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Key Takeaways

» Use Industrial applications to learn about:
= [loT architecture
= Building and Using Digital Twin

> MathWorks key building blocks for developing lloT applications:
= Data Analysis and Physical Modeling
= Operational Deployment and Integration

» MathWorks teams can help you get your project started
= Training
= Consulting
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Digital Transformation and lloT

Customer Goal

By connecting machines in operation,

you can use data, algorithms, and models

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

4\ MathWorks'

Industrial 10T

Digital Twin

Industry 4.0

Smart ‘XYZ’

Digital Transformation
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Transpower Ensures Reliability of New Zealand Nationall
Grid with Reserve Management Tool

Challenge

“We record frequencies on the grid, inject

them info our Simulink model, and compare Calculate the amount of reserve power needed to ensure that

New Zealand’s national grid can continue fo operate if a
generator fails

the simulation results to the actual system
response. With Simulink we can con'rinuo“y

calibrate and improve our model, and

ultimately improve the accuracy of our reserve Solution

estimates.” Use Simulink to run simulations of the entire grid, including

generators, loads, and HVDC links, every 30 minutes

— Heidi Heath, Transpower

Transmission lines near Transpower’s Benmore
substation. Resu |'fS

+ Critical updates rapidly implemented
» Simulations verified using real data

+ Updates made in-house
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Case Study:

“We record frequencies on the grid, inject
Simulate Digital Twin on 100s 5 : :
= | of future scenarios them into our Simulink model, and compare
Electrical Grid the simulation results to the actual system
. With Simulink w i
Controller Setpoints < response. With Simulink we can continually
Analyze and Predict calibrate and improve our model, and

ultimately improve the accuracy of our reserve

L Ve

Objective: Always have enough reserve energy e
I . — Heidi Heath, Transpower

Digital Twin:

« Simulink model of entire grid

« Simulate 100s future scenarios to predict maximum energy needed.

Outcome: Provided operators control setpoints for sufficient energy reserves

> Monitor >> Analyze >> Predict >> Control >> Optimize>

Create Digital Twin Use Digital Twin
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Industrial 0T architecture

Data — Long-Range Integration
Inges‘hnn ~ Communications
ﬂ- ﬂ-
i — —
Local Edge
Communications Management

~

\ Smart assets Edge systems OT Infrastructure IT Systems /
Hard real-time control Real-time decisions Time-sensitive decisions Big Data processing on historical data
N N N A
4 N7 N N 7 N
ModeI-Basec_i Dt_esign with Edge Proces_sing Model- . Stream Procegsing ) HadoqplSpark integratiQn S
MATLAB & Simulink, code Based Design, code with MATLAB Production Server with MDCS, Compiler
generation generation
L) . P
SIMQTT §3 katka Mia =
CIC+ — W’ 2N
=z= Kinesis Sporkm
CIC++ =
Event Hub
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Estimate Remaining Useful Life using Digital Twin

APPS SHORTCUTS g~ & i 9@
< 21 @l ¥ 2/ » local » Demos » PredictiveMaintenance » Repo »
Current Folder OM Command Window

A >> |

eeeo00000®0

writeToEnsemble.m (Fu...

nm

a

&\ MathWorks

UBLIUIOD

4\ MATLAB R2018b -

HOME PLOTS LIVE EDITOR ; e - ®]
Find Files v Aa| Normal P=| Run Section (>
w 0| = S o |= ‘;fu > U
Co e G GoTo 24 Run and Advance
New Open Save iy 0P £ 2 Text B I u M Code Section g Run & & Run Step Stop
- - v (= Print (4 Find v Break 3 RuntoEnd
FILE NAVIGATE TEX SECTION R
<L ol B » C: » Users » hgorr » OneDrive - MathWorks » Shared with Everyone » DigitalTwinDemo » FaultClassification »
Current Folder Y f=] el Works
Name | BuildDashboard.mix + Naiié
¥ GenerateData =
# | | hel . — = |
elpers Create Dashboard -
¥ MachineLearning (]
: Streaming Create a dashboard to monitor the pumps and utilize the digital
&
sl BuildDashboard.mx twin and machine learning models. There are many options to
5] DigitalTwin_FaultClassificati...
& DigitalTwinApp.mlapp acheive this. You can create the app in MATLAB (also as a
%| streamingFun.mix prototype) and deploy this to a web application to be run by
anyone you share it with (without access to MATLAB). The
code and model could then be integrated to an external system
to manage the front end application.
Command Window
A
fx >> DigitalTwinApp v
Details A < > <

