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Digital Twin - Mode for Digital Transformation

Customer Goals

By connecting machines in operation,

you can use data, algorithms, and models

to make better decisions, improve processes, reduce cost, improve
customer experience.

Industrial 10T

Digital Twin

Industry 4.0

Smart ‘XYZ’

Digital Transformation
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Transpower Ensures Reliability of New Zealand National

Grid with Reserve Management Tool

“We record frequencies on the grid, inject
them into our Simulink model, and compare
the simulation results to the actual system
response. With Simulink we can continually
calibrate and improve our model, and
ultimately improve the accuracy of our reserve

estimates.”

— Heidi Heath, Transpower

MATLAB EXPO 2019

Transmission lines near Transpower’s Benmore
substation.
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Challenge

Calculate the amount of reserve power needed to ensure that
New Zealand’s national grid can continue to operate if a
generator fails

Solution

Use Simulink to run simulations of the entire grid, including
generators, loads, and HVDC links, every 30 minutes

Results

+ Critical updates rapidly implemented
» Simulations verified using real data

+ Updates made in-house
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Transpower - Building Reserve Management Tool using Digital Twins

Measure data from electrical > Simulate grid models for “We record frequencies on the grid, inject

grid current measurements them into our Simulink model, and compare
Predict reserve requirements o the simulation results to the actual system
Analyze to update digital -

Update controller setpoints | fwin response. With Simulink we can continually
calibrate and improve our model, and
ultimately improve the accuracy of our reserve

Objective: Always have enough reserve energy estimates.”
Digital Twin: — Heidi Heath, Transpower

« Simulink model of entire grid and tune parameters
« Simulate 100s future scenarios to predict maximum energy needed.

Outcome: Optimize & provided operators control setpoints for sufficient energy

reserves
: Analyze & . .
> Monitor >> Updating >> Predict >> Control >>Opt|m|ze>

Create Digital Twin Use Digital Twin

MATLAB EXPO 2019
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Operationalizing Digital Twin with Industrial 10T infrastructure

~
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Challenges in building Digital Twins & related applications:

— Building Digital Twins from scratch: Physics based or Data based statistical
Models

— Keeping Digital Twins Updated — Tuning Models & Al Algorithms with new data
— Scaling number of Digital Twins to match the number of assets

— Deploy Digital Twin Models & Algorithms across the IloT ecosystem

MATLAB EXPO 2019
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Digital Twin Example: Motorized Pump Demo Hardware

Hydraulics >

MATLAB EXPO 2019
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Digital Twin Example: Motorized Pump Demo Hardware

Electrical >

MATLAB EXPO 2019
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Digital Twin Example

Condition Monitoring & Parameter Estimation

Digital Twin Demo

~ Physics based Model K2

‘ r f r e — &a
| | Blockage Valve
| \
1]
Motor Systems '
strumentation

Control Panel

Read Write !
. GearPump :
-
| %
EV3 0 ) 0 Pump outlet pressure (psi) Leakage Vaive
MBY 70| L 70l
RPM 1296 | 1298
PumpCholce 2 2
Data based Model
PT2 i 24 56 | Fault Ciassification

./_.\\ /—\\ low (Vh)
‘i ) l' ) 138 0
- o

Normal Leakage Blockage

Write Data [ Write Status = Waiting for Input Parameter Tuning

MOTOR | | RESET | Estimate | EV3 |0

Time | 105 Status: Idle MBY 6:3567



|Acquire Real-Time Data for Updating Digital Twin

Analyze
W&Update>> Predict >> Control >> Opt|m|ze>

Pump Hardware s _E % @ G
| #4 )

Curve Fitting Optimization PID Tuner

Analog Input
Recorder

DeviceAddress:
Port:

Status:
NumRetries:
Timeout:
ByteOrder:
WordOrder:

m = modbus('tcpip', '192.168.2.1°",

Modbus TCPIP with properties:

'192.168.2.1"
3e8

‘open’

1

16 (seconds)

'big-endian’

'big-endian'

308)

Identification

4\ Modbus Explorer

DEVICES

2SS 8 &)

Device Refresh Get Hardware Manage Add-Ons
Support Packages
i

£ | E)EE *

ADD A DEVICE BY SPECIFYING CONNECTION P...

