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Key Presentation Take - Aways

ÅWinds of Change
ÅTechnology Trends
ÅArtificial Intelligence
ÅTrain Control
ÅEnergy Consumption
ÅDynamic Optimization
ÅPredictive Maintenance
ÅModeling/Simulation
ÅSurvival Strategy
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Intel Cofounder - Gordon Moore

²ŜΩǊŜ ŘƻƛƴƎ ǘƘƛƴƎǎ 
today that I thought 
were impossible a few 
years ago. For us to 
continue to be 
successful, we are 
going to do things 
that you now think 
are impossible.



I3.0 vs. I4.0
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Industry 4.0

Better

Cheaper

Faster Predictions

Industry 3.0

Better

Cheaper

Faster Arithmetic



Technology Trend
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ÅMicroprocessors
ÅWord processors
ÅMS-DOS
ÅApple Mac
ÅWindows
ÅInternet
ÅCell phones
ÅDVDs
ÅHybrid cars
ÅGoogle
ÅYoutube
ÅFacebook
ÅiPad
ÅDriverless cars
Å3D chips

https://miovision.com/blog/the-internet-of-things-and-transportation/


I4.0 ïNew Ecosystem
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Altering the Way We 

Live - Work - Interact

Scale, Scope, Complexity 
of Transformation is 

Unprecedented

Exponential Rate 

Natural and Artificial

Digital Physical

Biological Boundaries

Changing us 

not what we do!



Artificial Intelligence

ÅSimulation of human intelligence in machines

ÅDesigned to address a specific problem 
ÅDeep blue, Alpha Go, Jeopardy, etc.

ÅDeluge of data (Zeta Bytes): 1021

ÅMassive processing power 

ÅAI will transform many industries
Åōǳǘ ƛǘΩǎ ƴƻǘ ƳŀƎƛŎ
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AI Timeline

Source: Digital Wellbeing

APTA Rail Conference 2019 8

ÅOver 60 years history

ÅAlan Turing - 1950

ÅJohn McCarthy - 1955

ÅDeep Blue - 1977

ÅRoomba - 2002

ÅSiri ς2011 

ÅWatson -2011

ÅAlexa - 2014

ÅAlpha Go (2170) - 2017

https://digitalwellbeing.org/artificial-intelligence-timeline-infographic-from-eliza-to-tay-and-beyond/


AI Branches

AI

Machine 

Learning

Deep Learning

Supervised

Unsupervised

NLP
Robotics

Content Extraction

Classification

Machine Translation

Question Answering

Text Generation

Vision

Image Recognition

Machine Vision

Speech

Speech to Text

Text to Speech

Planning

Expert Systems

APTA Rail Conference 2019 9



AI 
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ANI ωArtificial Narrow Intelligence

AGI ωArtificial General Intelligence

ASI ωArtificial Supper Intelligence (Singularity)



IoT & Big Data
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IoT in global railway industry: $30 billion in the next 15 years
Source: BusinessWire

https://www.businesswire.com/news/home/20170804005494/en/Global-Smart-Transportation-Market-2017-2027-30-Billion
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Breakthroughs

Hardware

ÅaƻƻǊŜΩǎ [ŀǿΥ ¢ǊŀƴǎƛǎǘƻǊǎ ƛƴ ŀ ŎƘƛǇ ŘƻǳōƭƛƴƎκн ȅŜŀǊǎ

Å10 nm pushing the limits

Å3D chips

Processing

Speed

ωProcessing speed

ωMHz to GHz

Analytics ωAI



IBM Watson Cloud Based Platform

13

Thousands 
of 

Processors

16 Tera 
Bytes RAM

500 
Gb/Sec 
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Railway Digitalization
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Smarter / More Sustainable Trains

Faster and More Flexible Manufacturing/Testing

Extended Factory Boundaries

Condition Monitoring - Predictive 
Maintenance Reduced Time / Cost

Predicting Delays and Service Disruptions

Creating Integrated Ecosystem

Cognitive Technologies ςResponsive - Agile



Deterministic - Probabilistic

ÅAI:
ÅAlgorithm, mathematical model or 

software
ÅCan learn what to do to improve 

performance
ÅTime based on its own past performance

ÅDeterministic: Full understanding of the 
desired software behavior

ÅProbabilistic: Basic neural math and 
huge processing power
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Train Control

SIL0: non-safety
ÅCould be Probabilistic

ÅAI Based:
ÅArrival time
ÅTimetable
ÅRide comfort
ÅTrain regulation
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SIL4: safety critical (max hazard 10-9)