Edge Device Publishing Data
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Challenges in building lloT applications:

— Data is not available to represent every operating scenario
— Receive rapid streams of data to maintain effective Digital Twins
— Scale your Digital Twins to match the number of assets

— Keep Assets, Digital Twins and Analytics connected at all times
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Realtlme Condition Monitoring Detection
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4\ MATLAB R2 -
HOME PLOTS APPS % ‘ % EJ @ el Search Documentation pel & Ramanujav
= = [ B (1] New Variable . Analyze Code = Preferences & ~) Community
e = oo O [ Find Files & Lo e - 9 () >
= ;@ooenvm- (& Run and Time Set Path ' Request Support
New New New Open . Compare Import Save ~ Favorites Layout Add-Ons  Help
Serpt Live Scrpf v |l Paratiel » v v [Z] Learn MATLAB
4\ Ul Figure - O ‘
ENVIRONMENT RESOURCES ligg 4
¢S @A ML
Current Folder loT Setup Data Logging ®  Workspace ®
Name Name » Value
g E;Z?:: Read Write
1 R T
Etj pledin EVA O' 0‘ ESE MOTOR
tjj sdoMod EV2 1 1
[_Ij sdoMog EV3 1 N - 5ih
: ime :
Appmj timeSer| PT1 182
& calibrat PT2 1.957 | File Name | data
%2 dataAcd TC1 12
= Live Script MBV 100 100 Save
b EI) erature RPM 0' 0'
= Simulink Modé¢ 1
% modifie] VOLT 235‘
*& sdoMod AMP 1 |
=1 Microsoft Exce kw 0
@7 Recorde pympChoice 2 2
dataAcq.mlapp ( Normal O
Write Data
Leakage e
Write Status: Waiting for Input
Blockage (@)
< >
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Creating Multi-Domain Physical Models using Simscape

W Predict >> Control >> Optimize>

*a
il
NNNNNN

Hydro ieftncTwland Subsystem2 eakage Valve

@ |[%aj HydroElectricTwinMode! 4

Q

& m¥3n F——>—

=

=] |

] Pressure

Sensor
5 =
2
rpmSetPoint 1 Blockage Valve
@ @ < "
Motor Systems GearPump ly M
o =
Process Instrumentation A
Pump outlet pressure (psi) Leakage Valve
L
2.792514345250307e+00 : E
Reservior
Blockage Fault
Flow (I/h)

- 338.7014
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»
Ready

Pump Hardware
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|Acquire Real-Time Data for Updating Digital Twin

m Analyze >> Predict >> Control >> Optlmlze>

pump Hardware o
s @ o

Curve Fitting Optimization PID Tuner Analog Input
Recorder

Generator Identification

’ m = modbus('tcpip', '192.168.2.1"', 388) 4\ Modbus Explorer
MODBUS TCPIP DEVICES
; m = 'fE & % &
v . . ice| Refresh  GetHardware  Manage Add-Ons
Modbus TCPIP with properties: Support Packages
o . ,, : —
Digital Twin ko ! » =88 x
DeviceAddress: '192.168.2.1°" ADD A DEVICE BY SPECIFYING CONNECTION P...
Port: 388
Status: 'open’ Modbus  Modbus
, Serial  TCP/IP
NumRetries: 1

Timeout: 10 (seconds)
ByteOrder: 'big-endian’
WordOrder: 'big-endian'’
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Use Simulink Design Optimizer to

