MATLAB EXPPO

FETHRENHFIIE:

KHZ MathWorks

- } MathWorks:

AR

i<t

I T EredlE




MATI

Agenda

- MATLAB/Simulink 7Z£ Tl B sh ¢ Fn 3 & S B9 R A = 51
HREHIENA N X HE—B I S REIE 4

- MAHFHIERAR: REHUNFERERSHIE

- BFUIESARNXE—NRARE
DGR

I?ll




| MATLAB EXPX

MATLAB/Simulink Z£ TJ B @it FE Z IR R FF

B&/R ENGEL ;284 S BAHT Krones S8 EG%& =EE T AL BT ERZRNEE NS Vintecc 254
—AN3E5 8 T A E SR RN B IR T Robobox T-GM B & EH A K73, AEEX20000FEIERD BN BRI H RS E31PLC LTI

Mk : EEARRMEE 258 Mondi Gronau 28R4 Foi8 &% STIWARZEEEE RS, X TFMATLAB, PSSR - N EAF RS HTESRIESTE
2180077 M 2B FSHE IS = 5. AMS ZPoint-CIF1AMS Analysis-Cl, RE—ENBFEEBREREAR ML

Company - User Stories - MATLAB & Simulink (mathworks.com)



https://www.mathworks.com/company/user_stories.html

MATLAB EXIPO

MATLAB/Simulink ZE T Bzt Fn 2 F s A B R

e | (3] | I
e - atmsR& Rges
Development
B SRS ||  — | BV imMISE T T T
B /R ENGEL 3¥ %84 5 BT Krones 523828 %& =S TH LT AR S Vintecc % I
—ANEST BT AN ESERBEE  Robobox T-GM X 1 3= L E A K7¥K. EESiA20002 Fr RAER D B UEAINES R 54531 PLC LB

e A e

39 Saes

EHE

.-w Operation & Maintenance

1T 7 o W Ui 0 Y

Nk : EEARRNEE %t Mondi Gronau ¥R =g & STIWARIZE[E] & 3 %455, £ FMATLAB, B 4 R - R R A B S SR S 4
4F 72180077 M 2B F05H i 7= . AMS ZPoint-CIf1AMS Analysis-Cl, RE—ENBFTERRERAR M

Company - User Stories - MATLAB & Simulink (mathworks.com) 3



https://www.mathworks.com/company/user_stories.html

AN B EHIEAR

Local 5G

Factory A

—
-—

Cloud + Al

Big Data
Process Management * Quality Increase

. loT
/| Collection & Control \

_ opumatn |
Optimization

Optimization

ﬁh

Factory X
e . .. @. Factory Y
Optimization
Factory Z

Automation

[ Bk ]




HeePENAITIH—ZF AL TS

=
5G

oy A Local ;

p loT
/| Collection & Control

~ ]
Ull
—

Cloud + Al

Big Data
Process Management < Quality Increase

=

Factory X

ap,

Factory Z

Factory Y




MATLA

MAZFRIRESK: REUNERRESHE

PRt

Product Design

Prototyping

Pragmatic Digital Transformation

Systematic use of data and models
to create and deliver superior value to customers
throughout the entire lifecycle
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| ENABLING THE DIGITAL WORLD ASM @ Pacific Technology

I

s

ENABLING THE DIGITAL WORLD 52 Pacific Technology

Concluding Remarks

JBuilding an integral model and performing dynamical analysis of high-tech
semiconductor machines is possible and demonstrated with realistic case-studies.

0.02 0025 003 0.035 004 0045 0.05

1 Creating and Configuring Digital Twin models through high levels of modelling —
automation:

ASM K I3

Integral Model-bza

= reduces occurrence of modelling errors,

" enables non-experts to create fidelity models for design optimizations,
root-cause analysis and troubleshooting of performance and reliability issues.

olntegral multi-physics ¢
oUser-friendly model bu ONext milestones:

= high level of modellir : .
| -
e glotid automated parameter tuning (to further speed-up modelling process),

A oins thet " modelling structurally deformable parts,
represent Springs/Dampers
oo = deploy a Digital Twin for online machine condition monitoring, health
omhan diagnostics and remaining useful life estimation.
Reassembl www_asmpacific.com Digital Twin slide 15 . |