1 |
Modbus Modbus
Serial  TCPIP

4\ MathWorks
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Creating Multi-Domain Physical Models using Simscape

Analyze : o
& Update > Predict >> Control >> Opt|m|ze>

"
il
vﬂroE%ftnc inMode Subsystem2 .eakage Valve
© |[%a]HydroElectricTwinModel »
«q
& |ke¥an ——»>—]
=
=} |
& Pressure
Sensor
CGO—— 2
rpmSetPoint I - A N Blockage Valve
& I <
Motor Systems GearPump ly W
o - =
Process Instrumentation A
Pump outlet pressure (psi) Leakage Valve
 J
Normal Operation 2.792514345250307€+00 < E
W Sampled with Noise: 1 =
3 | N -/
el 1AL T g
ﬁ Pump Hardware
Flow (I/h)
& 338.7014
L]
»

Ready 203% ode23t 11
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Simscape : Multidomain Modeling and Simulation platform

Parameters
I—W-—l +~ Revolute Joint : Crank Bearing - (Il X
Damping Coefficient  bearing_visc_frict EB ‘} e
Y Y\ g "'
Crank Bearing
Variants Custom
| v off(off - — | u
M deg q—. Enable if rotor angle
m On {'D'"] I:& o0 off o Windings 0-240 Deg ’
A oy I e CIT S
SE’EI LEEK : - T "/> L<—| winding_fault_sw | deg
Off On I @; - I Motor — EH“

MATLAB EXPO 2019
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Use Simulink Design Optimizer to Parameterize Pump Model

Model & : o
Predict >> Control >>Opt|m|ze>

|4\ Estimation Progress Report

— O >
OGN TS Iteration | F-count Exp
(Minimize)
a 0 5 44510 A~
Sup 1 10 4.4510
’ ; = 2 15 3.5738
EaTaATE 3 20 N
Expesiment plot: Exp 4 25 1.0229
Hametets 5 30 0.9998
da EstimatedParams ¥ 8 ¥ 08997
&a O t - s Hydelecl mTw nModelﬂ-n wre Sensor:
: 6
\ ——EVa_dia Jm‘
\ 4—MBV dia - A M Nt S Simuaked
85} (s B
l'n 4 v
\
speriments 8- \
EBEemm—0———— \ Optimizstion started 17-Apr-2019 16:26:08 ~
\
75 .‘. Estimation converged, 17-Apr-2019 18:26:29
{ |
\' ! "HydroElectricTwinModel” updated with estimated walues &
7r '| H 0} Save lteration..| | Display Options..| |  Estimate
sty § \ o
ted? 5 | : rpmSetPoint
i 65+ 1\ RTTF
|
. " - A
. Setup Experiments
revdew 56 - |\ 1440
Pasured catput sigmal(s): -
- Bverobiccreichvissge) /pressare \ v Parameterize
sor:l 5! “/' M:|s |
pasared input signal(s):

v’ Save Sessions

\_ v" Generate Code

s



Parameter Estimation — Behind the scenes

W Predict >> Control >> Optimize>

Group the model parameters and initial states to be estimated toge

4\ MathWorks

8 ther
v = [p:s]: Initialize

% Estimation Function

estFcn Simulator, Exp): [

= @(v) sdoPumpEstimation Objective (v, Set Objective ]
% Optimization options
opt = sdo.OptimizeOptions; Select solver
opt.Method = 'lsgnonlin'; \ /
% Estimate the Parameters Estimate
vOpt = sdo.optimize (estFcn, v, opt)| \ /

MATLAB EXPO 2019
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Digital Twin Example: Estimate Model Parameters to match System

Analyze : o
& Update > Predict >> Control >> Optlmlze>

Digital Twin Demo

MATLAB Standalone App

S 1. Communicating with
Read Write Hardware
, 2. Reading Pressure Values
EV3 0 0
MBY 70 | 70 " .
oo 23 1298 3. Writing Valve Setting
PumpCholce 2 2
4. Identify Fault conditions
- I | Fault Classification
PI 24 . .
2 e e 5. Estimating Model Parameters
v W O to match the System
Normal  Leakage B‘yo{_‘}age
Write Data |  Write Status = Waiting for Input Parameter Tuning
MUTOR I 2EE | | Estimale Eva | Model based
Time | 80.5 Status: Idle k| Digi tal Twin

