD Iterations (Actual) # Traditional Iterations (Estimated)

Requirements 4 4
Design 1 5
Implementation 1 3
Test 1 3
Documentation 1 3
Train Test 1 2

BOMBARDIER

12

draft_

PRIVATE AND CONFIDENTIAL
© Bombardier Inc. or its subsidiaries. All rights reserved

Erik Simonson — ROQ/PME — May 23 2018 — Rev.
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GETS use model-based engineering workflow

System Requirements

Unit Requirements

— -

_}

Functional Unit Tests

Dynamic

»  System Tests

Y e Analysis Result
UML Architecture Static Analysis System Test
Result Result
Y
Polyspace
—
"/'-'
_ . Stateflow Generated
Simulink Architecture » System
Model Code 4
GETS/MAAB Guidelines '\ Semantics Restrictions | T —
............................................................................. Sveren hecmaTIoN
ARCHITECTURE ¢ DESIGN ¢ MODULE VERIFICATION ¢

AND VERIFICATION

TAER Workflow

Stateflow |
Model |
I
| " validation
: . Model
|
| —
Generated _L Instrum §nted
Code ] Binaries
|
|
|
I
e

Functional Unit Tests

\I-b Simulation

Coverage Results

and

TEST FRAMEWORK

MiFAEZE Test Framework : 2M-TVF

Report
Generator,

Validation
Feport

|==——— Authorized Speed

MATLAB E3

S5C - Metro Rio
Architecture

Braking Curve
TRANSPONDER )
SIGNAL <> C)
RECEIVER =
Ean]EE e Target Speed
1
ENCODER tj Target Distance
e _ ~.
/ SSC-MetroRioContest AN
Receiver TE— = s Broke Controls
Tachometer [~ i - E@=
T ] sro
- [ES— HMI - :
Commands 1 : Display i
B | Information —
Board Hemmm e Board Point —
Information = Commands
oo S HMI =
T | Manager
I\ B | l
— |
1 o
j] P J
- [ s ==
o - [
HMI HMI Manager
Design
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Productionalization of a predictive maintenance system for railways

CBM DATA WORKFLOW

AN ARCHITECTURE SPLITED IN 7 LAYERS Presentation

PRODUCTIONALIZATION OF A
PREDICTIVE MAINTENANCE

------------------------------------------------------ 1. Web interface

1
SYSTEM FOR RAILWAYS : ndicater =
H fusion 1 M
I Preprocessing Analyze type: i
1 % Decoding <+ Performance 1
—_— 1 indicator » Expert system |
¥ Noise removing 2 Diagnosis * Machine learning i 9’8@
: %+ Filtering indicator \i\'l'\)
1
. 1 <+ Sampling % Failure
il < Sensor data : indicator
<» Data files [ i . s
H i Indicator o ti : Decision
% External |} - Analyse rognostic support
database 1 & mining % Time based < Knowledge I Maintenance
1 O analysis ) ¢ -
C S S 1 \{(\Q Y based : orders
BIVI Y TEM I g Distrlblutlon prognosts : +“* Health
: analysis < Physical rules 1 monitoring
CBM system is a software tool created to organize predictive maintenance task. It is composed by several function : 1 engine 1
1 1 “* Rolling stock
B 1 < i 1 itori
* Gather data from on board train systems and sub-systems / 1 MATLAB and Fules eneine I menttorine
i .
* Order and link data from studied systems < B : $cB))r(np|Ier SDK : . k
— TELEDIAG ST PIERRE DES CORPS NCF
* Analyze data - TUESDAY, JUNE 19, 20#& : H os

¢ Translate data from analyzed data to obtain maintenance orders
* Display results in industrial tools

o e e e e e e e e e e e e e CBM SYSTEM ALL OUR USE CASES

I —— FEW EXAMPLES OF OUR USE CASES

1

: Compressor Doors and Steps

I Performance Perf ance and

1 "

1 Maintenance

i Translate orders Battery Traction
Capacity ratio Engine performance

i ¢

] I

1 —_____ 4

1 r Pantograph Brake

1 : Taring and up/down time Brake performance

1 Display g

1

1

1 HVAC Toilette
Performance Reservoir levels

TELEDIAG ST PIERRE DES COR

L]
i . tkosEY=
— TUESDAY, JUNE 19, 2418 J

tkos Er=
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MathWorks Solution

MBSE MBD

r— = | queueDepth | - )
0 100 1
1 100 1 = — |
; 0 i MAT file (input) = e MAT fine)
) o o 0.34843205575 287 0 H
el i, — 1 100 0
oo - o " 28571428571 35 1
I J 1 100 1
1 100 1
i . . 0.00313469797 1387 23
Opiey Goara sy 103 100 3

