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Why does KM Matter?

Because Quality of Decisions and Actions Matters!
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Definition of Knowledge Management

Summary

Corporate
Politics

Org.
Processes

Technology

Leadership

.Knowledge Management is a conscious strategy of getting
the right knowledge to the right people at the right
time and helping people share and put information into
action in ways that strive to improve organizational
performance.

- O'Dell & Grayson, 1998

.Knowledge management (KM) is the process of creating,
sharing, using and managing collective knowledge
(intelligence) in manufacturing enterprises 4.0”

- Fazel Ansari

Portfolio Matrix for Characterization of KM4.0 as Dynamizer and Stabilizer!

K-Exploitation and K-Exploration

Max. Knowledge Generation Capacity

KM 4.0 is the process of creating,
sharing, using, managing and
protecting human-machine

collective knowledge intelligence
in smart manufacturing enterprises
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Portfolio Matrix for Characterization of KM4.0 as Dynamizer and Stabilizer!

K-Exploitation and K-Exploration Max. Knowjedge Generation Capacity

KM 4.0 is the process of creating, ( ligh Creating new _shift Balance
sharing, using, managing and knowledge = == Point
protecting human-machine

collective knowledge intelligence
in smart manufacturing enterprises
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Exploitation Exploration (Blg Data)
(Existing & (New
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WHAT IS KNOWLEDGE-BASED
MAINTENANCE?
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1) Theoretical Foundations

KNOWLEDGE-BASED MAINTENANCE (KBM)

Data-driven Analysis and Modeling of RAM in Product Lifecycle Management
How OEMs and Machine Users May Gain Benefits from Data?

Availability (Uptime) to be
Reliability and durability to able to pz—f(orgq reqlzired
comply with specifications functions at time t, A(t), or
over useful life time. over a stated period of time,
Aav.

Products (Complex Industrial Systems) are used under various

environmental and operational conditions in industrial value chains. . . .
1 B ) Intelligent functions in products,

processes, systems and services by
analysis and modeling of

RAM (t)*

*RAM (Reliability, Availability, Maintainability)

. . R Integrative modeling and analysis
Maintainability to be timely
and efficiently retained in, or
restored to a required 4 Constant | § Decreases | ¢ Decreases
functional state, after 4= Constant | 4 Increases | & Increases
performing maintenance 4 Increases |4 Constant | 4 Increases
actions. ¥ Decreases | 4= Constant | 4 Decreases o .
OEM: Original Equipment Manufacturer
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Maintenance in Smart Factories
Frontend- and Backend Maintenance Team

B According to DIN 31051 and DIN EN 13306, maintenance is a
combination of technical, administrative and management
activities including supervision actions for keeping a desired
functional status of an observation unit (a system/machine) during
its life cycle i.e. retain in or restore it to the required functional
state before or after occurrence of a failure.

Both frontend and backend teams
hold experiential knowledge,
dgenerate data and need reliable
information for their actions and
decisions!

B Maintenance activities can be classified in to two categories of
"Operation/Engineering” and “Management”, which leads to
creation of frontend- and backend teams.

Maintenance Organization Backend Team

in a Smart Factory

Maintenance
Manager

®is

Al Agent Senior Analyst

Frontend team focuses on proper implementation of
maintenance programs, monitoring, gathering and documenting
data by means of information systems.

D

Frontend Team

u N
0o
(O]

Machines & Equipment

Backend team focuses on planning, monitoring and
controlling of maintenance activities, establishing policies,
strategies, assessing the attainment of (operational and cost)
objectives and accordingly (re)formulating improvement
strategies as a continuous improvement process !

