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Introduction

Transforming Global Railways 
with AI, IoT, and Big Data
The global railway industry stands at a critical juncture, 

faced with the dual challenges of evolving passenger 

expectations and the pressing need for technological 

integration. This white paper by Nextcontinent, an 

international alliance of 12 independent consulting firms, 

delves into how cutting-edge technologies such as Artificial 

Intelligence (AI), the Internet of Things (IoT), sensor 

technology, and big data are pivotal in reshaping railway 

operations and enhancing passenger experiences. As the 

industry grapples with aging infrastructure, increased 

demand, and heightened safety standards, leveraging these 

technologies presents a promising pathway to a new era of 

efficiency and customer satisfaction.

Passengers today seek not only reliability but also a 

seamless integration of services that span the entirety 

of their journey, demanding a shift from traditional 

operational methods to more dynamic, data-driven 

approaches. At the heart of excellent customer service 

will be the expectation to receive a high level of service 

at a reasonable price, achievable through technological 

transformation.

This white paper explores the various facets of this 

transformation, including detailed discussions on the 

potential of AI and IoT to revolutionize both back-end 

operations and customer-facing services. We will present 

concrete use cases such as Condition-Based Maintenance 

(CBM), autonomous train systems, enhanced customer 

attraction and retention through AI, and robust safety 

enhancement systems that utilize advanced data analytics. 

Furthermore, we will confront the pervasive challenges in 

adopting these technologies—ranging from overcoming 

cultural and organizational barriers to ensuring robust data 

security and navigating the complexities of local versus 

global operational standards, emphasizing the role of 

“human intelligence.”

Leveraging a comprehensive analysis provided by 

Nextcontinent’s network of experts from 30 countries, 

this document will offer strategic insights and 

recommendations designed to facilitate the railway 

industry’s navigation through its digital transformation. 

Our objective is to equip stakeholders with the necessary 

tools to leverage technological advancements, thereby 

improving the attractiveness and efficiency of rail transport, 

ensuring sustainability, enhancing passenger security and 

satisfaction, and fostering healthy competition within the 

railway sector.
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Technological Trends and Opportunities

What is next for the railway sector?

Artificial Intelligence and the use of big data are a transformative force across numerous industries, and railway transportation 
is no exception. For passengers, the true value of AI and data lies in its ability to enhance the travel experience, building 
upon service reliability, fluidity, and security. The following section explores various ways in which new technologies can 
revolutionize rail transport, focusing on enhancing core services, augmenting additional offerings, creating seamless journeys, 
leveraging data for insights, and unlocking the full potential of data. By strategically implementing AI and adopting a data-
driven approach, rail operators can significantly improve service quality and operational efficiency, ultimately leading to a 
more efficient, reliable, and enjoyable journey for passengers. 

For the passenger experience, the true value of AI lies in its ability to add a touch of sublime to the transport 
service, considering that an excellent level of service (reliability, fluidity, security, etc.) remains the 
foundation of customer satisfaction. But how will AI be at the forefront of change regarding the traveler’s 
experience? This potential can be realized in different ways: 

Enhancement of core services 
The main visible application for passengers relates to 
real-time and unified information that can be provided 
more accurately and efficiently about train schedules, 
delays and platform changes. Indirectly, all enhancements 
of infrastructure and operations that will ensure higher 
service reliability, minimizing disruptions (such as AI-driven 
predictive maintenance) will have a positive impact on the 
experience.

Augmentation of additional services
AI can augment additional services that add value at 
different stages of the traveler’s journey with more 
personalization and accuracy. For instance, before arriving 
at the traveler’s destination, it could propose personalized 
recommendations for dining and accommodations 

based on preferences and past choices. Furthermore, 
recommendations on entertainment options on board 
tailored to individual preferences could be given 
(documenting the history of the area the train is passing 
through, pre-selecting your preferred meal, a chatbot for 
questions on the country or city, etc.) making the travel 
experience more enjoyable and convenient.

Creation of a seamless journey
AI and data can enable the integration of different stages 
of the travel process, from ticket booking to last-mile 
transportation. For example, AI could help coordinate 
multimodal transport options, such as suggesting the best 
combination of train, bus, and bike services to reach the 
final destination efficiently.

1.1 Artificial Intelligence (AI)
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The impact of AI on the railway customer journey

Search & 
booking

Arrival & 
waiting

Check in & 
boarding Travel Disembark Departure Customer 

support

Chatbots and 
virtual assistants: 
Available 24/7 to 
answer user 
questions, assist 
with booking, and 
provide information 
about destinations 
(SNCF)

Personalized offers: 
Using AI to analyze 
user preferences and 
browsing history to 
offer personalized 
deals (Amazon)

Smart 
recommendations: 
Algorithms 
suggesting 
destinations, hotels, 
and activities based 
on user preferences 
and past behavior 
(Tripadvisor)

Intelligent 
guidance: AI-based 
applications 
providing precise 
directions to the 
train station and 
suggesting the best 
routes to avoid 
traffic (Google Maps)

Real-time 
notifications: 
Sending 
notifications to 
inform users about 
gate changes, 
delays, or 
cancellations (Air 
France)

Customer pain points

How AI elevates the passenger experience

Complexity of 
booking
Lack of 
personalization 
options
Availability and 
pricing

Transportation 
issues
Long waiting 
times
Confusing 
information

Stressful security 
checks
Delays and 
platform changes
Accessibility

Discomfort
Connectivity 
issues
Lack of services
Delays

Baggage 
handling
Lack of signage
Lack of 
accessibility

Connecting 
transport 
Delays
Lack of information

Hard-to-contact 
customer service
Difficulty filing 
complaints

Flow management: 
Algorithms to 
optimize queues and 
manage passenger 
flow, reducing 
congestion and wait 
times (Veovo)

Wait time 
management: AI 
systems estimating 
and minimizing wait 
times at various 
checkpoints (i.e. 
security checks) 
(Acorel)

Real-time train 
information: 
Providing real-time 
updates on train 
status and weather 
(IDFM)

Entertainment and 
service 
optimization: 
AI-driven systems 
that recommend 
movies, music, and 
games based on 
passenger 
preferences, and 
optimize onboard 
services such as 
meals and beverages 
according to 
individual needs and 
preferences (Spotify, 
Saudia Airlines)

Real-time crowd 
management: AI 
can analyze 
real-time data from 
cameras and sensors 
to manage crowd 
flow, directing 
passengers to less 
congested exits or 
platforms, thereby 
speeding up the 
disembarkation 
process (Neoma)

Automated 
announcements: AI 
can be used to 
provide real-time 
audio and visual 
announcements that 
guide passengers 
through the 
disembarkation 
process, reducing 
confusion and 
delays (Hitachi Rail)

Dynamic 
information 
displays: AI can 
control digital 
signage to provide 
up-to-date 
information about 
delays, alternative 
routes, and other 
important updates 
in real time, 
ensuring passengers 
are always informed 
(SNCF)

Transport and 
logistics: AI-based 
applications to 
organize 
transportation from 
the train station, 
suggesting the best 
routes and transport 
options based on 
real-time traffic 
conditions (Google 
Maps)

Predictive 
maintenance: AI can 
analyze data from 
train sensors to 
predict potential 
equipment failures 
before they occur, 
allowing for 
proactive 
maintenance that 
prevents delays 
(Siemens)

Accommodations: 
Recommendations 
for nearby hotels in 
case of unexpected 
lodging needs 
(Bookings)

Automated 
customer support: 
Chatbots and 
automated response 
systems to quickly 
and efficiently 
handle customer 
requests after their 
journey (SNCF)

Feedback analysis: 
Using AI to analyze 
customer reviews 
and feedback to 
identify areas for 
improvement and 
better understand 
user expectations 
(Thematic)

Loyalty programs: 
Intelligent loyalty 
programs using AI to 
offer personalized 
rewards and 
exclusive deals 
based on user travel 
habits (Arrivia)

Nextcontinent
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AI capitalizing on data for insights
AI’s effectiveness is significantly amplified when 
combined with robust data analytics. The vast amount 
of data generated in the rail transport ecosystem—
ranging from operational metrics to passenger 
feedback—holds immense potential. AI can analyze this 
data to uncover actionable insights, such as identifying 
patterns in passenger behavior, predicting peak travel 
times, and optimizing resource allocation. 

For example, some railway companies use production 
data (such as delays, malfunctioning air conditioning, 
broken seats, etc.) to reconstruct the experienced 
journey of passengers and identify sources of 
improvement. By analyzing this data, the model 
enables the operator to identify customers for whom 
the service did not meet expectations on their previous 
trips, and some of these customers could be offered 
an upgrade to first class in next trips. This data-driven 
approach allows operators to make informed decisions 
that enhance service quality and operational efficiency.

