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Ongoing industrial evolution

Digitalisation

• Integration of digital 
technologies into industrial 
context the digitization of 
everything that can be 
digitized

Industry 4.0

• Enabling industry to achieve 
Operational Excellence, 
through digitalised services 





Smart Factories
– Goal: 

More automation, better control & 
optimisation of factory processes

– Means:
Software, lasers & intelligent devices 
embedded in machines &  factory infrastructure

• Less waste

• Less energy use

• Faster time-to-market

• Better quality

Virtual Factories
– Goal:

To manage supply chains; to create 
value by integrating products & services

– Means:
Software to holistically interconnect 
& manage distributed factory assets; 
new business models & value propositions

• High-value products

• Keep jobs in Europe

• Process transparency

• IPR security

• Lower CO2 footprint

• Reduce design errors 

• Better & efficient products

• Less waste + rework

• Faster time-to-market
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Digital Factories
– Goal:

To “see” the product before it is produced

– Means:
Software for the digital representation &
test of products & processes prior to
their manufacture & use

Factory productivity

Supply-chain productivity

Design productivity

• ICT is a key enabler for improving manufacturing systems at three levels:

-4-

ICT-enabled Intelligent Manufacturing



Industry is going digital





Data science and AI in industry and transport
..the transformation





The traditional way…..



Type of Anomaly

• Point Anomalies

• Contextual Anomalies

• Collective Anomalies



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

Enemies of digitization....



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.





Probability-based
Historical data   

Knowledge 
dimension+

+
Surprises

Risk perspective  



Content

Layer

Transaction

Layer

Unified data format: 
What connections are needed?

CMEventsAsset Data SCADA
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Digital twin 1.0



Digital twin 1.0

On board Wireless System
Machine Maintenance 

Analytics

Data Information Knowledge

Internet
eMaintenance 

Cloud Server



Everything is normality……



Digital twin made with OT



What about IT systems?



A fusion process which requires
taxonomies and ontologies



Rule-1 
FailureMode(?x) ^ hasHappened(?x, true) ^ Device(?y) ^ 
happenedAt(?x, ?y) ^ FailureMode(?z) ^ theEndFffectIs(?z, 
?x) ^ FailureMode(?a) ^ theHighEffectIs(?z, 
?a)?theDirectFailureCauseIs(?x, ?a) ^ hasHappened(?a, true)

1

1

2

2

Taxonomies and ontologies



TRANSFORMATIVE MAINTENANCE SOLUTIONS 
Integration & Application of Technologies

IT OT



A necessary merging process

OT

IT



Digital twin 2.0
OT

IT



Digital twin 2.0

Technical services

Truck scheduling 
On board Wireless System

Machine Maintenance 

Analytics

Data Information Knowledge

Internet
eMaintenance 

Cloud Server



The need for 

sensemaking analytics
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Trend: Organizations are Getting Dumber

Sensemaking 
Algorithms

All Digital 
Data

Growing 
Dumber



The Way Forward

Sensemaking 
Algorithms

All Digital 
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–“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?

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

• ...

What is context awareness?



Context-aware Maintenance Decision Support Solution

Digital twin 2.1

Data Fusion & 
Integration

Big Data 
Modelling & 

Analysis

Context 
sensing & 

adaptation

Information 
models

Knowledge 
models

Context 
models



PdM Maturity



Faults 

Detect-able

Detection

Through sensors, Models etc

Isolate-able
Isolation

Information fusion from sensors, Models etc.

Track-able
Tracking/Trending

Processed PHM data

DETECTION, ISOLATION & PROGNOSIS

Prediction/Prognosis

Based on tracking/trending, & lifing 

models 

Predictable





Data science…
Narrow vision
and mistakes





Black Swan Losses
• Loss Distribution

– Tail events are rare – very little data

– Typically strong model assumptions



Data driven or model based?



Hybrid models



Evolution of the Process

90s

Integration of Product 

Design and O&M

80s 2000 2016…..
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PLM and digital twins

O&M
Processes

Product Lifecycle Processes

Design Build Operate Maintain

Create 

Processes
Plan

Processes
Simulate & Validate  

Processes

Execute

Processes

Digital Twin Solutions 

As – Built RecordsEngineering Design
Validate



Hybrid & Context Driven Services

Physics

of failure

based

Data 

driven

Hybrid models

Context Awareness

Context Driven 

Services



Digital twin 3.0

IT

ETOT





Are digital twins 1.0 and 2.0 useless????



What do we 

expect

from hybrid

digital 

twins?



61

Application of 
digital twins and

virtual 
commisioning

Virtual 
commissioning 

services

Virtual assets

O&M information 

Data loop

Service/Repair Shop

Design feedback 
loop



Types of data analytics



PROGNOSTICS

DATA MINING BLOCK

Data
Reduction

Historical and live data

RELEVANT
FEATURES

UNIFIED
DATA

FORMAT

DATA PREPARATION

Feature
selection

Optimal 
thresholds

For features
ADVANCED
PREDICTION

PREDICTIVE
MAINTENANCE

ESTIMATION

UPDATE
MAINTENANCE PLAN PROCESS

Descriptive/ Diagnostic analytics



Types of data analytics



Feature of item n 
crosses boundary in 
time t

RUL considering two 
features

Predictive analytics:RUL prediction 
and simulation of scenarios

Feature of item n 
crosses boundary in 
time t+dt



Feature of item n 
crosses boundary in 
time t

RUL considering two 
features

Feature of item n 
crosses boundary in 
time t+dt

Predictive analytics:RUL prediction 
and simulation of scenarios



Feature of item n 
crosses boundary in 
time t

RUL considering two 
features

Feature of item n 
crosses boundary in 
time t+dt

Bearing mounted by 
Contractor 1

Bearing mounted by 
Contractor 2

Predictive analytics:RUL prediction 
and simulation of scenarios



Types of data analytics



Prognosis information: Particle filter
considering context



Types of data analytics



Concluding remarks

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

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

• Cognitive analytics is the logical sequence 
of prescription

• Digital twin 4.0 will consider 
evoltionary models and normality 
dynamics
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