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When did it happen?



Maintenance 4.0?



Maintenance 4.0 
and AM



What to do with AI on maintenance data?



Climate
change

Covid-19Fear to 
technology



Dark Factory
• Dark Factory (Lights 

out manufacturing)

• Characterised by
• High level of 

autonomy

• Digitalisation

• AI

• Robotics

• Low liveware 
intervention



Technology is 'The Elephant' in the room
Not always organizations embrace new innovations or are aligned with the latest timeframe Industry 5.0





IR4.0 to IR 5.0





IR4.0 

to 

IR 5.0
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• Reliability

• Availability

• Maintainability

• Safety

• Security

• Supportability

• Sustainability



Asset management
ISO55000



New Asset 
management



Asset Life Cycle
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OLD view of AM



Business impact in a PLM approach



NEW view of AM



•Design for reliability

•Design for maintainability

•Design for maintenance

•Design for failure

Design for…..



Obsolescence

• Condition of being antiquated, old-fashioned, or out-
of-date

• No longer meets current needs or expectation levels

• Aging, technology, standard change

• 2-yr old computers good example

• Inability to meet changing performance requirements



Obsolescence & Service Life

• “Always remember that someone, somewhere is making a product that will 
make your product obsolete”

Georges Doriot

• “Planned obsolescence” by Vince Packard’s The Waste Makers

• Practice of deliberately designing products to last for a shorter period 
of time

• Systemically doing this leads to inferior products



Service vs. Physical Lives

• Physical Lives: time it takes for 
infrastructure to wear out/fail

• Predicting this may be irrelevant

• Service life: time actually used

• In general these 2 are different



Planned Obsolescence
• Products needing replacement 

before they should because they are 
obsolete

• Producers who influence consumer
concepts of acceptable styles

• Intentionally holding back attractive 
functional features, then 
introducing them later to make old 
model obsolete.



Designing products to wear out or 
become outdated quickly 

MAINTENANCE OR REPAIRMENT AR NOR VALID OPTIONS





Bernard London (1932)

• Technological change

• Regulatory change

• Forced or “suggested” upgrades

• Economic / social changes

• Value / behavior changes

Design

to fail?

What Causes It?



Capitalism is sustained
on obsolescence?



The main in White suit







PHM Enabled Maintenance 

• Outcome/requirements driven

• Maintenance-optimized availability

• Availability

• Prognostics

• Dynamic 

warranties

• Looks ahead 

at future 

conditions

• Generates a 

remaining 

useful life 

(RUL)

• Availability contracts

• Self-cognizant systems

Evolution of Failure Response Paradigms

Maintenance Threshold

Individual 

Systems 

Enterprise

Multiple

Systems

FixedDynamic
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Condition Based Maintenance (CBM) 

• Maintenance is contingent on state of the health of the system

• Logistics-driven maintenance thresholds

• Logistics

• Fault isolation 

and diagnostics

• Real time

• Logistics 

planning

Reliability Centered Maintenance (RCM)

• Maintenance intervals determined by knowledge of the 

failure rates associated with system components

• FMECA = Failure Mode, Effects and Criticality Analysis

Preventive Maintenance

• Intervals

• Replace or 

repair at fixed 

intervals

• Significant 

wasted life

Corrective Maintenance

• Fix upon failure

• All life consumed

• Unpredictable



15341:2020



15341:2020





Human Centric





5.0 Let us redefine 
human machine 

relations







Digital Twin and SMART



We want to be 
Alice









AI IN THE INDUSTRY
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What is Intelligence?

• Common definition of artificial intelligence:

• AI is a field which attempts to build intelligent machines 
and tries to understand intelligent entities.

• But what is intelligence?

• Learning, manipulating with facts, but also creativity, 
consciousness, emotion and intuition.

• Can machines be intelligent?

• Up to the present day it is not sure whether it is possible to 
build a machine that has all aspects of intelligence.

• This kind of research is central in the field of AI.



Artificial Intelligent Systems

• We can debate endlessly about whether a certain system is intelligent 
or not …

• SW programs or SW/HW systems designed 

• to perform complex tasks 

• employing strategies that mimic some aspect of human thought

• the key is evolution: it is intelligent if it can learn (even if only a limited sense) 
and/or get better in time 



Artificial Intelligence (AI) vs 
Machine learning (ML)

• AI: 
is the broader concept of machines being able to carry out tasks in a 
way that we would consider “smart”.

• ML: 
an application of AI based around the idea that we should really just 
be able to give machines access to data and let them learn for 
themselves.



ML in a metaphor

It’s like gardening

• Seeds = Algorithms

• Nutrients = Data

• Gardener = You

• Plants = Programs/
trained models





Not for all applications..

• IF 

• the nature of computations required in a task is not well understood 

• or there are too many exceptions to the rules 

• or known algorithms are too complex or inefficient 

• THEN

• AI can be considered as a possible solution 



Traditional and 
Deep Learning networks



Traditional ML vs Deep Learning

Convolutional Neural Networks



Classical ML vs DeepLearning

DL needs data….

(classical)





Industrial AI



The analytics



IR4.0 to IR 5.0



AI & Automation

• Automation can be defined 
as the technology by which 
a process or procedure is 
performed without human 
assistance​

• Autonomy refers to a state 
of equipment in which it 
can perform the 
programmed operations 
under defined conditions 
without human input or 
guidance

2022-03-01

(Karim et al., 2021)



AI: Digital Governance

• eGovernance

• The three rules (Isaac Asimov, professor 
and writer, 1920-1992)

1. A robot may not injure a human being or, 
through inaction, allow a human being to 
come to harm.

2. A robot must obey the orders given it by 
human beings except where such orders 
would conflict with the First Law.

3. A robot must protect its own existence 
as long as such protection does not 
conflict with the First or Second Laws.

2022-03-01 64Ramin Karim [ramin.karim@ltu.se]



AI - multi-dimensionality 

“Cyber Twin”
(Digital Twin)

Data
Availability

Accessibility

Algorithm
Reward/penalty

Decision

Digitalisation
Digital Twin

Simulation

Sustainability
Performance

Cost

Governance
Rules

Business Convergence
Cyber/Physical

IT/OT



Robots close the loop



Cobots who mimic humans



Cobots with 2 arms?



Adaptive / versatile grippersRobot grippers to mimic
humans





Robots in railway



Robots in aircraft inspection



Robots in mining



Robots in mining



Oil & Gas



Social networks of robots



RESILIENCE





Common links between reliability 
and resilience



Relationship between reliability and 
resilience







Mosaic war vs Platforms
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