Reassign material

| pe— : T
e hﬂatlab/SlmuImk i ! |
o — Ability to run e.g. servo & |
Solid Edge control simulations, | W. MUW w
test design changes, ... Side s iﬂ—ﬂM b U : W‘M ¥ Side 14

www.asmpacific.com Digital Twin www.asmpacific.com
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ﬁiE ) ,ﬁEﬁ:EfFi)"JJiﬁ H|L (Hardware In Loop) user story link

Digital Transformation in I .
the Elevator Industry

4 Version Management

MATLAB App b 1
Moving from Phys

L] /‘ =
Conclusion W
= = - 5 »
Digital Transformation =~ Reduction of time for Fact based - WA
] e as a change physical testing development & Procsss Automation
anuel Fljorr - .
Schindler IJEIevators - Digital Transformal management prOJeCt Software Release Test in Successful Support for E QE @

MATLAB Expo, Bern . . . . i . ¥
23.05.2019 Best practice projects 1 night instead of 4 several projects in o= gt ks

© Schindier 2019 and benefit of model weeks with HIL and test different development
based processes automation stages

EDEn - The Elevator Dy
The Model Outlook Benefits with EC-HIL
= Increased variant
: = Controller HIL deployment to international sites coverage
Ul & Power . gggi automated simulation process with Web « Earlier system

1 ; integration
= Further model validation .

= Less real test tower

“We elevate Digital Transformation — installation needed

Globally — For everyone”

= Virtual Enhanced test
execution

13| ©Schindier 2018 | We Elevate | May 23, 2018 | Manuel Pjorr
WICTHar oGS

Front
= 350 parameter to oading

configure an elevator = Faster software

Higher 3 2
m Efficiency $
syste o epeatavilty % 3 releases

= ~70'000 lines of code * Boundary tests
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hE: EM3ZFT VC

(Virtual Commissioning)

MATLAB E

Software model enabled by Simulation

* Built on Simulink & Stateflow logic

* Different models:
1. Interface models (e.g. for communication to Digital Twin)
2. Control model consisting of three layers (master, control, drive logic)

= 1 e = -
EEEE) =
o)
nes PR,
Example DS402 drive logic

Control layers

Q
;I
o~
vintecc
CR R DRIVE LOGIC
z
®
:  Building the Digital Twin e :
= =
* Starting from 3D CAD models -
* Adding necessary sensors/actuators
+ Add object constraints & kinematics : ‘ ==
* |dealised simulation: no dynamic behaviour such as torque & friction ‘\
) ) SIMULINK®
 Simulation update: SOFTWARE MODELS
Apply Object Sensor
actuation update simulation
z z

Deployment on Industrial PC

Hardware-independent architecture
for real-time control

-

Fieldbus
| Sensors
1/0 Read
Code
generation -
Execution
Step function
1/0 Write
| Actuators

Fieldbus |
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ﬁiE FE*&?Z{# VC (virtual Commissioning)
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The result

VINTECC 2021

®@ & ©

: | Keytakeaways

* Every design is a trade-off between these three forces:
« Complexity
* Time-to-Market
* Resources

* Virtual Commissioning optimally combines all of them

+ Very fast proof of concept results

* Applying the right tools and cooperating with the right people

* No need for extensive iterations (~95% reduction) accelerate this process

* Very low commissioning time (~90% time reduction)

A\N

A\Y
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MathWorks
Energy Speaker Series
17 November 2021
Online

SIEMENS
CNEerey

Gas Turbine Digital Twins for
Performance Diagnostics and
Optimization

Dr Vili Panov'?
1Siemens Energy Industrial Turbomachinery Ltd., UK
2University of Lincoln, UK

Performance Digital Twin

Tracking
- Accounting for engine-to-engine variation and engine
deterioration based on alignment of DT

PERFORMANCE Asset

erformance | PERFORMANCE Utilization & = .
|:Modelling I | DIagnOStICS = i
Detection | | lmmwmg‘ epr— - Diagnosing typical gas path degradation and fault
| Auto-tuning e | [T e modes based on health parameters generated by DT
rediction legradation =
TRACKING fSblsiioty e - _Prognostics
Se . . . . -
Analytical Redundancy | || DIAGNOSTICS plie), Maintenance - Estimation of remaining useful life of gas path
| [ Sensar Vhbual M}’,";'k'.’:;"’ ,,RDGNOWCS components based on regression modelling of health
oiion” ”“T"""‘"“ T indices deduced by DT
« Optimization
Sensor Fault & e - Performance optimization based on model-based
Accommodation Optinization of Componentlife. |Model-Based : g i
fonal lmi extension Control control strategies utilizing DT virtual sensors
i « Analytical Redundancy