Data and AI also offers transformative potential for 
infrastructure providers in the railway industry. 
They can optimize operations, improve safety, and 
enhance the overall efficiency of railway systems. 
Benefits include more efficiency and better safety via 
predictive maintenance (for instance, by automating 
inspections), predicting equipment failure before 
they occur and preventing costly emergency repairs, 
extending the lifespan of railway assets, and identifying 
early the risks of incidents. Traffic management and 
punctuality can also be improved, with optimized train 
schedules, track and platform usage maximization, and 
real-time adjustments based on sensors and weather 
conditions. Energy management is another area of 
improvement, with the analysis of usage patterns by 
AI and the automatic suggestions of energy-saving 
measures.

Use of AI as a catalyst for data potential
AI serves as a powerful tool to unlock the full potential 
of data. By leveraging machine learning algorithms, 
advanced analytics, and generative AI, it can transform 
raw data into valuable intelligence, driving continuous 

improvement and innovation in rail transport services. 
This synergy between AI and data empowers operators 
to exceed traveler expectations.
 
For these benefits to translate into better traveler 
experience, human intelligence must invent, 
select and implement the right AI use cases. A ROI 
approach should be adopted to ensure an efficient 
allocation of resources and maximize the impact of AI 
implementations, considering both the effort (human 
resources, computing power, energy consumption 
or other investments) and the value created (a more 
enjoyable and efficient journey). This ROI approach 
should consider sustainability, in line with the best 
practices promoted by the Green IT movement.  
Human intelligence intervenes to sort and make sense 
of the possibilities and insights offered by AI.

Nextcontinent
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A discussion on AI is impossible without taking the use of data into consideration. The railway 
industry is collecting vast amounts of data and is beginning to make use of these valuable 
sources of information to improve and streamline their services, working on improved 
centralization, networking and automation of data processing. There are several applications 
that will benefit from using the data that is already being collected as well as data that will be 
harvested in innovative ways in the future. 

Railway Operations
In railway infrastructure, scheduling and disposition 
systems are increasingly being moved to the cloud and 
connected to more and more external interfaces. In control 
and safety technology, the trend of centralizing signal 
boxes and control and command systems continues. Where 
previously signal boxes were controlled in a decentralized 
manner, signal boxes are now centrally controlled—but still 
physically separated. The next evolutionary step towards a 
georedundant, highly centralized signal box infrastructure 
in a “data center manner” is already on the horizon.

The term “data center manner” refers to consolidating 
IT infrastructure and systems within centralized data 
centers. This approach is desirable because it simplifies 
the management and maintenance of systems, enhances 
reliability, and enables efficient scaling of resources. 
Centralized data centers also offer better security standards 
and facilitate the integration of new technologies and 
system updates.

In station building automation, systems are increasingly 
being connected to central platforms to enable centralized 
management of building technology systems. This is 
complemented by the trend among railway companies 
towards stronger networking. Real-time traffic management 
systems powered by AI can make dynamic adjustments 
to traffic flow, improving on-time performance and 
operational efficiency.

Centralized data will be complemented by automated 
decision processes, leaving employees with only a 
monitoring function.

This development involves risks, such as potential technical 
failures or security vulnerabilities in automated systems. 
The increased reliance on technology may also lead to a 
reduction in job opportunities and pose new HR challenges, 
such as the need to retrain and upskill employees to meet 
evolving job requirements. Additionally, changes in job 
roles and responsibilities could place greater pressure on 
remaining employees, as they will be more focused on 
monitoring and addressing issues.

1.2 Big Data

Nextcontinent
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Rail Maintenance 
The integration of data and technology in rail 
maintenance is not just an enhancement but a necessity 
in the modern rail industry. Leveraging advanced data 
analytics, IoT devices and AI can significantly boost 
productivity, operational efficiency, and safety. 

Diagnostic and condition data from trains are 
automatically transmitted for disposition and vehicle 
maintenance planning. Maintenance depots themselves 
are becoming more digitized and automated.

The digitization and automation of maintenance depots 
involves the use of modern technologies such as IoT 
sensors for monitoring the condition and location of 

machinery and equipment, automated diagnostic 
and maintenance systems, and robotic technologies 
for performing maintenance and repair tasks. These 
technologies allow for more efficient and precise 
maintenance, reducing downtime and optimizing the 
overall maintenance process.

According to recent studies, the application of advanced 
data analytics and AI in rail maintenance can lead 
to substantial efficiency gains and cost reductions. 
Predictive maintenance, for instance, is assumed to 
increase the reliability of rail services by up to 15% and 
reduce maintenance costs by 20%. By analyzing data 
collected from IoT sensors, track geometry cars, drones, 
and satellites, rail companies can predict equipment 
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failures before they occur, allowing for timely and targeted maintenance interventions. This proactive approach not only 
extends the lifespan of assets but also minimizes unplanned downtime, ensuring a more reliable rail network.

The potential of data-driven strategies in rail maintenance extends beyond predictive maintenance. AI-driven 
solutions can optimize crew scheduling and shift planning, resulting in a 10-15% improvement in labor productivity 
and reductions in labor costs. Additionally, data analytics can enhance capacity planning, ensuring optimal resource 
allocation and infrastructure utilization.

The creation of digital twins of the rail infrastructure represents another significant advancement. Digital twins are 
virtual replicas of physical assets, processes, or systems that can be used for simulations and analyses. By using digital 
twins, rail operators can perform detailed simulations to predict and mitigate potential issues, thereby improving 
maintenance planning and execution. 

The integration of data and technology in rail maintenance is critical for transforming traditional maintenance methods 
into more efficient, cost-effective, and reliable practices. 
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Energy Optimization
Operating systems equipped with AI capabilities can 
automatically determine the energy output required 
by a train, managing its acceleration, deceleration, 
and overall energy consumption throughout a journey. 
This efficient use of AI can optimize energy output and 
minimize resource waste for electric or fuel-powered 
trains. Operators attempting to achieve this may train AIs 
to consider various factors for optimization operation, 
including passenger load and demand, weather patterns, 
and even track conditions during irregularities.

The application of AI to the sustainability of the railway 
industry also extends to stations. For instance, in 2022, 
Singapore’s SMRT Corporation successfully trialed an AI 
system at two stations to optimize cooling and reduce 
energy consumption by approximately 7,000 megawatt-
hours (MWh) annually. The AI system accurately determined 
the energy output needed to maintain a temperature 
of 26 degrees Celsius and automatically adjusted the 
air-conditioning systems based on station data, such as 
weather conditions and commuter foot traffic. This not 
only enhances the traveler experience but also prevents 

energy waste, demonstrating the tangible benefits of AI in 
supporting sustainability efforts.

Extended Asset Lifespan
Automating operations, like AI-driven predictive 
maintenance, is also integral to bolstering sustainability 
efforts in the railway industry. Beyond enabling efficient 
resource allocation and optimizing maintenance schedules, 
AI predictive maintenance ultimately reduces wear and tear 
on essential assets, such as rolling stock and infrastructure. 

This is sustainable in the long-term, as operators can 
preserve assets and use them for longer. By training 
AI systems to continuously monitor and analyze data, 
operators can promptly identify potential asset issues, 
minimize expensive replacements, and, overall, enhance 
the sustainability of various railway components.

These solutions reflect the feasibility and practical 
benefits of AI for day-to-day railway operations, but more 
importantly, they are indicative of how technology and 
environmental advocacy can seamlessly converge to drive 
sustainability in the railway industry.

The intersection between data, AI and sustainability in the railway industry is a dynamic opportunity 
area that will be critical to driving the future of railways. The combination of AI and sustainability 
bridges the gap between technological innovation and environmental responsibility, where players will 
leverage technological advancements to support sustainability efforts, achieving benefits such as energy 
optimization and extended asset lifespan.

1.3 Synergizing Data, AI and Sustainability for Future Railways

Nextcontinent
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Practical Use Cases 

Putting theory into action
The following section will give an insight into how the new technologies detailed before can be put into action, showing 
real-life examples of railway operators harnessing the power of data and making use of AI in their day-to-day business. The 
following cases are methodologies and real-life examples that have been tried and tested in many projects undertaken by 
Nextcontinent, supporting their railway customers in their move towards a more data-driven, autonomous, and sustainable 
future.

nextcontinent.net 11
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1

2

Infrastructure monitors 
infrastructure: The infrastructure 
itself permanently monitors the 
functionality of its components. 
For this purpose, sensors are 
usually installed within the 
infrastructure that record status 
data.

Vehicle monitors vehicle: The 
vehicles monitor the condition 
of its own relevant components, 
both internal and external, during 
regular operation and whilst in 
transit. This allows for real-time 
assessment and maintenance of 
vehicle parts to ensure optimal 
performance and safety. 