Maintenance Plans

5

Maintenance Engineer

—
Condition Monitoring data Failure history data

Knowledge-Based Maintenance
Integrative Modeling and Analysis of RAM, based on Data and Human Experiences

v'The concept of knowledge-
based maintenance was coined
by Pawellek 2013, however, in a
holistic, generic way focusing on

Management
(Strategic and Tactical)

Operation
(System Conditions)

Consequences

Dependencies Dependencies

- - . = Diagnose = Operational: = Strategies
Organizational Learning = Probability of failure . Loss of contribution marging = Plant Management
theories. = Downtime * Consequential damages = Maintenance processes

= Process data = Degradation = HR
vIn (Ansari et al., 2019) this = Observations ) Frontend = Financial: Backend = Maintenance costs
Maintenance = Direct cost Maintenance = Budget
concept has been extended. L4 + Indirect cost e
Hachines & Suipmant i
vKBM aims at integrative l l 1
analysis of RAM considering
H H H * %k
multiple data sources, |nf|uer_1t|al d_BCM o Overlaps Risk Overlaps TPM*
factors and their interrelations Condition and Time Based Maintenance TLC**

and thus gaining comprehensive
knowledge of maintenance for
improving quality of decision-
making.

Based Maintenance

|

Knowledge
Based Maintenance

Lean Maintenance

*TPM: Total Productive Maintenance

**TLC: Total Lifecycle Costing
*#*RCM: Reliability centered Maintenance
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Evolution of Knowledge-Based Maintenance
. .
Maturity- and Complexity Levels

Sophisticated Data Analytics

- Adaptation ‘

™ led ’ Capability
- Knowledge .
[ ) - - Optimization
Discovery Capability
- Knowledge - Prediction -
Generation Capability Prescriptive
- Transparency Maintenance

Predictive

- Information Collection

® & Analysis Maintenance

* To answer: How should a

Diagnostic

Maturity Level of KBM

- Visibility

Descriptive

Maintenance

*To answer: What
happened?

* Objective: Providing
information / more
insights about former
maintenance events

Maintenance

* To answer: Why did it
happen?

¢ Objective: Cause-effect
analysis, reasoning, and
providing more insights

about former maintenance|

events

* To answer: What will
happen When?

* Objective: Prediction of
future events, based on
historical and real-time
collected maintenance
data

specific event happen?

 Objective: Providing
recommendations and
measures for improving /
optimizing maintenance
actions and KPIs

T Feedback on former Predictions
and Prescriptions

Aut ted Maint: e Workflow

(Retrospective Analysis)

Complexity Level of KBM

Knowledge-Based Maintenance for Modeling and Analysis of RAM
Interpretation and Challenges of KBM at the Age of Industry 4.0

B Knowledge-Based Maintenance is about ...

B employing Al* (methodologies, methods, algorithms, tools, technologies)
for analyzing, modeling, predicting and reducing the likelihood or
frequency of failures and thus increasing availability in production
systems, gaining benefits from multi-channel, multi-structured data sources.

B What are the challenges?
B Proper use of multiple data sources
B Suboptimal use of multi-structured data
B Multi-modality of data (semantic correlation of information)
[

Multiple and overlapping reliability-centered and maintenance strategies
and approaches

B Multi-dimensionality of maintenance organization/actors/teams, processes
and IT-systems

B Economic and technical plausibility of KBM

* Al: Artificial Intelligence
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Modeling and Analysis of RAM in Maintenance of Compressors
There is no real preference and absolute answer — It Depends on our application case!

B What are the data sources that we may consider
for modeling and analysis of RAM in maintenance
of compressor units?

// \
Answer: Multiple Data Sources
\ /

Data from compressor manufacturers
Data from similar products

The existed site fault statistic data
Failure databases
Maintenance records

Condition- and structural health monitoring data
Experienced analyst's subjective judgment

Data from Physical models?

w Simulation modeL/

B

i
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PARUE
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2) Knowledge-Based Approaches in Industrial Maintenance

MAINTENANCE OF COMPRESSORS IN OIL AND GAS PRODUCTION PLANTS
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What is a Compressor? 2
A Brief Concept Map

Add pressure
energy

By reducing the volume
By accelerating
to a high

velocity

Displacement

Rotary Blower

Byaie Axial Screw

0 ::
L%J Single acting
Resitie .<: Reciprocating .4 Benlslle aaiing

Centrifugal
High reliability and safety

High durability

High efficiency and productivity e S —
iah focti (0‘) about compression theory,
G ERE OIS [ we|  mechanics and applications

Primary product industries (suppliers of * | mromnn + of compressors?

