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Big data in industry 
The revolution of maintenance analytics 



Industrial data a late but powerful entry 

2+ 

billion 

people 

on the 

Web by 

end 2011  

30 billion RFID 

tags today 

 (1.3B in 2005) 

4.6 

billion 

camera 

phones 

world 

wide 

100s of 

millions 

of GPS 

enabled 

devices 

sold 

annually 

76 million smart 

meters in 2009é 

 200M by 2014  

12+ TBs  

of tweet data  
every day 

25+ TBs of 
log data 

every day 
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       An increasingly sensor-enabled and instrumented  

       business environment generates HUGE volumes of  

       data with MACHINE SPEED characteristicsé 

1 BILLION lines of code 

EACH engine generating 10 TB every 30 minutes! 



(of Things IIoT) 



Big Data is mostly machine generated 
data  

Volume  |  Velocity  |  Variety | Variability 

GPS, 
RFID, 

Hypervisor, 
Web Servers, 

Email, Messaging 
Clickstreams, Mobile,  

Telephony, IVR, Databases, 
Sensors, Telematics, Storage, 

Servers, Security Devices, Desktops  

Machine-generated data is one of the 
fastest growing, most complex  

and most valuable segments of big data 
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The IBM idea of Internet of things for 
maintenance 



The IBM idea of Internet of things for 
maintenance 



The IBM idea of Internet of things for 
maintenance 



The IBM idea of Internet of things for 
maintenance 



The IBM idea of Internet of things for 
maintenance 



ICT and Business goals 
The asset 

management 
connection 



Asset Management? 
 

ÅOnly way to fully meet high level of  
operational performance objectives at the 
lowest cost to the facility 

ÅEnables Risk Management for consistent 
performance 

ÅProvides complete objective data for 
process improvement 



SMARTness related to maintenance? 



Smarter Assets 
enable  

new business models 
based on RISK 



Understanding of Risk 
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But...What is Risk? 



Instrument the assets 

Interconnect them 

Make them intelligent 

How should these SMART 

assets be? 

A billion transistors per human being on the planet 

A trillion devices all giving off data ï the óinternet of thingsô 

New analytics tools assessing this ocean of data 



A SMART bearing proposalé.. 
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A revolution based on 
SMART objects 



The collective mind with 
distributed intelligence 



A Smart bearing is so much 

more than just a bearing! 

Position of the car 

Load in the car 

Detect wheel damage 

Error detection 

in boggie 

Maintenance 

planning 

Operation 

planning 

Detect rail damage 

Continuous  

scanning of rail 



Measuring, Monitoring, Modeling and Managing 

Metering Sensing 

Real Time  

Data Integration 

Real Time 

 + Historical Data 

Data Modeling  

+ Analytics 

Visualization 

 + Decisions 

ÁData modeling and 
analytics to create 
insights to optimize 
smarter decisions 
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ÁComparison of historical 
data, with newly collected 
data 

ÁData collection 

ÁData Integration 

What does it mean to become Smarter? 

Our world is becoming  

INSTRUMENTED 

Our world is becoming  

INTERCONNECTED 

Virtually all things are becoming  

INTELLIGENT 



Real Time  

Data Integration 

Real Time 

 + Historical Data 

Data Modeling  

+ Analytics 
Visualization 

 + Decisions 

Metering Sensing 

SMART ASSETS 

What does it mean to become 

Smarter? 



Track/Train Maintenance Contractors 

Remaining 
useful life 
Reliability 
prediction 

Risk 
assessment 

SCADA Supervisory Control And Data Acquisition 

ERP Enterprise Resource Planning 

CMMS Computer Maintenance Management Software  

Required functions 

Historical data 

Prognostic 
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Data scienceΧƛƴ 
maintenance 

Narrow vision and 
mistakes 



Diagnosis and Prognosis methods 



Comcast ς UDB Before Splunk 
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Turning This 
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To These 



ÅAs observations increase in frequency 
ïEach individual observation is worth less 
ïΧŀǎ ǘƘŜ ǎŜǘ ƻŦ ŀƭƭ ƻōǎŜǊǾŀǘƛƻƴǎ ōŜŎƻƳŜǎ 

more valuable 
 

ÅBig Data is the accumulation and 
analytical processes that uses this data 
for business value 

Value when analyzing 
data at mass scale 



Let us be careful 
bigger = smarter? 