ÅMust be Deterministic

ÅAI Assisted:
ÅNo direct control
ÅAdvisory role to SIL4
ÅPosition
ÅAcceleration
ÅSafe braking
ÅInterlocking



CBTC + SIL0 AI
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Source: IRSE News 258: Alexandre Pires 



Enhanced ATP
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4Tel / University of Newcastle Robotics (Research)
ÅDriverless Car Technologies
ÅArtificial Intelligence
ÅDeep Machine Learning

ÅSafety Enhancement 
ÅHazards Detection
ÅSignal Aspect Detection
ÅLevel Crossing

ÅDriver Advisory Systems
ÅOntrack obstacle detection
ÅOptimize human intervention for sensitive decisions impacting operation

Source: 4Tel

http://4tel.com.au/index.php/en/~c4tel883/index.php/news-2017/137-uon-nubots-showcase-for-4tel.html


ÅSimulator & real environment testing

ÅObstacle detection

ÅImprove safety - increase capacity

ÅImprove energy consumption

From Assisted to Autonomous

19

ÅAutonomous LRV in Potsdam, Germany

ÅThree stage to fully autonomous operation
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Source: Siemens Mobility

https://www.youtube.com/watch?v=LR7Dwz1nRIs


ÅIntelligent scheduling

ÅSpeed optimization

ÅMaximize coasting

ÅAlign trains for maximizing regenerative braking efficiency

ÅCreate driving profiles & computerized instructions 

ÅEfficiency gains ς15% reduction in energy consumption

ÅSmoother operations ςreduced wear on track and trains

ÅEnergy control ςadjust peak energy demand spikes

Green CBTC
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Source: Thales
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http://innotrans2012.thalesgroup.com/articles/green-seltrac-cbtc/


ÅThales 2033 Intelligent Railway Network

ÅData and information processed in the cloud

ÅCloud based automatic train control system

ÅOptimized reliability and availability

ÅSensory data collection

ÅPredictive maintenance
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Future Generations

Source: Thales

https://www.youtube.com/watch?v=I1iYUnm0yuE


ÅBeijing subway network case study

ÅTime-dependent passenger demand-driven timetable synchronization & optimization

ÅOptimize travel time in a network

ÅAdjusting departure times, running times, stopping times, and headways of all trains 
on each line

ÅMulti-objective - Pareto optimum schedules
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Timetable Synchronization & Optimization

TRB Journal  2018

https://journals.sagepub.com/doi/abs/10.1177/0361198118772958


ÅConsidering infrastructure capacity, passenger satisfaction, cost optimization

ÅAI Techniques:
ÅNeural networks
ÅGenetic algorithms (GA)
ÅSimulated annealing
ÅTabu search algorithms
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Timetable Synchronization & Optimization

TRB Journal  2018

https://journals.sagepub.com/doi/abs/10.1177/0361198118772958


ÅComplex station with terminus platform

ÅMultiple routes for operation of high and low 
speed trains

ÅSimilar pattern of improvement in capacity, 
operation robustness, punctuality 

ÅChanges to track layout and/or locations of 
signal boxes fault tolerant rules

ÅAI methods used to optimize timetables in 
the implementation of the fault tolerant rules
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A Fault Tolerant Approach

Source: University of Salford in collaboration with the Institute for Transport Studies at the University of Leeds.



ÅOne mile speed increase saves
Å5,000 freight cars
Å250 locomotives

ÅDynamic scheduling

ÅSurveillance of track and infrastructure

ÅPredictive maintenance

ÅIntegration with road, sea, and air travel
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IBM Smarter Rail

Source: IBM Smarter Rail

https://www.ibm.com/internet-of-things/explore-iot/vehicles/railcars
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GE Movement Planner

ÅD9Ωǎ wŀƛƭ9ŘƎŜϯ aƻǾŜƳŜƴǘ tƭŀƴƴŜǊ ōǊŜŀƪǘƘǊƻǳƎƘ

ÅPredicts patterns in train traffic

ÅReduces environmental impact (1t/486mi/1g)

ÅIncreases railroad capacity, velocity and efficiency

ÅIncreases average network speed of trains 10-20%

Source: Norfolk Southern

US freight doubles in 25 years

Every mile speed increase
$200m CapEx savings

http://www.nscorp.com/content/nscorp/en/news/norfolk-southernandgeannouncesuccessofbreakthroughtechnologytohe.html