15



Workflow for developing data & Al based digital twins

Analyze
& Update

(== I = R

Time

0 sec
0.001 sec
0.002 sec
0.003 sec
0.004 sec
0.005 sec
0.006 sec
0.007 sec

1 2 3 4
LeakFault  BlockingFault  BearingFault FaultType

2.8472 -0.1477 1.8000 All

-0.1498 -0.4207 1.3103Bearing & Blocking
0.6511 1.6521 -0.5557 Leak

0.1469 -0.2775 1.0074 All

-0.6480 0.7065 -0.8878 Blocking

-0.8765 -0.5434 -0.3079 Blocking

-1.0061 1.2083 0.0661 Bearing

1.0125 -1.9098 -0.7027 Leak & Blocking

Label Faults

4\ Classification Learner - Confusi =) x
] -
rulg@g@@_ﬁﬁﬁ’

Featws  FCA Beaatad. Hagge Sumapacs  Subspaca Advanced Tran  Scalter Confusion ROC Cure Faraliel
hd-v‘!* Triss manane. i D-“-PKI -

e e R =

S
Ea Plot

7T e

e P —

Nare
Leak [<1%)
Blocking [15%
a
g Leak & Blocking
3 Bearing
£
Bearing & Leak
Bearing & Blocking
A

_-—

Accuracy 718%

e st a0 s

e e N

Modsl Typs. &

TR T TS e Wisre o s T TP BT e R e P W VIS e et

Validate Model

—

Powe! Spectium (d8)

Froquency (H2)

m> Control >> Optimize>

m blockedPump Flow

4\ MathWorks

‘e“*‘i‘i

“ \rmvvv\ }fﬂ‘\fﬂv'\vm A /\\”ﬂ‘\/\"ﬂ AATYRTLNY /\\/\\ / JN\ /N V\ (\ iy

\(\\ﬂ\/‘ \/

i

050 700

7%0

800 8%

Represent

Signals

E Accwcy B31% o
Lastchange MeGumKNN 14714 festures
X Accursey 600%
Lastchange: Coarse KN 4 tostres
115 Km Accscy. 620%
Lastchange: Cosine KNN
16w
Lastchange: Cutic KN

qPeak2Pesk

oata
Uace pescrors

® Conmect 5]
X incormect =]

Train Model
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Failure Scenario Generation - Run Parallel Simulations to scale up

> Predict >> Control >> Optimize>

J5 1 —| L] Find Files
e o “'Jc
-
. New Open Save = OMP®
- - - Bpﬁm -

FiLE

.w.,‘: » 3 ;_1 £2 / » home » txiao » Desktop » Digl

Current Folder

)| |Name ¢
2]
@ 23 Fault_Detect
® 3 Fault_Sweep
@ 5 htm
£ @ 2 images
! # 23 Libraries
i ® 2 ParamEst
1 ) Scripts_Data
§® 0 Slides \ e
48 sl
1 Fmanm
£ #) parsim_sm_pump_triplex.m
_) README txt

*a sm_pump_triplex.shx
1 sm_pump_tnplex,sbt.autosave
@& sm_pump_triplex,sixc

*a sm_pump_triplex_parsim.six

# startup_sm_pump_triplex.m

main.m (Script)

Set Up

@) set Up
@ spo
@ parsim

Analyze
& Update

EDITOR

& i nsert | fx 4] -
4 GeTo v Comment
L4 Ffind v
HAVIGATE

®

N

Sop Job

SIMULATIONS | VIEWS

SM_pump_tripiex_parsim

Total Simulations

Elapsed Time

Number of Active Workers
Estimated Time Remaining

Run ID ~ Status
1 Completed
2 Completed

3 Completed

4 Completed
5 Completed
6 Completed
7 Completed
8 Completed
9 Completed
10 Compieted

SIMULATION DETAILS |

. Run Section —

List Simuation e Seeces Show

Pesuts

INSPECT RESULTS |

10
B M ErrorsiAborted (0) B completed (10) [l Active (0) Queued (0)
00:00:00
g p Time [+]

100% 00:00:19 matlabvm

10086 00:00:20 matiabvm

100% 00:00:19 matiabvm

100% 00:00:19 matlabvm

1009 00:00:09 matlabvm

100% 00:00:09 matliabvm

100%: 00:00:09 matiabvm

10096 00:00:09 matlabvm

100% 00:00:07 matlabvm

100% 00:00:08 matlabvm

TSI MAr- 2019 L7 Y2523 CompLeTed BUOT U SImMULaTIoN runs”

