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Consider the doorbell

Access to the cloud

Add a camera

Is this still a doorbell?

Add a motion sensor
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Digital transformation has changed the doorbell

Digital technology
= HD video

= Motion detection

« Smartphone interface
« AWS Cloud

Sophia what are you doing? ) ( "
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Digital transformation has changed the doorbell

Digital technology
= HD video

= Motion detection

« Smartphone interface
« AWS Cloud

Business value
« Amazon buys Ring for $1.2 billion+ in 2018

Amazon Acquires Ring,

Maker of Video Doorbells

Front-door monitoring device plays to buyer’s
ambitions in home-security business
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Digital transformation has changed the doorbell

Digital technology
= HD video

= Motion detection

« Smartphone interface
« AWS Cloud

Business value
« Amazon buys Ring for $1.2 billion+ in 2018

New revenue opportunities

= “Ring Protect” subscription plans ($99-$499)
= Additional security with Ring Alarm kit

= More secure delivery through Amazon Key




<) MathWorks

Who and what were required to undergo this transformation?

App developer :
Y GlevSlR el Smartphone interfaces

Data engineers .
J System architects

Computer vision
Cloud experts

Wireless systems Software engineers
Algorithm designers Image processing
SO e Enterprise systems Data analytics
Business partnerships Controls design
Logistics

IT integrators

_ Logistics experts
Model development Data security
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People

Processes Technologies
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More than just doorbells ...

Industrial Automation Automotive

Individually customized Fully autonomous

manufactured units driving capabilities

Medical

v R

Wearable devices to
monitor mental health of aircraft fleet
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Utilities & Energy

[t

Increased energy efficiency
with predictive maintenance

Finance
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Real-time data analytics
for predictive insights



Why Digital Transformation?

Do things better
Optimization

= Optimize design performance in-operation
= Predict when system needs maintenance
= Manage a fleet of connected systems

Do new things
Transformation
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Why Digital Transformation?

Do things better Do new things
= Optimize design performance in-operation « Go into new industries and markets
= Predict when system needs maintenance « Expand into an entire platform service
= Manage a fleet of connected systems = Provide unique value to your customer

The doorbell illustrates both types

10



Plan and Pilot

Launch!

 Expected project duration

Plan

. ) MathWorks’

Actual project duration

Plan Some More Pilot Keep Piloting

< 20% of organizations are on target
with their digital transformation objectives

Source: McKinsey, Can IT Rise to the Digital Challenge?, October 2018.

Launch?
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Why is it hard? People

Processes Technologies
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What approaches have people tried?

Big Bang Approach
Build complete infrastructure first
Value not delivered to customer
Risky

Pragmatic Approach
Build on models you already have
Extend beyond siloed use of data
Unleash untapped value

Siloed Approach
Each group works in own silo
Stuck in business model
Obsolete
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Pragmatic Digital Transformation

Systematic use of data and models
to create and deliver superior value to customers
throughout the entire lifecycle




Systematic Use of Data
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Data centralization has made engineering even more difficult

Field System User Environment
data data data data

om0 Z

Big Data databricks #Mhadoop cLoupzra

> o

"_i-..'.-.;.i_'!,ii-_= [P P - A8
Cloud Platforms W oocker ~:.:-amaz,on
webservices™

Data diversity complexity

= Engineering, Scientific, and Field
« Business & transactional

= Noisy, Outliers, Missing data

= Time series synchronizing

Modern data management
multiplies complexity

« Proliferation of data systems

= More siloes

« Cloud, on-premise, hybrid

« Big Data
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Example: GSK Consumer Healthcare
Using big batch process data to make better products

£1 billion brand
~8% growth
Close to capacity at all 20+ factories

“Trying to squeeze every last drop of efficiency ...
Last thing we want to do is build another toothpaste factory”
Dr. Bob Sochon
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Challenge #1: Big data lives in many siloes

Production
Process
Every process variable!
Vessel temperature

Batch properties
Mixer/formula concentrations

ation
date, time
ors

Yeatr,

_. .IIE:>i<I_ceI-
Ilfsc#);

rical

Used MATLAB to combine and clean data
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Challenge #2: Need systematic pre-processing

e BAlCh ]

ool 1 I r il
® ‘ ] l | ‘

,_\_

Startup  Add Finishing

phase silica phase
phase

Used MATLAB to sort and tag data by phase



Challenge #3: Need systematic views of data

Formulations

Archive

Sales History

Production
Process

Excel
HHES

=

O
©
e

Visualisation

Preprocessing

LIMS Data

Phase Daf hazeDefini

Add LIMS ¢ata

R

ormuia Combination

et Number

U344
U344z
U3444

Segmantation
StarvEnd

®) Premib: ») Slar
End

Cut Direclion | Increasing

<) MathWorks
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Results of Digital Transformation at GSK

Systematic use of data
« Combine siloed data

« Sort and tag

= Views to select

Process Workflow

Can now use data to answer guestions

@‘ 5% Q - What affects the process
Cleaning Shace et - How is each phase performing
= . .
& Context || Separation | investigation || ~ =esults - What happens if we adjust parameters
Typical Workflow
N ) .
Benefits

« Reduced time to market for new formulas
« Automated reports for process improvement
« Added capacity without building a new factory

21



<) MathWorks

What 1s new to make this easier?