semi-finished raw materials to

manufacturers) Then please'
Heavy goods manufacturers v See: A. Giampaolo, Compressor
Consumer goods processing and packaging Handbook: Principles and Practice,
ol & Gas CRC Press, 2020.
or
Aerospace

v Visit the “302.697 Maschinendiagnostik
und Instandhaltung von Hydraulischen
Transportation Maschinen und Anlagen”

INSTITUTE OF
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Construction

Compressors
In Petroleum and Natural Gas Production Plants

oil and

B Compressors (equipment units) are used in all

main consumers
gas well line  natural gas =

gas sales  company
oil processing ﬁ
plant compressar
T Siation odorant
| -8 2

in the production segment to compress gas for ﬁ \ vented

aspects of petroleum and natural gas

development, e.g.

compressor Ej
products removed station LNG HH
storage
LN s -
. N . undergroun An
fluids removal and pressure equalization with retumed to field Storage -
gas well water vented and flared reservoir

gathering equipment systems. [ production [ tansmission —— distribution — |

Source: U.S. Energy Information Administration

in the natural gas processing, transmission

Equipment Class Type Application
and storage (particularly underground storage) Gas processing
Centrifugal
segments of the industry. Gas export

Reciprocating

Compressor s Gas injection
B ISO 14224 specifies typical "Types" and p crew Lt ams compression
Blowers/fans

Axial X X
. . Refrigeration
and natural gas industries.

M INSTITUTE OF
MANAGEMENT SCIENCE
rp—

"Applications" of compressors in the petroleum Compressed air
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Maintainable Items of a Compressor Unit
Equipment Unit Subdivisions and related Maintainable Items

B Maintainable items of a compressor equipment unit, independent of the

compressor type, can be summarized as depicted below:

© GEA Group Aktiengesellschaft 2020

Subunit Power Transmission Compressor Control & Monitoring | Lubrication System Shaft Seal System Miscellaneous
« Casing Rotor
with impellers + Base frame
) « Balance piston + Oil tank with « Piping, pipe
* Gearbox/ variable | | Inter-stage seals + Oil tank with heating su‘;))pgrtpazd
drive + Radial bearing heating system » Reservoir bellows
. . i » Pump with » Pump with « Control-isolation
* Bearings . ';::;tsts:;:nng . Contro'l . motgr motopr/gear and check valves
Maintainable | * Couplingtothe | . internal piping ,:;Ictugtln.g dEV‘Ice + Check valves « Filters + Coolers
Items driver + Valves onitoring Valves | . coolers + Valves « Silencers
. Anti-surge * Internal power « Filters « Buffer gas + Purge air
« Lubrication Seals system including supply « Piping « Seal oil + Magnetic
+ Coupling to the recycle valve and + Valves + Dry gas seal bearing control
i . controllers « Lube oil + Seal gas system
driven unit + Piston + Scrubber + Flange joints
« Cylinder liner + Others
+ Packing

TECHNISCHE
UNIVERSITAT
WIEN

INSTITUTE OF
MANAGEMENT SCIENCE

Failure Modes Effect Analysis (FMIEA) of Compressor Units

Case-Study of Reciprocating Compressor

B Reciprocating compressor includes two major functional components:

Motion mechanisms including the crankshaft, bearing, connecting rod,
crosshead, pulley or coupling, etc.

Work mechanism including cylinder, piston, valves, etc.

B Compressor is also equipped with three auxiliary systems including the
lubrication system, cooling system and control system.

B In the main unit excluding auxiliary systems, 8 items are functionally significant
Let us focus e.g. on Crankshaft, we may identify failure modes-cause-effects

as:
. Failure Effect
Eallure Failure Cause "
Modes Local Influence Seriously affect Finally affect
. Crankshaft vibration Crankshaft
Crack Quality fatigue Crack propagation
abnormal fracture
i Crankshaft Crankshaft vibration Damage
Bending High load
abnormal abnormal compressor
Fracture | Crack, High load Shutdown Shutdown Severe accident

« Crankcase
Crankcase
8 Significant Items
1

8
o1l o o3]S
sllslH<Ll=11g|la]|le
o > = o 2 a 3
< ~ 3 5 > =3 3
@ I allgS @ 5 5
@ 2 [} > o || @ o

