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LIFE CYCLE MANAGEMENT

= Macro level
= Micro Level

Technical —Financial — Societal

Life Extension
Technology Driven Life Extension
Business Driven Life Extension
Drivers, Barriers and Enablers




Achieving

designed service life
and restoration of
compromised
capacity

The Main
Research
Questions:

What systems, sub-systems or
components among
infrastructure are affected by
aging?

what are the metrics for aging
for different element of railway
infrastructure (performance,
function, etc)?

What happens to the defined
life limit, when the demand
changes

What are the current practices
that reduce the deterioration
rate of railway infrastructure?

What is meant by aging?

What are the dominant failure
mechanisms that promote
aging of infrastructure?

How does aging affect service
life, functionality, and
availability?

Which items are more
significant for life extension
program?

What is the role of emerging
engineering paradigms in
addressing aging infrastructure
(performance-based
considerations, resiliency,

multi-hazards, etc.)?

What are the dominant failure
modes due to aging of
infrastructure?

What are the existing life
limited Parts in railway
infrastructure, and what are
the basis for their life
definition?

What are the consequence of
aging?

How obsolesce
and introduction of modern
technologies affects decision-
making




The prime

challenges of * How to overcome

service |ife Rehabnhty/ResnImnceﬂ?ndqrance deterioration
- due to over utilization

- due to maintenance backlog
- due to premature aging
- due to climate chanage/ natural disaster

extension
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DIGITAL INSPECTION
DOGS, DRONES AND DIGITAL TWINS




ROBOT DOG BEING TRAINED IN LAB

Robot dogs fill capability gaps and
provides deeper HEALTH insight

Potentially a new best friend for Railway
maintenance personnel in the field

Remote & Digital inspection
Autonomous mission







DIGITAL INSPECTION

Track signature, magnetic components

Combine acceleration and

Sensor on In-service trains Insulation joint UG SIS L
images (Digital inspection

project)
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DIGITAL INSPECTION

Condition monitoring of S&C'’s
Defect detection

Combine with point machine monitoring

VID LULEA TEKNISKA UNIVERSITET

JVT’ JARNVAGSTEKNISKT
vies¥ CENTRUM LULEA

UNIVERSITY
OF TECHNOLOGY




WAYSIDE DETECTOR FOR VEHICLE AND TRACK CBM

Wayside detectors Vehicle status prediction - Impact detector
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Wheel degradation
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Metaverse for railway assets (MR) LULEA
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Al FACTORY

Research Concept

= \WHY things need to be done!

Governance
Digital asset
Ownership, IP
Freedom-To-Operate

Business

Pay-as-you-go

Service or product

Micro or macro transactions

Quality
Quality-of-Service (QoS)
Quality-of-Data (QoD)
Quality-of-Model (QoM)

Integration

Services
Messaging
Orchestration

Distribution
Computing
Storage

Model

LULEA UNIVERSITY OF TECHNOLOGY

Democratisation
Data & model
VETELIY
Accessibility

Autonomy

Reasoning

Acting
Automation

Information Assurance

Security
Safety
Resilience

Technology Platform

* HOW things can be done!

Pipelines

Al Service Provider Al Service Consumer

Storage Services Computing Services
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Data Acquisition

Meteorological data

Satellite data

Questionnaire

Interview

Traffic data

Infrastructure data

i

Sustainable railway

infrastructure Impacts

Social demand

Urbanization

Cost

Regulation

/

Climate models

Extreme weather

Climate variability

Future Precipitations

[ Climate Adaptation Analytics ] Alert Management System )

Data Storage ]
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Risk Assessment and Management

e Climate impact risk assessment

e Spatio-temporal land analyses
e Prediction and early warning
Meteorologica Questionnaire |nfrastructure Satellite 2
s R ol i e Cost-benefit Analyses
o~ \
Theories in Maintenance & Metrological Vulnerability Analysis \
Al & Data Science e Adaptation and mitigation action
: S e Disaster management & recovery
- Machine Learning - Statistical Learning /,
- Artificial Neural Network -Multivariate Analysis
- Bayesian learning - Expert syestem / Safety Ana Iyses
-SVM, kNN, etc. - Fuzzy Logic >
-Expert knowledge

e Critical Asset,
’[ Climate Prediction ‘ Auc Denaion J e Safety faCtO"S. .
| frediction e Awareness raising
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A\ 4 I
[ Integration and Fusion j

, , Decision Sup port System for Risk, Vulnerability anx
: = Climate Adaptation Options

Maintenance Predictive Analytics

!

6escriptive Diagnostics Predictive Prescriptive\

What Why it When will it i

happened? || happened? - should we
hoe happen; do about it?
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