100 1

Architecture

o Analysis

L\ Continuous Validation and Verification

——

- .
View: Requirements + v ' & [ S
Do
—_— -
samine
v N o ey Aee e
v 81 L Dviver Ywhch Soyest Harvtierg
=1t ” Twih precodonce
ol 12 o A PRI COTEATE
bt~ R B 4 Long St recageiicn

RS S] 5 Hateg Sate Ay Long Mciement citin Semecnon

g 1.2 " WRR Eate for | 0ng OTerierd s\ Ot T
ol 14 ” Coced Swvieh Detncton
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MBI T(ERE
What does a typical workflow look like?

Stakeholder
Needs

Component
Developer
Use Cases & MW S
Requirements yas
verify
® System S Model-
author Structure & ‘ 9 : ———> Based
Implementation .
Interfaces Design
System
Engineer

Views for multiple
ICDs viewpoints

Key
Stakeholder

Reports

11
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Model-based Design

SNEREE—IMEH 77 &
SRR ATREIN/GIE
THE & —H

)

THEEHIA /BT Ry STHLIRIE
RS ST/ 8 T (/R 2 ) % $ L
E?ﬁ BRI
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MATLAB

System model and simulation

RGRRBEETS RS
YiERiE: M, RS/ETF.
R

MULTI-DOMAIN

RGhREESRESER
%, BERARG, RS,
HE, RPEH...
MULTI-SIMULATION

MECHANISM

=[] [F][S]
~. Nloam - . 0
s |-t 2 ‘\ C++ f_ml GO

Block libraries MATLAB - OpenCV

e s | SIMULINK' ’i

System architecture

Continuous-time | Discrete-time Physical State Discrete-event
GT [~ st models models models machines models

SYNOPSYS vee
55 SOLIDWORKS PHOENIX PRESAGIS || ¢ R O S
models NX Motion ModelCenter HMI development
RS |
[ ] | = L — !
\ opyig 1956.30 18 The MaWads, ina
(hE 4R =R Z1BAEME FHRHE=
Performance Componentization = Team Workflows Sharing

13
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System model and simulation

v 753 ok =]
Wireless Communication

(9)

TRANSMITTER|

L B -
Lo -
CTery
ADIIT1 WER
TRANSMITTER

Ol
AMPLIFIER

Adaptive DPD
Coefficient Calculation

||

LOCAL
OSCILLATOR

e D)
S
ANTENNA

RECEIVER
N

- S oy

CRE N IR Bl -

e )

|l’||l

=240
Signal Processing

[ 'PSP|2sex1)

1KHz Sine Wave >l
[256x1]
[ 'PSP|i2sex1) [256x1) Original Signal
Lu, [256x1) [256x1] |

1 . >l : 5
5KHz Sine Wave 2560 W [256x1] Filtered Signal |

\/\[\/\ [256x1) [256x1] [256x1]

Lowpass FIR Filter

Gaussian Noise | & spectrum Ansiyzer - o X

| Eile Jools View Simulation Help

B-Op@® -

Q-3 D2NEN

REW=10Hz Sample ratesdd t Kz Tedd 176

==pgl=se
*Jgr} Power Electronics

L
Current Q :; N-Channol
sensor MOSFETH . >

Oz

phase |
PWMH I :.«k!j O
Drive Digital PID Controller n

BERS

Autonomous System

:
Eﬁﬂ Sepfcuon Dadots

Verification & Validation >
TE D E DD DS DB T T e e e e e e e W

Coder Products

mmv""rwnr

Autonomous Algorithms
Sensor Fusion and : Plan & Navigation
@ Perceive Decide Toolbox
Robotics System Automated Driving UAV Toolbox
Toolbox Toolbox (planned R2020b)
Reinfor
x

~ W
7 G === ‘{>E] Control

N
Toolbox Sense :
Lidar Toolbox N “ —

redictice

ned R20205) oAt
(planned R20200) Control Toolbax

i S

Platform

EHRSE

Control System

ontrol Using
Test Bench

nsor Fusion

EHS/ SRt iE
Image Processing

Dashboard Panel Display

B
1@

Viion J
AEBWIhSonsorf usionMaiRe!
Thottle Thromte
ot ===
Brako, o
‘ Precictan Trme f———
Longhudeal Velooty ——
L
M ach
0, Curvatire
Time
AEBStta |y Vehick and Emvronment
Fowran
CWactvato f—ots,
Volocity 2 = “racns
ogaCarsiop| —T==2 03 oy
o Tk
st
== ()
—m
AEB with Sensor Fusion
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Shift2Rail 9 OPEUS Energy Simulation