Switch drive diagnosis Running surfaces (e.g. corrugations, waves)

Cracking / 
Wear on rails

Shelling / Spalling Insulated jointsSwitch heating
monitoring

Pantograph Compressed air supply Cargo Ride comfort HVAC-systems Sanitary systems

Coupling 
(Passenger traffic)

Boarding systems Wheelsets BogiesBraking systems

Use Case 1: Condition Based Maintenance (CBM)
Condition Based Maintenance is a fast-growing trend. In line with technological advancements across various industries, 
the railway sector is experiencing a significant shift. Particularly in the maintenance of rail vehicles and tracks, progressive 
monitoring systems and technologies like CBM play a vital role. Railway maintenance has long been a challenging avenue, 
as operators have primarily relied on preventive maintenance, where train service is scheduled and regularly performed to 
prevent unexpected disruptions. The concept of CBM adapts the maintenance intervals of rail vehicles and infrastructure 
to their actual usage and condition. By intelligently utilizing data gathered from the trains and the infrastructure itself or 
additional sensors, real-time information on actual load, running performance and wear can be captured. AI, in combination 
with advanced sensors and data processing algorithms, is crucial to enabling predictive maintenance in railways. One major 
railway operator successfully deployed an AI-driven predictive maintenance system in 2019. The system works by embedding 
fiber optic sensors across the railway network’s infrastructure, which gathers data on current track and train conditions. 
Using data analytics and algorithms, the system analyzes the collected data and automatically identifies potential 
abnormalities. The AI system can identify issues across various areas relevant to railway networks, such as track safety and 
even the condition of train doors. This technology also allows for quick identification of operational issues that could disrupt 
the entire system.

However, the idea of CBM is not entirely new—but the technological capabilities have evolved significantly over the past 
decades. Traditional maintenance methods involved manual vehicle and infrastructure inspections which were based in 
fixed inspection intervals and prone to errors. Now, advances in sensor technology and data processing allow us access to 
more comprehensive data in less time. As a result, it is possible to make accurate predictions about the condition of the 
railway vehicles and the track and thus to create optimum maintenance plans based on condition data. In the context of 
CBM, there are numerous technologies and products in the railway environment that can be divided in four categories:
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3
Continuous Track Monitoring (CTM): 
CTM refers to vehicles who monitor the 
conditions of the rail infrastructure, 
such as the track or vegetation 
beside the track. Extensive wear on 
rails, for example, poses a safety 
risk, that can lead to infrastructure 
failures, an increase in lost units and 
track closures. CTM ensures that 
the infrastructure remains in good 
condition and that any potential issues 
are identified and addressed promptly.

Contact wire

Ballast movements

Switch tongue Sleeper cracks / breaks Condition of facilities (e.g. signals, signs)

Fastenings / Fixations / Baseplates

Insulated joints

Running surfaces 
(e.g. corrugations, waves)

Shelling / Spalling

Cracking / Wear on rails

Vegetation

4
Wayside Train Monitoring Systems 
(WTMS): This category refers to 
the monitoring of vehicles during 
operation using sensor and camera 
technologies installed at or within 
the track. This data can be used to 
predict failures and defects in rail 
vehicles. This infrastructure-based 
monitoring provides valuable data 
on the state of trains as they move 
through the network, facilitating 
timely maintenance and reducing the 
risk of unexpected failures. Further, 
early detection of defects in vehicles 
(e.g. pantograph) makes it possible to 
reduce damage to the infrastructure. 

Together, these four categories highlight the comprehensive potential of CBM in enhancing the efficiency and reliability 
of trains and railway systems through data-driven insights. As described above the collected data and suitable forecasting 
models enable the prediction of optimal maintenance schedules and simultaneously integrate the maintenance of various 
components. This way, the availability of trains and systems can be increased as it can extend the lifespan of railway 
infrastructure through rapid diagnosis and repair, while ensuring a safer ride for passengers.

Based on this concept, service and maintenance intervals are as close as possible to the maximum useful life of the 
components. CBM optimizes operating and maintenance costs and ensures high availability, reduction of material, energy 
consumption and thus an overall cost-effective maintenance. By integrating CBM, operators in the railway sector can enjoy 
enhanced asset protection and more efficient cost management, ultimately leading to improved service reliability and 
reduced downtime it also improves sustainability.

Pantograph Compressed air supply Cargo Ride comfort HVAC-systems Sanitary systems

Coupling 
(Passenger traffic)

Boarding systems Wheelsets BogiesBraking systems
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Use Case 2: Autonomous Train Systems 
The earliest forms of autonomous train operation can be 
traced back to Kobe, Japan, in the 1980s. Autonomous 
train systems are widely recognized as one of the railway 
industry’s most significant advancements.

Since the emergence of innovative technologies like AI, 
autonomous train systems have drastically evolved, taking 
a giant developmental leap forward. Today, these systems 
are now capable of fully automated, independent operation 
without human assistance, made possible by utilizing a 
combination of AI algorithms, various types of sensors, and 
extensive communication systems.

The railway industry uses a standardized scale known 
as Grades of Automation (GoA) to classify the level of 
automation that train systems operate on. The GoA scale 
ranges from GoA0 to GoA4, with its classification levels 
defined as follows:

•  GoA0: No automated technology; train operation relies 
entirely on humans.

•  GoA1: Travel between stations is automated; train 
operations, such as start and stop, door control, and 
emergency intervention, are still performed by a human.

•  GoA2: Travel from stop to stop is automated; train 
operations may be overridden by a human if necessary.

•  GoA3: All operational tasks and travel are completely 
automated without human assistance; however, staff 
present in other carriages may still override automated 
operations and assume control of travel if necessary.

•  GoA4: Fully automated operation. No humans or 
staff are present on the train, and all functions, such as 
emergency intervention, are also automated.

Preparation 
for Service

Driver Driver Driver Driver

Automatic Automatic Driver Driver

Automatic Automatic Train Crew Train Crew

Automatic Automatic Automatic Automatic

GoA* 1

GoA 2

GoA 3

GoA 4

*GoA: Grade of Automation

Train 
Stops

Doors 
Close

Disruption 
Management
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Some countries, like France, China, and Australia, have successfully deployed GoA4 train systems, demonstrating the 
potential value of leveraging AI to enable fully autonomous train systems. GoA4 train systems are especially valuable in 
regions where major cities and high-density urban areas present transportation complexities. Considering that AI is only one 
component (albeit one of the most important) of the technological foundation needed for GoA4 systems, industry players 
must ensure that the other technologies utilized across the network can support and complement AI deployment. Beyond AI, 
the technology needed to support autonomous train systems generally includes:

Advanced Sensors & Machine Vision: Trains must have a combination of sensors (radar, lidar, optical, etc.) 
to gather the data necessary to support automated operation, ultimately providing the necessary data for AI 
algorithms to navigate safely. This data includes vital information, like weather patterns and real-time vision 
of the surrounding environment. 

Passenger Assistance: Navigating railway stations can often be challenging for both local and international 
travelers, especially as railway networks are often vast and potentially confusing. With AI, travelers can now 
avoid such difficulties as AI services enhance passenger assistance, which is a vital step that complements 
the deployment of autonomous train systems.

Communication Systems: AI-enabled trains are heavily reliant on communication systems integrated 
across the entire railway network, which is yet another vital source of data. Communication systems, such 
as Communication-Based Train Control (CBTC), also facilitate data exchanges in real-time between control 
centers, other autonomous trains, and digital infrastructure.

Commuter Safety: Integrated AI-driven video surveillance systems are employed to monitor commuter 
movements near train tracks in real-time. By analyzing video feeds, these systems can issue warnings to 
commuters who are too close to the tracks or the platform edge, effectively preventing accidents and 
ensuring safer travel environments.

Data Processing & AI Algorithms: Perhaps the most vital aspect of autonomous train systems, advanced 
AI algorithms capable of processing big data are essential as they are responsible for making decisions in 
real-time across all elements of a passenger’s journey (e.g., operational decisions, safety management, 
emergency response, etc.).

Nextcontinent
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Use Case 3: Attracting and Retaining Customers Through AI
The advancement of AI helps to harness data, rekindling the promise of data being the new oil. The railway industry is 
poised to reap advantages from the vast amounts of data collected from travelers. Applications for travelers range from mass 
customer feedback analysis, route optimization, predictive maintenance, personalized customer recommendations to in-train 
entertainment. 

Retaining existing customers: 
Customer feedback analysis plays a crucial role in operators retention strategies, utilizing unstructured 
data from customer service interactions, social media comments, and surveys to demonstrate a 
commitment to service excellence. This approach allows for a deeper understanding of customer needs 
and concerns, enabling more targeted improvements. 

Additionally, real-time and multichannel traveler information, powered by predictive maintenance 
derived from sensor data analysis, helps minimize service disruptions and ensures a punctual travel 
experience. 