@ =

o Q = =+

[}

Q

Buneag

(-]
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Fail Modes Effect Analysis (FMEA) of C Unit
8 Functionally Significant Items —FMEA, related Risks Levels and Maintenance Strategies
Part Failure Effect Maintenance Stratesy
Coa | Functional | pontial Faiture Mode Failure Cause Functional | e Mode | RifR e st
5 Ttems Local influence Seriously affect Finally affect Trems Level
; Crankshaft Crankshall vibration 1 condition based
" i Loosening Long-term use e - Stutdown s Loosening H B
Bearing bush abrasion Losg woo e frry e e Shusdown Bearing bosk Fuaction testing
Crack Quality fatigue Crack propagation ‘"“‘amm"“““ Crankshaft fractuse Conck M Persodical el
. L Bending High load Comn Contbaf Wbaten | Damage compressor Craalebaf Bending M Pesiodical overhanl
Bearing normal sboorwal fracaure | sl e s derecnion
o Con B poT Y B e
Crack Fatigue stress Crack propagation | Cramksbafuibaation | ¢opning sod aiture Crack M Replacement
Crankshaf F— T Vgt jrosis Shdows Shutdows Severe accident Comectng | —_Eoms B Fed e e defecion
- 8 | O™ [ seateven Long tem v Ronaing OO | Coppectingrod e | | Sutdown we | S M
Connecting rod Lasge end nle Function testn
é Lasge end tile wear Loag-term use, bad lubrication uasiag condiion | Consecting rod aiuse Shutdown o M .
2
= Toannung condiion | Cronbesd vibraton - Pin wear M Funchion testing
2 -| Crosshead | P Longtem e, bd bricatien vaaen prowlio St Content [P i H | Rl e s dtecion
T i | B Pin fiachue hermal ciack Stndows Shutdown Severe acciden Neck facn H | ool ime stoe deteetion
& . Neck fractuse Fatigue Shurdows Shutdown Severe accideat Ship abmsion | M Function tesin
E Crosshead Coanection condition based
g Stip abrasion bad lubsication — Crosshead faiture Stutdown P, M e
@ imder Comection oseniog | Longtemm we, tening advese | OO0 mbomnen | g, Stown Pusniod [ Paoarod | | Real e sute etecion
n( and prston. fracnre
© o5 | Dt Pisicn rod fracture Fatigoe crack. stess concentration Stndows _Sidows Severe accideat " Fosemnct o | o mme—
p— Research on Wear Loag-term use. bad lubrication Not seal "‘“;““ estion. Work sbaormal Wear
rankcase sboormal ST prediciive
Tk Siress conceatration Notseal “ibation abaoraal Shurdown Crack H Peelel et
Valves 06 | cytinder Taner wall wear Foreign matter, bad fubrication Tatieg Leakage Shudown cvlinder | Toerwallwemr | M Fu.\:‘n:n fetg
O wipe leaking s vt Tubrcation il S Tubnication ol effect Oil wiper leaking | M e
"Runnang Penodical predacirve
Crack Fatigue . stress concentration 08 contion | Crack propagation Stutdown Crack H mintcnance
07 | Crankease Crankease |0 ) ienor Real ime state detection
Combustion or explosion Lubrication ol gasibing Sturdown Shutdown Severe accideat prstrset H
Valve Block G Fatigue fulure. i Work sbaormal Shutdows Shutdown Valve  Block | Replacement
Spring falure Fatigue fulure Frichon damage Work abnormal ‘Shutdown Shutdown. damage
eakage Deformation of valve plate ‘Work absormal Shutdown Shusdown Sprng fashure M Repl:
L] Vawer High temperatuse of Exbaust valve leakage, bad hubrication |  Valves damage ‘Shutdown Shutdown Valves Leakage L4 Repl .
H= High Risk ___exhst 2 Tigh temperarrs |y Replacement
Valves product excess Excess lubrication oil. valves damage Vatves Shutdown Stutdown of cxlmest
caboa e Valves product |y Replacement
L= Low Risk excess carbon |
TECHNISCHE INSTITUTE OF
UNIVERSITAT MANAGEMENT SCIENCE
Vienna Usivarsity 1 “

A Procedural Model for Determination of Maintenance Strategy
How do we determine the appropriate maintenance strategy based on FMEA?

