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EXECUTIVE SUMMARY

Technology plays a pivotal role in enhancing various aspects of life by improving efficiency,
safety, reducing costs, and increasing competitiveness. Through automation and intelligent
resource management, businesses can streamline operations, innovate in products and
services, and offer more economical solutions. This dynamic leads to a more competitive
marketplace where companies must continuously adapt and evolve. However, it is essential
to consider the negative impacts of technology, including excessive dependence, the digital
divide, environmental concerns, and the challenges faced by workers in adapting to
technological changes. The way companies manage these possible negative impacts is
essential.

Technology radars, such as those provided by Gartner (www.gartner.com) (see below
example of Gartner hype cycle 2024), offer valuable insights into emerging technologies that
are poised to impact industries, including the railway sector. These radars help businesses
anticipate major trends and invest strategically in relevant technologies to stay ahead and also
to enable decision-makers to anticipate the changes needed to prepare and support staff to
be ready to use the technologies.

In the railway sector, technological adoption is accelerating, driven by European Union
programs such as Europe's Rail Joint Undertaking (ERJU). ERJU focuses on advancing key
areas of railway innovation, and several projects are currently under development. These
technologies include digitalization, which will enhance data management and operational
efficiency, and loT/connectivity (5G), which will enable real-time communication and
monitoring. Artificial intelligence (Al) and big data will drive predictive maintenance and
optimize operations. Automation, such as automatic train operation (ATO) and European Train
Control System (ETCS), along with innovations like the Digital Automatic Coupler (DAC), will
revolutionize train control and logistics. Additional advancements include artificial vision,
drones, natural language processing (NLP), robotics, and the use of digital twins, and
augmented reality to improve simulation and maintenance processes as shown in Figure 1.
Social IT tools will also play a role in enhancing communication and collaboration across the
industry. These technologies collectively represent the next phase of innovation for the railway
sector, that will transform railway operations and require company's organization to anticipate
changes in skills and new roles in order to prepare workers adaptation, reskilling and training1.
Strategic planning and early investment in these areas will be key to remaining competitive
and fully leveraging future innovations.

Figure 1: Some technologies are available.



1. INTRODUCTION

The development of technology has been a key factor in human progress, driving
advancements in several fields, among them, in transportation. It has improved efficiency,
connectivity, and accessibility, especially in a globalized world. However, despite the
economic and social benefits, technology also brings challenges like job automation,
workforce reduction, and managing rapid changes in affected industries.

1.1. REDUCTION OF HUMAN ERROR WITH TECHNOLOGICAL
INTEGRATION

Technology reduces human error in many processes, enhancing safety by minimizing errors
caused by distractions, fatigue, or lack of precision. Automation and Al-driven technologies
provide greater consistency and accuracy, particularly in industries like manufacturing,
transportation, and healthcare, where reducing accidents and workplace risks is critical.

For instance, advanced navigation technologies in transportation help reduce accidents by
providing real-time information. In construction, computer-aided design (CAD) programs
enable more precise and safer planning. In the education sector, digital
platforms facilitate personalized learning, reducing the risk of pedagogical errors while offering
up-to-date information. Similarly, the use of robots in surgery minimizes human error, leading
to improved outcomes in medical procedures.

1.2. COMPETITIVENESS BY USING TECHNOLOGY

The use of technology has significantly increased competitiveness across virtually every
sector. Companies that adopt new technologies can optimize processes, reduce costs, and
improve the quality of their products and services, giving them a competitive advantage.
Technology also drives innovation, enabling more creative and efficient solutions. In today’s
globalized environment, access to technology is crucial for staying relevant, as it opens
opportunities for expansion into international markets.

Technology is also transforming professions, reshaping how work is done. Fields that were
previously undigitized now benefit from specialized software that enhances productivity. This
transformation is essential for maintaining competitiveness in an ever-changing world, making
adaptation to technology not just an option but a necessity for professional success. The
reduction in human error, combined with the boost in competitiveness, underscores the
importance of technology adoption in industries today, as illustrated in figure 2 below.
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Figure 2: Technology impacts

1.3. THE IMPACT OF TECHNOLOGY ON WORKERS:
A BALANCED PERSPECTIVE

While technological advancements bring undeniable benefits such as efficiency, innovation,
and flexibility, it is equally important to consider the potential negative implications for workers.
These include reduced social interaction due to remote work or automation, increased stress
from constant adaptation to new tools, and the risk of human instrumentalism—where
individuals are valued primarily for their utility rather than their creativity or well-being.