Furthermore, travel recommendations based on historical traveler data provide personalized 
suggestions, including alternative routes via nearby attractions and cities, or tailored destination 
recommendations. These personalized offerings not only enhance the travel experience but also 
encourage customer loyalty by showing an understanding of individual preferences and travel patterns.

KPIs must measure the effectiveness of use cases and their alignment with overarching business objectives. 
Nextcontinent recognizes two metrics to prioritize:
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Attracting new customers: 
To attract new passengers, personalized marketing campaigns can be tailored for travelers who could 
benefit from train rides, utilizing demographic information gathered from various sources including the 
previous trips of occasional travelers, public domain data, and partnerships with mobility providers. 

Once at the booking step, AI-powered chatbots and virtual assistants are deployed on websites and 
apps to provide round-the-clock assistance with booking inquiries, travel planning, and customer 
service. These tools help convert hesitating customers by offering immediate, personalized support. 

Dynamic pricing optimization is also employed to adjust ticket prices in response to demand 
fluctuations, attracting price-sensitive customers and incentivizing travel during off-peak times. 
Finally, an immersive and personalized onboard experience is offered, allowing travelers to visualize 
their routes, explore seating options based on their preferences, and receive tailored food & beverage 
and entertainment recommendations.

Both dimensions demand that railway operators leverage AI to deliver seamless, personalized 
experiences, to enhance customer satisfaction, foster brand loyalty, and solidify their positioning in an 
increasingly competitive market.

However, developing and implementing these AI-driven strategies requires significant time and resources while 
managing their day-to-day operations and addressing immediate business challenges. 

A 4-step approach, from identifying the process and use case, to gathering feedback 
from the experience to demonstrate value and estimate the benefits of generalization.

Feedback, demonstration of value, and evaluation of the benefits of 
generalization

FEEDBACK AND BENEFITS OF GENERALIZATION

IDENTIFYING A PROCESS
Identification of the process 
and use case of value for an 
AI experimentation

1 2 3
FRAMING
Scoping of identified use 
cases and analysis of data 
requirements for 
experimentation

Preparation and 
execution of the 
experimentation

EXPERIMENTATION

4
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We recommend starting the process of selecting the right 
use cases for a maximum impact with a comprehensive 
assessment of the company’s technological 
infrastructure, data management practices, and IT 
capabilities to identify areas where AI can deliver 
maximum value. This step can help determine if your 
IT infrastructure can handle unstructured data from 
multiple sources to analyze the mass of customer 
feedback and identify gaps.

This is followed by a clear formulation of objectives 
aligned with strategic priorities, ensuring AI solutions 
are tailored to address specific goals such as improving 
customer satisfaction and loyalty. 

Through collaborative workshops, use cases should 
be prioritized by weighing their impact on travelers, 
implementation costs, feasibility, and alignment with 
business objectives. 

The final stage involves implementation, where data 
availability and quality is assessed, compatibility of 
new use cases with existing technologies is evaluated, 
proof of concepts and prototypes are designed, and 
the change process to scale initiatives effectively is 
managed. 

Throughout this process, the focus remains on 
leveraging AI to address common traveler issues, 
enhance service quality, and ultimately boost customer 
loyalty, all while ensuring the chosen solutions align 
with the company’s strategic goals and technological 
capabilities.
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Retaining 
existing 
customers

Travel 
recommendations

Customer 
feedback analysis

Real time 
multichannel 
voyager info

Immersive 
personalized 
experience

Dynamic pricing 
optimization

Chatbots & virtual 
assistants

Personalized 
marketing 
campaign

• Enhanced customer satisfaction and 
engagement.

• Increased cross-selling and upselling 
opportunities.

• Customer loyalty by providing 
tailored experiences.

• Aggregating and analyzing diverse data 
sources (e.g., past travel data, 
preferences, external attractions).

• Implementing ML, algorithms and 
recommendation engines.

• Upgrading IT systems to handle large 
datasets.

• Identification of trends, issues, and 
areas for improvement.

• Enhanced customer service by 
addressing pain points.

• Actionable insights for service 
enhancement.

• Collecting, cleaning, and structuring 
large volumes of data.

• Training models for sentiment analysis.
• Integrating with existing CRM and 

support systems.

• Improved passenger experience with 
updates and alerts.

• Enhanced efficiency through 
real-time data monitoring.

• Increased transparency and 
customer trust.

• Integrating data from multiple sources 
(ticketing systems, weather channel).

• Upgrading infrastructure to support 
real-time analytics.

• Designing user-friendly displays and 
notifications across channels

Type of 
Use Case Use Case Benefits Efforts

Attracting 
new 
customers

• Enhanced customer engagement 
with tailored content.

• Differentiated brand by offering 
unique experiences.

• Increased customer satisfaction and 
loyalty.

• Implementing VR/AR and developing 
content.

• Gathering customer preferences and 
behavior.

• Curating personalized multimedia 
content.

• Maximized revenue through 
adjustments based on demand and 
market conditions.

• Enhanced competitiveness by 
optimal pricing.

• Improved occupancy rates during 
off-peak times.

• Building predictive models using 
historical data.

• Integrating with existing booking and 
revenue systems.

• Fine-tuning dynamic pricing 
algorithms.

• Enhanced customer service with 24/7 
support.

• Reduced operational costs by 
automating routine inquiries.

• Improved customer satisfaction with 
quick and accurate assistance.

• Training models to handle customer 
queries.

• Integrating chatbots with CRM, 
booking systems, and support 
systems.

• Designing intuitive interfaces for 
different platforms.

• Increased customer engagement 
through targeted offers.

• Better conversion rates by delivering 
personalized promotions.

• Enhanced customer retention by 
strengthening loyalty.

• Collecting customer data to segment 
audiences.

• Implementing marketing 
automation tools.

• Designing personalized offers based 
on customer insights.  

Nextcontinent

nextcontinent.net

Navigating the Tracks Ahead: Unveiling the Top Trends in the Railway Industry

19



Use Case 4: Traffic Control & 
Management
The traffic control and management of railways has long 
presented challenging issues for many railway operators, 
especially in regions like Asia where megacities such as 
Tokyo and Shanghai have complex and congested traffic 
flows at railway stations. Regardless of the region, the 
deployment of AI technology for railways ultimately 
reduces potential delays stemming from traffic flow and 
improves overall passenger safety.

AI systems utilized for traffic control and management 
typically use scene analytics applied to data from network-
connected cameras and video surveillance feeds to 
identify potential issues at critical points such as railroad 
crossings. By detecting abnormalities and providing 
real-time alerts, the AI system can effectively manage 
unauthorized entries and handle hazardous situations, 
including misplaced heavy machinery, enhancing safety 
and efficiency.

Similarly, ticketing and queuing are other important 
components of proper traffic control, as efficient ticket 
distribution improves traffic flow within stations. 
AI-guided ticketing systems, utilizing far-field voice 
recognition technology, are transforming how commuters 
interact with railway stations. These systems enable 
users to verbally communicate their destinations to ticket 
machines, which then recommend the best routes and 
dispense tickets accordingly. Such advancements not only 
add value for operators by optimizing traffic flow but also 
enhance convenience and accessibility for commuters, 
facilitating a smoother travel experience. 
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Use Case 5: Smart Stations
The widespread digital transformation of railways has 
naturally extended to railway stations, where players are 
gradually shifting and reshaping traditional railway stations 
into “smart stations.” AI-driven enhancements are being 
deployed at smart stations to provide easily accessible, 
real-time services to travelers, fundamentally redefining 
the passenger experience. The transition towards smart 
stations is a welcome development, especially considering 
rapid technological advancement across the globe and the 
subsequent need to fulfill new traveler expectations brought 
about by the digital age.

Applications of AI in smart stations encompass a variety of 
innovative solutions, ranging from AI systems that facilitate 
multi-language translation services for international 
travelers to enhancing general safety and security via AI-
enabled video analytics—all of which elevate passenger 
experiences further. 

AI-driven translation services are being implemented in 
railway stations to facilitate real-time communication 
between passengers and station staff. These systems 
support multiple languages and can display translated text 
automatically, enhancing interactions across language 
barriers. Beyond simple translation, these AI solutions also 
assist with route searches, luggage storage services, and 
providing travel and transfer times, meeting a broad range 
of traveler needs.

The integration of AI solutions at smart stations increases commuting efficiency and how stations assist passengers, providing 
insight into the level and quality of service that consumers now expect. As part of passenger assistance, railway players should 
also recognize the value that personalized services can deliver. Effective strategies include utilizing AI to analyze existing 
market and passenger data, like travel history, to suggest possible destinations and relevant real-time data automatically. 

