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Ongoing industrial evolution

Digitalisation Industry 4.0

* Integration of digital * Enabling industry to achieve
technologies into industrial Operational Excellence,
context the digitization of through digitalised services

everything that can be
digitized

Intelligent Digital Mesh

Al Foundation Digital Twins Blockchain
Intelligent Apps Cloud to the Edge Event-Driven Model
and Analytics
Conversational Platforms Continuous Adaptive
Intelligent Things Risk and Trust

Immersive Experience
© 2017 Gartner, Inc



d ..
tecnalia ¥ s
UNIVERSITY

OF TECHNOLOGY

Manufacturing already generates more data than any other
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ICT-enabled Intelligent Manufacturing o aos

® ICTis akey enabler for improving manufacturing systems at three levels:
—— Smart Factories

e — - Goal: Factory productivity
<D

More automation, better control & o Less waste
optimisation of factory processes « Less energy use

- Means: . . « Faster time-to-market
& g &b Software, lasers & intelligent devices . Better qualit
embedded in machines & factory infrastructure q y
Virtual Factories
Tags Goal: Supply-chain productivity
producy, — PLMserver To manage supply chains; to create » High-value products
aL”Jfé value by integrating products & services « Keep jobs in Europe
\\ re'gjgst Means: o _  Process transparency
PLMagent Software to holistically interconnect « IPR security
(rSadEr) & manage distributed factory assets;

new business models & value propositions » Lower CO2 footprint

Digital Factories Design productivity

— Goal: P o decion e
To “see” the product before it is produced e - -

— Means: . y s
Software for the digital representation & . . =WQ
test of products & processes prior to aste e-to-marke

their manufacture & use




d WA N
tecnalia Y e
UNIVERSITY

Industry is going digital

Level 4

Intelligent
Level 3

Optimized

Level 2
Integrated

Level 1
Informed

Traditional Plant . g

Breakdown driven Experienced driven Strategy driven plan (RCM) Analytics driven decisions

Poor Availability OE recommendation CMMS maturity Integrated systems (plants,

No defined strategy RCA CBM practices units, machines)

Limited / No CMMS Limited CMMS usage Competence development Effective Surveillance and
Protection

0 Months Timeline 24 Months
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SCIENCE2CONCEPTUALISATION2MATERIALISATION

_ Distributed
1956 Domain Situation ledger
Algorithms . recognition awareness Information
Dbe Context logistics
adaptation
5 Cloud Information
: overnance Safet ; assurance
Liveware 2 Integrity computing
Software
Data
Sacuril eGovernance integrity g
Hardware ecurity ot _ '-;z“
Rolictes Information quality Sl 77
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Data science and Al in industry and transpor
..the transformation

Digital transformation enables design thinking in data science

and design thinking enables digital transformation

&

Cloud

v
&b

|

Digitalisation should equip
o data scientists and engineers

ML .
to cocreate a solution

Apps

Big data

O
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Data science in heavy-asset industries must aim to augment operators’ way of

working with additional information so that they can prevent unplanned
downtime
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The traditional way.....

Data refining pipeline
Rl
y State Feature
\ detection extraction
Il Statistical EEEN Event N ]
7 testing 4 generation R
] . =
generation 7 S

[ .......... ] Ir A/
I ML models



Type of Anomaly

e Point Anomalies

e Contextual Anomalies

e Collective Anomalie%%%

N
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Black swans and the swan song """
Achilles heel of diagnosis and prognosis

Enemies of digitization....

BLACK SWAN
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Black Swan Events

Rarity—It is an outlier, as it lies outside the realm
of regular expectations, because nothing in the
past can convincingly point to its possibility.

Extreme impact—It carries an extreme impact.

Retrospective (though not prospective)
predictability—In spite of its outlier status, human
nature makes us concoct explanations for its
occurrence after the fact, making it explainable and
predictable.

LULEA
UNIVERSITY
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The term "Swan Song" comes from a
belief dating back to 3rd century B.C.
that the Mute Swan is silent its entire
life until it sings one beautiful song
right before it dies.
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Probability-based Knowledge
Historical data dimension

Surprises
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What connections are needed?
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Condition F
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Asset Dataiventsl-l‘ SCADA |OT

Silos of data by functional area
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MATERIALISATION OF CYBER-PHYSICAL ENVIRONMENT

(DIGITAL TWIN)
(1\‘) Business connectivity :’ > :
Analytics s @
Visualisation
Cognitive
GB Data & model connectivity DT Architecture *
Management
Processing
Computing
(‘;} Device oonneotivity > DTinfrastructure .||I||-|-
loT