[23-Mar-2019 17:25:24)

[23-Mar-2019 17:25:25]

[23-Mar-2019 17:25:29]

[23-Mar-2019 17:25:31]

(23-Mar-2018 17:25:31)
S>>

Completed 7 of 10 simulation runs
Completed 8 of 10 samulation runs
Completed 9 of 10 simulation runs
Completed 10 of 1@ simulation runs
Cleaning up parallel workers...

R®

Workspace ®
Name £ Value

1 bearing_fault_f... 3.0000e-04

i bearing_fault f... 0

tH| beanng_visc_| 1,0000e-04

1] block_in_facto... 0.5000

H block_in_facto... 1
EH chkv_all_crkP_... 30000
£ chkv_sll_max.., 120000
{4 chkv_in_maxA... 1.0000e-04

i dir_i

1] dirfist

i end_index

|®| h10_sm_pum
| leak_area_h

H leak_cyl_area_..
HH leak_cyl_area_...
|®)| leak_text_h

| logsout_sm p...
£ out™t_h

HH pOut_Init_WKSP
|| pOutMeas_data
] pOutMeas_time
|H sc1_HomeDir
kH SCI_libname

|®| simlog_pO_final
®| simlog_pO_init
@] simlog_sm_pu.
LEl smiData

I SPL_ver

1] tout

[P TRP_HomeDir
£l TRP_Par

3.0000e-06
1.0000e-09

x! double

1 double

'fomeftxiao/es...

‘Multibody_Multip...
e

1141x1 double
'fome/taao/Des...
Ix1 struct

Blockage Vave

&\ MathWorks:

Fault Classification

@ 0@

Normal Leakage Biockage

17



4 Diagnostic Feature Designer -

[ FEATURE DESIGNER

S H &

et
Signal Tra

{e u

Data Browser

SIGNAL TRACE

Signal Trace: flow/Data

VIEW

Select data to plot .'& =
ce 0 Oro: Histogram
Spectrum  Spectrum

w Signals & Spectra

% flow/Data
f% pressure/Data
flow_ps/Data

w Feature Tables

w Datasets

E Ensemblel

[ Signal Trace: flow/Data %

flow/Data

201 }
15t j |
flow/Data:Member 58
faultCode=101
10 : : : ; :
0.3456 0.3888 0.432 0.4752 0.5184
Time sec

0 01728  0.3456 06912

Scale: Oms @s

0.5184

0.864 1.0368

Power (dB)
&

Power Spectrum

T T T T

faultCode=110
faultCode=101
faultCode=11

faultCode=1 E
faultCode=10

faultCode=100
faultCode=0

flow_ps/Data:Member 83
faultCode=101

100

150 200 250 300
Frequency (Hz)
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Condition Monitoring: Develop Al based models

Classification Learner - Scatter Plot

T

CLASSIFICATION LEARNER

=

VIEW

% B B @
All All All Linear |Fine Tree Advanced Js Train Scatter Confusion ROC Curve
~ Quick-T... I — 5 Plot Matrix

FILE  FEATURES MODEL TYPE P— | TRAINING ' - PLOTS
Data Browser ® : | Scatter Plot
|w History '

1.1 o/ Tree [ Accurscy: 66.8% [ Predictions: model 1.1 )
Last change: Fine Tree 14/14 features ) Data

1.2 Tree Accuracy: 64,.9%
Last change: Medium Tree 14/14 features

13 Tree Accuracy: 59,3%
Last change: Coarse Tree  14/14 features 1.35

1.4 '/ Linear Discri... Accuracy: 59.5% [
Last change: Linear Disc... 14/14 features

1.5 Quadratic Di.., Accuracy: 64.6%
Last change: Quadratic ... 14/14 features 1.3}

1.6 7 ... Training [T &%

Last change: Linear SYM 14/14 features

1.7 ¥7 ... Training NI (%)

