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Data driven models in railway is well 
trodden territory



But here be the dragons!!, approaches 
fail to scale



What analytics can be performed on 
railway?



Analytics and expectations also 
change



Types of data 

analytics



Descriptive analytics



Types of data 
analytics
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Types of data 

analytics



Feature of item n 
crosses boundary 
in time t
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two features
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Types of data 

analytics



Types of data 

analytics



The way forward
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Where analytics should 

be performed?



Edge agents versus cloud 
centralized













AI workflow @edge



Huge gap between data science 
and O&M



Now casting
1) What has happened 

2) What is happening

Forecasting
3) What will happen 
in the future
4) When will it 
happen

What can I see in my data? 



Domain knowledge and physics 
sometimes is not in the data



The method, let us twin 
reality



The twin 
as a 

service 
provider
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The picture of Dorian Gray



Digital Twin: A virtual 
instance for services



Digital Twin Solution Architecture



Digital twin 

based on OT



Digital twin based on OT
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Digital twin based on OT



What about IT systems?



Rule-1 
FailureMode(?x) ^ hasHappened(?x, true) ^ Device(?y) ^ 
happenedAt(?x, ?y) ^ FailureMode(?z) ^ theEndFffectIs(?z, 
?x) ^ FailureMode(?a) ^ theHighEffectIs(?z, 
?a)?theDirectFailureCauseIs(?x, ?a) ^ hasHappened(?a, true)

1

1

2

2

Taxonomies and 

ontologies



TRANSFORMATIVE MAINTENANCE 
SOLUTIONS Integration & Application of 

Technologies

IT OT



IT

OT

Digital twin OT/IT integration



Digital twin OT/IT integration
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The Way Forward
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Context-aware Maintenance 

Decision Support Solution

Digital twin based on context
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Let us be careful bigger = smarter?

• tolerate errors?

• discover the long tail and corner 
cases?

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

• still need humans to ask right 
questions, lack of analytics



Black Swan Losses

• Loss Distribution
• Tail events are rare 
– very little data

• Typically strong 
model assumptions



Data driven or model based?



Evolution of the Process
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Hybrid & Context Driven Services

Physics

of failure

based

Data 

driven

Hybrid models

Context Awareness

Context Driven 

Services



Digital twin hybrid

IT

ETOT



Digital twin hybrid





Hybrid Digital Twin
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Application of 
railway 
twins

Virtual 
commissioning 

services

Virtual assets

O&M information 

Data loop

Service/Repair Shop

Design feedback 
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Some hints



Concluding remarks

• Digital twins  and Hybrid models are needed 
for virtual commisioning to deliver O&M 
services 

• O&M based on Data driven solutions can lead 
to catastrophic failures

• Life extension is not possible with big data 
analytics

• Manufacturers must provide the integration of 
systems and data

• Digital twin 4.0 will consider evoltionary 
models and normality dynamics
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