-"Reduction of gas path related trips based on analvtical
sensor redundancy provided by DT

BT Optimization uesoyin

Performance Tracking

Performance Diagnostics

Performance Prognostics

Performance Optimization

| Analytical Redudancy

PERFORMANCE

Turbine Entry Temperature

Compressor Efficiency Index

Compressor Inlet Mass Flow

Compressor Capacity Index

CDP Measurement Tracking
— No fault present

PFD_MCCEA vs. Combustor Exit massflow from XPC calculations

Fast Transient — Governing with
CDP Soft Sensor

Modelling 2
Detecti PERFORMANCE 2 = 2 -
Auto-tuning I e £ 2 [ >— SEEEE——
rediction : A
tsolation § s/ / —
Analytical Redundancy DIAGNOSTICS 4 — = E =
; Estimation 5 . 2
Model-Based 9 \ ot
Traddng | PROGNOSTICS @ 2
i [ g g
E a
oL E
. L PERFORMANCE 4 il — - » =4 M »
jon of Component life | Model-Based dicsiond i
limit extension Control
OPTIMIZATION . 1
CDP Measurement Tracking —
Compressor Delivery Pressure Fault injection 1 3
Control Loop o H ] - = "
2 &
Naem 2 ‘
: \\ :
B = — S E T s = % = &
R T\ i somsd i
H
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Embedded, Edge, Cloud & Enterprise Platforms

Cloud/Web
% Platform %

Fleet Network / Internet

& EE

Plant Network
Bus Cycle E i
Time Engine Network
<10ms I
=

Build and Deployment of Real-Time Code for
Speedgoat Platforms
Test Bed Configuration Field Trial Configuration

Simatic & Speedgoat Allen-Bradley &
Platforms Speedgoat Platforms

1
Performance Real- e |
Time Target Machine

Bus Cycle
Time

<100ms

1 Business / Customer Benefits
1 Generation and . |mpr01u.red robustness of assets: Generation and Deployment of Code for PLC

AWS loT Core and Enterprise Pl Platforme

Aua |Iab | I |t}lr & RE] |a bl IlthlIr Test Bed Configuration Field Trial Confiquration

- Mosaic MindSphere Pla|

s IoT G T Simatic Platforms Allen-Bradley Platforms
8 s . —— Increased flexibility of assets: - o
e g Unmanned operation & Operability E

- MindSphere User

 THERNET Router | ETHERNET I

i _ : . | o I
- ” ] Operational cqst reduction: | | | ,-m_.n =] ﬂ" N L
Improved efficiency & Extended operational life B e i =
- DMA Platform Eriedded standaione i o
Remote Monitoring ,::,wsm 2 ControlNet

System
DMA Platform

PROFIBUS DP1
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ﬁiE : Wpﬁ*ﬁﬂﬂ“—%%% (Fault Detection and Diagnostics) User Story Link

Predictive Maintenance in Hydroelectric Plants -
A Digital Twin of a Generating Unit Speed Governor

Jean-Philippe Gauthier
Hydro-Québec

MathWorks Energy Speaker Series
29t September 2021

_l MathWorkse

Q

Simulation model

Mech. power
Initial load

Speed
Initial speed
Gate opening
Hydraulic head |—/

Discharge

Setpoint
Valve position

Bl oI | Etc.

Synchr. state HeE T A==

Augmented WEHGOV* model implementation in Simulink®
« Basic coupling approach with electrical grid
« Rapid load setpoint adjustment (feed-forward)

+ Scaling from nominal to actual hydraulic head

*Woodward Electric Hydro Governor, included in the NERC Library of Standardized Dynamics Models for speed governors

Anomaly detection

Unit sensors

Continuous
data streams

i Teansisint Auant

Simulink®
model

Alarms are raised when
measured data diverges too
much from simulation results

Failure diagnosis

v

Transient event
triggers a call to
the classifier

Unit sensors
i
Continuous ‘ ‘ ? 3‘ |
data streams Ll e
e

Data required for
feature extraction

Feature extraction
+

Trained

classifier

CompilerTM\r

Alarms are raised when the
classifier predicts a defect

OSlsoft PI

‘e /O\

classifier.dll

14
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17‘]_ E : WFE*&;I}ME "yﬁﬁ (Fault Detection and Diagnostics) User Story Link

Synthetic data

+ Simulation cases are generated by allowing parameters to . Y Ic/datai(s] i )
randomly vary inside a given range, depending on the é .

simulation type (label)

» Randomization mimics variability of the real process

» Each simulation corresponds to a fixed set of parameters

Servomotor backlash (p.u.)