Last change: Quadratic ... 14/14 features

1.8 77 ... Training (NN &

Last change: Cubic SYM 14714 features

B
;i:

Parallel

es Plot  Madel

1

® Correct
X Incorrect

K &

Predictors

X fPeak

]
Y: gCrest vj

Fault Classification

Classes Move to Frc

Show| Order i )
B none R w W
Leak
Blocking
I Leak & Blockir
| | Bearing
Bearing & Les
Bearing & Blo
All

Normal Leakage Blockage

4

v Current Model 1.2

ID

Model 1.1: Trained

Results

Accuracy 66.8%

Prediction speed ~310000 obs/sec
Training time 1.4905 sec

K & K K & & &

1.15¢

Model Type 2 2 2 4 - : < : 3
Preset: Fine Tree 10 20 30 40 50 60 70 80 90
Maximurn number of splits: 100 fPeak

Split criterion: Gini's diversity index -
L_Surrnnate decisinn enlite: Off 4

| Data set: data  Observations: 7665  Size: 1MB  Predictors: 14 Response: FaultType  Response Classes: 8 Validation: 5-fold Cross-Validation

How to investigate
features

19



|
Off-the-shelf Remaining Useful Life (RUL) estimators

300

Remaining Useful Life Prediction (Cycles)

Count of Training Engine RUL

250
200 F
150 [

100

50

Test Engine 8

Run-to-failure
history

Similarity

Models

Similarity Models

K=50 Nearest Training Engine Trajetories

Remaining Useful Life (cycles)

True RUL Training Engines
— — — *Model Prediction P K Nearest Engines
90% CI 1M *  Engine Failures
Test Engine
!
Zos|
k=]
£
£
=< 06
ko)
I
2
‘5041
=
w
02r
0
160 -140 -120 -100 -80 -60 -40 -20 0 0 50 100 150 200 250 300 350
Engine Runtime (cycles)
0.01
[  Historical Data
RUL PDF
True RUL
BUE -1 0.005
| | | 0
0 50 100 150 200 250

PDF of Training Engine RUL

40
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System Data

Known failure Lifetime data

threshold with or without
covariates
Degradation Survival
Models Models

Degradation Models

RUL: 459 hours
(95%Cl: 374-558 hours)

= Threshold

Observed Prediction

| | | | | | |
10 20 30 40 50 60 70
Time (day)
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Challenges in building Digital Twins & related applications:

v" Building Digital Twins from scratch: Physics based or Data based statistical
Models

v Keeping Digital Twins Updated — Tuning Models & Al Algorithms with new data
» Deploy Digital Twin Models & Algorithms across the IloT ecosystem

» Scaling number of Digital Twins to match the number of assets

MATLAB EXPO 2019
21



Operationalizing Analytics across lloT infrastructure

4\ MathWorks

s

/

Data
Inges‘hnn

Local

Communications

mart assets

Long-Range
Communications

—
-_

Edge
Management

—

i’

Edge systema

OT Infrastructure

Integration

—
-_

~

)

> B

IT Systems

J

Hard real-time control

Real-time decisions

Time-sensitive decisions

Big Data processing on historical data

N

Value of data to decision making

7 N O 7 N 7 N 7 7 A
Model-Based Design with Edge Processing Model- Stream Processing < Hadoop/Spark integration
MATLAB & Simulink, code Based Design, code with MATLAB Production Server with MDCS, Compiler =
generation generation
C/C+ MODBUS a ' MQTE C/C+ §3 kafka & J\ Azure G Yrlamm /A Azure
TCP/IP L R I ¢
OCKer Event Hub webservices webservices™
Speed Scope
Milliseconds Seconds Minutes Hours Days Months



Operationalizing on Edge

Value of data to decision making

MATLAB EXPO 2019

Near range Communication

=

Higher Compute
Both Near & Far Communication

Low Compute

Hard real-time control Real-time decisions Time-sensitive decisions

Edge Processing mModel-
Based Design, code ’

Model-Based Design with
MATLABE & Simulink, code

Stream Processing
with MATLAB Production Server

—

generation generation
C/C+ MODBUS S MQTTE C/C++ $ratea Min /4 Azure
TCP/IP ':_-.' Kinesis
i = amazon
docker Evemlluh web services™
Speed
Milliseconds Seconds Minutes Hours Days