AI-based image recognition technology is increasingly used in railway systems to enhance safety measures for disabled 
commuters. These systems are trained to identify individuals who may need assistance and promptly notify staff to provide 
the necessary support.

AI solutions at smart stations are developed to work with preexisting infrastructure, such as cameras, sensors, control centers, 
and more. This underlines the importance of adequately selecting applicable AI solutions and correctly examining each 
station’s network limitations.

Smart stations also utilize other innovative technologies, where AI plays a crucial role in seamlessly integrating and 
collaborating with other components throughout the station to bolster smart infrastructure. Here are how smart stations are 
leveraging AI-driven enhancements to enhance the passengers’ end-to-end experience. 
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Use Case 6: Sustainability
The global railway industry grapples with the 
dual challenge of innovating its capabilities while 
becoming more environmentally responsible. 
Several factors influencing railway development, 
such as geographic diversity and high population 
densities, must be considered and balanced 
while facing environmental challenges that 
demand immediate attention and innovative 
solutions.

These include excessive carbon dioxide 
emissions, air pollution due to outdated trains 
and infrastructure, and land degradation from 
the overdevelopment of infrastructure needed to 
support operations. 

Countries have made a firm commitment 
through various frameworks to reduce 
their carbon footprint in critical areas. This 
commitment is a testament to the global 
potential for sustainable development, making it 
an attractive prospect for investors interested in 
the future of the railway industry.

As the railway industry strives for sustainability, 
renewable energy and transportation are more 
intertwined than ever before. Green mobility is a 
burgeoning trend globally, with railways actively 
harnessing electrification and hydrogen fuel cell 
technology to drive clean energy operations. 
Using fuel cell technology, these trains harness 
the chemical energy of hydrogen by reacting 
oxygen with hydrogen. This reaction generates 
electricity, which is used to power the train and 
stored in batteries for reserve consumption. 
The emergence of hydrogen-powered trains is 
equally promising when compared to electric 
trains, as they also emit zero carbon, making 
them a viable option for operators as they race to 
meet net-zero goals.
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Challenges  

What railway operators need to 
consider on their way to the future
The adoption of new technology in the rail sector is crucial for enhancing operational efficiency and competitiveness. 
Nevertheless, the rail sector faces several challenges in pursuing technological advancements, including the adoption of new 
technology, data utilization, IT Security, and regional differences. The following sections propose strategic interventions to 
address these challenges. 
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One of the primary challenges is effectively 
managing and utilizing the vast amounts of data 
generated by railway operations. The industry 
encompasses diverse components such as supply 
chain management, asset management, and 
rolling stock maintenance, all of which produce 
extensive data streams. Converting this raw data 
into actionable insights is essential but difficult. 
Companies must establish a baseline of their 
current operations to identify opportunities for 
improvement and to ensure that the data collected 
is relevant and useful. By understanding where they 
currently stand, companies can more effectively 
identify opportunities for enhancements and avoid 
getting bogged down by the volume of data.

Integrating advanced technologies like machine 
learning and predictive analytics into existing 
railway systems poses another significant challenge. 
The complexity of railway operations, which involve 
multiple subsystems and components, makes 
seamless integration difficult. Furthermore, the 
implementation of such technologies requires 
significant investment in sensor technology and 
analytics capabilities.

Despite these challenges, there are successful 
implementations. Siemens’ Mobility Data Services 
Centers in Munich-Allach, Moscow, and Atlanta are 
prime examples of how combining engineering 
expertise with data analytics can optimize train 
operations. These centers use real-time data 
to perform condition-based and predictive 
maintenance, significantly reducing manual 
diagnostics and unplanned maintenance.

The global railway sector is on the cusp of a significant transformation driven by AI and digital technologies. 
However, this shift is fraught with challenges that range from data management to integration 
complexities. Understanding these obstacles and the ways they are being overcome is crucial for railway 
operators and manufacturers aiming to modernize and improve their operations.

3.1 Challenges and Solutions in Adopting AI and Digital 
Technologies in Railways
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Financial constraints and organizational inertia also 
impede the adoption of digital technologies. Many 
railway companies are unsure about the budget 
allocation for data collection and analysis. A recent 
survey found that nearly 25% of companies spent less 
than 5% of their budget on data aimed at improving 
operations. Moreover, achieving buy-in from all 

stakeholders and ensuring that new technologies are 
embedded into long-term operational processes are 
crucial for success but often challenging.

To overcome these barriers, some railway operators 
are forming strategic partnerships and outsourcing 
maintenance to leverage external expertise. For 
instance, SNCF and Alstom’s partnership aims to 
design the next generation of TGV trains, integrating 
advanced maintenance models. Similarly, Siemens 
has secured long-term contracts to maintain fleets 
for operators like National Express and Abellio, 
ensuring high train availability through state-of-the-art 
predictive maintenance.

Transitioning from traditional time-based 
maintenance to predictive maintenance is another 
hurdle. While condition based maintenance shows 
clear benefits, fully implementing predictive 
maintenance is still in its infancy due to the need 
for advanced data analytics and extensive sensor 
networks. Predictive maintenance requires monitoring 
numerous parameters and external factors, making it a 
resource-intensive endeavor.

Despite this, companies like DB Cargo are making 
strides. By collaborating with GE to implement digital 
solutions, DB Cargo reduced train failures by 25% 
during a trial period. This collaboration highlights 
the potential for predictive maintenance to enhance 
reliability and efficiency in railway operations.

The adoption of AI and digital technologies in the 
railway sector is laden with challenges, from data 
management to financial and organizational barriers. 
However, successful examples from leading companies 
demonstrate that with strategic planning, baseline 
establishment, and collaborative partnerships, these 
obstacles can be effectively navigated. As the sector 
continues to evolve, leveraging digital technologies 
will be essential for enhancing efficiency, safety, and 
overall operational excellence.
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While the abundance of data generated by sensors in modern technical infrastructure systems offers great potential for 
informed decision-making, there are several challenges that need to be considered: 

Data Overload: The sheer volume of data can be overwhelming, making it difficult to identify relevant 
information without appropriate filtering and aggregation techniques.

Analytical Techniques: Different sensors may produce data in various formats and units, requiring 
normalization and standardization. Identifying and creating relevant information from raw data is crucial 
for effective analysis, which requires special expertise analytical techniques, such as machine learning, 
statistical analysis, and predictive modeling. Processing large datasets also demands significant resources 
and infrastructure capable of handling big data analytics.

Data Quality Issues and Contextual Understanding: Raw data often contains noise, errors, and 
inaccuracies that can lead to incorrect conclusions if not properly cleaned and validated. Raw data often 
lacks the contextual information needed to interpret it correctly. For example, temperature readings need 
to be associated with specific locations and times to be meaningful. A targeted analysis of the raw data is 
required (referring to “analytic techniques”). 

Data Sensitivity: Ensuring the security and privacy of data, especially in critical infrastructure, is 
significant and adds complexity to data handling and processing.

Data Integration: Integrating data from diverse sources in the processes can be challenging due to 
differences in data structures and protocols. The data must be integrated into the processes and used in 
a profitable way. Decision-makers need the data presented in an interpretable format, often requiring 
visualization tools and dashboards.

The increasing digitalization caused by globalization causes a paradigm shift in rail infrastructure 
maintenance. Data is a key driver in many areas of railway infrastructure—from operations management 
and monitoring, train and infrastructure maintenance to customer service. For example, real-time data 
on the position and speed of trains is essential for monitoring and controlling rail traffic and can be used 
to inform passengers about delays, train cancellations and alternative travel options. Sensor data and 
historical data on the use and condition of tracks and other infrastructure elements enable preventive 
maintenance. Collecting real-time data and using sensors generates masses of data. But without proper 
processing, this data cannot be used directly to make robust decisions. 

3.2 Transforming Data Into Actionable Information
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Again, rooted in digitalization, an additional challenge revolves around IT and Data Security. As data 
centralization, networking, and automation continue, the rail sector faces evolving cyber threats, risking 
operational disruptions, financial losses, and reputational damage. Forecasts predict global cybercrime 
costs could rise to $10.5 trillion annually by 2025, significantly impacting critical infrastructures like 
railways. A successful cyberattack in this industry could average $1.5 million per incident, covering 
mitigation, revenue losses, operational disruptions, and broader economic impacts.

3.3 IT and Data Security - Rising Threat Landscape and 
Regulatory Requirements 

Cyberattacks on the railway industry are increasing, with ransomware accounting for 45% of incidents. Other significant 
threats include data leaks, DoS/DDoS attacks, and phishing, which together make up 50% of attacks. The digitization of 
confidential information further heightens the risk of data theft and extortion.

