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Big data inindustry

Therevolution of maintenanceanalytics
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-renso - Industrial data a late but powerful entry
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30 billion rRFID billion
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cale of Industrial Internet (of Thingsion

Lk L L L T f L

Social media versus electric generating power source

e R e T

2012 Twitter Usage Gas Turbine Compressor Blade
Monitoring potential®

VS.

: o ' i &5~
( 80 Gigabytes per day 58 8 Glgabytes per day

enabling social connections ‘ enabling capital asset productivity

LA A R R A R R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

Data volume potential is 7x greater from a gas
turbine than current Twitter usage

@n imagination at work
o ric Col ~ All Rights Reserved.

Monitoring capabilities
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Big Data is mostly machine generated
data

Volume | Velocity| Variety | Variability

Machinegenerated data is one of the GPS,
RFID

fastest growing, most complex :
Hypervisor,

and most valuable segments of big data Web Servers.
Email, Messaging

Clickstreams, Mobile,

elephony, IVR, Database

sSensors, Telematics, Storag

ervers, Security Devices, Deskto
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ThelBM idea of Internet ofthingsfor
maintenance

the
step one Internet

connect securely
to a new asset




OOOOOOOOOOOOO

The IBM idea of Internet of things for
maintenance

| the
steptwo [ Internet

complete a
process flow with the L_
new streaming data
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ThelBM idea of Internet ofthingsfor
maintenance

| the
! Internet

use predictive analytics
to forecast asset failures
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ThelBM idea of Internet ofthingsfor

maintenance
the
step four | Internet

°fTh1ngs

automate and dispatch
a corrective response
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ThelBM idea of Internet ofthingsfor

maintenance
step five = =
: ®
utilize new mobile 2z &
applications to
accelerate repair 9




ICT and Businesgoals
Theasset
management
connection
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Asset Management?

A Only way tdfully meet high level of
operational performanc®bjectives at the
lowest cost to the faclility

A EnablesRisk Managemerfor consistent
performance

A Provitlesccomplete lobjectivéadatarfor
Process tmprovement
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SMARTNheseelated to maintenance?




Smarter Assets
enable
new businesmmodels
based onRISK
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Understanding of Risk

Corporate Risk Register

— Risk Appetite

L Sgrvice Risk
LAsset Risk
Criticality / \Resilience
k_Reliability
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wiia But...What Is Risk?

SMART SYSTEM
ERP

Risk for asset )
/ ;
Risk for business | ya

R 4

a

o W

RUL
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How should these SMART
assets be?

Instrument the assets

A billion transistors per human being on the planet

{7z \nterconnect them

o A trillion devices all giving offdatait he O0i nternet of

3 Make them intelligent

"‘\ ¥/ New analytics tools assessing this ocean of data




LA SMART bearing proposale ... .

OF TECHNOLOGY
SCADA Supervisory Control And Data Acquisition
ERP Enterprise Resource Planning
CMMS Computer Maintenance Management Software

MANAGERIAL DATA

DATA COLLECTION SIGNAL PROCESING E;TEF/;I::J?'EN o AS;AF%TAHON
TRANSFORMED +— CONDITION DATA

RAW DATA DATA INDICATORS FUSION DIAGNOSTICS
Historical data J
CMMS s

SENSORS ERP FBQITSN

SCADA 3
Required functions ]

SMART BEARING

d01vN1dVv

DECISION
SUPPORT
SYSTEM

il

/ Remaining useful life
( Reliability prediction

Risk assestment

DATA
FUSION

PROGNOSTICS

NOILVNTVAI ANV NOILO313a 3dNTIvd

CONDITION
EVALUATION



A revolution basedon
SMARTObjects
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L A Smart bearing is so much
more than just a bearing!

Operation

, planning
Error detection Position of the car

in boggle
/7 Load in the car

Detect wheel damage

Maintenance L
planning

r\

r\

\ =
f'/l
f'{l
Detect rail damage = Y |
\ r/:(-\\ .....
(;-1
f'{l

('(l

T TRAFIKVERKET el , S8
Continuous </ %

scanning of ralil
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What does it mean to become Smarter?

. Measuring, Monitoring, Modeling and Managing ‘

Our world is becoming — = A Data collection
INSTRUMENTED Ly

;

Our world is becoming
INTERCONNECTED

/@/\
A 4

Virtually all things are becomin
INTELLIGENT —%

i

Ve

A Data Integration

A Comparison of historical
data, with newly collected
data

Real Time
+ Historical Data=:

}

Data Modeling
+ Analytics

Il Visualization
+ Decisions

Ollde pue SaAlu3adU|

Feedback to user and data source
Incentives and actions to change beh

A Data modeling and
analytics to create
insights to optimize

@ smarter decisions

92IN0S Blep pue Jasn 0] Yoeqpas

Jpineyaq abueyod o1 su



T What does it mean to become
e Smarter,

FALULT
CLASSIFICATION

CONDITION
INDICATORS

TRANSFORMED
DATA,

DIAGNOSTICS

RAWDATA [ —

FUSION /-

Sensing Metering Historical data

EEHR“;S : DATA
SCADA : FUSION

Required functions : o
MANAGERIAL DATA Real Time aL
: a

+ Historical D

SENSORS

NY NOILD3130 34n7Iv4d

NOILY

b
3! DECISION Remainin
g useful life
§ ("] SUPPORT Reliabilty prediction | | Fﬂ‘;'l"g‘u (| PROGNOSTICS
A

||||||||||||||||||||||||

SMART ASSE Visualization -
+ Decisions
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OF TECHNOLOGY SCADAupervisoryControl And Data Acquisition
ERPterprise ResourcePlanning
CMMSComputer MaintenanceManagemeniSoftware aE— _—
, Signal Feature { Fault |
Data Collection Processing Extraction I Classification .
Contactor Transformed |
Raw Data Data |
A + | ]
Managerial data Historical data | + [
| )
Sensors > | |
? l Required functions | |
P < ........................................................................................ SRR F .