Does a failure

- - High No iodi
B Next Step is to identify how to el FalIu:} M|°d.e Risk have monitoring MPgrlodlca[
) . nalysis conditions? aintenance
and quantify the probability of -
. . R Medium
failure and predict RAM over time. Yes Real time health state
Does the detection
! fault have Yes Condition-based \
09 monitoring Maintenance
e conditions? Fracture
a7 Low
g% No Bendin
205 9
g
04 Wiscallanacus
o — jon Syt
03 s Trnenein Conform to the Yes Damage is periodical Overhaul
v fatigue failure? completed?
01
es
% 500 1000 1500 2000 2500 3000 No Replacement
time (weeks) /
—_— Crack
* Determination of appropriate maintenance strategy is Corrective No Is it I:"dden Yes Function testing to
based on two main policies: preventive- (periodic, . Failure I
condition-based, etc.) or corrective maintenance (repair maintenance (unknown)? collect data
and replace), before and after failure moments, which are
intended to retain or restore a functional unit in or to a
desired functional state.
TECHMISCHE INSTITUTE OF
UNIVERSTiT ME

Viensa Usiuarsity of Tochnsisgy

m"
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Knowledge-Based Modeling and Analysis of RAM

in Maintenance of Compressor Units — From OEMs and Users Perspectives

of subsystems (Power Transmission,
Compressor, Control & Monitoring,
Lubrication System, Shaft Seal System, etc.)

Object-oriented Analysis

i

_ I —

FMEA DB (Failure modes, severity, causes,

Case-bases
Production DBs

maintenance actions, etc.)

FMEAs & Tokenized Risks
I

Failure Probability & Frequencies

Building a Decision Model
e.g. Dynamic Bayesian Networks (DBN)

W% v Failure DBs

Condition/Structural
Monitoring Data

Word (verb, noun)

——
Maintenance frequencies and associations
> Reports (e.g. leakage-Cylinder)

Monitored parameters & conditions

Semantic Modeling and representation of Failure
Modes and Causes for inferential decisions and

prediction of failures, based on joint probability
functions and past observations.

— Similar failure modes & problems,
S|m|Iar|ty based on expert judgements
Learnin

Production- and maintenance plans, schedules, etc.

What are (Dynamic) Bayesian Networks?

Definition

B What are Bayesian Networks (BNs)?
B Bayesian networks are a type of Probabilistic Graphical

Model that can be used to build models from data
and/or expert opinion.

They can be used for a wide range of tasks including
prediction, anomaly detection, diagnostics, automated
insight, reasoning, time series prediction and decision
making under uncertainty.

They are also commonly referred to as Bayes nets,
Belief networks and sometimes Causal networks.

B What are Dynamic BNs (DBNs)?

Dynamic Bayesian networks extend standard
Bayesian networks with the concept of time.

This allows us to model time series or sequences.

In fact they can model complex multivariate time
series, which means we can model the relationships
between multiple time series in the same model,
and also different regimes of behavior, since time
series often behave differently in different contexts.

Faultl / Diseasel
False

True .

Fault2 / Disease2

False -
True l

Fault3 / Disease3
ZE

True

4408% Eventl/Symptomi
£5.04% T ——— = Fale C.00%
fa) True B ioooox v
= OF)
./'/-
62 74%
37.26% _
o "'--—__,___7__: Event2/Symptom1
False u 57T
True | 4n23%
=1 o
35.00%
15.00%
fs}

Source: https:/mwww.bayesserver.com/docs/techniques/diagnostics
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Knowledge-Based Modeling and Analysis of RAM

in Maintenance of Compressor Units — From OEMs and Users Pers

Object-oriented Analysis

of subsystems (Power Transmission,
Compressor, Control & Monitoring,
Lubrication System, Shaft Seal System, etc.)

' —— E—
FMEA DB (Failure modes, severity, causes,
maintenance actions, etc.)