To combat these challenges, implementing an Information Security Management System (ISMS) is essential. Consider the 
following factors:

First, investment in security measures are paramount, as geopolitical tensions have turned cyberattacks into tools of 
hybrid warfare, making state-sponsored attacks on critical infrastructure more common. Robust information security is 
crucial, supported by international standards like ISO/IEC 27001. In the EU, the NIS (Network and Information Systems) 
Directive mandates security measures and incident reporting for essential services. The USA’s TSA (Transportation Security 
Administration) provides specific guidelines for the railway sector, and countries like Japan and Australia enforce strict 
cybersecurity regulations.

In summary, while sensor data is a valuable 
resource, it requires careful pre-processing, 
integration, and analysis to transform it into 
actionable insights for decision-making. 
Therefore, generating actionable information 
through gathered and analyzing data has 
become essential for rail operators, as it is 
crucial for improving decision-making and 
addressing current and future challenges. 
Simply installing sensors on trains and the 
track throughout the network is not enough. 
It is imperative to extract meaningful insights 
by thoroughly analyzing, interpreting, 
correlating and applying the data in decision-
making processes to support robust decision-
making. This involves addressing data 
quality issues, contextualizing information, 
leveraging advanced analytical techniques, 
and ensuring the infrastructure can handle 
the data’s scale and complexity.
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Second, strategic importance transforms IT Security into an asset itself, as the rising number of attacks and their costs 
highlight cybersecurity’s critical role. Cyberattacks pose strategic threats, not just technical problems. Ensuring system 
integrity and maintaining long-term trust in the railway industry requires continuous optimization of an Information Security 
Management System (ISMS), benefiting the entire value chain of critical infrastructures.

Third, information security must be integral to corporate strategy, especially with increasing data centralization. An ISMS 
based on standards like ISO/IEC 27001 ensures confidentiality, integrity, and availability of information. It includes people, 
processes, and IT systems, maintaining security through comprehensive risk management.

And lastly, a key ISMS component is identifying and protecting assets. An effective ISMS considers primary assets like business 
processes an included information as well as secondary assets such as infrastructure, hardware, software, physical assets, 
services and skilled personnel to develop a comprehensive security strategy.

By implementing and maintaining an ISMS, the rail sector can address cyberthreats, ensuring operational resilience and 
security.

The railway industry is often closely linked to national politics, affecting key aspects of public infrastructure and requiring 
large government investments. Usually, local companies are favored to promote the local economy and create jobs. 
Furthermore, railways must also withstand the specific geographical and climatic conditions of their region, with different 
requirements for cold regions versus tropical areas. Thus, historical developments have led to differences in track gauges, 
signaling techniques, and operating procedures.

Despite the regional character, bridging the gap between regional characteristics and global trends is critical. The exchange 
of technical knowledge and innovations between countries and regions can lead to significant improvements in efficiency, 
safety, and performance. International standards help reduce costs by allowing production in larger quantities and using 
mass-produced goods. Furthermore, cooperation with international partners enables access to advanced technologies and 
business practices applied successfully in different regions.

By addressing the regional gap and promoting global cooperation, the railway industry can benefit from shared expertise and 
innovations, leading to enhanced efficiency and performance across the board.

The fourth challenge lies in tensions resulting from historically developed technical differences and 
globalization. The railway industry has more regional characteristics than many other industries. Each 
country or region has specific technical standards and safety regulations for rail transport, set by the 
respective national or regional authorities. These differences mean that railway systems are developed and 
built specifically for the requirements of a particular region.

3.4 Bridging the Regional Gap
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Conclusion   

The future is bright, but full of 
challenges
This white paper underscores the pivotal role that advanced technologies and strategic frameworks play in transforming 
the railway industry. The integration of AI not only enhances customer experiences and operational efficiencies but also 
contributes to the sustainability of rail transport. The shift towards predictive maintenance, autonomous train systems, and 
AI-driven customer engagement strategies exemplifies a forward-thinking approach to modern rail operations. 
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Moreover, establishing robust Information Security Management Systems 
(ISMS) is imperative to protect these technological advancements from 
cyber threats, ensuring the integrity and reliability of railway operations. 
From our experience, several factors will contribute to a successful future 
for the railway industry in the digital age.

Addressing the challenges outlined in this white paper involves:

Overcoming Organizational Inertia 
Fostering a culture that embraces cross-functional 
collaboration and end-user engagement to align 
technology adoption with real-world needs.

Enhancing Data Utilization 
Implementing comprehensive data management 
and condition-based monitoring strategies to turn 
raw data into actionable insights, thereby improving 
maintenance and operational decisions.

IT and Data Security
Investing in robust cybersecurity measures and 
adhering to international standards like ISO/IEC 
27001 to protect against increasing cyber threats.

Bridging the Regional Gap 
Promoting international collaboration and 
standardization to leverage global innovations while 
accommodating local requirements.

Moving forward, railway industry stakeholders must embrace a 
holistic approach that integrates technological implementation 
with considerations for environmental impact and user experience. 
Sustainable practices, coupled with AI, can create a complementary 
ecosystem that promotes efficiency and sustainability, setting new 
standards for the transportation sector.
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Who We Are

ABOUT NEXTCONTINENT

We are a major international network of consulting 
firms that we like to call Citizens. 

Nextcontinent is a multi-local consulting network 

that helps our clients to efficiently implement their 

transformation processes while paying special attention 

to multidimensional issues.

Our business-focused consultants are active leaders on 

their local market, culturally aware of both local and 

global issues by working constantly across borders, 

with access to various innovation centers and global 

expertise.

Nextcontinent, with its deep industry expertise, stands 

ready to guide and support the railway industry 

through this transformative journey. By leveraging 

our knowledge and strategic insights, we can help 

stakeholders navigate the complexities of digital 

transformation, optimize operations, and achieve 

long-term sustainability goals. Together, we can realize 

the vision of a technologically advanced, secure, and 

environmentally friendly railway system.

12 citizens:
diverse, independent 
consulting firms 

30 countries:
in Europe, Americas, Asia, 
Oceania and Africa

3,000 consultants:

in the global Nextcontinent network

71 offices:
in most major cities in the world
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The Challenge – An Overview
Indian Railways is one of the most vast and complex national railway ecosystems globally. In terms of size alone, it is the 
fourth-largest railway system in the world, surpassed only by the United States, Russia, and China. Per 2022 data, the railway 
system spans approximately 125,000 kilometers in track length, operates over 7,000 stations nationwide, and carries about 
1.4 billion tons of freight and 8 billion passengers annually.

As one of India’s primary modes of travel, citizens rely heavily on the railway system, underscoring the importance of efficient 
and safe operation to meet travel demands. Despite building such a comprehensive railway system, Indian Railways is still 
hampered by operating challenges, specifically, high usage and overcrowding. Such complications are expected, given that 
India is the most populated country globally (1.4 billion people) and the seventh largest in terms of landmass (3.2 million 
square kilometers).

To further improve its operations and service to passengers, Indian Railways has leveraged AI and the Internet of Things (IoT) 
in day-to-day operations, which aligns with its overarching mission to innovate and modernize the industry at large.

The Solutions Used – AI and IoT
Online Monitoring of Rolling Stock (OMRS)
Initially launched in March 2018, the OMRS is a wayside, 
automated system that detects potential issues with rolling 
stock, such as faulty wheels and bearings. The system 
generates real-time reports and communicates them to staff 
for immediate action, increasing maintenance efficiency 
and ensuring safe operation. 

The OMRS system operates using several subsystems, 
specifically the Rail Bearing Acoustic Monitor (RailBAM) 
and Wheel Condition Monitor (WCM) systems. The RailBAM 
detects potential faults in wheel bearings by analyzing 
acoustic signatures, while the WCM identifies wheel defects 
by measuring impact forces exerted on the train.

Case Studies

Indian Railways’ AI & IoT Initiatives
1
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Real-Time Train Information System (RTIS) project
In collaboration with other government agencies, Indian 
Railways has steadily deployed IoT initiatives under the long-
term RTIS project, which was initially launched in early 2020. 
This project aimed to improve operational transparency 
and provide passengers and operators alike with precise, 
real-time information on trains and their movement. Prior 
to utilizing RTIS, Indian Railways relied on manual processes 
to capture train movement data, wherein station masters 
relayed estimated arrival and departure times by phone to 
dispatchers. The overall process was inefficient, reflecting 
a need to improve operations and the quality of passenger 
information. 

With the RTIS system (in combination with artificial 
intelligence, mounted GPS sensors, and satellite tracking), 
operators and passengers now have access to real-time, 
mid-section updates on train movements every 30 seconds, 
including estimated arrival and departure, speed, and 
location. After the system collects, analyzes, and relays the 
data to the control office application (COA), the information 
is then readily available through various channels, such as 
websites, station panels, and even smartphones. As of 2022, 
the RTIS has been installed in over 2,600 locomotives.