§ oo Tram with ESS energy losses % per component
< 15000
S 51 1,58%  180% 4529
it § Litdl 6,44%
’ FEELSST IS
B o -
: r i
. i e
S = % 2 I I I I I wl
: = = | § EPLEELIES
- e o - S 5 Es &
o oms o Different service categories: ™ " f- 3 ;i;iﬁg;g;.o finnovative < *f il
F— am o « Urban - A -
X E— * ESS
:E%gr:osnsl d h . e SiC converter 0 I j\m 4J/
e AT AR/Simi 1 pectronous moer
EY("Q I Q OPEUS-tool 1 ;YF‘Q I Q = Gearbox = Motor = Motor inverter

R | > = ESSinverter m ESS » Aux. Converter
R. I\/I ATI A R Track - Track profile R’ I\/l AT' A R m Obb. Converter ® Line inductor

data - Time table
Train -Topo|ogy

Consumption of
electrical power/energy
Simulation outputs Components Induction Motor Onboard  Absorption Line

data . S
Simu[atic:;ri?'lpf::;ents EFFICIENCY (TR Motor Inverter el batteries Circuit Converter P

- | Regl60

nterfaces for Traction Eff. 97% | 81,12% | 97,73% - - 98% 97,52% 92,19%

technical innovations Reg. Eff. 97% 86,54% 97,28% - - 98% 98,04% 94,10%

Overall Eff. 97% | 74,72% | 96,85% | 93,94% | 94,02% | 97,63% | 97,14% 91,14%
Regl40

o . . . . Traction Eff 97% | 81,81% | 97,76% - - 98% 97,64% 90,91%

The MATLAB/Simulink environment is —— o7 &rom | orssn | - os% | onsa% | 9300
uti“zed as |t provides the user Wlth some good Overall EFf. 97% | 64,12% | 95,39% | 93,93% | 94,02% | 97,07% 96,75% 87,93%
degree of flexibility allowing to simply apply Traction Ef, om% | 90,00% | 98,62% | - : om% | 981% | 923%%

c = Reg. Eff. 98% | 85,81% | 97,00% - - 98% 98,06% 93,65%
desired changes and to integrate and ” ” ” - . . - "
) ) N Overall Eff. 98% | 89,54% | 98,51% | 94,12% | 94,02% | 97,92% | 98,03% 92,09%
simulate other architectures.
Traction Eff. 98% | 87,07% | 98,39% - - 98% 98,07% 93,26%
Reg. Eff. 98% | 89,24% | 97,97% - . 98% 98,16% 94,33%
Overall Eff. 98% | 84,60% | 98,04% | 94,07% | 94,02% | 97,73% | 97,82% 92,53% 15
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SIE/RSYDACETFSimulinkI ST B E R AIER

4\ MathWorks

MATLAB CONFERENCE 2017

POHRe

R Graphical modeling environment - modelers do not need to be programmers
N Code-Generation - automated model deployment
R Rich tool set
R Mature user interface
R Simulation and debugging environment
RN Large user base - resource availability , ,
— Speed Mea sured)
G-Set Model Tuning - Mt Druitt Compari son —— Current (e asured)
Hotch 4 Then Full Service Brake (Run Z5) Speed (hodel)
450 —— Current (Medel) ri1.s
— Aooeleration (Measured )
- Agce leration (Model)
ﬁ T1
a -
=
< =
= T T e L
g = ﬁr : 10
3 \ ﬂ!f
£ 206 v | ) I
g M 19
b e Waa /=) J
;-'; 1/ \_\" -l
- ———— Y
- / r ‘l \\ 15
& T T T T ” T -2
<500 0 500 1000 1500 2000 2500 3000 3500

Distance m

Acceleration m's/s

16
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Engineering Data
Field Testing

SME input

Training information
User documentation

LY

Train Model dil
AR T
Train Model dil
Train Model dil

Performance Data
Input Design Data
Test Procedures

&

Performance Data
Input Design Data

Model
Tuning

enano Train
Type

r£~ /\‘[ :
I:f = Tyl | N S
rain Model Development Polcggisﬁﬁ A

Train Model

MATLAB BEXIPPO

Develop Model
Simulink

Bt

Automation

Code Maodification

A 2

Yy

Compilation

L 2

Train Model dil

Automated Build Process

17



MATLAB BEXIPPO
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Automatic code generation for choice of languages and targets

CLOUDZ=RA

€databricks

=
A} I\DOMINO
v/

_ _NNS
“»“amazon
“7 webservices™

/AAzure

§8 kafka

Wind
\& B Windows
*ﬂadbus TCP/IP

SCADA SMaTT

Intel
GRAPHICS @D
RADEDON
GRAPHICS

NVIDIA. 3 Automatic
Code
Generation

Software
» Component
Generation

Stateflow

control logic
state machines

18
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ABB Traction

Where is Model-Based Design used?