FMEAs & Tokenized Risks

Failure Probability & Frequencies

Failure DBs
Word (verb, noun)
frequencies and associations

—
Maintenance
) Reports (e.g. leakage-Cylinder)

Monitored parameters & conditions

Condition/Structural
Monitoring Data
Similarity
Learnin
Production DBs

Case-bases

Similar failure modes & problems,
based on expert judgements

Production- and maintenance plans, schedules, process data, etc.

pectives

Building a Decision Model
e.g. Dynamic Bayesian Networks (DBN)

Semantic Modeling and representation of Failure
Modes and Causes for inferential decisions and
prediction of failures, based on joint probability
functions and past observations.

Knowledge-Based Modeling and Analysis of RAM

in Maintenance of Compressor Units — From OEMs and Users Perspectives

Initial Use/
Pries Maintenanee

DBN for Monitoring and Controlling of KPIs

Monitoring
Dashboard

@ Recording Starts o Maincenance

R railure

'
[o hesment | O mimsmeiz | 5 ewmumeis | [0 teeswem [0 mhre e s (O machine sate H
fraches__ 211 3 i Ad
foiure 209} [Tr—T N 624 i - ] !
 faure 007% go o w63/ m""". AL el g :‘;} ol A g E /W
[
[ i 74
/ ]
w H 1
H i P‘
> s | /\/\/\
[O wvalatity e [ [O pedomarceraie |2 O quatyraie |+ = WTTF = WTTR o wiew |
[Pos0 s Poos oN HMpPom o fmin_0 o] b O a0 SN |
[p_so_r0 214 Psen 1% P33es ox frin_0_1hS 1% frin_0_0ks  1%) min_0_oxs %) "
s s o0 oms v Ip 65100 %) o153 o | fn_ovs__ 12%) bmin_0x5_. 0% Profile of
fp_s0_100 154 psos_ . oen|JY fo.r0 1004 iy ] 5w s Ted matis ) g Compressor Unit X Planned-
(Location, Age, Vs.
working conditions, Unplanned
. historical data, etc.) .
5 o o 5 - maintenance
efficiency OEE O mantainabifty avalodty
oo | o Po ¥ T—
oz 24 poz po20 0¥ Pox ™
o 2%y P-20.40 7% P04 oN P_20_40 17%|
Peoso 2% P-40.60 43y p_e0_s0 sonl] P40 60 44%) lan. Mar. Jun, Sep. Dec.
Pso o 134 ptoso 1ex) P_60_80 47 IP6a_b0 17% 0.
50,100 174 g P.80_100 16%) poooton o  [peoirsyf gf oo toa2i%) o , { - - ] - - -
ty [ t, Ly by ty ty
R
signal Aty Aty

DBN semantically represents FMEA's relations learned from multimodal data, and supports complex
decision-making and prescriptive analytics using RAM'’s KPIs
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PriMa: Prescriptive Maintenance Model
Reference Model for Knowledge-Based Maintenance

o = Recommender and Decision Support

v Feedback
]

Maintenance Planner

Semantic-based Semantification
Learning & Reasoning
(e.g. Ontologies, DBN,
Case-base, Rule-based)

Meta-learner Text Mining (e.g. Layer
Word frequencies,
association
measuring, topic
detection, etc.)

(Correlation
(e.g. Bayesian Regulator and
Networks) Aggregator)
=Ty
Backend

Maintenance

Information-based
analysis (e.g.
decision trees,
random forests)

Error based Knowledge

Engineer

similarity-based
analysis (e.g. k
nearest neighbor)

. . . -." -
e
__________________________________ ’
: Multi-channel Data Acquisition Layer
;@h Ii Datawarehouse

Frontend =

I

I

I

! T T T

I Maintenance Operation Data
I

1 Process Data Product Data Machine Data

I 4

& 5

(e.g. Multi-variable
linear Regression)

B

Management & Cost Da

a Work
\  oOrders

INSTITUTE OF
MANAGEMENT SCIENCE

3) Outlook
FUTURE OF KBM: WHERE DOES THE JOURNEY MAY GO IN FUTURE?

