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ABOUT THE MAGAZINE

Publication Information

Future Rail India is as a bi-monthly specialist magazine focused on railway signalling, telecommunications, safety,
technology, competence and related railway systems. It is intended as a knowledge platform for railway
professionals, metro organisations, railway PSUs, OEMs, system integrators, training institutes, technology
specialists and engineering students.

Purpose

e Design signalling/telecom systems to optimise RAMS and minimise environmental impact.

e Benchmark credibility, commitment and excellence beyond compliance.

e Support safe and healthy workplaces and a strong safety culture.

e Enable cross-industry benchmarking, best-practice sharing, continuous monitoring and proactive risk
management.

e Encourage excellence in design, development, manufacturing and installation.

e Support learning, S&T standards/trends, train-operation optimisation and competence development.

e Explore Al, Quantum Technology and OT Cybersecurity in railway systems.

Target Audience

e Indian Railways S&T Engineers

e Metro Rail signalling staff

e Railway PSU engineers

e S&T executives from OEMs

e S&T executives from system integrators

e Railway signalling companies

e Railway S&T training institutes

e Engineering students in railway electronics, Al and cybersecurity

Estimated target readership: Railway professionals, metro organisations, railway PSUs, OEMs, system integrators,
training institutes, technology specialists and engineering students.
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FROM THE EDITOR'S DESK

Welcome to the first issue of Future Rail India. This magazine has been conceived as a professional knowledge
platform for the railway signalling and telecommunications community, bringing together practical experience,
technology developments, safety learning and competence-focused perspectives.

The railway sector is experiencing rapid change across signalling, train protection, communications, automation,
cybersecurity and data-driven operations. Our objective is to provide a constructive forum where engineers, railway
organisations, technology providers, training institutions and students can share knowledge and learn from one
another.

This first issue focuses on the future of railway signalling in India and introduces themes including Al, digital
technologies, train protection, communications, safety and skills. We welcome original technical articles, case
studies, interviews, professional perspectives and learning contributions from the wider railway community.

Anshul Gupta
Editor-in-Chief
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From Editor’s Pen

1. Introduction to Digital Twin driven Railway Asset Upkeep — Industry 5.0

Digital Twin is an Al/ ML powered transformative technology that creates a virtual mathematical modelling-based representation
of physical assets, operational parameters, present system of maintenance, repairs & overhauling enabling real-time monitoring,
analysis, optimization and integration of works, inventory & human resources at all the locations on a railway section/ depot or
production unit. This virtual counterpart acts as a mirror, providing real-time as well as predictive (future) insights and data
synchronization to optimize operations, asset performance and enhance operational decision-making.

For Indian Railways, Digital Twin can be a transformative game-changer. By implementing this technology, the railways can
access a wealth of data-driven insights into asset behavior, gaps in the operations, predicting maintenance needs and proactively
addressing issues before they escalate and also providing path for an optimal maintenance & overhauling regime. It opens
avenues to create capacity, elevate safety, reduce downtime and optimize resource allocation, positioning Indian Railways at
the forefront of railway innovation.

Build Digital i #D
Twin Lo dn - ;,,E;
Sensor Data ’ — - -
(" obtain and |
Explore Data
Preprocess
Training Data

Develop
Predictive Model

Deploy 1l
Algorithm = b Control
Unit

rig. 1. vigitdl 1 WII THTUW PIuLeds

(Source: https://www.mathworks.com/company/newsletters/articles/predictive-maintenance-using-a-digital-twin.html)

2. Global Success Stories with Digital Twin

Embarking on a journey of triumph, nations like Germany, Japan, USA have ingeniously harnessed the potential of Digital Twin
to revolutionize their rail systems. Witnessing unprecedented efficiency gains and a paradigm shift in safety standards, Digital
Twin has elevated rail operations to new heights across the globe. In Germany, Digital Twin applications have been instrumental
in monitoring and optimizing railway infrastructure, estimated 20% increase in line capacity, resulting in faster and better train
services, an astounding 30% increase in asset lifespan, significantly prolonging the service life of critical components. Moreover,
maintenance costs have witnessed an impressive 25% reduction, freeing up valuable resources for further innovations in rail
technologies.

Across the vast landscapes of the United States, Digital Twin technology has played a pivotal role in predictive maintenance of
rail tracks, averting potential disasters and reducing accidents by a staggering 40%. By continuously monitoring the health of
rolling stocks, tracks, railways have been empowered to take proactive measures, ensuring smooth, faster and safe operations
for millions of passengers.

As these countries embrace the Digital Twin revolution, their success stories resonate with inspiration, underscoring the
immense possibilities for Indian Railways. Embracing this innovation heralds a future of optimized operations, predictive
maintenance and an unparalleled rail experience for millions, positioning Indian Railways as a global trailblazer in the realm of
rail technology.