Technology should not only aim to optimize processes but also safeguard human dignity,
mental health, and meaningful social connections. A balanced approach ensures that
progress does not come at the expense of human experience in the workplace.

FUTURE
JoB
PROFILES

EXISTING
JOB

PROFILES

Figure 3: Impact of technologies on jobs



2. TECHNOLOGICAL TRENDS

To stay ahead in a rapidly evolving technological landscape, businesses rely on various
technology radars to track emerging trends and innovations. These radars, such as those from
Forrester, McKinsey, and Gartner, provide valuable insights into the maturity and potential
impact of new technologies across different industries. By analyzing these trends, companies
can make informed decisions about investments and strategic planning. One of the most
widely used and respected radars is Gartner's Hype Cycle, which offers a detailed framework
to assess the development and adoption of technologies over time.

2.1. GARTNER HYPE CYCLE

The Gartner Hype Cycle is a model created by Gartner to track the evolution, maturity, and
adoption of emerging technologies. It serves as a valuable tool for businesses, investors, and
decision-makers to assess the risks and benefits of investing in new technologies by
illustrating their development stages and potential.

The cycle begins with the Innovation Trigger, where a new technology or breakthrough sparks
interest, but commercial viability is still unproven, and challenges remain. For example, in Al
in Healthcare Diagnosis, early applications show promise, but issues like regulatory approval
and data security must be addressed. This is followed by the Peak of Inflated Expectations,
when technology generates significant hype, often leading to unrealistic expectations and
mixed results. A clear example of this is Generative Al, where tools like ChatGPT and DALL-
E create excitement, with many believing they will quickly revolutionize industries, even though
there are limitations and failures that become apparent.

After the peak, the cycle moves into the Trough of Disillusionment, as enthusiasm fades when
technology fails to meet overblown expectations. Early adopters face challenges, and interest
wanes. For instance, Autonomous Vehicles experience a slowdown in progress as the
difficulties of full automation and safety regulations become more evident, leading to unmet
expectations and a dip in interest. The next phase is the Slope of Enlightenment, where
technology matures, and early adopters learn from their failures. More practical and realistic
use cases emerge. Al in Natural Language Processing, such as chatbots and language
translation tools, is a good example here, as it has moved past the early hype to be integrated
into business applications with clear benefits.

Finally, the cycle reaches the Plateau of Productivity, where technology becomes mainstream,
commercially viable, and widely adopted. Its benefits are fully realized, and it becomes a stable
part of the market. Al-Powered Analytics is an example of this stage, as Al tools in business
intelligence and predictive analytics have become widely accepted, with proven value and
established best practices in use.

The Gartner Hype Cycle helps companies understand when and how to invest in emerging
technologies by tracking their journey from innovation to mainstream adoption, providing
insights into the risks, rewards, and timing of technological investments.
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2.2. HUMAN CAPABILITIES DELIVERED OR IMPROVED BY
TECHNOLOGIES

Table 1 below highlights how various technologies emulate or enhance human abilities,
reflecting their impact on different domains such as Al, robotics, data analysis, etc.

Machine Learning Pattern recognition, data analysis, and predictive
capabilities.

Robotics Physical tasks such as manipulation, movement, and
assembly.

Natural Language Processing Language comprehension, text generation, and

(NLP) communication.

Computer Vision Visual perception, object recognition, and scene
analysis.

Speech Recognition Understanding and processing spoken language.

Virtual Reality (VR) Immersive experiences and environmental simulation.

Augmented Reality (AR) Overlaying digital information onto the real world.




Drones

Aerial navigation, surveillance, and remote inspection.

loT (Internet of Things)

Data collection and connectivity between devices.

Big Data Analytics

Complex data analysis and pattern detection.

Digital Twins

Real-time simulation and monitoring of physical objects
or systems.

Advanced Driver Assistance
Systems (ADAS)

Enhanced driving capabilities such as lane-keeping
and adaptive cruise control.

Telemedicine

Remote health monitoring and consultations

3D Printing

Custom fabrication and prototyping of objects.

Adaptive Learning
Technologies

Personalized education and feedback based on
individual learning patterns.

Social IT tools

Collaboration, social interaction, community
management

Predictive Maintenance

Forecasting equipment failures
and optimizing maintenance schedules.

