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Industry 4.0 data is mostly
machine generated data

Volume | Velocity | Variety | Variability

Machine-generated data is one of the GPS,
fastest growing, most complex
and most valuable segments of big data

RFID,

Hypervisor,

Web Servers,

Email, Messaging
Clickstreams, Mobile,
elephony, IVR, Databases,
sensors, Telematics, Storage,
ocrvers, Security Devices, Desktops
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Al DEFINITION

Artificial intelligence (Al) is the ability of a computer or computer-controlled
system to perform tasks commonly associated with intelligent beings.

»
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Artificial Intelligence

Machine Learning/

Data Analytics Predictive Analytics
‘ Uses predictive/machine
Used to UE_E":' to determine the learning models to help
understand/describe the likelihood of future events computers learn and make

or characteristics that are

world as it is decisions without human

not currently in the data intervention

Artificial Intelligence vs Machine Learning vs Data Analytics




The need to go deeper in analytics

* 1) What happened in the past
e 2) Why something happened

* Forecasting

* 3) What will happen in the future
* 4) What need to be done next

PRESCRIPTIVE DESCRIPTIVE
ANALYTICS ANALYTICS

PROGNOSTICS DIAGNOSTIC
ANALYTICS ANALYTICS




Analytics and expectations also
change
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The challenge-in Descriptive analytics




What is context awareness?

* “An application’s ability to adapt to changing
circumstances and respond according to the

context of use”

* |ssues in context awareness system implementing

* How is context represented?
 How frequently does context information have to be
consulted?

e What are the minimal services an environment needs to
provide to make context awareness feasible?




“BIaCk swa“ Eve“t: An event or occurrence that deviates

beyond what is normally expected of a situation and that would be extremely difficult to
predict.”




RUL prediction

/ Specified degradation

Currant degradation

M1

M2 M3 M

MEASLUREMENT

RUL

14




The swan song




Is my model enough?

Little world Big world
= your model + data = entire reality

Model says
something

Conclusion is

Event 1 drawn

SMALL WORLD

Event 2
SMALL WORLD

Action is taken

in BIG WORLD




The prescriptive challenge

¥

THE DIGITAL BUTTERFLY EFFECT
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Digital Twin

« THE DAY SQOFTWARE PUTS THE UNI-

VERSE IN A SHOEBOX ... HOW 1T WILI

HAPPEN ANMD WHAT IT WILL MEAN

david gc lernter




The twin as
a service
provider
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Levels of Digital Twin




Level 1 of Digital Twin
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Level 3 of _- ital Twin




Digital twin

* The digital twin refers to a digital replica of
physical assets, processes and systems that
can be used in real-time for control and
decision purposes

 Computerized mathematical model (what we
have done over years)

e Real-time, thanks to loT

* In contrast to a physical asset, the digital
twin can immediately perform forecasting [




Stochastic
digital twin

* A stochastic digital twin is a computerized
model of the stochastic behavior of a system
where

* the model is updated in real-time
* based on sensor information and other information

* accessed via the internet and the use of cloud
computing resources

* What-if inquiries result in pdf's rather than
single values

plx)




Real-time
model

* A real-time model is a
model where it is possible
to obtain values of system
performance and system
states in real-time

e With real-time we mean

that data referring to a
system is analysed and
updated at the rate at
which it is received

“REAL-TIME
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Digital Twin Solution Architecture

R T W T R T W T

A T A T

Tatlored services I II ll
+

P NS AP DT

LA R R
LA R R e

PR IDEEDE A T
PN DT

Customer unique

Fleet aware Real-time

SMART CONNECTED PRODUCT DIGITAL TWIN SERVICES
Computing Platform, Engineering, simulation & Design and innovation
Sensors, Connectivity visualization platform insights, actions

/7 Connected services, . (\5 . Cognitive services & s (.‘3 J (2 Integrated customer

#  data and capabilities ‘ business intelligence ‘ @ support and field service
Cloud Cloud
tonnected Connected :

Joinable with Enterprise intelligence & :;I_":T: i;ancéu;:ljn;upphr
other devices system integration | performance

™

Digital thread






eMaintenance
Cloud Server

Machine Maintenance
Analytics

On board Wireless System




Reactive Al

o Good for simple
classification and pattern
recognition tasks

o Great for scenarios where
all parameters are known;
can beat humans because
it can make calculations
much faster

o Incapable of dealing
with scenarios including
imperfect information
or requiring historical
understanding

Types of Al

The emergence of artihicial superintelligence will change humanity, but it's not happening soon.
Here are the types of Al leading up that new reality.

o Can handle complex
classification tasks

o Able to use historical
data to make predictions

o Capable of complex
tasks such as self-driving
cars, but still vulnerable
to outliers or adversarial
examples