uonepens pue uondaleq ainjred

. Contractual
Condition

Remaining | Evaluation
useful life :
Reliability
prediction

Decision

Train/Track
rain/Trac support

\\:\ Contractor

Prognostic

Modelling b

system Risk
assessment




DatascienceX A YV
maintenance
Narrow vision and
mistakes
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Data-Based or Physics-Based

Models? — That is the question!
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Search Columbus - Logan - HomeSec ~ Prov - ACNS copimages Ops - unclassified ~

Logan Live Dashboard

Event Types

30

12:00 AM 12:00 PM 6:00 PM 12
Thu Aug 30 Fri
2012

9:45 PM
Thu Aug 2

A1

9:46 PM 9:47 PM

BBCAM_HD — CNN_HD — CSN

ceZone >  VolumeinMB +  Distribution +

POB Dashboard
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18 137
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i
View results
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Value when analyzing
data at mass scale

i XFa 0KS asi f‘
more valuable

A Big Datais the accumulation and
analytical processes that uses this daja
for business value



LOOK INSIDE!

.1 Let us be careful

OF T']:C]INOLOGY

LIE WITII
bigger = smarter? GIuiic

Darrell Hull

A Yes!

| tolerate errors
I discover the long tail and corner cas
I machine learning works much better

A But!

I more data, more error (e.g., semantic heterogeneity
I with enough data you can prove anything

I still need humans to ask right questiomesgk of
analytics
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Not everything that can be
countedé count)s,

Not everything hat <cou

can be counted

The only thing that
interferes with my
t

l b5XS@OSY gAOK | ff

2 S Ofing ®ainy answers
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A Loss Distribution

I Tail events are rare
very little data

I Typically strong model
assumptions
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Data driven methods E/

Data-drive

Observations Learned Trends

Sensor Data Reasoner Fault Mode RUL Estimate

Fit mathematical model to observations (trending
No guaranty that extrapolation will be meaningful

Collect statistics of failures as a function of curre

State

Requires volumes of data and is difficult to know when yot
have enough
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' Physical based methods @&

A Physics of Failure Model Driven @

I Capture physical basis of failure in model that
relates the forces that cause damage to their effec

ARequires a detailed understanding of the problem

A Many Implementations Are a Combination of
Both
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Source of knowledge

FMEA / FMECA
— What the failure modes are
— Effects (and Criticality) — which failure modes to go after
* Fault Tree Analysis
— Propagation Models
« Designers / Reliability Engineers
— System knowledge and insight
— Expected / nominal behavior of the system
« Seeded Failure Testing / Accelerated Life Testing
— Data (and lots of it if you're lucky)
— Failure signatures
— Effects of environmental conditions
* Fielded Systems
— Sensors measurements
— Maintenance logs
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~Context Driven Diagnosis /Prognosis

Context Driven
Prognosis

Context Awareness
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R What Is context?

al ye AVTZNJVI-G)\ZV OKI C)I-y
situation of entities that are considered relevanb the
AYGSNJ-C)G)\ZV E)Sﬁéééy | dza S|

Deyet al.
a !pattern of behavior or relations among variabtbat are

outside of the subjects of design manipulation and
LI2OSYOGAlFrfte FFFSOG dza SNJ 0 ¢

Sato
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What is context awareness?

PGl y LI AOIF GA2Y QA&
changing circumstances and respond
F OO2NRAY3I 02 UKS

| Issues In context awareness system
iImplementing
AHow is context represented?

AHow frequently does context information h
to be consulted?

AWhat are the minimal services an environment

needs to provide to make context awareness
feasible?

A...
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What are the challenges?

1. Lack of recommendations abatite functional need<f the
context.

2. The gapwhich still exists between fundamental researches on
context representation and actual conteatareness

prototypes.

I No organization of context is used even if recommended in the
studies.

3. The difficulties in building efficient computerized systems for
context processing:
1. Open systems: MIMOSA, OSA CBKIL TOPOMODEL
2. Technologies: Cloud computing



Contextual variables
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e o e O o
S NI 2laIAE e elei) 18] moly BT

WO XXXXX

Asset code: XXXX

Railtrack / Location
Date: XXXX
Location: XXXX
Technician: XXXX

CM data about Infra coming from
rolling stock

Failure mode detected:
Rough track

Metadata
Asset code: XXXX
Railtrack / Location
Date: XXXX
Location: XXXX
Technician: XXXX
Failure mode existing: Rough track
Frequency: Common
Gauge reading: XXXXX

o
egul

\*2

INTERNATIONAL 1S0
STANDARD 3095

Threshold Event
O Oacs2

ation

Severity: Unacceptable
Performed actions: XXXXXX

23

™~
|
I~
L
\1
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- L SMART infrastructure in railway:
Fusion of IM and Operators
Info.....iIncluding WOs