W Predict >> Control >> Optimize>

4\ Parameter Estimation” - HydroElectricTwinModel - EstimatedParams — O > ! |4\ Estimation Progress Report - O X
PARAMETER ESTIMATION 1 y TE N Pl do 58 MRy YT
| lteration | F-count Exp
E ﬁ % E E Cost Function: Sum Sguared Error » & (Minimize)
Open Save New Select Select Sensitivity  Add Plot  Plot Model ﬁmmv Estimate 0 5 44510 ~
= v Exp Exy F Analysis ¥ VR b | N 1 10 4.4510
FILE EXPERIMENTS FARAMETERS PLOTS OPTIONS ESTIMATE 2 15 35738
Dst Bouses © | [ estmaedpoams | | Expementlo Exp | -
w Parameters | Ex 4 25 1.0229
EV3_dia EstimatedParams p 3 £ L
: 1r HydroElectricTwinModel/Pressure Sensor:1 & 35 0.9547
MBV_dia G : L L
—+—EV3_dia Measured
00t —&— BV dia 5k Simulated | |
= | ]
|v Experiments | 0.8
s b e T 3t ]
_ 07 Optimization started 17-Apr-2019 16:26:08 ~
L ol |
h Estimation converged, 17-Apr-2019 16:26:29
1t 1
06+ ‘HydroElectricTwi ' updated with esti vslues bt
o § gl ] Save teration...| | Display Options... Estimate
w Results = 0.5 - H
o 5
EstimatedParams = + rpmSetPoint
1441 T T
0.4
14405 1
03[ / .
= Setup Experiments
1440 1
Measured ocutput signal({s): 02 r
— HydroElectricTwinModel/Pressure / -
Sensor:1l 01+ 14395 T Paral I Ieterlze
Measured input signal({s):

 erons e (o e s v’ Save Sessions

Iteration Time (seconds)

\_ ¥ Generate Code 2




Parameter Estimation — Behind the scenes

W Predict >> Control >> Optimize>

G R . — ATy L A ane sn 'de Jn ey
% LGroup the I'Il'l_lj'.‘- parameters

4\ MathWorks'

and initial states to be estimated together.
2
b Al Initialize

(pis]: [

% Estimation Function

estFcn

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

MATLAB EXPO 2019
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Why Predictive Maintenance ?
» QOperating conditions vary
« Variance in component life




Generate Possible in-field Scenarios
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| Scale up with MATLAB Parallel Server

MATLAB Parallel Server

3 sm_pump_triplex + - Simulink —
le Edit View Display Diagram Simulation Analysis Code Tools

) a8 @ . = - e < — )
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Use Parallel Simulation Manager to scale up

matlab-azure-nju227ycg5xwm.eastus.cloudapp.azure.com

MECHANICS EXPLORERS

sm_pump_triplex

File Explorer Simulation View Tools Help

-“BRE 08X Eras s 1|

BN 1£|Viewcomention:‘ QJ@ o+ QL LS| e

4\ MathWorks:

MENU AND TOOLEARS =
-’ <m =% [ & 3/ » home » txiao » Desktop » DigitalTwinDemo » »
Current Folder @® | [A Editor - main.m Mechanics Explorers - Mechanics Explorer-sm_pump_triplex @ X Workspace ®
| | [Name A | i | Mechanics Explorer-sm_pump_triplex | Name - [Value
4ff CAD 7., sm_pump_triplex [ bearing_fault_f... 3.0000e-04
= ) Fault_Detect 89 Driver » H bearing_fault_f... 0
Driver: Dynoj§ o o Foult Sweeh -9 Pump tH bearing_visc_f... 1.0000e-04
Triplex Pump with§ @ bt nectio I block_in_facto... 0.5000
Use default config; Faul @ () |mages HH block_in_facto... 1
Driver: Motor, Dyno e X HH chkv_all_crkP_... 30000
1. Plot results: Output fil @ = Libraries T B A i
2. Estimate parametersi ® () ParamEst a5 chkv_.all_max... 120000
3. Enable Faults SealL @ (=) Scripts_Data :H chkv_in_maxA... 1.0000e-04
Wornl o1 = cjides Vid HH dir_i 14
4. Short fault sweep frof SlidasiMiceos ] di 1x1 |
P |0 dirlist 1x14 cell
Plot results of full s\ = S‘F":J FH end_index 201
Output Pressure HH leak_cyl_area_... 3.0000e-06
- leak_cyl_area_... 1.0000e-09
File Tools View Simulation Help EB pOut_Init WKSP 7
©-| B >®|-||- % H poutMeas_data 201xI double
® @ ‘ \ M H poutMeas_time  201x1 double
Il sCI_HomeDir ‘fhomeftxiao/Des...
[l scI_libname ‘Multibody_Multip...
|-E| smiData 1x1 struct
sl SPL_ver 1x84 char
EﬂTRP_HomeD’r ‘fhome/txiao/Des...
|| TRP_Par Ix1 struct
(@R T-oolr 1®)| v2x - — | mme[o1
nd Window ®
bdclose all
Sample based | T=0.100 iscape Multibody Multiphysics Library v2.7
— - spersopyright 2013-2018 The Mathworks, Inc.
main.m (Script) i /home/txiao/Desktop/DigitalTwinDemo/Libraries/MPL_Libs/Libraries/Multibody Multiphysics_Lib.slx % block diagram
fx ==
Set Up *
@) set Up
@) sbo
Parsim
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Develop Predictive Models using Digital Twin

