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= Computerscience & Data Science
= Operation & maintenance

Director of the ‘Centre of Intelligent Asset Management (CIAM)’ at LTU

Founder of Predge AB (former eMaintenanance365 AB)
—= 2 times on the Swedish “33-listan”

» Scientific leader of the ‘ePilot’ project, listed on IVA 2020

» Scientific leader of the ‘Al Factory’, listed on IVA 2021
- RAILWAY, MINING, MANUFACTURING, CONTRUCTION, AVIATION, ...

Our research is included in IVA’s 100 List

» Board member of ‘Sustainability Circle’ IVA 2021 listing research projects focusing on
sustainable emergency preparedness with

Research?Business

= Board member ‘Association of Swedish Maintenance (SvensktUnderhall) “Wioiss Potential to create value through innovation.

» >20 years of industrial experience
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EXAMPLES OF MACHINES IN OPERATION AT LKAB
& BOLIDEN
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‘ WHY WE DO - PURPOSE ﬂ

Enable sustainable asset management
of mining mobile machines

by utilisation of Al and digital technologies




‘ HOW WE DO - OBJECTIVE

Develop and demonstrate
a digital twin aimed for
and forecasting

of machines’ health

3. What will happen in the future
4—\Mhatreeds-to-be-denenext—(Not within the scope of the project)




‘ WHAT WE DO - THE PLATFORM

Digital Twin

A Multi-Space environment
(a Metaverse)
for
Intelligent Asset Management

Business Control Operation Coritrol Maintenance Control

Regulations
Business i 1
Intelligence

Sensors g

Integrated L

- Suppo
Policies
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AIFM - PROJECT SCOPE

= AIFM will focus on mining machines
developed by Epiroc and operated by
LKAB and Bolide

“ LKAB (underground environment)
¢ Boliden (underground & open pit environment)

» The project will have a special focus

on the components that are identified | N
as critical and significantly impact g nR
the system availability . ey,

+» Based on the failure analysis phase
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AIFM - PHASES

*Phase |: Descriptive analysis
= Investigate the failure rate for addressed components
= ldentify the failure modes per components

PRESC) PTIVE DESCRIPTIVE
AN Y1 7S ANALYTICS

*Phase II: Diagnostics
= Identify the root-cause per failure mode (reversed

FMECA) PROGNOSTICS DIAGNOSTIC
ANALYTICS ANALYTICS

—= Data-driven approach

*Phase lll: Prognostics

= Hybrid approach

= Develop data-driven and physics-based models for RUL
estimation
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‘ AlF/M - USE CASES

-Supportin Asset Management of
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mobile machinery

Focus: Process Development

Maintenance & inspection

Safety & Security
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Condition monitoring

ssadoe-ygnous-isnf .
SSIDJE AWI-UILISN[  »

UolEZLIOYINY  «
uonednuUAYINY .
uondAnuy . urey»oo|g 1§ AjundasiagA) .

juawdojanaq ASojouydaj :snaoq

Aundasiaqh) 190N

8u188ey SaU0IQ .
13 uoiyu8oodal alqo Jews . (¥vai) uoneasdaul Josuss .
Buissaooud eiep Yyqil uoneidajul jods .

jawdojanag A3ojouyaay :snaog

uoj3el8aju| J0suas 13 313090y 0N

8ui88ey SaU0Iq .
R uoijudodal 2[qo Jews . (¥wain) uonesdau) JOsuas
Buissadoud ejep ¥Yyyan . uonesgajul jods .

juawdojanaqg ASojouyda) :sndo4

uojelSaju| Josuas @ 2130q0oY 70N

uonesgajul
ASojouyde) Bulwen .
uoljelauas [gpow-gg

|[9pOW JO UONESI|ENSIA-YY  «
[9POW JO UONESI|ENSIA-YA  »

juawdojanaq ASojouyda) :snxo4

uoi3es3a3ul YA YV :€00N

Juswdojaasp auljadld .
uondepe ASojoJuQ .
uonesgajui eleq .

uonewoine agueyoxa exeq
uolsny JoSuUas .

juawdo|anag ABojouyda) sndoq

uonelSaju] 324nos eieq :zodN

>
O
®)
-
O
Z
T
@)
L
—
L
®)
>
T
(]
o
(1]
>
=z
o
o
L
-
)
-




‘ AlIF/IM —= WORK PACKAGES
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Al

‘ AlIF/M — MICRO-SERVICE-BASED ARCHITECTURE

Pipelines

Data Provider Data Consumer

Storage Services Computing Services
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‘ DATA SOURCES FOR ANALYTICS

ERP (Movex, Maximo)
Vehicle (Onboard sensors)

Production planning data

o @ @

W Operation environment data
(topology etc.)

Information Knowledge Context
models models models

Maintenance Data Fusion & & _4 Big D‘a - | Cont.ext Q
Data . y Modelling & ‘ sensing
Integration : v <
Analysis \ & adaptation
” Al

= Reliability data (from design, e.g.
life expectancy per component)
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AlF/M - COGNITIVE CAPABILITIES

Specified degradation

Current degradation
Predicted degradation

[ Maintenance |threshold

Safety|threshold

M4

MEASUREMENT

Karim et al., 2014
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‘ Al FACTORY = SCIENTIFIC CHALLENGES

Governance
_ _ Digital asset
Business Ownership, IP Democratisation
Pay-as-you-go Freedom-To-Operate Data & model
Service or product Availability
Micro or macro transactions Accessibility

mformation Assurance

Quality
Quality-of-Service (QoS) Security
Quality-of-Data (QoD) Safety
Quality-of-Model (QoM) Resilience
Integration Autonomy
Services - - - Reasoning
Messaging DlStrlbutlon Actlng
Orchestration Computing Automation
Storage
Model
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Al FACTORY — DEVELOPMENT ENVIRONMENT

PLATFORM

= Architecture = Visualisation
= Service-oriented architecture — Browser-based
- Micro-services — Power Bl

— Unity

» Developmenttool
— AR (Hololens)

= OpenAl
— VR (Quest Il & Pro)
- Azure .
= Cloudenvironment
= Python, C#
— Azure
= Storage = Fogenvironment
= Blob — Windows
- Sql — Linux
= Graph = Edgeenvironment
— Epiroc Certiq

— Azure loT

LULEA UNIVERSITY OF TECHNOLOGY



‘ THANK YOU FOR YOUR ATTENTION!
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