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About the Speaker

RAJIV ANAND

«30 year journey in process controls from field engineer to senior executive, mostly with
Emerson Process Management and their LBP Lakeside Process Controls

*Technology enthusiast

*Crossed over to learning and applying Machine Learning for Industry 4.0/Smart Industry in
2016 -

«Started Quartic.ai in 2017, based in Waterloo, Ontario

@ Rajiv@dquartic.ai

m www.linkedin.com/in/anandrajivra
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Outline

* Technology is changing at an exponential rate

* |loT, Smart Industry and Industry 4.0 are real and  here to stay —
Machine Learning and Algorithms are the key enabler s

* Manufacturing sector can be the greatest beneficiar  y of Al and
Machine Learning

* Process control and automation have evolved at a sl oW pace

* Automation professionals can now have a big and val uable
Impact

* |lloT with Machine Learning is not difficult to lear n and apply

* |Itis a great time for automation professionals to collaborate
and be the leaders of industry
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Human evolution — a journey of intelligence

The true sign
of
= intelligence
. is not

knowledge
but
imagination.
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Artificial Intelligence — Real potential

We are on the edge of change comparable to the
rise of human life on Earth.

— Vernor Vinge;

computer scientist and novelist. Author of A Fire Upon the Deep (1992), A Deepness in
the Sky (1999), Rainbows End (2006), Fast Times at Fairmont High (2002), The Cookie
Monster (2004), and The Peace War (1984)
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Surprise, hype...or a natural law

Human Progress

Time

waitbutwhy.com
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Surprise, hype...or a natural law

Human Progress

Time

waitbutwhy.com
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The Law of accelerating returns 1

DPU = Die Progress Unit?

2017

1767

1 DPU
1500

12000 BC
24000 BC

100000 BC

1. Ray Kurzweil; 2. waitbutwhy.com
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Is our imagination the limiting factor?

Trajectory taking
exponential growth

Correct

into account \ < prediction
Present Bad predictions
Day (underestimating

the future)

Trajectory based on P
past growth rate \|

Human Progress

Date in

Ti m e the future

waitbutwhy.com
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Al Is redefining our world

Our Distorted View of Intelligence

Haha that's adorable
the funny robot can
do monkey ftricks!

Intelligence

waitbutwhy.com
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Al Is redefining our world

Reality

Haha that's adorable
the funny robot can
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Not hype — a natural law!

Gartner Hype Cycle for Emerging Technologies, 2016
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Al Is redefining our world

Stanford | news

Home Find Stories For Journalists Contact ‘

JANUARY 25, 2017

Deep learning algorithm does as well as
dermatologists in identifying skin cancer

In hopes of creating better access to medical care, Stanford researchers have trained an algorithm to diagnose skin
cancer.

< C @ newsroom.mastercard.com/press-releases/mastercard-rolls-out-artificial-intelligence-across-its-global-network/ * 0@ :
Newsroom Blog Our People Investor Careers
Relations EI' Q E
mastercard.
Engagement.

Subscribe & Print

Home » Engagement Bureau » Prass Releases » Mastercard Rolls Out Antificial Intelligence Across its Global Network

o G oEd - O [EM o o GO Emal

Briefs

Press Releases Mastercard Rolls Out Artificial Intelligence Across its Global Network

Blog
Decision Intelligence™ leverages machine learning technology to increase approvals for
Digital Press Kits genuine transactions and deliver overall better consumer shopping experience

. PURCHASE, N.Y. - 30, 2016 - d today infroduced Decision Intelligence, a comprehensive
Images & Infographics L ) ) ) AT L
decision and fraud detection service. The solution uses artificial intelligence technology to help financial institutions

Video Gallery increase the accuracy of real-time approvals of genuine transactions and reduce false declines. W
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The Industrial Opportunity
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Gartner forecast that the $1.9 Trillion global value add will be split across the
following industry sectors:

Source: Gartner
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How are we doing in Process Automation?