Industrial internet
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Digital Twin - Definition

Engineering continuously increase insights imio {0 celiver
business outicornes

€© Per asset model Ie Business outcomes [|€) Continuouslytuned ||€) Scalable ||€@ Adaptable

\
Optimication! Optimization Griegtion

Optimizing
Optimize Shop Design for Controls
Maintenance Service Operations
Design for Optimization N+1)

Inspection

Delay & :
Avoidance Outaoge Mgmt &
Reduction Performance Business

Optimization N:2)
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Anomaly Operations
Models Models

Business
Optimization
Atmospheric

Data Operations

Optimization

Operational | =28 .’ Asset
Pata /) R .\ Performance
\ Management

Inspection & ol LSS | | T e \ Advance
ReDq sk S LT ¥ Gontrols/Edge
epair y, - 5 ey ! o, il

Site Events

Reliability Capacity | Emissions
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Failure Threshold ’

l_"'ﬁefe?t',r Margin” s

Extrapolated Trend (based on a /
fault propagation model) 1‘__"“"‘--9/
.

Trending Parameter (a)

Diagnostics Prognostics
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eMaintenance
~ Cloud Server

VISUAITEAATIEN

shutterstock - 281457983

Machine Maintenance

On board Wireless System }
Analytics




tecnaliay e ne
Everything is normality......

UNIVERSITY
OF TECHNOLOGY

Smarter: Anomaly detection

T sensors and P e/ normal nél UL e

derived sensors behaviour “normality”

3
o

| = (e 13 L R
=Ty ﬂ T T =) R

‘F"W"‘m! mmj j LI Deploy model,
Rodoer connect to live data,

'; 'lITITLF'lTﬂrg ‘ OO~ send notifications
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Digital twin made with OT

Do you have |oT in your plant?

OFT IIIIIIIIII
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What about IT systems?

“



Afusion process which requires
taxonomies and ontologies
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Taxonomies and ontologies
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System  [+isPartOf— Subassembly
isPanOf isPartOf
subClassOf  subClassOf
subClassOf subClassOf
br:causta happenedAl theSameLevelOf
-
compensationFor
toDetect
DetectionMethod
subClassOL, 1 Classof
/{ PartLevelFailureCause ‘
subClassOf
FailureEffect FailureCause
\ subClassOf
2 subClassOf \{ SubassemblyLevelFailureCause
subClassOf subClassOf
subClassOf
NextHigherLevel ElTect ‘

LocalEffect SystemLevelFailureCause

EndEffect

Rule-1

FailureMode(?x) » hasHappened(?x, true) * Device(?y) *
happenedAt(?x, ?y)  FailureMode(?z) » theEndFffectls(?z,
?x) A FailureMode(?a) ” theHighEffectls(?z,
?a)?theDirectFailureCausels(?x, ?a) » hasHappened(?a, true)
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TRANSFORMATIVE MAINTENANCE SOLUTIONS ™

Integration & Application of Technologies

DISRUPTIVE
TECHNOLOGIES
Transformative Tech nologles
(predictive and prescriptive
tech nologles) |
Optimizing Technologies
(predictive technologies)
- M

Supportive Technologies
(prescriptive technologies)

|

\
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A necessary merging process
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Digital twin 2.0
oT

=
cm
Files
Impor‘ation

IT

- @
cCMMS
Database

Sensor
Value
Indicator

Sensor
Value
Indicator

Asset Date
Component
Severity
Rari

Tagging > Analysis )

Collected Single Metadata
Source Relational Enhanced
Data Database Database
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-
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e
Sensor
Value
Indicator
Fault
Action 4
L4
4

Results
and Case
Studies
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On board Wireless System . i
Machine Maintenance
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Trend: Organizations are Getting Dumber

All Digital
Data

Growing
Dumber

Sensemaking
Algorithms

Computing Power Growth

Time
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The Way Forward
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All Digital
Data

Context
Engines

Sensemaking
Algorithms

Computing Power Growth

Time
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What is context awareness?

—“An application’s ability to adapt to
changing circumstances and respond
according to the context of use”

—Issues 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?
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Context-aware Maintenance Decision Support Solution

Digital twin 2.1

Forming press Real sensors Virtual sensors

local selective assessment B global assessment of complex

Py - N o 3
critical zones inaccessible Structures

{i.e. indentations) B cover critcal zones

®  limited information 8  “unlimited” information

Information Knowledge Context
models

Context
sensing &
adaptation

Data Fusion &
Integration
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PdM Maturity Matrix

Leve A: i

5  evel 3 PAM 4.0

D ol 454 "
Real-time
. e B 79
conairion

moniuoring

Level 2

Instrument

inspections
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Detection
Through sensors, Models etc

Isolation
Information fusion from sensors, Models etc.