© This is the current state of
Al, and some say we have
hit a wall

o Able to understand human
motives and reasoning.
Can deliver personal
ex perience to everyone
based on their motives
and needs.

o Able to leam with fewer
examples because it
understands motive
and intent

o Considered the next
milestone for Al's evolution

@ Human-level intelligence
that can bypass our
intelligence, too




Twin based purely on OT

LT



igital twin 2.0

eMaintenance vy
Cloud Server

Technical services

on b d-W : . Truck scheduling
n boar ireless System . .
Machine Maintenance

Analytics




TRANSFORMATIVE MAINTENANCE SOLUTIONS
Integration & Application of Technologies

DISRUPTIVE
TECHNOLOGIES

—

Transformative Technologies

(predictive and prescriptive
technologies)
Y

IT

Optimizing Technologies
(predictive technologies)

_ff

Supportive Technologies
(prescriptive technologies)




Taxonomies and ontologies
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Digital twin 2.0

Sensor (f
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Indicator Sensor
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Tagging » Analysis lndicator
Fault
Action
" S
Collected IT Single Metadata Results
Source Relational Enhanced and Case

Data Database Database Studies




Reactive Al

o Good for simple
classification and pattern
recognition tasks

o Great for scenarios where
all parameters are known;
can beat humans because
it can make calculations
much faster

o Incapable of dealing
with scenarios including
imperfect information
or requiring historical
understanding

Types of Al

The emergence of artihicial superintelligence will change humanity, but it's not happening soon.
Here are the types of Al leading up that new reality.

o Can handle complex
classification tasks

o Able to use historical
data to make predictions

o Capable of complex
tasks such as self-driving
cars, but still vulnerable
to outliers or adversarial
examples

© This is the current state of
Al, and some say we have
hit a wall

o Able to understand human
motives and reasoning.
Can deliver personal
ex perience to everyone
based on their motives
and needs.

o Able to leam with fewer
examples because it
understands motive
and intent

o Considered the next
milestone for Al's evolution

@ Human-level intelligence
that can bypass our
intelligence, too




Only solution to confront black swans us
to fill gap between data science and

O&M

“I need strong,
transparent insights to
improve my daily
decisions.”

“I need to deploy models
into live business
environments.”



Digital twin 3.0

DISRUPTIVE
TECHNOLOGIES

Transformative Technologies |
(predictive and prescriptive
technologies)

Optimizing Technologies
(predictive technologies)

Supportive Technologies
(prescriptive technologies)




Huge gap between data science
and O&M

¥ 4

BEF
Science

“| need strong,
transparent insights to
improve my daily
decisions.”

“| need to deploy models
into live business
environments.”



Domain knowledge and Al, both
needed







Hybrid models

m Combine knowledge about the physical process and information from
sensor readings to enhance prognostics capabilities.

PHYSICS BASED

. = 'E-1H|JLATIt]H5l . 1
B Integration of measured data and physics can lead to a reduction of prvsics masen S IS SENSER MOBELS
uncertainty (e.g. adjust predictions from model using observed data). el | g g SRS RALON

o
® [ntegration can be implemented at different levels of the PHM process /)
- Online model parameters updating.
- Mode! predictions correclion based on observed data.
- Measure current damage level and propagate.

- Build empirical degradation models from data.

= e
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REAL-TIME
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Reactive Al

o Good for simple
classification and pattern
recognition tasks

o Great for scenarios where
all parameters are known;
can beat humans because
it can make calculations
much faster

o Incapable of dealing
with scenarios including
imperfect information
or requiring historical
understanding

Types of Al

The emergence of artihicial superintelligence will change humanity, but it's not happening soon.
Here are the types of Al leading up that new reality.

Limited memory

o Can handle complex
classification tasks

o Able to use historical
data to make predictions

o Capable of complex
tasks such as self-driving
cars, but still vulnerable
to outliers or adversarial

examples

© This is the current state of
Al, and some say we have
hit a wall

o Able to understand human
motives and reasoning.
Can deliver personal
ex perience to everyone
based on their motives
and needs.

o Able to leam with fewer
examples because it
understands motive
and intent

o Considered the next
milestone for Al's evolution

@ Human-level intelligence
that can bypass our
intelligence, too




Digital twin 4.0

Data

Acquisition Data Prognostics

Manipulati
e Project future

Processing ol | Ttn a'nr.:::ln:u.rrltIg
*Feature estmates of past
Exracton and future
Signal operation profiles
Charactenz
ation Jord

Advisory Generation

* Dacision Reasoning
* Automated decision making




Reactive Al

o Good for simple
classification and pattern
recognition tasks

o Great for scenarios where
all parameters are known;
can beat humans because
it can make calculations
much faster

o Incapable of dealing
with scenarios including
imperfect information
or requiring historical
understanding

Types of Al

The emergence of artihicial superintelligence will change humanity, but it's not happening soon.
Here are the types of Al leading up that new reality.