WIKIPEDIA
The Free Encyclopedia
Main page

Contents
Featured content

Mvrnnt Avianda

Article Talk

PID controller

& Not logged in Talk Contributions Create account Log in

Read Edit View history |Search Wikipedia Q

From Wikipedia, the free encyclopedia

A proportional-integral-derivative controller (PID controller) is a control loop feedback mechanism (controller) commonly used in industrial control systems.
A PID controller continuously calculates an error value e(t) as the difference between a desired setpoint and a measured process variable and applies a
correction based on proportional, integral, and derivative terms (sometimes denoted P, /, and D respectively) which give their name to the controller type.

History and applications |edit]

Origins | edit]

PID controllers have their origins in 18th century speed governor design.2l! The theocretical basis for the operation of
governors was first described by James Clerk Maxwell in 1868 in his seminal paper 'On Governors', but it was nat until
1922 that PID controliers were first developed using a theoretical analysis, by Russian American engineer Nicolas
Minorsky (Minorsky 1922) for automatic ship steering. Minorsky was designing automatic steering systems for the US
Navy and based his analysis on observations of a helmsman, noting the helmsman steered the ship based not only on
the current course error, but also on past error, as well as the current rate of change;[S] this was then given a
mathematical treatment by Minorsky.[®! His goal was stability, not general control, which simplified the problem
significantly. While proportional control provides stability against small disturbances, it was insufficient for dealing with a
steady disturbance, notably a stiff gale (due to steady-state error), which required adding the integral term. Finally, the
derivative term was added to improve stability and control.

Trials were carried out on the USS New Mexico, with the controller controlling the angular velocity (not angle) of the
rudder. Pl control yielded sustained yaw (angular error) of +2°. Adding the D element yielded a yaw error of +1/6°, better
than most helmsmen could achieve.”]

The Navy ultimately did not adopt the system, due to resistance by personnel. Similar work was carried out and published
by several others in the 1930s.

One of the earliest examples of a PID-type controller was also developed by Elmer Sperry in 1911, though his work was
intuitive rather than mathematically-based.®
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Early PID theory was developed by &
observing the actions of helmsmen in
keeping a vessel on course in the face
of varying influences such as wind and
sea state.




How are we doing in Process Automation?

VaIkJe
? DPU
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Panel Boards DCS \
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Unfulfilled potential — stranded intelligence!

ST_REV. TAG_DESC, STRATEGY. ALERT_KEY, MOOE BLK. BLOCK ERR. RS _STATE. TEST RW.
DD_RESOURCE. . MANUFAC_ID. DEV_TYPE. DEV_REV. DD_REV. GRANT_DENY. HARD_TYPES. RESTART.
FEATURES, FEATURE _SEL. CYCLE TYPE CYCLE SEL. MIN_CYCLE T, MEMORY _SZE. NV CYCLE T,
FREE_SPACE. FREE_TIME. SHED_RCAS. SHED_ROUT. FAL_SAFE. SET_FSAFE. CLR_FSAFE. MAX_NOTIFY.
UM_NOTIFY, CONFIRM_TIME. WRITE_LOCK. UPDATE_EVT. BLOCK_ALM, ALARM_SUM
ﬂCK OPTION. WRITE_PRL WRITE_ALM

ST_REV, TAG_DESC, STRATEGY, ALERT_KEY, MODE_BLK. BLOCK_ERR, PV
OUT, SIMULATE, XD_SCALE, OUT_SCALE, GRANT_DENY, I0_OPTS, STATUS_OPTS,
CHANNEL, L_TYPE, LOW_CUT, PV_FTIME, FIELD_VAL, UPDATE_EVT, BLOCK_ALM

ALARM_SUM, ACK_OPTION, ALARM_HYS, HIHIPRI, HI_HI_LIM, HI_PRI, H_LIM, LO_PRI,
LO_LM, LO_LO_PRI, LO_LO_LIM, HI_HILALM, HLALM, LO_ALM, LO_LO_ALM