From control of battery chargers, auxiliary power
systems, to motor speed and wheel-slip control

+ T SIMUlinkZIL TEBIIS0000 TR i o o 5 oo o

BHTRGRHEMEHRERT e

~ BMSHE, WHBERGSHEE, B :
ML

- BHRE, EEEARERE

. ETFEEFLOERE, ST
j:?éﬁ%u %% El\] J:F E }Z;i% Converter controller -

- i?%ﬁ’ = A %EE%*EE?FU%@%%& A controller is at the heart of the converter system

_ 3'2?%5@3%?%%5}?@1{ E,‘J'l‘;%iﬂ_i.urﬂm - Measure signals (speed, current, voltage, ...)

« Calculates new output voltages to reach desired
operating point

Digital
Controller

s

multi-rate, multi-tasking control system g - et

It i1s a digital controller, which provides

- Repeatable operation

- Performance complex operations

« Adaptable to system changes

Digital control technology is changing rapidly
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E System Functionality Subsystem System Integration
equirements and Architecture esign Implementation and Qualification

se Mo A’

\"

Behavior models C,C++

Systematlc Use of Models throughout System Lifecycle

Architecture models ata-driven GPU code

Structured text

Digital Thread

DESIGN DEPLOY DESIGN DEPLOY
o, F.)
9y %
é/ H OPERATE
Development W) Operations and ~ *FERATE , Development & Operations and
(incl. Agile) Maintenance (incl. Agile) < Maintenance
BUILD BUILD N
Continuous 6‘4\
telemetry ooq
2
TEST MONITOR TEST MONITOR

O Model DevOpsfsEBUEFT A 1&E FA T 2R ZNF NI IR BY K BN AUTT H S
Model DevOps brings agile processes to both data-driven and physics-based models

0 EFRAETHATLURIF BRI EIModel DevOps T

Model Based Design maps nicely onto the Model DevOps workflow

O ZENTHAMIZHRREER

Data is essential for both development and operations

Q &R\ TFE IR M ELASEEModel DevOps

Diverse teams across Engineering, IT, Line of Business, and Operations must collaborate to achieve success in Model DevOps 20
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Key Factors - Data centralization

AR #™hadoop ficLoubzra

Big Data
g A o2t . NoNg
=¥A @ docker vssamazon
Cloud Platforms webservices™

/AAzure

HRMAR SHRE R

Data diversity complexity

- TIEHIE. REBuRmMInEE
Engineering, Scientific, and Field

- B EIE & X5 HE
Business & transactional

IR, BE, BEEXL
Noisy, Outliers, Missing data

- BB 5 SRR EE

Time series synchronizing

SRR BIEEEME T X “EHHE”
Modern data management multiplies complexity
- MEEZREIEXRIR
Proliferation of data systems, more siloes
- FEMNRIAEN =T FEIE
Cloud, on-premise, hybrid
HSRBZHHE— “X7 BUE
Big Data

21
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MATLABEE R D tR/N=2E I TIERIZETEE

MATLAB makes the data analytics/machine learning workflow seamless

Access and Preprocessin Feature Model Model Integrate

explore data P g Englneerlng Tralnlng Tuning Analytlcs
r MATLAB ﬁ

EMBEDDED HARDWARE ENTERPRISE SYSTEMS

C/C++ Code Generation and

Datatypes and tools for missing data, : _
Enterprise IT Integration

\_outliers, time-alignment, etc. ) ) \_ Y,
\_ \_
\ [ ene Mstorgen of Coory \ \
E‘ - —
Text files, spreadsheets, databases, binary Domain-specific techniques for | _
S files, data feeds, web, cloud storage ) U Signals, Images, Video, Audio, and Text ) Automated Parameter Tuning )

22
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MATLAB Appsigs4drsh

Apps increase the productivity

Im [£] Filtering & Averaging ¥ S}, @
- ion B Residue i Time-Domain  Spectral Rank Export
Options [ Spectral Estimation v Features¥  Features Featurss™ v
COMPUTATION DATA PROCESSING FEATURE GENERATION RANKING  EXPORT

® Signal Trace: motorCurrent/Data

C

I g

Signal Trace

oher (309 1053

T

114 1081285, 1

-
i

Jo fectures availabie.