“Gajraj” Intrusion detection system
Originally tested in 2022, then officially launched in 
November 2023, Indian Railways successfully deployed an 
AI-based intrusion detection system (IDS) called “Gajraj” 
to prevent collisions between trains and elephants in the 
northeastern states of India, where forest areas are heavily 
populated with elephant corridors. This project aimed to 
curtail the number of train-elephant collisions, which had 
become a growing issue. The number of elephant corridors 
increased to a staggering 80 in 2022, growing from only 
11 in 2012. Additionally, from 2022 to 2023, it is reported 
that approximately 30 elephants died due to train-related 
incidents.

Utilizing a combination of AI and optical fiber cable (OFC) 
technology, the system identifies the presence of elephants 
on tracks by capturing any vibrations within five meters 
through the OFC, which acts as a sensor. The movement 

detected is then categorized into elephants, other animals, 
or humans. If elephants are present, the system generates 
a real-time alert that is then passed on to operating staff 
so that immediate action can be taken to avoid a potential 
collision. These alerts significantly enhance accident 
prevention as the system can notify operators of potential 
collisions anywhere from 30 to 40 minutes in advance.
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Ideal Train Profile | Seat capacity optimization
In development and testing since 2021, Indian Railways 
introduced the AI-driven “Ideal Train Profile,” or ITP, in 
early 2023. This profile aims to maximize the capacity of 
reserved mail express trains and ultimately tackle the 
historically difficult challenge of long queues and waiting 
lists for train tickets. During its initial trial covering 200 
trains across several railways, the AI initiative was able 
to increase train occupancy by up to 5%, indicating its 
promising potential in day-to-day operations.

Prior to utilizing this system, passengers who were unable 
to buy a confirmed ticket were usually waitlisted due to 
berths being reserved for accommodation quotas and 
predicted origin-destination combinations, but data 
reflected that not all vacancies were filled. Additionally, 
ticket class combinations on a single journey can 
potentially exceed 5,000 different matches, giving insight 
into how complex it can be to efficiently navigate seat 
optimization across Indian Railways’ operations.

The AI-enabled ITP system first analyzes historical data, 
such as previous passenger bookings, origin-destination 
patterns, and train route demand, to understand and gain 
insight into complex demand patterns. This data allows the 
AI to accurately forecast passenger demand and determine 
the optimal seat distribution strategy per train. Using real-
time data analysis, the system is also able to automatically 
adjust accommodation quotas, which is especially useful 
during peak seasons.

The Impact – What’s Next?
Overall, Indian Railways’ AI and IoT advancements present 
viable applications that bolster performance management 
and service optimization across railway operations. They 
are also indicative of how the future of the railway industry 
will look, where digital transformation will be key to 
achieving progress and developing railway systems.

Moreover, Indian Railways’ digital transformation 
journey provides key insight into how railway players 
should strategize and adapt operations. In the coming 
years, railway evolution will likely follow a roadmap like 
Indian Railways’, prioritizing enhanced efficiency, long-
term sustainability, and smarter use of resources. From 
maintenance and monitoring to passenger safety and 
accommodation, these solutions and their benefits reflect 
the transformative potential of innovative technologies like 
AI and IoT in the railway industry. 
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Generating Actionable Information Using WTMS 
2

Wayside Train Monitoring Systems (WTMS) are track-bound diagnostic systems that utilize a range of sensors and 
measurement devices to monitor the condition of passing vehicles in real time (e.g. the condition of pantographs, which are 
devices that collect electrical power from the overhead line, or the degree of contamination). 

For a better understanding of how usable information is obtained, one can look at an example in the field of WTMS. One 
important use case of WTMS relates to the reliable identification of graffiti and staining on railway vehicles as they can 
obscure important information and warning signs. The usual manual detection and tracking of graffiti and staining on trains is 
time-consuming and cost intensive. With the help of video-based and track-based diagnostic systems, cleaning requirements 
can be recognized at an early stage. By promptly detecting cleaning requirements, time can be saved, efficiency improved, 
and fast removal facilitated.

Collection of condition data

Radar

......

Video

Laser

Data transfer Processing Interpretation

Technology Data storage Processing & analysis Interpretation
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Technology
The initial stage involves the development of 
hardware, like camera or sensor technology, that are 
installed in the infrastructure. This hardware enables 
the capture of image or video recordings for manual 
or automatic analysis of graffiti im-ages on vehicles. 
Cameras placed alongside the tracks capture images 
of passing rail vehicles at speeds of up to 200 km/h 
from both sides, regardless of the time of day or 
weather conditions. The captured images are then 
stored for further analysis.

Data Storage
In the following step, the monitoring data is stored, 
sorted and evaluated alongside other relevant data. 
For in-stance, timestamps and location data are 
crucial for accurately identifying stained trains and 
gaining a better understanding of the circumstances 
and patterns of graffiti incidents. This thorough 
evaluation enables the development of effective 
countermeasures.

Processing & Analysis
When paired with intelligent software, one can 
automatically detect and measure graffiti and other 
contaminations, thereby facilitating the assessment 
of the damage extent. This way relevant data can be 
provided, including the size and height of the graffiti 
and ultimately the area that needs cleaning.

Interpretation
From the previously analyzed data, actionable 
information on the required maintenance and 
servicing activities is generated. This facilitates an 
accurate estimate of the cleaning and maintenance 
requirements, including the necessary materials, time 
and human resources.

As this example shows, simply taking pictures can 
be helpful. However, real added value can only be 
achieved by using the data and deriving actionable 
information from it. Generating actionable information 
through the integration of WTMS technology not only 
enhances efficiency and precision in ad-dressing 
graffiti incidents, but also exemplifies its broader 
impact in revolutionizing maintenance practices 
across railway systems. 
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ISMS as a Core Component of the Corporate Strategy

3
The Challenge — An Overview
The increasing threat landscape and foreseeable tightening 
of regulatory requirements necessitate that companies, 
especially those in the critical infrastructure value chain, 
implement and continuously optimize an Information 
Security Management System (ISMS). This challenge is 
particularly pertinent for a leading European railway 
infrastructure company, which relies heavily on efficient 
and safe operation to meet travel demands. Despite 
its comprehensive railway system, the company faces 
challenges such as operational inefficiencies and regulatory 
compliance.

Information security must be integrated as a core 
component of corporate strategy, especially in the 
context of increasing data centralization. An ISMS is 
crucial to structurally ensure the confidentiality, integrity, 
and availability of information, encompassing people, 
processes, and IT systems. The need for a robust ISMS is 
underscored by the necessity to protect primary assets 
(information, software, physical assets, services, and 
people) and secondary assets (infrastructure, hardware, 
software, and other resources).

The Solution — Implementation of an ISMS
To address these challenges, the task was to implement 
an ISMS to bring the European railway infrastructure 
company up to the latest technological standards and 
ensure compliance with increasingly stringent regulations. 
The approach involved several key components based on 
general standards like ISO/IEC 27001:

1. Structural Analysis: Identification of all assets, 
determining both primary and secondary assets that 
need protection. Primary assets include key values 

such as information, software, physical assets, services, 
and people with their skills. Secondary assets support 
the primary assets and encompass infrastructure, 
hardware, software, and other resources necessary to 
protect the primary assets and ensure their function.

 
2. Protection Needs Assessment: Analyzing the 

identified assets based on confidentiality, integrity, and 
availability to understand their protection needs.

 
3. Control Self-Assessment: Conducting regular reviews 

to ensure the implementation and effectiveness of 
necessary technical and organizational measures. 
Requirements and audit rights were established 
in contracts and regularly reviewed, especially for 
outsourced services.

 
4. Risk Analysis: Assessing the risks arising from 

deviations in the control self-assessment in terms of 
their probability of occurrence and potential impacts 
and prioritizing these risks.

 
5. Risk Handling/Measures Derivation: Measures for 

risk mitigation, risk transfer, risk avoidance, or risk 
acceptance were developed and implemented based on 
the risk analysis.

 
6. Measures Implementation: Ensuring the 

implementation of developed risk treatment measures 
and monitoring their effectiveness.

7. Effectiveness Review & Continuous Improvement 
Process (CIP): Conducting regular internal audits to 
review the ISMS’s effectiveness and compliance with 
established standards, using the results for continuous 
improvement of the ISMS.
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By adopting this structured approach, the company is now 
in the rollout phase for the secondary assets, which are 
successfully undergoing the defined requirements. This 
methodical process ensures that the ISMS is comprehensive and 
effective in managing information security risks.

The Impact — What’s Next?
The implementation of the ISMS has had a significant impact on 
the company. First, it has enabled the systematic assessment 
of risks, enhancing transparency and awareness within the 
business units about the importance of information security. 
This awareness is crucial for ensuring that the ISMS is not only 
implemented but also maintained and improved continuously.