4\ MathWorks
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Deploying An Use MATLAB Coder to generate C code

Train Scatter Confusion ROC Curve Parallel
Plot Matrix Coordinates Plot

TRAINING | DefaultOverlayManager.JWindow
oordinates Plot Confus

Export Model
" Export the currently selected model in the History
Predictions: model list to thiworkspace to make predictions with new data
Export Compact Model
" Export the currently selected model in the History list without
its training data to the workspace to make predictions with new data Faull Classification

—— g

) !

Generate Code - -
Generate MATLAB code for training the currently selected

2 . : g : - < R Normal Leakage Blockage
model in the History list, including validation predictions

X. pLow v

Y: gPeak2Peak vl
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| _ .
Running MATLAB on Edge and streaming processed data

20
[u]

-20 0

Black Parameters: KafkaProducer =

Simulink Kafka Producer (mask) (link)

T T TS = This is a simple Kafka Producer for use with Simulink.

Brokers: localhost:90g The user will provide a list of brokers and a topic name. The key for
Msg > Msg Topic: sltopic the topic can be a constant string or provided by an input (Use input

Key: mykey for key).
M TS: LEOUgDOe-O‘I
o The use also has to provide the maximum length for both the key

WallClock and the message.
| Kafka Producer I Parameters . Kafka config
| o Flow | JSON ENCODE Parameters

millis 1 -

y

R Flow

Brokers | 'localhost:9092" | i|

+.+ Topic |'s|l:0pic' | B
+—— > Pressure )
e Pressure [ use input for key

MsgLEn pr Input key length 32

:ﬁ: / > Current Key |'mykey' |
. Current

Message length |2{}0 |

2
& Sample time |.1 | G
Real-time decisions Time-sensitive decisions
Edge Processing Model- Stream Processing
Based Design, code with MATLAB Production Server
generation

SMOTTE C/C+ 83 kafka g A Azure

Lo
"a =:I Kinesis amazon
docker Evm - webservices™

librdkafka : https://github.com/edenhill/librdkafka

e s Hous e jansson :  http://www.digip.org/jansson/ 25



https://github.com/edenhill/librdkafka
http://www.digip.org/jansson/

HE®

E

:’I

»

] Ogen = na =
- - AL

ol Swe v Library Signal
Table

S Pret -

HonBecrkTwinModel % RPM Sourte

%) HyaroBearTeieMoced b

Stop Time | inf % )
\ oo

b Normal v

=9 Fast Restart Back v -

Lege

Analyzer

Digital Twin System - Hydro Electric System
T
s
e eggure g Meg
WaliClock Pressure
— Sensor
{————
1440 —»/M  JSON ENCODE
RPM
e
Motor Systems GearPump
[Process Instrumentation MsgLEn
Moltorized Valve Solenoid Valve Pressure

R LU LR CELEY LU (UL LT COOEE DL S |
2 20 W 4 30 0 0 M 0 W

R LR ROy ST DT TR OO TR TR T IR T
< 44 280 437 3TS TXO BG4 1008 1)37 1350 1440

Flow (Ih) 345.5897

Pump outlet pressure (psi)

48720

B Presyurs Seenor )

A

Roesery

-

Msg

Brokers: localhost:9092
Topéc: siopic
Key: mykey
TS: 1.000000e-01

B Commeand Prompt - bin\windows\kafka-ccrzole-consumer.bat --boctstrap-server localhost 3092 -0,




Operationalizing Analytics across lloT infrastructure

4\ MathWorks

-

)

Data — Long-Ra — Integrati —
Inge:.i;hnn — ~ Corr?rl:'lﬂninn |:ns — reareen —
ﬂ- - 0 ﬂ- - 0
c Localat . Edge p— ’a ’a E——
ommunications anagement E
\ Smart assets Edge systems \C)T Infrastructure IT Systems //
Hard real-time control Real-time decisions Time-sensitive decisions Big Data processing on historical data
N N N ~ N -
= N N N
c
= Model-Based Design with Edge Processing Model- Stream Processing < Hadoop/Spark integration
= MATLAB & Simulink, code Based Design, code with MATLAB Production Server with MDCS, Compiler =
c generation generation
)
()
O
5 o
g (/C+ MODBUS wMQTT C/C+ §8 katka T8 /A Azure G e /A Azure
g TCP/IP T Kinesis ssass
S e amazon PAark. amazon
= docker Event Hub webservices™ webservices™
)
=  Speed Scope
>
Milliseconds Seconds Minutes Hours Days Months