1 2 3 4
Time LeakFault  BlockingFault  BearingFault FaultType
1 0 sec 2.8472 -0.1477 1.8000 All
2 0.001 sec -0.1498 -0.4207 1.3103 Bearing & Blocking
3 0.002 sec 0.6511 1.6521 -0.5557 Leak
4 0.003 sec 0.1469 -0.2775 1.0074 All
5 0.004 sec -0.6480 0.7065 -0.8878 Blocking
6 0.005 sec -0.8165 -0.5434 -0.3079 Blocking
7 0.006 sec -1.0061 1.2083 0.0661 Bearing
IB 0.007 sec 1.0125 -1.9098 -0.7027 Leak & Blocking

MATLAB EXPO 2019
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Realtime decisions in field > Monitor >> Ana'yze>> Predict mm

\

ABlowout Preventeri&or;
Condition and Perfﬁance Monltorlng

M8t Miithi .lohn Kozicz

\ “If we can reduce the enerqy consumption of the pump and the

“A blowout preventer (BOP) is an expensive pressure control safety

device used during drilling and completion of wells. cooling fan, then energy will be saved significantly. To do that, we

Approximately 50% of the unplanned downtime for an offshore drilling have to install the VFD (Variable Frequency Drive) instead of the

rig is caused by the BOP. Providing a solution that improves the control valve.

availability of a BOP will benefit the drilling process and safety.” Link VFD is the final control element,” informed Dr Sarkar. Link

Transocean performed CPM of a BOP using an adaptive A digital twin model of VFD controller was created to make
\ physics-based modeling approach with Simscape. / \physical controller (VFD) more efficient. /

MATLAB EXPO 2019
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http://www.digitalcreed.in/tata-steel/
https://www.mathworks.com/videos/condition-and-performance-monitoring-of-blowout-preventer-bop-at-transocean-1545303832202.html
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Backbone Infrastructure for Preventive, Predictive, Reactive, Actionable
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Deploying Al in

Keep Assets, Digital Twins and Analytics connected at all times
Master Class

Enterprise Systems

\ N\
Edge Production System Analytics Development
Generate /’ Azure MATLAB MATLAB
( . ) Compiler SDK
telemetry MATLAB Production Server P =]
Worker processes /? =
s N 4 A . :M
(‘) K Debug — B
“I~ " ; Request | <{mmmmmmmmn am
Broker Algorithm
Developers
Connector “ ‘ P
L J Package i
—— \ ‘ ) & Deploy
* / Business Decisions
Apache 4 ) |
Kafka %
B State Persistence P93
_ % elastic ‘ kibana D o
@° _ End Users
Storage Layer \_ Presentation Layer ) T@%
J \\ J
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MathWorks Cloud Reference Architecture

). MATLAB Production Server Clo Home - Microsoft Azure ) MATLAB in the Cloud - MATLAB X e