The project has also empowered responsible individuals 
to sustainably manage and implement ISMS processes 
independently. This empowerment is essential for the long-
term success of the ISMS, as it ensures that information security 
remains a priority even after the initial implementation phase.

Moreover, the robust ISMS ensures the confidentiality, integrity, 
and availability of data, significantly reducing the risk of 
successful attacks and their associated costs. This not only 
protects the company’s assets but also enhances its reputation 
and reliability.

In the medium term, the ISMS has professionalized IT processes, 
making the IT organization more efficient and effective. This 
efficiency translates into cost savings and improved service 
delivery, further enhancing the company’s competitive edge.

Finally, a demonstrable ISMS provides a competitive 
advantage, increasing relevant revenues and potentially raising 
company value during sales due diligence. It demonstrates 
to stakeholders and customers that the company takes 
information security seriously, which can be a decisive factor in 
securing business and investment opportunities.

Overall, the implementation of the ISMS has positioned the 
company to better handle current and future information 
security challenges, ensuring compliance with regulations and 
protecting its critical infrastructure.
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Japanese Railways’ Digital Transformation 

4

East Japan Railway (JR East) and Kyushu Railway Company (JR Kyushu) 
are leveraging digital technologies to enhance the maintenance of their 
railway systems, focusing on increasing efficiency, improving reliability, 
and enhancing workforce safety.

JR East has implemented condition based maintenance (CBM) for 
electric point machines in the Tokyo metropolitan area. This system 
reduces the frequency of trackside inspections from every four months 
to annually by utilizing real-time data monitoring and analysis. 
The CBM system, set to extend to 560 machines by 2025, enhances 
operational efficiency and reduces safety risks associated with 
frequent inspections.

In addition, JR East has installed infrared sensors to detect 
infrastructure faults automatically. This innovative system, a world-
first in the rail industry, replaces manual inspections and alerts drivers 
to faults that require stopping the train through a special signal alert 
(SSA) system. Deployed at around 6,800 locations on 31 lines, SSA 
is expected to be operational by the end of the year, significantly 
improving fault detection and response times.

JR Kyushu has introduced an AI-based automated track inspection 
system supplied by AMD. This system, covering JR Kyushu’s 1,455-
mile network, employs a high-speed camera with AI-enhanced data 
processing capabilities to replace traditional manual track inspections. 
This AI-based system not only improves the accuracy and efficiency of 
inspections but also enhances the overall safety and reliability of the 
rail network. 

Through these innovative measures, Japanese railways demonstrate 
the transformative potential of digital technologies in rail 
maintenance. The implementation of CBM, infrared sensors, and AI-
based inspection systems set new standards in efficiency, reliability, 
and safety, providing a model for other railway operators seeking to 
modernize their maintenance practices and enhance overall network 
performance.
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HS2, the UK’s high-speed rail network, is at the forefront of a 
rail revolution, harnessing the power of cutting-edge digital 
technologies and artificial intelligence (AI) to transform 
railway operations and elevate the customer experience 
to new heights. Central to this groundbreaking shift is the 
deployment of a digital twin—a dynamic, real-time digital 
replica of the physical railway system that promises to 
change the way railways operate. 

The digital twin will be a game-changer, integrating real-
time data from a multitude of sources to create a live, 

comprehensive representation of HS2’s assets, processes, 
and operations. This virtual model will empower HS2 to 
monitor, analyze, and optimize every aspect of railway 
performance with unprecedented precision. Here’s a 
glimpse into how this technology is set to revolutionize the 
rail industry: 

Predictive Maintenance:  HS2 is ushering in a new era of 
reliability with predictive maintenance, aimed at slashing 
unexpected breakdowns and maintenance-related delays. 
By embedding sensors in tracks and rolling stock, the digital 

Leveraging Digital Technologies and AI for HS2
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twin gathers crucial data on wear and tear, temperature 
shifts, and vibration levels. Advanced algorithms then 
analyse this data to forecast potential failures, enabling 
proactive maintenance that could cut maintenance delays 
by up to 30%. This approach not only minimizes downtime 
but also extends the lifespan of railway assets, reducing 
costs and enhancing service reliability. 

Emergency Response Simulations: HS2’s digital twin will 
revolutionize emergency preparedness through risk-free 
virtual simulations. Imagine testing a derailment scenario 
— this technology will allow HS2 to simulate the immediate 
impact on passenger safety, evacuation procedures, and 
coordination with emergency services, all within a virtual 
environment. These simulations are expected to slash 
incident response times by up to 40%, ensuring that real-
world emergencies are managed swiftly and effectively, 
significantly boosting safety for both passengers and staff. 

Real-Time Customer Information: Passengers will 
experience a new level of convenience with HS2’s real-
time customer information system. The digital twin will 
aggregate data from multiple sources, including train 
positions, track conditions, and weather forecasts, to 
provide up-to-the-minute updates. Through a mobile 
app, passengers will receive real-time information on 
train schedules, delays, and alternative routes, reducing 
frustration and enhancing travel experiences. This 
innovation is set to significantly increase customer 
satisfaction, offering a smoother, more personalized 
journey. 

Resource Allocation and Cost Efficiency: HS2’s digital 
twin will redefine resource management by predicting and 
scheduling maintenance with unparalleled efficiency. By 
analyzing data on track wear and signal performance, the 
system will pinpoint the optimal times for maintenance, 
avoiding the pitfalls of fixed-schedule maintenance. This 
precision scheduling is expected to lower maintenance 
costs, extend asset lifespans, and prevent costly emergency 
repairs, making HS2 a model of cost-effective operation. 

Enhanced Safety Protocols: Safety will reach new heights 
with HS2’s digital twin, which will continuously monitor 
and simulate railway operations to enhance safety 
protocols. Real-time insights will help identify and mitigate 
risks before they escalate, potentially reducing safety 
incidents dramatically compared to traditional methods. 
By modelling the effectiveness of various safety measures, 
HS2 can implement the most effective strategies to protect 
passengers and staff, setting a new benchmark for railway 
safety. 

Predictive Maintenance for Rolling Stock: HS2’s rolling 
stock will benefit from the predictive prowess of the 
digital twin, which will analyze real-time data from sensors 
on engines, brakes, and wheels. This data will feed into 
predictive algorithms that model component degradation, 
allowing HS2 to schedule maintenance before failures 
occur. This proactive approach will minimize unexpected 
breakdowns, reduce emergency repair costs, and extend the 
life of vital components, ensuring safer and more reliable 
operations.  

Real-Time Incident Management: With the digital twin, 
HS2 will have a real-time operational overview of the entire 
railway network, integrating data from CCTV, track sensors, 
and passenger information systems. In the event of an 
incident, such as a train delay or track obstruction, the 
system will instantly alert relevant personnel and provide 
a detailed analysis of the situation. This capability will 
enable quicker, more informed decision-making, reducing 
the impact of incidents on the overall schedule and keeping 
passengers informed to reduce frustration. 

Energy Consumption Optimization: HS2 will lead in 
sustainability with its digital twin monitoring and optimizing 
energy consumption across the network. By analyzing data 
on energy use, train schedules, and passenger volumes, 
HS2 can identify inefficiencies and reduce overall energy 
consumption. This not only results in significant cost 
savings but also reduces the carbon footprint of the railway, 
contributing to environmental sustainability and ensuring 
compliance with regulations. 
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Passenger Flow Management: HS2 will also revolutionize 
passenger flow management, using the digital twin to 
gain deep insights into crowd patterns at stations and on 
trains. By analyzing data from ticketing systems, sensors, 
and CCTV, HS2 can optimize train schedules, manage 
station facilities, and enhance passenger comfort. This will 
help reduce overcrowding, improve safety, and increase 
customer satisfaction, ultimately leading to higher ridership 
and revenue. 

Integration with External Transport Systems: Finally, 
HS2’s digital twin will pave the way for seamless integration 
with external transport systems, from local buses to trams 
and other train services. By sharing real-time data with 
these systems, HS2 will offer passengers comprehensive 
journey planning tools, including first and last-mile 
connections. This improved connectivity will enhance the 
overall travel experience, attract more passengers, and 
boost ridership and revenue.

Conclusion 
HS2’s embrace of digital twin technology and AI is nothing 
short of a leap into the future. By transcending traditional 
methods, HS2 is poised to deliver unparalleled efficiency, 
cost savings, safety, and customer satisfaction. Predictive 
maintenance will dramatically reduce downtime, 
emergency response simulations will elevate safety 
standards, and real-time customer information will 
revolutionize the passenger experience. Through relentless 
innovation and the adoption of cutting-edge technologies, 
HS2 is setting a new standard for the future of rail transport, 
showcasing the immense potential of digital transformation 
in infrastructure management and customer service. 
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