FEATURE GENERATION section
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! MATLAB 1 Building Interactive
Prerequisites ! Onramp i Applications in MATLAB
For engineers who are new to MathWorks tools. i (2 hrs) H (1 day)

¥

m————

MATLAB Programming
Techniques
(2 days)

Vm————

¥

MATLAB for Data Processing
and Visualization
(1 day)

Accelerating and Parallelizing

MATLAB Code
(2 days)

v

pm—————

Machine Learning with
MATLAB
(2 days)

o e o

. . ( \ S~ ’
Technical Computing & Data i MATLAB Fundamentals 4| Object Ovrv'ifst"\*ﬂ‘i?&ga”"“'”g
H 1
Analysis 0 (3 days) i 2 days)
Skills for using the MATLAB platform to -
perform data analytics and collaborate on ideas [
acrossdepartmentslSuitab|ef0[DataAna|ysts_ S NI NS E NSNS NN SN NN SN EENEEEEEEEEEEEEEEEEEEEE
Designing Robotics
Implementation Algorithms with MATLAB
1 day
Competencies for generating and testing code ' ( y)
from design models. The code can be used for Simulink for System and ]
rapid prototyping or production code Algorithm Modeling
deployment. Suitable for Software Engineers. (2 days J

Generating HDL Code from
Simulink
(2 days)

Modeling Physical Systems
with Simscape
(1 day)

Modeling & Simulation

Control System Design with
MATLAB and Simulink
(CAEVS)

Real-Time Testing with
Simulink Real-Time and
Speedgoat
(2 days)

Competencies for using the Simulink platform
to develop accurate, optimized, and robust
system-level designs. Suitable for Control
System Engineers.

Modeling Multibody
Mechanical Systems with
Simscape (1 day)

A

pm——————

Modeling Electrical Power
Systems with Simscape
(1 day)

Modeling Fluid Systems with
Simscape
(1 day)

Self-paced Online Course
* All online courses can be offered in a classroom

| N

System Modeling

Stateflow for Logic-Driven
(2 days)

== Soft Prerequisite

** Onsite trainings can be customized
Integrating Code with Simulink
(1 day)

Embedded Coder for
Production Code Generation
(3 days)

Testing Generated Code in
Simulink
(1 day)

Polyspace for C/C++ Code
Verification
(2 days)
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MathWorksBiH{ZRE=5E£E8Y

Accelerate the pace of digital transformation

Production Code Generaton
with Embedded Coder
with HDL Coder

Rapid Prototyping and HIL
with Simulink Real-Time

Code Verification
with PolySpace™

~
: J‘, B ) System System Functionality Subsystem Subsystem System Integration
S e Code Generation A Requirements & Architecture Design Implementation & Qualification
c Systems Mode )
o 2 S to Architecture to Implementation |
State Machines Modeling = + R e «Use Cases < > Inte;:::ﬂs‘f;tem < : « Physics-based “CCH « Model-based V&V
‘ . Application < 1 * VHDL, Verilo
Physical Modeling Svtem mad Mg Mecdting e Sla'l‘wlloldﬂ’ I ¢ I I ) g » Code-based V&V
Automotive System Design = = (o) « Requirement * GPU code « Certification
Dibrese Bivcon 5 secans Misdeling Acrospace System Design Image Processing and Computer Vision - eq I
Mathematical Parallel Control Systems docs & models [ | System Structure +>| - Data-driven « Structured text workflows
Modeli Computing & Interfaces 1
p— e Test and Measurement I
i - 1
Math, Statistics. - 4 o Yo i R and Mixed Signal
ath, Statistic - | i o} i — Analysis & \ |
ALY 4 4 Wireless Communications I
MATLAB® Fundamentals Trade Studies
Optimization — T St Autonomous Systems v :
- for Automotive Applicati ;
L A cloes ERCA sl AiCDewien Views for Multiple |
Parallel Computing — - for Financial Applications Automotive Stakeholders > I
i = s T 1 !
Computational Finance
CompormionniBisiey MBSE MBD
Dt Seienta seid Deeps Lo | i | Database Access and Reporting
Code Generation (C/HDL/CUDA) Application Deployment Enablement

Process & Tool Automation

Process & Tool Standardization ééé# I%

Ve
G

Individuals & Working
Interactions Software é
s ] -

Process Assessment

" Customer Responding
Modeling Advi .
Proces: lgsgtabl‘;sf:nryent Collaboration to Change
Pilot Standardization
Support E
xpanded
Rollout . . . )
- Master high design complexity Identify errors early, save costs
Training Department
Jumpstart Rollout o ) _
Proof of Decision making stays agile Mitigate risks in design phase
concept
i.e. One production product X
Shorter time to market Models are reusable assets

i.e. Evaluation project
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