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Industry 4.0 data is mostly 
machine generated data 

Volume  |  Velocity  |  Variety | Variability

GPS,

RFID,

Hypervisor,

Web Servers,

Email, Messaging

Clickstreams, Mobile, 

Telephony, IVR, Databases,

Sensors, Telematics, Storage,

Servers, Security Devices, Desktops 

Machine-generated data is one of the 

fastest growing, most complex 

and most valuable segments of big data
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Comcast – UDB Before Splunk
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Turning This
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To These





AI IN THE INDUSTRY





The analytics



• Now casting
• 1) What happened in the past

• 2) Why something happened

• Forecasting
• 3) What will happen in the future

• 4) What need to be done next

(Karim et al., 2016)

The need to go deeper in analytics



Analytics and expectations also 
change



The challenge in Descriptive analytics



• “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? 



“Black Swan Event: An event or occurrence that deviates 

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



The swan song



Is my model enough?



The prescriptive challenge



Research 

challenge



Digital Twin



The twin as 
a service 
provider
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The picture of Dorian Gray
The challenge in DT



Digital Twin



Levels of Digital Twin



Level 1 of Digital Twin



Level 2 of Digital Twin



Level 3 of Digital 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)

• Real-time, thanks to IoT

• 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



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

• With real-time we mean 
that data referring to a 
system is analysed and 
updated at the rate at 

which it is received



Digital Twin Solution Architecture



Digital twin 

1.0



Digital twin 1.0

On board Wireless System
Machine Maintenance 

Analytics

Data Information Knowledge

Internet

eMaintenance 

Cloud Server





Twin based purely on OT



Digital twin 2.0

Technical services

Truck scheduling 
On board Wireless System

Machine Maintenance 

Analytics

Data Information Knowledge

Internet

eMaintenance 

Cloud Server



TRANSFORMATIVE MAINTENANCE SOLUTIONS 
Integration & Application of Technologies

IT OT



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



Digital twin 2.0

IT

OT





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

O&M



Digital twin 3.0

IT

ETOT



Huge gap between data science 
and O&M



Domain knowledge and AI, both 
needed





Hybrid models





Digital twin 4.0





Metaverse

Where Avatars 

interact with DTs



5.0 Let us redefine 
human machine 

relations



Augmentation
seems to be the

solution



Digital Twin and SMART



We want to be 
Alice













Research 

challenge



Metaverse data exchange with assets and humans

Digital 

Twin
Digital 

Twin

Digital 

Twin

Digital 

Twin

Digital 

Twin
Digital 

Twin
Avatar

Metaverse data exchange with assets and humans



The collective mind with

distributed intelligence



Health management

in social networks





Prescriptive maintenance as advisory
engine for maintenance crew



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



Prescription autonomy and Multiverse



Autonomous prescription in Multiverse

SCENARIO

N

SCENARIO

3

SCENARIO

2

SCENARIO

1

Maintenace 

policy 1

Maintenace 

policy 2

Maintenace 

policy 3

Maintenace 

policy n

RUL

RUL

RUL

RUL

Resources 

allocated

Resources 

allocated

Resources 

allocated

Resources 

allocated

Capacity or 

other KPIs 

for MP1

Capacity or 

other KPIs 

for MP2

Capacity or 

other KPIs 

for MP3

Capacity or 

other KPIs 

for MPN



Research 

challenge



Cognitive DTs will self preserve the physical
entities



Cognitive Digital Twins skills



Cognitive DTs  is a further 

upgrade, as it enables us to ingest all 

kinds of data 

• Structured

• Unstructured (audio/video/natural 

language) 

and obtain a better informed insight 

and superior recommendation on next 

best action.



Core premise: 

• Desire for life

• Awareness that death is 

inevitable





Cognition just one step ahead of 
Autonomous Prescription



Types of data 

analytics



Robots close the loop



Robots close the loop



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



Robocop versus ED 209



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



Function  & 
Performance

Application 

Environment 

RAMS, LCC & 
Risk analysis 

Maintenance 
program  

Integrated

Maintenance

Solutions

Cost Effective 

Product 

Development & 

Life Cycle

Management

Design phase

Safety, Environment, Sustainability, ROI



Describing System 

state & behavior

Explaining 

Predicting 

Controlling  

Integrated

Maintenance

Solutions

Effective 

Asset & 

Production 

Management

Diagnosis

WHY?Condition

Monitoring

WHAT?

Prognosis

When?

How?

Operation phase

Safety, Environment, Sustainability, ROI



•Design for reliability

•Design for maintainability

•Design for maintenance

•Design for failure

Design for…..



Design for maintenance and 
maintainability

Maintainability is the measure of the 

ability of an item to be retained in or 

restored to a specified condition when 

maintenance is performed by personnel



1-Augmented maintenance crew



AR and VR to augment crew
skills



2-Droids to perform as humans



Training robot by gestures



3- Machines designed to be 
maintained by robots



Industrial AI and generative design



INSPECTION AS THE 
NATURAL TASK

• The advantages this brings are immense:

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

• Reducing or negating requirements for venting 
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 
areas

• Increased quality of data makes for better decision 
making and considerations for necessary maintenance 
and inspection schedules



Inspection as natural task



•El papel de Sisteplant

•Fase de operación y mantenimientoR-Bot: Seamless OT & IT integration

Edge applications

R-Bot platform

Robots IoT sensorsField

Rover SW Drone SW Quadruped SW Cobot SW Other

ConnectorsConnectorsConnectorsConnectorsConnectorsConnectors



Asset Life Cycle

DESIGN

FABRICATE

CONSTRUCT

OPERATE

MAINTAIN

REPLACE

RETIRE

Specification

Requirements

Procur

e
Install

Modify

Rebuild

Monitor

RAMS

PHM





Seamless integration of AR



Metaverse and Virtual 

fencing



Star Wars: Why The Republic Used

Clones Instead Of Droids



• Battle droids generally feature limited cognitive systems and programming, 

restricting them to being most effective when in direct combat

• Dumb battledroids are ineffective in military actions. Easily drawn into traps, easily 

fooled, and nobody has any moral qualms about using any and all weapons to 

slaughter droids.

• Smart battledroids have an unfortunate tendency to murder their creator in the 

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

Star Wars: Why The Republic Used

Clones Instead Of Droids



Context

Performance

Heatlh

SELF 

AWARENESS

CONTEXT 

AWARENESS

SELF 

PRESERVATIO

N
Actionable

insights
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