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Mantenimiento en la Industria 5.0
Cómo el mantenimiento se alinea con 

la nueva visión centrada en la 
interacción humano-tecnología

Diego Galar
Catedrático LTU

Director R&D Sisteplant
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Dark Factory
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IR4.0 to IR 5.0
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(Karim et al., 2016)
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Types of data 

analytics
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Descriptive analytics
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Types of data 
analytics
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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

Diagnostic analytics
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Black Swan Losses

• Loss Distribution
• Tail events are rare – very 

little data
• Typically strong model 

assumptions

27

28



18/06/2025

15

Types of data 

analytics

Feature of item n 
crosses boundary 
in time t

RUL considering 
two features

Predictive analytics:RUL 
prediction

Feature of item n 
crosses boundary 
in time t+dt
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What can I see in my data?               

Now casting
1) What has happened 
2) What is happening

Forecasting
3) What will happen in 
the future
4) When will it happen
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Types of data 

analytics
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Time

Degradation starts

P1 P2 P3

x2

x3

x1

Expected

Performance

Acceptable 

Limit

Performance

RUL loss 

rate 

RUL estimation

de
te

rio
ra

tio
n

time

no 
maintenance

task A

task B

task C

break down

Maintenainers demand: Operational recommendations with RUL 
estimations characterised via deterioration process, probability 

model, possible tasks
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Is my ML model enough?
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DL needs data….

(classical)
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Maturity in the classical approach

42Ramin Karim [ramin.karim@ltu.se]
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Cognitive assets will self preserve

Terror Management 
Theory
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Domain knowledge and AI, both 
needed
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Predicting the future…..
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Or predicting the past…..

Data Alone Isn't Enough

•The data scientist needs 

more than past observations

•The maintenance engineer 

demands trustworthy, 

transparent insights

•Enter Hybrid AI and PINNs: 

where data meets physics 

to bridge the unknown

“Without physics, we guess. 

With physics, we project.”
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“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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SHALL WE BE ABLE TO 

DETECT AND IDENTIFY THE 

SWAN SONG OF OUR 

ASSETS?
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Cognitive maintenance
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Enabling technologies with 
robots as focal point
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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

Research

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

Research
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Design for…..
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AR and VR to augment crew 
skills
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Context

Heatlh

SELF 
AWARENESS

CONTEXT 
AWARENESS

SELF 
PRESERVATIO

N Actionable 
insights
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diego.galar@ltu.se

dgalar@sisteplant.com
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