S SEs

7% 100
Servomotor gain (relative to nominal)
1F?o'l CORP TN g AN AN

05

0
75

Dashpot time constant‘(r‘ela!ive to nomi
1‘M ety

05
0 | Normal: I | Backlash: ‘
I 75 cases | 74 25 cases
Simulation 1D

Classification model

Feature extraction

Processing of times series (extrema, integral
quantities, frequency analysis, etc.)

0 w0 10
Simulaton ID

1%

EIR
Simulation 1D

% 10
Simuiaton 1D

)

——Normal
Labeled /’ ——Servo. backlash

Hydraulic pressure loss (low gain),
data —oil ion (low time const.)

Gate opening (p.u.

Classification model

/ Feature extraction s Training

Power (p.u.)

07— quanties, requency anaiyss, etc)
L iy

(p.u.

Spee

Time (s)

Training

MATLAB ® Classification Learner App is used to train a
series of classifiers; cross-validation is used

M B
New | Festwe BCA | Micssiation | | B
Semion | Saeon

e e omow ook e
et B © | [ ScaterPot | PaalelCoordats Pt 3| RO Cave %] Confason

M

N CoarseXNN || Advanced TRAINING PLOTS EXPORT

Model 1.4 e

11 Accuracy: 953% A
O Number of observations

Lastchange: . 14114 festures
Aceuracy: 95.3%
Lastchange: . 14714 estures

def_JsM a0% 13%

O
o5 Acrser: SAT% eritel| e False Negatie Rates (FIR)

Lotchange: . 1414 eores
1wt o P e )
e i T e Discoery e (FOR)

15 70 . Acamor 953%
Lostchane: . 1414 fesurs

Whatis the confusion matrix?

True Class

nominal | 4.0%
16 Accuracy: 50.0%

v Current Model
Model 1.4: Trained

Resuts
Accuracy 3 FOR
Total misclassifcation cost &
Predicion speed ~ FE AT S
Training time E PO & o

< > Predicted Class

EwRe ceaceliE Chatristan 10 MISo6 24 ke Preboiors 1AM Response By BIRRe ae Clksees &1 VAl et fold Croas

Failure diagnosis

Unit sensors

Continuous
data streams

Transient event
triggers a call to
the classifier

feature extraction

Compiler™

Data required for

OSlsoft PI

‘e

Feature extraction

+

Trained
classifier

Alarms are raised when the
classifier predicts a defect

v

classifier.dll
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ﬁiE }ﬁ;)\“'l‘izﬁj PdM (Predictive Maintenance) yser story Link

PR
ﬁ% .Ab;}_ *ﬁ*ﬁ}f %B}% (Korea Institute of Energy Research, KIER) Sk ATy B0
FR TET AT RAERS A TN il A L
— {EHLETE]
— BRF R
e fEFMATLABFF £ Wl 385 STFIRE % 5]
o i g “% 5F I B B0 1E B2 IR K Tl
BE B FE
ZE%
T = FEREHERE T —+F
e = JXF90% A _ERIFUNFEE
e - EH (58)

B M 40 80 B0 W0 129 140 140 0 300 100 20

S SECHERLHIA L ERERISE R, B BERITER
DN (CAIHIRR, BATEMATLABHISER T— 1S BiiE R, B
BBLA90% LX_L B E 1 F TN T, 555 S8 AXrE.”
- Jung Chul Choi, Korea Institute of Energy Research

KIER XU BR IS R 5t
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MATLAB SIMULINK
Al Models Continuous- Discrete-Time Physical State Discrete-
Time Models Models Models Machines Event Models
Machine learning System dynamics Digital control Electronics Control logic Servers/queues
Deep learning Environment DSP Mechanics Mode logic Architecture
Reinforcement Computer vision Etc. Oh
Learning Q
Optimization S ~
[
Components System Scenarios Systems of systems
\_

\_

Perception systems

Autonomous systems

Simulink FIMATLAB % 3 % #{F E#15 :

L,

—

EAL RTSHL

FRTEMH. U, BRI
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Data synthesis for Al training

* Predictive maintenance

omponent
Failure

TTime Ol

, A ] Time.‘1“""' |
| o T

sl

) Health Indicator

—) o3t Indicator

) Health Indicator

Signal statistics +
it | | Principal component analysis

Crankshaft

Al for algorithm development
« Virtual sensor modeling

* Sensor fusion

* Object detection

SIMULINK'