Tracking/Trending

Prediction/Prognosis

Based on tracking/trending, & lifing
models
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In the absence of direct “stressors, loading meters” how can we infer the best
(descriptors/features) to capture future damage dimensions?

How can we accurately predict the progression of a specific failure mode? Considering that

multiple failure modes may occur at any time in a complex equipment, system?

Given the numerous sources of uncertainty, how do we assign confidence associated with the
predictions?




Data science...
Narrow vision
and mistakes
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Prognosis when ignorant.....?  “uinads

Remember the unknown stages
i Future unknown

" ' damage state%

Known history & ! o
current damage :

I states l

damage state

!
I
|
|
I
!
X

H+l nem

o
Known input — Damage level (n)
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Black Swan Losses T

* Loss Distribution
— Tail events are rare — very little data
— Typically strong model assumptions
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Data driven or model based? -

Data-Based or Physics-Based
Models? — That is the question!
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Hybrid models

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

m |ntegration of measured data and physics can lead to a reduction of
uncertainty (e.g. adjust predictions from model using observed data).

m [ntegration can be implemented at different levels of the PHM process:
- Online model parameters updating.
- Model predictions correction based on observed data.
- Measure current damage level and propagate.

- Build empirical degradation models from data.
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Evolution of the Process
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Knowledge
Capture

Design & Validation of
products

Digital Mockup

Technological Advance

Integration of Product
Design and O&M

80s 90s 2000 2016.....
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PLM and digital twins

< Product Lifecycle Processes —nwy
Design ||]C> Build ||]E> Operate ||]:> Maintain

OF TECHNOLOGY

Digital Twin Solutions .

N

Create Plan Simulate & Validate Execute
Processes Processes Processes Processes

I Validate I

Engineering Design As - Built Records
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(@ physics
of fallure
based

Hybrid models

Context Driven
Services

Context Awareness
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Digital twin 3.0

DISRUPTIVE
TECHNOLOGIES
d

Transformative Technologies
(predictive and prescriptive
technologies)

Optimizing Technologies
(predictive technologies)

Supportive Technologies
(prescriptive technologies)

i

l‘



Methodology

Identify failure modes of Equipment units,
Subunits, Components and Parts based on
the Taxonomy

v

Analyze failure effects / causes

=

Classify failure effects by severity

=

Perform criticality calculations

-

Rank failure mode criticality

-

Determine critical items

ldentify means of failure detection, isolation
and compensating provisions

Document the analysis. Summarize
uncorrectable design areas, identify special
controls necessary to mitigate risk.

]

Make recommendations

Follow up on corrective action

implementation / effectiveness

M

F_
<@
l "Im'“""--— Rolling stock

Taxonomy

Y
FMECA Analysis
(failure mode
identification)

Relate available

modes

ldentification of the system for the
analysis

v

Survey for the functionality of the system

v

ldentification of the Equipment units,
Subunits, Components and Parts

v

Complete Taxonomy creation

variable with failure _H

ldentify the measurements for the detection
of failures

ldentify the available variables and
parameters in the system

Exploration of possible data extraction form
variables

Identification of possible modeling
methods for failure identification

Sensitivity analysis for the detection of failure
modes from available variables

Critical system, sub-system,
component identification

Diganosis/Progonosis

v

Condition

Analysis of indirect monitoring of failure

modes through variables

Maintenance

Monitoring

Planning

e —
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Are digital twins 1.0 and 2.0 useless
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; ' ' Cloud platform

[ ]
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. 3 . Asset cloud

[} [} :
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L] - Asset

' Operational level ' Tactical level local :

: Sensing ] Fault identification ocal storage '

' Anomaly detection : and localization '

RUL estimation

' Threshalding . '

' Actuaticn in operational level : Launch maintenance work order '

' Transfer of anomaly info M or operation request M

L] ' '

[} . ]

L e —— :
R R R R R Ty ]

Strategic level
Asset virtualization
Simulation of virtual asset in different scenarios
Creation of syntetic data and fusion with collected data
Knowledge discovery followoing hybrid approaches
Populate learnt lessons
New operation and maintenance strategies
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What do we
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digital
twins?
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Application of Y osminiomatin
digital twins and
virtual
commisioning

Data loop
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Types of data analytics