Fig. 2: Digital Twin Application in the USA rail network for
simulation testing (Source:
https://www.esri.com/about/newsroom/publications/where
next/5d-the-new-frontier-for-digital-twins
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Implementing Digital Twin | Phase wise Plan
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3. Emphasizing Systematic Approach

Amidst the substantial benefits of Digital Twin lies the cornerstone of success - a systematic approach. Crafting a roadmap
fortified by a robust foundation and meticulous phase planning is paramount to unleash the technology's boundless potential.
Itis planned to create a 4-phase implementation strategy on Indian Railways to embark on an extraordinary journey of unrivalled
efficiency, heightened safety and a trailblazing paradigm shift in the realm of modern rail operations. With precision and
foresight, this transformative venture will redefine the rails, charting a course towards innovation and excellence. The utility of
digital twins extends beyond mere visualization; it involves the seamless integration of data streams, visualisation of key
performance indicators, and live operational information. By providing a comprehensive overview of the railway ecosystem,
digital twins facilitate data-driven decision-making, predictive maintenance, and performance enhancement. Such tools prove
instrumental in addressing actual maintenance requirements, inventory management, T&P efficiency, Worker performance and
ultimately improving the overall efficiency and safety of the rolling stock as a whole.

4. Digital Practices:

Digital twins can play a pivotal role in railway workshops by revolutionizing maintenance practices on incoming due for
overhauling or scheduled maintenance rolling stocks, thus optimizing workshop operations. Through the creation of virtual
replicas of rolling stock and equipment, workshops can harness real-time data from sensors and loT devices to monitor the
health and performance of components. This allows for predictive maintenance and early fault detection, where potential issues
are identified before they escalate, minimizing downtime and reducing operational disruptions. Digital twins facilitate a
comprehensive view of each train's condition, enabling workshops to schedule maintenance activities efficiently, plan for
necessary part replacements, and optimize resource allocation. Technicians can access detailed information about the state of
each component, allowing for targeted and precise repairs. Additionally, digital twins enable simulation-based training for
workshop personnel, enhancing their skills in handling various maintenance scenarios and ensuring optimal performance and
safety standards for the entire railway fleet. Overall, digital twins empower railway workshops to transition from reactive to
proactive maintenance strategies, resulting in improved reliability, reduced costs, and enhanced overall efficiency.

5. Standards:

Artificial Intelligence is now being adopted on Railways on a large scale, but it has become a hype also, as many system providers
are bringing their simple data acquisition and data representation systems as Al powered systems with no demonstration of
advanced problem-solving, or ability to adapt/ learn from new information, or non-exhibition of human-like understanding
without clear programming rules, and most importantly having no compliance with various standards pertaining to Al as listed
below. These are mostly noncertified with no traceability of its stochastic capability as per international standards. In US, NIST
has released a detailed Al draft framework for the development of such Al powered systems. Similarly, IEC, which India follows
extensively, also have has also come out with various standards. It is high time that RDSO should also develop its capability in
this area and start following these standads which other strategic sector already do. A few of the important ones are:

1SO 42001/2003

IEC 5338 Al system life cycle processes

IEC 38507 for Risk Management, Governance Implications

IEC 22989:2022 which establishes terminology for Al & describes ethical concepts in the field of Al, that biasness is avoided and
Al system is fair and to make positive social impact.

IEC TR 24208 is to ensure trust worthiness.
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6. Approach towards Building a World Class Digital Twin:

For setting up of Digital Twin or an "Industrial Metaverse” for real-time monitoring, analysis, planning, and maintenance of
physical assets/facilities. Apart from the existing data already available on the Digital Twin platform; organsiation has to enable
the collection of additional data points within the facility itself. This contextualized data enhances the decision-making process,
enabling swifter and more informed choices. This shall optimize operational procedures and mitigate potential hazards fast, and
can help foresee potential breakdowns, predict traffic congestions, optimize workforce requirements, reduce carbon footprint,
enhance safety by accurate tracking and geo-fencing, and reduce downtimes of machines & assets using predictive maintenance.
As the railway industry embraces the digital age, the integration of digital twins emerges as a pivotal strategy to propel
operational excellence and meet the evolving demands of modern transportation.

7. Summary:

In the symphony of innovation, Digital Twin heralds a transformative note for Indian Railways. The Digital Twin concept is more
than technology; it's a gateway to precision, efficiency and safety. As the Digital Twin takes its place, Indian Railways will embrace
a new era of operational and maintenance excellence. From predictive maintenance to resource optimization, from enhanced
safety to passenger-centric services, the benefits are profound and far-reaching. United in our commitment, RailTel and Indian
Railways embark on a journey that promises a future where rails become a stage for technological marvels. With each phase,
each insight and each advancement, the railways carve a path toward unparalleled efficiency and a reimagined travel experience.
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