ÅYes! 

ïtolerate errors 

ïdiscover the long tail and corner cases 

ïmachine learning works much better 

ÅBut! 

ïmore data, more error (e.g., semantic heterogeneity) 

ïwith enough data you can prove anything 

ïstill need humans to ask right questions, lack of 
analytics 

 

 



 

My 

Education 

 

 

 

.ǳǘ wŜƳŜƳōŜǊΧ 
Not everything that can be 

countedé counts,  

Not everything that countsé 

can be counted  

The only thing that 

interferes with my 

ability to learn isé 

!b5ΧŜǾŜƴ ǿƛǘƘ ŀƭƭ ǘƘƛǎ Řŀǘŀ 

²Ŝ ŎŀƴΩǘ find many answers 



Black Swan Losses 

ÅLoss Distribution 

ïTail events are rare ς 
very little data 

ïTypically strong model 
assumptions 

 

 

 

 



Asset Life Cycle 

DESIGN 

FABRICATE 

CONSTRUCT 

OPERATE 

MAINTAIN 

REPLACE 

RETIRE 

Specification 

Requirements 

Procure 

Install 

Modify 

Rebuild 

Monitor 



Then..SMART is not pure 
data driven? 



Data driven methods 

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

Collect statistics of failures as a function of current 
state 

Requires volumes of data and is difficult to know when you 
have enough 



Physical based methods 

ÅPhysics of Failure Model Driven 

ïCapture physical basis of failure in model that 
relates the forces that cause damage to their effect 

ÅRequires a detailed understanding of the problem 

ÅMany Implementations Are a Combination of 
Both 

 



Source of knowledge 



Context Driven Diagnosis /Prognosis 

Physics 

of failure 

based 

Data  

driven 

Hybrid  

models 

 

      Context Awareness 

Context Driven 

Prognosis 



What is context?  

ά!ƴȅ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ 

situation of entities that are considered relevant to the 

ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ŀ ǳǎŜǊ ŀƴŘ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴέ 
 

 

ά! pattern of behavior or relations among variables that are 

outside of the subjects of design manipulation and 

ǇƻǘŜƴǘƛŀƭƭȅ ŀŦŦŜŎǘ ǳǎŜǊ ōŜƘŀǾƛƻǊ ŀƴŘ ǎȅǎǘŜƳ ǇŜǊŦƻǊƳŀƴŎŜέ 

Dey et al. 

Sato 



 

ïά!ƴ ŀǇǇƭƛŎŀǘƛƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘ ǘƻ 
changing circumstances and respond 
ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǳǎŜέ 

 

ïIssues in context awareness system 
implementing 
ÅHow is context represented? 

ÅHow frequently does context information have 
to be consulted? 

ÅWhat are the minimal services an environment 
needs to provide to make context awareness 
feasible? 

Å... 

What is context awareness?  



What are the challenges? 

1. Lack of  recommendations about the functional needs of the 
context. 
 

2. The gap which still exists between fundamental researches on 
context representation and actual context-awareness 
prototypes. 
ïNo 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 CBM, RAIL TOPOMODEL 

2. Technologies: Cloud computing 



Contextual variables 

CM track side

WO reported by Maintenance

WO XXXXX

Asset code: XXXX

Railtrack / Location

Date: XXXX

Location: XXXX

Technician: XXXX

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

Severity: Unacceptable

Performed actions: XXXXXX

Regulations

CM data about Infra coming from 

rolling stock

CMMS



SMART infrastructure in railway: 

Fusion of IM and Operators 

info.....including WOs 