OPC UA Live Editor Tasks Predictive Maintenance Toolbox

Access plant data Apps that help you Design condition
securely from OPC UA- reduce development Indicators and estimate
compliant servers. time and errors RUL of machinery

LiveEditorTasks\LETfull.mbx
Mormal * r_:| Task ™

3 Serverfrray
@ MNamespaceArray
—- @ ServerStatus
a8 StartTime

D CyrrentTime

We know our signals contain spikey outliers, let's find a way to clean them.

@ < 7| Clean Outlier Data
g -~y
Jtd i Find, fill, or remove outliers

& Buildinfo
D ProductUri
Input data | select ¥ | X-axis
a ManufacturerMame I
@ ProductName Specify cleaning method

@ SoftwareVersion

Select data

Cleaning method

a \ '
BuildMumber Define outliers

o By iate
E Ui I d E: ate ' Detection method Threshold factor

SecondsTillShutdown
& ShutdownReason Visusiien mstits
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Systematic Use of Models
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Model-Based Design: Systematic Use of Models in Development

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

Use Cases Behavior models i Physics-based C,C++ Model-based V&V
Docs & models VHDL, Verilog Code-based V&V
Architecture models Data-driven GPU code Certification
workflows

Structured text

1 1 1 J

Digital Thread

24
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Model-Based Design: Systematic Use of Models in Development

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

Use Cases Behavior models Physics-based C,C++ Model-based V&V
Docs & models VHDL, Verilog Code-based V&V
Architecture models Data-driven GPU code Certification
workflows

Structured text

Al Data labeling C,C++ Al Integration in
. Simulink models
Training GPU code
Quantizing

25



<) MathWorks

Example: Reinforcement Learning for Autonomous Vehicles

p< [stearil]
<Sleer>

< [acceiRL]
<Accel

Driver connection with Reinforcement Learning = kg:/[mak;aRl_]
ral

Torgh o
Velocity
for Training @bk

- sdone Steer RL
(One camera at drivar saat and @ bird view came for simulation use False —— | false tchd y | T L
=t = yawAngle_Relative ToMidlane] _——== yawAngle .
RGE fof neural nel E
CNN with 2 outputs {steer and [resetFlag] RnsntFlag
In M, -—>-—|acae\RL| accelRL
Call trained NN [rakeRL] brakeRL

lal.eralDrstance_ i — » lateralDisp
B
RL Reward

|VDBS Vehicle Model with 14 DOFs Body, Mapped Engine, and simplified Drivelinel

- , ——<_bwe ]

1
E e plRuei ke | visualization
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>
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<BodyY>
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Episode Reward for OvalTrackVDBSgL9a with rIDDPGAgent

Episode Number

Training Progress ( 28-Jun-2019 12:06:28 )

Episode Information
Episode Number 5
Episode Reward 812
Episode Steps 129
Episode Q0 2190.0723
Tetal Mumber of Steps 633

Average Results

Average Reward 798.8
Average Steps 1366

Window Length for Averaging 5

Training Options
Hardware Resources for Actor and Critic
Learn Rates for Actor and Critic  0.001
Maximum Number of Episodes 5000
Maximum Steps per Episode 167

Final Results
Training Stopped by
Training Stopped at Value
Elapsed Time

Stop Training

cpu  cpu
0.0001

<) MathWorks
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Episode Reward for OvalTrackVDBSgL19a with rIDDPGAgent

0.4

Episod

mum Number of Episo

de

Final Results

T ng Stopped by
Training Stopped at Value
Elapsed Time

<) MathWorks
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Extending Through the System’s Lifecycle

A’/———— Closed-loop back to Development
System System Functionality Subsystem Subsystem System Integration
Requirements and Architecture Design Implementation and Qualification
Use Cases Behavior models Physics-based C,C++ Model-based V&V
Docs & models VHDL, Verilog Code-based V&V
Architecture models Data-driven GPU code Certification
workflows

Structured text

Operations and
Sustainment

Predictive
maintenance

Digital Twins

1 1 1 J

Digital Thread

- ) MathWorks’
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Case Studies: Use of Data and Models in Operation