Only 1 value is transmitted
Only one direction

ST_REV, TAG_DESC, STRATEGY, ALERT_KEY, MODE_BLK. BLOCK_ERR, PV, SP, OUT,
PV_SCALE, OUT_SCALE, GRANT_DENY, CONTROL_OPTS, STATUS_OFTS, IN, PV_FTIME.
BYPASS, CAS_IN, SP_RATE_ DN, SP_RATE_UP, SP_HI_LIM, SP_LO LM
ST_REV, TAG_DESC, STRATEGY, ALERT_KEY, MODE_BLK, BLOCK_ERR, PV
SP, OUT, PV_SCALE, OUT_SCALE, GRANT_DENY, CONTROL_OPTS, STATUS_OPTS, IN
PV_FTIME, BYPASS, CAS IN, SP_RATE DN, SP_RATE_UP, SP_HI LM, SP_LO LM, GAIN
RESET, BAL_TIME, RATE, BKCAL_IN, OUT_HI_LIM, OUT_LO_LIM, BKCAL_HYS,
BKCAL_OUT, RCAS_IN, ROUT_IN, SHED_OPT, RCAS_OUT, ROUT_OUT, TRK_SCALE

TRK_IN_D, TRK VAL, FF_VAL, FF_SCALE, FF_GAIN, UPDATE_EVT, BLOCK_ALM.
- I I I ALARM_SUM, ACK_OPTION, ALARM_HYS, HI_HIPRI, HI_HI_LIM, HI_PRI, HI_UM, LO_PRI
LO_LM, LO_LO_PRI, LO_LO_LIM, DV_HI_PRI, DV_HI_LIM, DV_LO_PRI, DV_LO_LM

HIHI_ADM, HI_ADM, LO_ALM, LO_LO_ALM, DV_HI_ALM. DV_LO_ALM
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loT and lloT

Internet of Things (loT) M

INDUSTRIAL
SMART CITIES SMART
SMART HOMES FACTORIES/MANUFACTURING
SMART HOTELS SMART SUPPLY CHAIN
SMART HOSPITALS SMART POWER
SMART SMART DEFENSE
TRANSPORTATION SMART RAILWAY
SMART RETAIL SMART AVIATION

NOT INCLUDING WEARABLES, PERSONAL, HOME SECURITY..
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hdustraHe—Digital Manufacturing State

Continental definitions

industrial intemet

ndustry 40 15T and Industry 4.0 CONSORTIUM

GERMA NY Industry 4.0 represents the Intemet of Things represents the IBM
opportunity for manutacturing Internet of opportunity available 1o companies
+ businesses 1o reinvent their Things in leveraging smart, connecied, INTEL
processes by leveraging a devices in building, distributing, and
fue f their products and
SIEMENS e rocest ol G $b o brcuwons GE

procucts SAP

EMC
SCHNEIDER
4<‘Internet of Things” € Smart Devices, Personal Area Networks | BOSCH

I Industrial Automation - “Industrial Internet” / Industry 4.0 >
@ Connected Health G d Car [~ d Famity
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What is it? Really.

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems
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To The 4 ™ Industrial Revolution
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Machine Learning

Traditional Programming Typical Machine Learning Process Flow

Data
Output Training Data
Program ,

L

Machine Leaming
Algorithms

Machine Learning

Y
Data New Data L Model L Prediction
Program _ _ |
Output

Interpretation /
- Patterns
' Transformed
Preprocessed Data Data

Target Date
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Why now?

Exponential Growth of Computing
Twentieth through twenty first century
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Automation Industry Vendor’'s Response
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Sources: Morgan Stanley-Automation World Industrial Automation Survey, AlphaWise
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Automation professionals will lead this transformat

Y. Feature Engineering

FEATURES
The correct

use of inputs
Feature Feature is key for a
Selection Extra'ction
Manifolds successful
ML .
application

what makes a good

{ M L} feature?