Deployed code
communicates with
simulated plant

NXP S32K344 2
board

i

Al . |
Arm® Cortex®-M

Al for component modeling

* Reduced-order models (ROM)

Simulation time

High-fidelity model

High-Fidelity Model

Al for system development
* Reinforcement learning
* Al-driven systems

AGENT

NN
~ M
—{ )
MV N
la V) C} 1\) ’
Input - ( : Cr A Output
—{ ¥ -
~/ N
1§; )
ROM

Reduced-Order Model (ROM)

nnnnnnnnnnnnnnnnnnn

ACTIONS

OBSERVAJIIONS

? Policy update

Reinforcement
Learning
Algorithm

REWARD

ENVIRONMENT |
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Wireless Communication

Adaptive DPD
Coefficient Calculation

ADSIT1
TRANSMITTER

0
AMPLIFIER

LOCAL
OSCILLATOR

RECEVER
N\

[P T Ty —

’

Power Electronics

RGHERSHE

RO F

e

[T ;i N-Chamel
SSESOr. MOSFETH

1||||m

[ 'PSP|2s6x1)

1KHz Sine Wave

[ 'PSPliasex1)

[zseu'] & |
o, |esext)

S=4E

Signal Processing

[256x1]

[256x1] | L
15KHz Sine Wave 2560 +
\/\/‘\/\ [256x1]

Lowpass

Original Signal il
[256x1] |
[256x1] Filtered Signal

Lowpass FIR Filter

[256x1]

Gaussian Noise

# Spectrum Anabyzer

Eile Tools Niew Simulation Help
3@k o -

@ -G | (N

REW=10Hz | Sample ratessd | Kz |Tedd 176

ontrol Using
Test Bench

sor Fuslon

Dashboard Panel Display

LBy
" »
=

e 50

e Velooy ge)

rr—p—————
45 -1 47 |03 01 ¢

o acomarstion (g)

&R /MR

Image Processing

AEBWIhSonsorFusionhaRe!

Thicitia

Brake)

Time

ey

Fouubatn

owcues

F==—it=)

W00 Track

BIFSHI
Verification & Validation

EHERSE

Control System

- SEF0
s Autonomous System

Certification Products

ROS Toolbox AUTOSAR Blockset

omous Algol S

Sensor Fusion and () %
Tracking Toolbox O Perceive
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BETRENZITTN BT ITAEFR RS %

Hardware-in-the-loop

Ethernet
Connectivity

. - Simulink Real Time & &
T H Target Computer

EF#EARI%IT (Model-based Design)
FTIESI R G &

= PLC

Hardware

Simulink & Stateflow .. '

4@3%11%5\

—>

IEC 61131-3
compliant
language

Vendor specific PLC IDE

IEC 61131-3
REE X
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3S - Smart Software Solutions
B&R Industrial Automation

Bachmann Electronic

Beckhoff Automation

Bosch Rexroth

Mitsubishi Electric

Ingeteam

Omron

Phoenix Contact

Rockwell Automation

Schneider Electric

Siemens

EEEFMBDRI L
I .

CODESYS
Automation Studio

SolutionCenter

TwinCAT

IndraWorks

CW Workbench

Ingesys IC3

Sysmac Studio

PC WORX

RSLogix / Studio
5000

Unity Pro

TIA Portal / STEP 7

IEC 61131-3
(Simulink PLC Coder)

A Y S N N

Y N N NN

MATLAB EXIPO

C/C++ Connections
(Simulink Coder) Partner

X S8 L4&s

L

X K888 488KL&s
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System System Functionality Subsystem Subsystem System Integration Operations and
Requirements and Architecture Design Implementation and Test Sustainment

FIARENBBERRREIRTFURE (BFEE)

EREZGERTRINE

Facilitate Product XiLs Operation Pl_'edictive
Design (Hardware-in-Loop etc.) Optimization Maintenance
Virtual Fault Detection &
Commissioning Diagnostics
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FEEDBACK

PLAN DESIGN BUILD TEST DEPLOY === OPERATE == MONITOR
System S_ystem Subsystem Subsystem Syster'n Operations and
: Functionality and . . Integration .
Requirements . Design Implementation Sustainment
Architecture and Test

1 1 1 1 J

Digital Thread

Simulate Early & Simulate Often
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