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Pragmatic Digital Transformation
Through the Systematic Use of Data and Models

Jim Tung
MathWorks Fellow
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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
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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
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Who and what were required to undergo this transformation?

A | '
Yp LRl pErs Smartphone interfaces

Data engineers .
J System architects

Computer vision
Cloud experts

Wireless systems Software engineers
Algorithm designers Image processing
O [Pl 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
| |

Individually customized

manufactured units

Medical

itk

W earable devices to
monitor mental health

Fully autonomous
driving capabilities

Global management
of aircraft fleet
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Petroleum
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Increased energy efficiency
with predictive maintenance

Finance
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Real-time data analytics
for predictive insights



Why Digital Transformation?

Do things better

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

Do new things

y } MathWorks
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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 unigque value to your customer

The doorbell illustrates both types
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Plan and Pilot

 Expected project duration

Plan

<) MathWorks

Launch!

Actual projectduration

Plan Some More Pilot Keep Piloting Launch?

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

Source: McKinsey, Can IT Rise to the Digital Challenge?, October 2018.
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Why is it hard? FEll

Processes Technologies

© 2020 The MathWorks, Inc. 12
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What approaches have people tried?

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

Big Bang Approach Siloed Approach
Build complete infrastructure first Each group works in own silo
Value not delivered to customer Stuck in business model

N Y Obsolete

13



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 @'hadaap CLOUDZRA

__isis
wsamazon
Cloud Platforms e e

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

16
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National Oilwell Varco (NOV): Challenges

» Offline and siloed analytics for
— Drilling models
— Equipment health
— Sensor models
— Drilling optimization

« Improve efficiency and quality for
drilling automation

= Location and mobility of drilling rig
limit data transfer abilities

17
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NOV
Real-Time Edge Analytics with MATLAB & Simulink

Analysis
Modeling
Deployment
Testing

How: Prototype Deployment

18



Standardized Operational Platform for Drilling Analytics

Process ¢ Cross-group workflow
» Used throughout rig operation
» Optimized drilling automation and data analytics platform
» Optimized customer experience

People » Collaboration platform for efficient communication
« Rapid prototyping capabilities for engineers

Results  Productized edge analytics platform for customers
 Quick implementation of upgrades
 Accelerated development timelines establish NOV's industry leadership

< } MathWorks
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Results of Digital Transformation at NOV
Industry leadership in drilling automation systems

DrillRig

DrillRig

+
Local Analytics

Connected

System

Equipment
System

=

Drilling

Menegement Optimization

Drilling
Control

System
r’ oA 9,
) —> ¢
.
H
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What i1s 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

itorTasks\LETFull.mix X

2 Quickstart Historical Access Server LIS : 4 B9 B0 e

=4 Server
a ServerArray
S NamespaceArray
—-@ ServerStatus
a StartTime
& CurrentTime
@ State
@ BuildInfo
@ ProductUri
a ManufacturerName
@ ProductName
@ SoftwareVersion
@ BuildNumber
@ BuildDate
@ SecondsTillShutdown
@ ShutdownReason

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

7| Clean Outlier Data

Find, fill, or remove outliers

Select data

Input data | select ¥ | X-ais

[y

Specify cleaning method )

Cleaning method

Define outliers

Detection method Threshold factor

Visualize results

26



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 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

I I N E—

Digital Thread

28
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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 kd 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

Data labeling C,C++ Al Integrationin

. Simulink models
Training GPU code

Quantizing

29
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Example: Reinforcement Learning for Autonomous Vehicles

[RL Training Environment | o]
— <5l

< JacesiRy
el
Driver connection with Reinforcement Learning -—/[makeRL]

G <Brake>
>,

Time (s)

Simuaton 30 Enging Di

ahOvalTrack_CompiledUnrealGame\OvalTrack_ 20181123 exe -[I
_—b_-[\ue focity_kph] Velocity

Image processing for Training lisDone] -0\0_ make driver bus signal ] Steer RL
- :
E—,_. A

switch3 [yawhngle_RelaiiveTohdlana] ——= yawAngle .
Driver Seat Came| e st ResetFl
CNN with 2 outputs {steer and el | lag
Lo} . - [ sjascelRL
Call trained CNN brakeRL
o flaterzlDistance_Relative ToMidians] —= lateralDisplacement

fore Carmarn of e whal and & bid vees Cama| for simulation use False ——
Ll

rd\iew Camera (instead

[vetocity_kphl

RL Reward

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

— R , ——<_Owe ]

E ¥ Resel brake | visualization

[VehFdbk] W VehFdbk Accel Dislurbance / 4::|
= Manual Driver Disturbance Injection

f[earPasitionFromUETL= BadyX¥ <[EarPositionFromU

[distanceAlongMidanss

[resetFlag] jfﬂ&m&"ﬁ%e. and aceelibrake together)

_RelativaToM| angle relative 1o midlane

»
W Distance

Manual Driver

[VehFdzik] |

<adold

<X

<y

[ [verFdbk]

o

» VehFdbok

<phi>

L [yawRate_fixedRef] ii UE4]
<BadyY>

[velocity_kph] “
trackY I

Tvelooity_kph] trackDist lalerallistance_RelativeToMidians —1
Tewocily_kph

_[Rewsrﬂ] Reward Luggg,%lq trackYawAngle rrackYawAngle
distanceAlongMidiane = [yawRate_fixedRef] :'Q reselFlag [resetFlag)
T 1
B »>
I yarw (rad)
» Ly resetFla
s I ] H