Stream based Analytics deployed using MATLAB Production Server

4\ MathWorks

Asset Edge
Generate Process &
telemetry Stream
=
o l\

=

r
28

A\ Azure

Production System

MATLAB Production Server
Worker processes

Request
Broker

Connector

4

1

8

Apache
Kafka
=

=

State Persistence

4 Ul Figure -
| Current Data

Remaining Useful Life: 1097.94 days
04 086

0.2 0.8
a/ 1 "

Speed

3
Electric Motor Decline Bearing Lubrication -
&
)
5e+09 0.0001
»
z i t‘m 230352200 230352400 230352600 2303:52800
ia i Mar 09, 2010
Blocked Bearing Faul
Cylinder Leak Clogged Line Leaking @ @ - -
[ Use Kafka Topic name | Sim Refresh Data Pump |Pump 1 v

MATLAB EXPO 2019
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| Scaling batch operations with MATLAB Parallel Server

Apache

Kafka
—

Connector

Time-sensitive decisions

Stream Processing
with MATLAB Production Server

-

fehao Min 4 A

T .,
z2= Kinesis
| =

amazon
Event Hub

urs Days

T 4

webservices™

MATLAB Production Server

Worker processes

Request Broker

4

\.

Big Data processing on historical data
A
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MathWorks Reference Architectures

mathwaoarks.github.io

o httpsifdfmathworks.com/cloud Verified

/matlab-aws-s3

MATLAB interface for AWS 53.

@ MATLAB  Updated 26 days ago

matlab-azure-data-lake
MATLAB Interface for Azure Data Lake.

@ MATLAB

o

Updated on Feb 21

matlab-azure-blob
MATLAB interface for Windows Azure Blob Storage.

@ MATLAB  Updated on Feb 21

matlab-aws-common

Code common to MATLAB interfaces. Code in this repository is used as a
dependency for other projects such as matlab-aws-s3.

@ MATLAE  Updated on Feb 21

matlab-parquet

MATLAB Interface for Apache Parquet

@ MATLAE W1

matlab-avro

MATLAB interface for Apache Avro files.

@ MATLAB

Updated on Dec 20, 2018

Updated on Feb 9
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Summary

— With MATLAB you can read hardware data over various protocols & DAQ systems

— With Physical Modeling blocks & Al libraries in MATLAB you can now build Digital

Representations of your asset

— You can tune physical models _using Simulink design optimization & RUL models with update

methods

— With deployment abilities in MATLAB you can operationalize across edge and IT/OT

infrastructure
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Call to Action

/Digital Twin & Streaming
Analytics

Digital Twin System - Hydro Electric System
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References

Building 10T solutions

Developing and Deploying on

Cloud

Build Digital Twins with Physical

Modeling workflow

Learn: How to build Predictive

Maintenance Applications?

Learn Data Science with MATLAB
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/ Attend Trainings \

Statistical Methods in MATLAB

After this 2-day course you will be able to:

Import, visualize, explore, and model data

= Fit probability distributions to data, and perform
hypothesis tests

= Develop and fit regression models to data

= Generate random numbers
and perform simulations

Simulink for System and Algorithm Modeling
After this 2-day course you will be able to:
= Create graphical models

of continuous and
discrete systems

= Configure solver settings
for accuracy and speed

= Design hierarchical models
for readability and reusability

MATLAB EXPO 2019
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http://www.mathworks.com/iot
http://www.mathworks.com/cloud
https://www.mathworks.com/solutions/predictive-maintenance.html
https://www.mathworks.com/solutions/predictive-maintenance.html
https://www.mathworks.com/solutions/data-science.html
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Email: Pallavi.Kar@mathworks.com

LinkedIn: https://www.linkedin.com/in/pallavi-kar-

22591518/
Twitter: @PallaviKar2512
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