Descriptive
Analytics

Group historical
data according to
their similarity

Reports
Mapping

Diagnostic
Analytics

Determine cause
of successes and
failures

Statistical analysis
Queries
Data Mining

LULEA
UNIVERSITY

OF TECHNOLOGY



tecnalia Y s

UNIVERSITY
OF TECHNOLOGY

Descriptive/ Diagnostic analytics

DATA PREPARATION

|
|
|
|
{ UNIFIED
H DATA
|
|
1

X‘ \O |) FORMAT
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®
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k3
15
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Types of data analytics

To Educate and Inform

A

Descriptive
Analytics

Group historical
data according to
their similarity

Reports
Mapping

Diagnostic
Analytics

Determine cause
of successes and
failures

Statistical analysis
Queries
Data Mining

Predictive
Analytics

Learning from the
past to find out
trends, standards,
correlations.
Anticipate the
future.

Machine learning,
Simulation,
Forecasts

LULEA
UNIVERSITY

OF TECHNOLOGY
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Predictive analytics:RUL prediction
and simulation of scenarios

Feature of item n
crosses boundary in

tecnalia Y s I,

s\ \ time t+dt g .
5 e
45
gl Failure(Size: 0.021)
3.5
> 3 [
o
@ sgl
2k Feature of item n
s crosses boundary in

\tlmet

features

1 | |
oy o

RUL considering two ]
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Predictive analytics:RUL prediction
and simulation of scenarios

Feature of item n }

tecnalia Y s I,

crosses boundary in
time t+dt

5.5 \ \
- Q
5_
45
gl Failure(Size: 0.021)
\4 0
O ¢: (4]
il 2 ) 0 , ¢
B gl ;

Feature of item n
crosses boundary in
\tlme t

features

1 | |
oy o

RUL considering two ]
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Predictive analytics:RUL prediction
and simulation of scenarios

Feature of item n
crosses boundary in

55—\ \ time t+dt —
5 e
45 Bearing mounted by m
' Contractor 2
gl Bearing mounted by
Contractor 1
351
> 3 [
¢
© 25t
2 Feature of item n
s crosses boundary in

\tlmet

features

1 | |
oy o

RUL considering two ]
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Types of data analytics

To optimize

A
4 M

To Educate and Inform
AL

Prescriptive
- Analytics /
Predictive Decision Support

Analytics

Provide better
options based on

[lzg::;_ls;c Learning from the
past to find out
trends, standards,
Determine cause correlations.
of successes and Anticipate the
failures future.

forecasts. Show
implications of
each option.

Descriptive
Analytics

Group historical

Optimization,
Decision models,
Planning

data according to
their similarity

Statistical analysis Machine learning,
Queries Simulation,

Data Mining Forecasts

Reports
Mapping
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Prognosis information: Particle filter
considering context

at 45 weeks Degradation of Power over time
TUU T T T T T T T 1.2 T T
600 i 14 + Meajaured Data | |
N
500 . 0.8 " 4. . 1
*\\t#\ + —-—-95%
R —— Threshold
400} ] _ 06} VN reene ]
] #* -
: -
300+ - O p4k - T - i |
200} . 0.2} ]
100 1 0F
_0_2 1 1 1
10 20 30 40 50 60 70 0 50 100 150 200

RUL {weeks) RUL (weeks)
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Types of data analytics

To Educate and Inform

A

Descriptive
Analytics

Group historical

data according to
their similarity

Reports
Mapping

Diagnostic
Analytics

Determine cause
of successes and
failures

Statistical analysis
Queries
Data Mining

Predictive
Analytics

Learning from the
past to find out

trends, standards,

correlations.
Anticipate the
future.

Machine learning,
Simulation,
Forecasts

-

To optimize
NG

Prescriptive
Analytics /
Decision Support

Provide better
options based on

forecasts. Show
implications of
each option.

Optimization,
Decision models,
Planning

\
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UNIVERSITY

OF TECHNOT.OGY

To decide

Cognitive
Analytics /
Intelligent
Autonomous
Actions

Al systems that
learns from
actions, finding
correlations, and

learn from
outcomes.
Autonomous
operations.

Artificial
Intelligence

Reduced human
intervention

Take direct action
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* Digital twins and Hybrid models are
needed for virtual commisioning to deliver
O&M services and kill black swans and
listen the swan song

e O&M based on Data driven solutions can
lead to-catastrophic failures

* Cognitive analytics is the logical sequence
of prescription
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hanks!!

diego.galar@tecnalia.com
diego.galar@ltu.se
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