<BoyX

wangle_Relsi i T gle_RelativaToMi |

Geomatric Calculations
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Episode Reward for OvalTrackVDBSgL{9a with riDDPGAgent 2 " y Training Progress ( 28-Jun-2019 12:06:28 )

Stop Training \

Episode Information
Episode Number 5
Episode Reward 812
Episode Steps 129
Episode Q0 2190.0723
Total Number of Steps 683

Average Results
Average Reward 7988
Average Steps  136.6
Window Length for Averaging 5

Eplsode Rew

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

g

Final Results
Training Stopped by
Training Stopped at Value ...
Elapsed Time

Episode Number
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Episode Reward for OvalTrackVDBSgL19a with rIDDPGAgent /* ("

o
@

S
©
o 05
-
o
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04

Training Options
Hardware Resources for Actor and Critic cpu cpu
Learn Rates for Actor and Critic  0.001  0.0001
Maximum Number of Episodes 5000
Maximum Steps per Episode 167

Final Results
Training Stopped by
Training Stopped at Value
Elapsed Time

0.5 0.6
Episode Number
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Extending Through the System'’s Lifecycle

_--___

LN ]

- el L

—__ ——~-

== Closed-loop back to Development T s~o
A¢ ‘x\

\

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
: : e L Digital Twins
Architecture models Data-driven GPU code Certification
workflows

Structured text

11 1 1 )

Digital Thread
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Case Studies: Use of Data and Models in Operation

Atlas Copco: Digital thread Schindler Elevator: BuildinglQ: Predictive
for compressor systems Virtual commissioning energy optimization

T o \': 67;\:"“ '
i ':Y‘?J_'," bn?;lnoi \

Lockheed: Aircraft fleet
management

Fuji Electric: Real-time
analysis of Smart Grid

Mining company: Fault detection
and predictive maintenance

<) MathWorks

Tata Steel: Controller
optimization

Transocean: Condition and
performance monitoring of BOP
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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

JANS Designed As Maintained: > 120.000 Machines Connected
As Configured

As Produced
As Maintained

o \? " »
a0
NORIH KOREA

‘ <§
-
TAWAN

36



< } MathWorks

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

37
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What is new to make this easier (more powerful/effective)?

Simulink Requirements System Composer Simulink

Index Summary
v |h| scExampleSmallUAVYModel
v 51

£
[

FlightComputer

Classical Contraller

(=

=l
=
=
=l
=
=
=l

Airbrake Demand
=l

Flight
High
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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

p) Power Bl “+"tableav Spotfire
databricks #¥hadoop
Cloud
_ s
@isamazon

W webservices™

I|II RO

kafka Amazon Kinesis Azure StreamAnalytics
Edge
42 TCP/IP
Embedded
ARM NHEO

M XILINX.

S9



Figure 1. Magic Quadrant for Data Science and Machine Learning Platforms
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ALeader in the Gartner Magic Quadrant for 2020

Databricks @ShS

Data Science and Machine Learning Platforms O

[ ) Dalaiku. @ MathWorks

. Microsoft
KNIME DataRobot @

o
RapidMiner R
Google i’ @H20ai

@ Domino

Anaconda

Altair

ABILITY TO EXECUTE

COMPLETENESS OF VISION As of November 2019

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 graphicwas published by Gartner, Inc. as part of a largerresearch documentand should be evaluated in the context of the entire document. The Gartner documentis available upon requestfrom MathWorks.

Gartner does notendorse any vendor, productor service depicted inits research publications, and does notadvise technology users to selectonlythose vendors with the highestratings or other designation. Gartnerresearch
publications consistofthe opinions of Gartner’s research organization and should notbe construed as statements offact. Gartner disclaims all warranties, express orimplied, with respectto this research, including any
warranties of merchantabilityor fitness for a particular purpose.



Figure 1. Magic Quadrant for Data Science and Machine Learning Platforms
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ALeader in the Gartner Magic Quadrant for 2020
Data Science and Machine Learning Platforms

We believe this recognition demonstrates our ability to:
« Empower teams, even those with limited Al experience Databricks @ SAS
e Support entire Al workflows

« Deployto embedded, edge, enterprise, and cloud
« Tackle integration challenges

« Manage risk in designing Al-driven systems

TIBCO Software
O Dataiku. @ MathWorks

ABILITY TO EXECUTE

COMPLETENESS 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 graphicwas published by Gartner, Inc. as part of a largerresearch documentand should be evaluated in the context of the entire document. The Gartner documentis available upon requestfrom MathWorks.
Gartner does notendorse any vendor, productor service depicted inits research publications, and does notadvise technology users to selectonlythose vendors with the highestratings or other designation. Gartnerresearch

publications consistofthe opinions of Gartner’s research organization and should notbe construed as statements offact. Gartner disclaims all warranties, express orimplied, with respectto this research, including any
warranties of merchantabilityor fitness for a particular purpose.
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Why MathWorks for Pragmatic Digital Transformation?

ATLAB
IMULINK’

Systematic use of data and models

to create and deliver superior value
to customers

throughout the entire lifecycle

Svstem Reauirements System Functionality Subsystem Subsystem System Integration & Operations &
y a9 & 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!