M INSTITUTE OF
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Today’s Big Picture of Maintenance
Industrial Maintenance Landscape including OEMs, Operators and Service Suppliers

Maintenance Organization Backend Team

in a Smart Factory Q o/v q}v

Maintenance
Manager Service Improvement

tend Team e ) (1)
Frontend T . o Cy‘g
B His| =

1
1
1
I
1
— 1 —
1 Maintenance Engineer Machines & Equipment Al Agent Senior Analyst —
— |
' 0
1 Condition Monitoring data Failure history data Maintenance reports
Warranty ' Warranty

C?ﬁgrtﬁt?:: igﬂags(e COCDCDOD Product-in-Use & Operation Phase COCDCDCD). Service Phase

OEM: Original Equipment Manufacturer

OEM
(Service Center)

Future of Knowledge-Based Maintenance: Question for Research!
Human-Al Agent Cooperation in KBM

Can a compressor unit itself assist frontend and
backend team in maintenance planning and
actions? ot

Human Expert ﬁéﬁ Digital Twin Physical Asset

© GEA Group Aktiengesellschaft 2020
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Can a Machine help us maintaining its health score?
Human-Al Agent Cooperation in KBM

Knowledge-Based System in Practice
Knowledge Graph-based Assistance System for Troubleshooting & Documentations

Ansari, F, Hold P., & Khobreh, M. (2020).A Knowledge-Based
Approach for Representing Jobholder Profile toward Optimal
Human-Machine Collaboration in Cyber Physical Production
Systems, CIRP Journal of Manufacturing Science and Technology,
Elsevier, Vol. 28, pp. 87-106.

@ VI =

ks

540

i

Ansari, F., Kohl, L., Giner, J., & Meier, H. (2021).  project funded by Infineon Technolgies in Austria (since 2020)
Text mining for Al enhanced failure detection and

availability optimization in production  systems.

CIRP Annals, 70(1), 373-376. .’?‘
(Infineon
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finally, in conclusion,

To Sum Up
what are other to conclude, ultimately,
all in all, at last, summarize,
tot, tot up, total

words for
to sum up?

Wl Thesaurus.plus

INSTITUTE OF
T MANAGEMENT SCIENCE
sty of Fchnsisgy e -

Scientific Challenge: Why Knowledge-Based Maintenance Matters?
Interconnected Failure Sources of Human-centered Cyber Physical (Systems of) Systems

o h Human-centered Cyber
&F %% .
@5 % L
R AL Pt Physical (Systems of)
DESE % 1'6@@
27 ke Systems
Do § LAV
L .:’;“é ‘%‘6%’ [y
Qif.fg? Knowledge- 5% 0
Based a2 are more complex and
Maintenance KRN
error-prone than
Socio System (Human) Conventional Human-
Al Aol Machine Systems
manual, cognitive, etc.)
F. Ansari, S. Nixdorf & W. Sihn, Insurability of Cyber Physical Production Systems: How Does Digital Twin Improve Predictability of Failure Risk?, 4th IFAC Conf. Advanced Engineering, Services & jies, Sep. 10-
11, 2020, Cambridge, UK (Winner of Best Paper Award)

17




02-May-23

To Bring our Vision of PriMa Model into Reality ...
Still we have several challenges in Data Modeling and Analysis in Industrial Context

B Success of KBM in industrial context is strongly

dependent on % Recommender and Decision Support S—
Layer

B Existence of data (e.g. failure data) and Maintenarce Planner l """"""""""" -

__________________ - \
SRMAntE asad Semantification

evidences (observations) / Data Anlytics Layer ; Learning & Reasoning Layer

1

leg Ontologies BN, :
g !

[Sox0) !

1

|

1

|

B Correctness and validity of data

e base,Rule-based)
Knowledge
Engineer

B Correct interpretation of data (by
algorithms and human)

B Explainability of algorithm’s decision to
humans

B Modeling and incorporation of human
knowledge/experiences

1
I
i
1
7S mgmtcasons o !
;
Monerance Operation oo .
P (t s Data PFGdMﬂDMl M \chine Data :
I
[

A
t_y t“
\

B Employing simulation-based and physics-  -t----------- -
based models

As we are industrial engineers, on the top of this, we should examine economic and

technical plausibility of KBM in each industrial application.
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Q&A?

H Any question so far?

B Next Lecture: 02.05.2023

H Topic of Next Week:
Knowledge Representation
(Ontologies/Knowledge Graph)
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