Limited memory

o Can handle complex
classification tasks

o Able to use historical
data to make predictions

o Capable of complex
tasks such as self-driving
cars, but still vulnerable
to outliers or adversarial
examples

© This is the current state of
Al, and some say we have
hit a wall

o Able to understand human
motives and reasoning.
Can deliver personal
ex perience to everyone
based on their motives
and needs.

o Able to leam with fewer
examples because it
understands motive
and intent

o Considered the next
milestone for Al's evolution

@ Human-level intelligence
that can bypass our
intelligence, too




Where Avatars
interact with DTs



Human-machine Relationship

5.0 Let us redefine
human machine
relations
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Digital Twin and SMART

Smart

Real World
Spaces

VR/AR
Cyber Physical I . 090

System

Digital
Modeling

]

Realtime
Monitoring

Digital
Twin , Simu
Optimization

Analysis, Simulation, ___



We want to be
Alice
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Conventional digital twins

Autonomous Future Expanding Autﬂma’tm
Digital twins used in specific cases social systems B society desrgn human abilities |5 decision-maki

Autonomous Robot Medical
driving control care
Replication / Integration / Substitution

11' '-*.n -n i s = - =
*F’* Digital Twin Computing
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Metaverse data exchange with assets and humans

L H A Y
r - O S el S S S .. -: ——————————————————
I b Vv & v
I Social
I Platform
1 5 A A A A
| ] —_— — p— —_— —_— _— _— — —_— —_— —_— —_— — —_— —_— _— _— _— _— —_— L NN N S - - -
X x L 4 i . 4

Digital Digital Digital Digital Digital
[ Avatar ] ( Twin J[ Twin Twin Twin Twin
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The collective ming




Health management & .
in social networks

Network

communications .- Y

Social : 4) Maintenance
ciated) v ks : optimisation

Agents o ‘

2) past 3) predicted

: event event
- (diagnostics) {prognostics)




Reactive Al Limited memory

o Good for simple
classification and pattern
recognition tasks

o Great for scenarios where
all parameters are known;
can beat humans because
it can make calculations
much faster

o Incapable of dealing
with scenarios including
imperfect information
or requiring historical
understanding

Types of Al

The emergence of artihicial superintelligence will change humanity, but it's not happening soon.
Here are the types of Al leading up that new reality.

o Can handle complex
classification tasks

o Able to use historical
data to make predictions

o Capable of complex
tasks such as self-driving
cars, but still vulnerable
to outliers or adversarial
examples

© This is the current state of
Al, and some say we have
hit a wall

Theory of mind

o Able to understand human
motives and reasoning.
Can deliver personal
ex perience to everyone
based on their motives
and needs.

o Able to leam with fewer
examples because it
understands motive
and intent

o Considered the next
milestone for Al's evolution

@ Human-level intelligence
that can bypass our
intelligence, too




Prescriptive maintenance as advisory
engine for maintenance crew

How can we
make it happen?

. ‘ Prescriptive '
What will :
happen? Analytics ’

- Predictive
Wh'_f did it ﬁﬁﬂl'fﬂﬂﬂ

Ty

What Diagnostic
happened?

Descriptive

Difficulty



Simulation of potential scenarios..........




Prescription autonomy and Multiverse

=]
R T A
n:."'"‘ [ - h _ Prescription |
powrl Conscimisais reality domain % Autonomv
observation expertise
N .
aggregation

standard \ / ecasi ;
system naerstanding data-@riven
connectivity prediction

® - Observation —

. ; machine

5% _ learning
Digitalization

>

Descriptive Analytics Complexity
( |l Predictive Analytics J

|




Autonomous prescription in Multiverse

maintenance policy

/ Traffic operations and
, METAVERSE
T4 .
Scenano 1

Traffic operations and
maintenance palicy

®

T —_— Traffic operations and
-L maintenance policy
21O Scenano 3
a8 \‘
I 1 .
‘ -------- j [

Digital Twins of
rolling stock, infrastructure and
physical interaction

Traffic operations and
maintenance policy
\ Scenano N
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Cognitive DTs will self preserve the physical
entities

Asset Management Maturity >

"l'-e'l'l'_
ol
ﬂ Cognitive
ﬂ it Predictive
% ) o
Condition based

Usage based

Calendar based

Maintenance is an expense " Maintenance is an investment



Cognitive Digital Twins skills

Predictive !