& C @ https://in.mathworks.com/cloud.htm @ Y¢ Incognito @

Converting Matlab... [ FIK and License File... J Data Analytics - Ho... J Add-On Product Re... ) MATLAB and Simuli... ) Travel Request [ HIVE JDBC Connector [ VseatReports

&MilthWOl’kS' Products Solutions Academia Support Community Events Get MATLAB

MATLAB in the Cloud sesrnmatvonscon i}

Overview AWS  Azure  Other Clouds

Use MATLAB in the Cloud

Run in different cloud environments from MathWorks Cloud to public clouds including AWS, Azure, and others

MathWorks Cloud

MathWorks Cloud provides you with instant access to MATLAB and

other products and services you are licensed for hosted on MathWorks Ik
managed cloud infrastructure. With MATLAB Online , you can use
MATLAB in a web browser without installing, configuring, or managing
any software. MathWorks Cloud also provides MATLAB Drive”, giving
you the ability to store, access, and work with your files from anywhere.
You can access MathWorks Cloud solutions anywhere across different
devices, use them to teach and learn, and to incorporate MATLAB
analytics for a variety of applications.

Learn more about hosted offerings.

Public Clouds

MATLAB EXPO 2019
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Receive rapid streams of data to maintain effective Digital Twins

DEMO BOOTH:
Deploying Al in
Cloud \
Production System
———————————————————————————————————— ~,

| <‘" Virtual Network Management Server |
[ I
| ﬂ : » https management endpoint
I e N - I
[ I
: = r‘ MATLAB '
| — r‘ Production — A4,
I B _ﬂ Server(s)
' I scaling grou —

N g group el . -
| pplication Enterprise Applications
| < / - J Gateway Load P PP
! Connectors for Balancer
| Streaming/Event |
: Data :

! — y l
. SR .
[ I
'\ State Persistence Connectors for Storage & Databases II
N e e e e e e e e e e e e e e e e e e e o e e o e e e e e e e e e o o o = 7
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Develop and Deploy: Live Estimation for Remaining Useful Life

PLOTS APPS

SHORTCUTS

<{ 4l @l & 2/ » local » Demos » PredictiveMaintenance » Repo »

Current Folder v

+ @ +mech_hydro... |
o

iNAPP..
& DocExample

PPoP0O0OO®O®®®

writeToEnsemble.m (Fu...

m

Command Window

0 >> |

110 A

goeds

AI0ISIH PUBLILIOD
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& 0.2
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In Conclusion

MathWorks is investing in this area and has key building blocks for your solution:

— Physical Modeling libraries to build Digital Twins and Operating Scenarios

— Data Science libraries to build Intelligent & Insightful Applications

— Deployment workflows for edge, on premise server & cloud platforms

lloT and Digital Twin are new areas evolving rapidly

“Come talk to us about your IoT application and discuss how we can support you !”

MATLAB EXPO 2019
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Call to Action

>>110T & Digital Twin Booth

Digital Twin System - Hydro Electric System

=@ | 1]

MATLAB EXPO 2019

K >>Master Class \

I(Cl 5?‘
_ ".fE|35UE —

MATLAB WATLA
Compiler SOK

5 0@

Package
& Deploy

Analytics Development

3 Algorithm
s Developers
e
*e

Mods!

Storage Layer

K kibana 0 &
End Users

Business Decisions

=e

—

\.

6eploying Al Algorithms on Cloud\
for Near Real-Time Decision
Making

Pallavi Kar, MathWorks

J

o

>>Attend Data Science

Sessions

(14:30

Developing and Deploying h
Machine Learning Solutions for
Embedded Applications

Nitin Rai, MathWorks

(
15:00

Predictive Maintenance with
MATLAB

Amit Doshi, MathWorks

J

f16:45

Building and Sharing Desktop and)
Web Apps
Dr. Lakshminarayan Viju

Ravichandran, MathWorks y

/

(6:15

Innovative Method of Deploying\
MATLAB Based Applications
Across an Organization Using
MathApps, a Web-Based Platform
Chandrakant Deshmukh, Saifee
Aliakbar, and Jannat Manchanda,
Mahindra and Mahindra Ltd. )
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Resources: lloT and Digital Twin

> 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

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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