Table 1: Human capabilities performed by technology



3.

IMPACT OF TECHNOLOGY IN SMS IN
VARIOUS SECTORS

Advanced technologies are transforming industries by enhancing efficiency, safety, and
innovation. From healthcare to transportation, innovations like Al, robotics, and augmented
reality are improving tasks, optimizing resources, and reducing human error. These
technologies also have potential applications in the railway sector, offering valuable insights
to enhance operations, safety, and training. The following sections highlight key technological
advancements and their impact on human tasks, along with potential railway adaptations.

3.1.

1.

3.2.

AVIONICS

Autonomous Flight Technology reduces pilots' workload by automating navigation
and control, enabling operations in low-visibility conditions. This technology could be
applied to the railway sector with automated train driving systems (ATO, GoA x),
reducing human intervention in train operations. Embraer Autonomous Aircraft

Al-Based Air Traffic Management Systems optimize air traffic control and route
planning, enhancing the efficiency of air traffic controllers and reducing mental
workload. In the railway sector, similar Al systems could optimize decision-making in
Traffic Control Centers, train routing, and maneuver management. Aireon Satellite-
Based Surveillance

Cargo Drones are revolutionizing logistics by automating package delivery, reducing
the need for personnel. In the railway industry, drones could be used for inspecting
trains in yards, monitoring infrastructure, conducting pre-departure freight inspections,
and enhancing security surveillance. Wing Delivery Drones.

Virtual Pilot Interfaces, using augmented and virtual reality, make it easier for pilots
to visualize and manage information, thereby reducing workload. Similarly, virtual
systems could assist train drivers in their cabs, improving efficiency and
control. Collins Aerospace Avionics

HEALTHCARE

. Artificial Intelligence for Diagnosis: Al tools like IBM Watson improve diagnostic

accuracy by analyzing medical data quickly. In railways, similar image detection
technology could aid in signage analysis and onboard security. IBM Watson Health

Robotic Surgery: Robotic systems, like the Da Vinci Xi, enhance surgical precision
and reduce recovery time. In railways, robots can assist in maintenance tasks and
maneuver operations in yards. Da Vinci Surgical System

Health Monitoring Wearables: Devices like the Apple Watch monitor vital signs in
real-time, which can be applied in the railway industry for monitoring train operators'
health during cognitive load analysis. Apple Watch Health

10


https://embraercommercialaviation.com/
https://www.aireon.com/
https://www.aireon.com/
https://wing.com/
https://www.collinsaerospace.com/what-we-do/capabilities/autonomous-operations
https://www.ibm.com/watson-health
https://www.intuitive.com/en-us/products-and-services/da-vinci/xi
https://www.apple.com/watch/

3.3.

3.4.

3.5.

3D Printing for Prosthetics and Organs: 3D printing enables personalized
prosthetics and organ models. The technology can also support railway maintenance
by 3D printing spare parts for older trains. Organovo 3D Bioprinting

Augmented Reality for Medical Training: AR simulates medical procedures for
training healthcare professionals. In the railway sector, AR can be used for virtual
training of operational staff like drivers and shunters. Osso VR

NUCLEAR

Digital Instrumentation and Control Systems: These systems improve efficiency
and safety in nuclear plants by providing real-time data. Railways can apply similar
systems for monitoring safety and human use of technical equipment. Westinghouse
Electric Company

Predictive Maintenance Using Al: Al systems predict equipment
failures, optimizing maintenance. This technology can be applied to railway
maintenance, both for rolling stock and infrastructure. Areva

Advanced Safety Monitoring Systems: These systems enhance safety by
automating monitoring and emergency responses. Railways can use them to improve
emergency management and reduce human error. GE Nuclear Energy Advance

Monitoring

High-Performance Computing for Nuclear Simulation:
Simulations optimize reactor  designs and  operations. This  technology
can assist railway = manufacturers in  verifying technical designs and
operations. Argonne National Laboratory

ROAD TRANSPORTATION

. Autonomous Vehicles: Vehicles like Waymo use sensors and software to drive

autonomously. In railways, this can lead to the development of autonomous
trains. Waymo

Advanced Driver Assistance Systems (ADAS): Tesla's Autopilot provides features
like adaptive cruise control. In railways, ADAS can help optimize train speed, reduce
energy consumption, and assist drivers with tasks like parking and switch
operations. Tesla Autopilot