Tata Steel: Controller
optimization

Atlas Copco: Digital thread Schindler Elevator:
for compressor systems Virtual commissioning

s —aaE_
- :!!’“" i IE[‘I|i \

Fuji Electric: Real-time Lockheed: Aircraft fleet Mining company: Fault detection NIO: Battery management
analysis of Smart Grid management and predictive maintenance for electric vehicles

K{0)



Atlas Copco: Challenges

Air Compressor System

« Shorter Time to Market
= Cross divisional development
« Improve reliability and efficiency

= Control total development,
production and service costs

= High product variability

<) MathWorks
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Atlas Copco
System Lifecycle Use with MATLAB & Simulink

As Designed
As Configured
As Produced
As Maintained

As Maintained: > 120.000 Machines Connected

SMARTLINK

32
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As Achieved: Standardized Model Based Engineering Platform

Process <« Company-wide workflow
» Used throughout product lifecycle
» Optimized maintenance and Data Analytics platform
» Continuously updated digital twins

People  Collaboration platform for efficient communication
« Standardized accurate configuration tool used by global sales

Results  « 120k+ connected machines
» Quick implementation of upgrades
» Re-establishing Atlas Copco as undisputed global market leader

33
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What is new to make this easier (more powerful/effective)?

Simulink Requirements System Composer Simulink

View: | Requirements ¥

Index
hd |h| scExampleSmallUAVModel
v E 1

¥ E 11
g 111
= 1.1.2
E 113
B 114
E 115
E 1.1.6
E 117
E 118
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What is new to make this easier (more powerful/effective)?

Simulink Requirements

System Composer

Simulink

MATLAB

Digital Twins and Predictive Maintenance

Big Data/Dashboards

0 Power Bl i +ableau TIBC Spotfire
databricks '@hadaap CLOUDZ=RA

Cloud
s
"docker I= % bsgrﬁ(c)ersl
§g |||I -
kafka AmXinesis Azure Stream Analytics
Edge
‘&‘ am Windows SCADA
%7 Tcrip e
Embedded

(intel') ARM N
Bl o
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Figure 1. Magic Quadrant for Data Science and Machine Learning Platforms

<) MathWorks

A Leader in the Gartner Magic Quadrant for 2020
Data Science and Machine Learning Platforms

COMPLETENESS OF VISION As of November 2019 rtner, Inc

Source: Gartner (February 2020)

*Gartner Magic Quadrant for Data Science and Machine Learning Platforms, Peter Krensky, Erick Brethenoux, Jim Hare, Carlie Idoine, Alexander Linden, Svetlana Sicular, 11 February 2020 .

This graphic was published by Gartner, Inc. as part of a larger research document and should be evaluated in the context of the entire document. The Gartner document is available upon request from MathWorks.
Gartner does not endorse any vendor, product or service depicted in its research publications, and does not advise technology users to select only those vendors with the highest ratings or other designation. Gartner research

publications consist of the opinions of Gartner’s research organization and should not be construed as statements of fact. Gartner disclaims all warranties, express or implied, with respect to this research, including any
warranties of merchantability or fithess for a particular purpose.



Figure 1. Magic Quadrant for Data Science and Machine Learning Platforms

<) MathWorks

A Leader in the Gartner Magic Quadrant for 2020

Data Science and Machine Learning Platforms

We believe this recognition demonstrates our ability to:

RapidMiner

@ Domino

Empower teams, even those with limited Al experience
Support entire Al workflows

Deploy to embedded, edge, enterprise, and cloud
Tackle integration challenges

Manage risk in designing Al-driven systems

COMPLETEMESS OF VISION As of November 2019 ® Gartner, Inc

Source: Gartner (February 2020)

*Gartner Magic Quadrant for Data Science and Machine Learning Platforms, Peter Krensky, Erick Brethenoux, Jim Hare, Carlie Idoine, Alexander Linden, Svetlana Sicular, 11 February 2020 .

This graphic was published by Gartner, Inc. as part of a larger research document and should be evaluated in the context of the entire document. The Gartner document is available upon request from MathWorks.
Gartner does not endorse any vendor, product or service depicted in its research publications, and does not advise technology users to select only those vendors with the highest ratings or other designation. Gartner research

publications consist of the opinions of Gartner’s research organization and should not be construed as statements of fact. Gartner disclaims all warranties, express or implied, with respect to this research, including any
warranties of merchantability or fithess for a particular purpose.
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Why MathWorks for Pragmatic Digital Transformation?

ILAB
IMULINK

Systematic use of data and models

to create and deliver superior value
to customers

throughout the entire lifecycle

Svstem Requirements System Functionality Subsystem Subsystem System Integration & Operations &
Y d & Architecture Design Implementation Qualification Sustainment

Digital Thread
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Keep in mind today:

How can you systematically use
models and data as part of your
pragmatic digital transformation?

Enjoy the Conference!
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