We can select a subset (selection); transform
(extraction) or "attack" the model directly (deep
learning).

“But the real question lies not in exploring whethe r data scientists require
domain knowledge to build expert systems, but wheth er the representation
phase of data can be accurately achieved withoutin  volving domain

experts. Domain experts are presumed to be far more capable of identifying,
articulating, and demonstrating day-to-day process problems in business. As
these experts can jolly well explain a research pro  blem to peers, it is probably
absurd to even consider that an expert systemcanb e constructed without their
iInvolvement or guidance. The same should hold true In the case of superior

algorithms required to create such systems.” Experfy, 2014
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Automation professionals will lead this change!

The API Economy Cycle

Market
Acceleration ODEH SOU fCe
Robotics Foundation

T —
o - COMPETITIVE
E;;girsg B ADVANTAGE

IS DEAD.

Individual
APls

API
Providers

#3SCALE

WHAT HAS REPLACED IT?

Use of Free and Open-Source Sofware (FOSS) in the U.S. Department of Dedense
ooyt 1908ty Voo AT Coprnton Al gl s
wiease dsrebon uimied

_: =" ME US FYoU

Use of Free and Open-Source
Software (FOSS) in the U.S.
Department of Defense

COOPETITION

Version: 1.2.04
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A real paradox for industrial productivity

“And yet, we're at a point where almost everything we do regsiadvances in chemistry rather
than IT. For instance, Elon Musk is creating a billion-dollar faory to make batteries. Well, for
Elon's sake, wouldn't it be better if we had a more efficievay to use lithium so that batteries can
last longer?”

“A simple example: DuPont and Dow Chemical, the two largesthemical companies, have had
50 percent and 38 percent year-over-year earnings growth, respectly, compared with Apple
(12 percent). But nobody cares.”

“The number of grad students in chemistry is at an all-tine low versus the number of grad
students in computer science or information technology.”

3 Trends That Will Completely Change the World by 2020
Ideas are the true currency of this next century. Inc. httpZvww.inc.com/quora/3-trends-that-will-completely-change-the-wdd-by-2020.html

“...the typical knowledge worker spends about 2.5 hours per day, or
roughly 30% of the workday, searching for information.” IDC
Search
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Should | become a data scientist?

i

Variable

fowrite{valoes"s"
# Write the erigisal crte
fowrate(tent)

)

Time

Variable A

Know Your Data

Variable B
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Which System Should | use?

e — —
=1 - o
— Cloud?? &5 o
T — -r‘___‘—: - . e
l — - -E\l:mltwporvhory network) J—.

Where can | add insights and knowledge?
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Exploring Applications

Augmented Intelligence: o®

« Operations context to maintenance and reliability. oe\if’
 Historical insights to real-time data ((\o\“ .

e Event insights to process variability e G,O,.ed.

« Time spent in manual analysis Yield prediction /°’/b,,

« Use of historical data beyond “forensics” and reporting
« Tribal knowledge and experience capture
 Insightful alarms

Is every decision guided by data?

Business results:

e Prescriptive maintenance

* Predictable Operations

» Flexibility in manufacturing
 Remove variability caused by humans
* Operator driven reliability
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Learning

 Know your data — explore undiscovered patterns

e Think of unsolved problems in your plant

« EXxperiment — offline with historical data of past problems; you are
not closing the loop. Could data have discovered what took you
hours and days?

Basic rules:

 Alot more data will beat a clever algorithm any day!

A probable answer to a clear guestion is better than an accurate
answer to a vague question!

Self Education:

http://www.r2d3.us/visual-intro-to-machine-learning -part-1/

https://www.analyticsvidhya.com/blog/2015/06/machin e-learning-basics/

http://machinelearningmastery.com/a-tour-of-machine -learning-algorithms/

Info@Quartic.al; Rajiv@guartic.al
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