Fast Charging Technology for Electric Vehicles: Stations like lonity allow for faster
EV charging, which can be adapted for non-electrified railway lines to reduce CO2
emissions. lonity Charging Network

EDUCATION

. Virtual Reality (VR) and Augmented Reality in Education: VR enhances learning

by creating immersive experiences. This can be applied in railway research, simulating
difficult or hazardous scenarios. zSpace
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https://www.organovo.com/
https://ossovr.com/
https://www.westinghousenuclear.com/
https://www.westinghousenuclear.com/
https://www.aveva.com/en/products/predictive-analytics/
https://slgms.com/impact/case-studies/sl-gms-monitors-critical-nuclear-plant-functions-in-general-electric-systems/
https://slgms.com/impact/case-studies/sl-gms-monitors-critical-nuclear-plant-functions-in-general-electric-systems/
https://www.anl.gov/article/argonne-prepares-for-exascale-supercomputer-simulations-of-nuclear-reactors
https://waymo.com/
https://www.tesla.com/autopilot
https://ionity.eu/
https://zspace.com/
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2. Atrtificial Intelligence (Al) Tutors: Al systems like MATHia provide personalized
tutoring. In railways, Al could help create tailored training for drivers and operational
staff. Carnegie Learning

3.6. POSSIBLE IMPACT IN RAILWAY SECTOR

Building on the previously explored potential of technology, legal frameworks, and cross-
sector applications, the document ‘Possible Impact in the Railway Sector’ outlines potential
future scenarios for various railway job profiles.

The focus is on safety and how technological innovations might influence both management
activities and the tasks of frontline employees. Using the PDCA (Plan-Do-Check-Act)
management system structure as a reference, the analysis is divided into two main areas:
First, the impact on frontline workers and, second in the operations/management staff is
examined by defining the entire SMS / PDCA cycle, identifying its phases, and assessing the
affected roles.

FUTURE SMS
DIGITALIZATION (e-SMS or DSMS)

EXISTING SMS

.
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AUTOMATIZATION

EXISTING
los
PROFILES

s
138 -
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WORKERS STAFF WORKERS
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Figure 5: How SMS will become e-SMS
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https://www.carnegielearning.com/

4. CONCLUSION

The integration of new technologies presents both significant opportunities and challenges, for
companies, particularly in the railway sector. The extent to which organizations can
successfully adopt and implement these innovations largely depends on their level of
technological maturity. More mature companies, having already embraced technology in their
core processes, are generally better equipped to integrate new tools and leverage them for
innovation and competitiveness. These companies can strategically optimize operations,
explore new business avenues, and remain agile in an increasingly tech-driven environment.

Conversely, organizations with lower technological maturity face greater hurdles. These
companies often encounter resistance to change, lack of necessary skills, and challenges in
technology adoption. In such cases, the key to overcoming these challenges lies in prioritizing
training, fostering gradual adaptation, and helping employees understand the value of new
technologies to enhance their work. For these organizations, creating a roadmap for
technology integration that considers their specific organizational framework is critical.

The readiness of a company to implement new technologies requires a clear understanding
of the limits they face, whether related to data quality, cybersecurity, infrastructure, or people's
adaptation to the new environment. Companies must also focus on addressing challenges in
data sharing, maintaining workforce skills, ensuring job transitions, and ensuring acceptance
of new technologies by both workers and management. Ethical concerns,
particularly regarding data  privacy, Al usage, and monitoring behaviors, must
be considered to ensure the responsible implementation of technology.

Technological progress is often framed as an organizational challenge, with companies
positioning themselves to innovate, adapt, and overcome obstacles. However, the individual
dimension is equally significant. Individuals seek stability, purpose, and autonomy, yet
technological change frequently introduces uncertainty and continuous adaptation. Not all
people embrace innovation at the same pace; for some, it represents opportunity, while for
others, it generates pressure and fear of obsolescence. These risks and fragilities must be
managed in the proper way.

A strategic view is necessary, one that includes a systemic understanding of how different
dimensions—such as company maturity, policy-making, and asset development—are
affected by technological advancements. To be successful, companies must balance the need
for innovation with practical considerations, such as managing the transition from existing
assets tonew technologies, navigating regulations, and ensuring the reliability and
trustworthiness of the data used in decision-making. By addressing these challenges and
developing a coherent strategy, companies can effectively integrate new
technologies and maintain their competitive edge in the evolving landscape.
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