4 |
¢ Predict asset health/fallures
* Multivariate—leverages advanced -

algorithm o
s Systemicview of asset ——
Preventive e
s Schedule based wt
* Provided by
OEM/Past N
experience

Cognitive

s Ability to understand all
kindsofdata and to turn it
into actionabie insight




Cognitive DTs is a further i
upgrade, as it enables us to ingest all =

klnds Of data | Sensor Data

= Machines

Event Data * Processes

* Structured ey
* Unstructured (audio/video/natural "

la nguage) — "r
and obtain a better informed insight |
and superior recommendation on next \ - Opecstinguianuat: 4
best action.

GE Cognitive Insights
. # Fallure probabikty
s Expected Time to failure
E s Expected component to fail

» Mext best action
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Reactive Al Limited memory

o Good for simple
classification and pattern
recognition tasks

o Great for scenarios where
all parameters are known;
can beat humans because
it can make calculations
much faster

o Incapable of dealing
with scenarios including
imperfect information
or requiring historical
understanding

Types of Al

The emergence of artihicial superintelligence will change humanity, but it's not happening soon.
Here are the types of Al leading up that new reality.

o Can handle complex
classification tasks

o Able to use historical
data to make predictions

o Capable of complex
tasks such as self-driving
cars, but still vulnerable
to outliers or adversarial
examples

© This is the current state of
Al, and some say we have
hit a wall

—
—
?

o Able to understand human
motives and reasoning.
Can deliver personal
ex perience to everyone
based on their motives
and needs.

o Able to leam with fewer
examples because it
understands motive
and intent

o Considered the next
milestone for Al's evolution

&

@ Human-level intelligence
that can bypass our
intelligence, too
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Robots close the loop

Au tnr;mﬂﬂusr
rRobots

- i Simulation
9 5 i
:-'---'-.._....;_.Iu 3

Augmented I -"rc A System
Reality L‘a" Iﬂdl.lEtl'y 4.0 @1@ Integration
i internet of
Things

Additive
Manutacturing
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COLLABORATION AND
CO-HABITATION ISSUES

* Robots bumping into humans

* Robots (such as drones) falling and the
danger this poses to the workforce on
the ground

* Robots becoming stuck or lodged within
an asset that needs human intervention

* Overlooking robots falling onto humans
or other robots below

* Electrocution caused by robot
malfunction




Droids , Humanoids or augmented workers







Cobots who mimic humans




Cobots with 2 arms?




Robots with capability to move autonomously
in the plant

Mobile manipulators are required when
maintenance tasks are performed in
different locations

It requires adapting the infrastructure
(reflectors, wires, lines) or moving towards
Autonomous navigation, with 3D obstacle
avoidance and easy setup.


http://www.eyher.com/blog/wp-content/uploads/2012/12/IMG_0469.jpg

Robots with capability to move autonomously
in the plant

Laser scanner navigation




Researech

Integrated
Maintenance
Solutions
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Researech

Integrated
Maintenance
Solutions

Prognosis @
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Predicting
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Describing system
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Design for.....

*Design for reliability
*Design for maintainability
*Design for maintenance
*Design for failure



Design for maintenance and
maintainability

Maintainability is the measure of the kn
ability of an item to be retained in or .
restored to a specified condition when

maintenance is performed by personnel
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1-Augmented maintenance crew




AR and VR to augment crew
skills
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Trammg robot by gestures




3- Machines designed to be
maintained by robots







INSPECTION AS THE
NATURAL TASK

The advantages this brings are immense:

Eliminating or minimizing the need for human entry
into hazargous environments, therefore significantly
reducing risk. This also brings about associated
lowered insurance premiums

Reducing or negating requirements for ventin
enclosed areas and erecting scaffolding, therefore
shortening the downtime of assets

Dramatically reducing environmental risks

Superior collection of data due to the elimination of
human error or the inability to visualize hard to access JFR
areas &

Increased auality of data makes for better decision %
making and considerations for necessary maintenance
and inspection schedules




Inspection as natural task




R-Bot: Seamless OT & IT integration
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Seamless integration of AR

ROBOTICS TEAM
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Metaverse and Virtual
fencing
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Star Waxs: Why The Republic Used |
Clones Instead Of Droids
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\ . Dumb attledroids are ineffective in military actions. EasN dra\fn into traps, easily
:.5; fooled and nobody has any moral gualms about using any and all weapons to
' slaughtegsdrmds )

: !
e Smart battledrmds have an umfo,rtunate tendency to murder thelr creator in the

_beta-testing phase, then try to take over the galaxy and destroy all non-droid life.
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CONTEXT
AWARENESS
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