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5G Technologies: Improving the 
Rail and Transport Experience
This paper explores the applications enabled by 5G in rail (or traction) and highlights the 
benefits and improvements in service and reliability enabled by such technologies. It highlights 
improvements in reliability and safety that IoT connectivity can provide to utility and municipal 
bodies and explores the benefits to passengers that such connectivity permits.

Introduction

Mandated lower CO2 emissions, demands for cleaner air, and increasing urban population 
densities are key drivers in the phasing out of fossil fuel usage (particularly diesel) and the push 
for further electrification of railway and traction applications.

These trends present unique opportunities for technological solutions from traction providers 
that could effectively future-proof an expensive asset with a likely lifespan of thirty years or 
more. These opportunities are largely enabled by 5G and its key features, including enhanced 
mobile broadband (eMBB), ultra-reliable low-latency communication (URLLC), and massive 
machine type communications (mMTC). Each of these features plays a role in the traction vehicle 
of the future.

Electrification and Smart Grids

Traction applications place significant demands on electrical grids. These demands for electrical 
power tend to spike at specific times of the day, typically in response to rush hour traffic.

This power demand can be accurately estimated for each locomotive connected to the grid using 
a vehicle-to-everything (V2X) connection. The V2X connection can accurately instruct the grid 
to provide sufficient power for the locomotive, ensuring a balance between power supply and 
demand. Artificial intelligence can use this information to help electricity providers to accurately 
estimate demand, deploy adequate power energy storage solutions, and have sufficient charge 
to meet the grid demands at peak times.

5G and Industry 4.0, Sensors and Machine Learning

Temperature, pressure and motion sensors monitor the state of the motors and wheels, ensuring 
safe and reliable operation.

Condition-based monitoring is a recent development and requires high-precision vibration 
sensors connected to suitable analog front-end circuitry, as well as analog-to-digital converters 
(ADCs) that generate large amounts of data. Monitoring this valuable data on the wheels and 
motors plays a vital role in scheduling train component maintenance. MEMS sensors, together 
with analog front-ends and precision converters from Analog Devices, can be used to build the 
necessary sensors for condition-based monitoring.
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Due to the size and nature of the data gathered from the sensor, it is not suitable for processing at the sensor node, as it requires too much 
computing power and memory. It must be sent to the cloud, where all the data from each connected train can be fed to a machine learning 
algorithm. This data is then compared against the data of a “digital twin,” which is a term used for a virtual model that serves as a real-time digital 
counterpart of an object, process or system.

The rail system’s digital twin will alert the maintenance company of the likely time and nature of a fault in the locomotive or carriage. This predictive 
fault-finding is considerably less costly (from both financial and reputation perspectives) to the traction system operator than unexpected 
shutdowns for maintenance and repairs. 

Data can be connected to the grid using the new narrowband IoT (NB-IoT) standard enabled by cellular modules from technology providers such as 
Sierra Wireless, u-blox and Fibocomm, and it can be processed in the cloud using cloud-based machine learning solutions from companies such as 
Microsoft Azure, AWS, Google Cloud Platform and Bosch.

Vehicle-to-Everything (V2X) Communications

It is difficult to overstate the importance of safety in traction applications. Vehicle speed management and maintaining safe distances between 
vehicles are just two examples of critically important measures that ensure passenger safety and mobility. Vehicle-to-everything (V2X) 
communication enables a train travelling at very high speed to do so with the full knowledge of the location and speeds of the trains ahead of it. 
This can greatly improve passenger safety—and safely permits greater train volumes and reliable schedule updates. The ultra-reliable low-latency 
communication (URLLC) of 5G (<10 ms) in comparison to 4G systems (>50 ms) enables this, and devices such as the Sierra Wireless EM9191 5G 
router module is a good example of a compatible unit for the 5G standard.

Passengers wanting live timetables can also check the location, predicted arrival time and nearest station for the next train to their desired 
destination, avoiding frustration and unnecessary delays.

Figure 1: Wheel, sensor, conditioning, gateway and antenna to cloud
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Connectivity Applications for Transport

One of the main attractions of rail travel for passengers is the ability to use internet-connected devices for work and email while on the move. Other 
passengers want to enjoy on-demand entertainment from providers like Netflix or Disney. These streaming services create a bottleneck for 4G to 
Wi-Fi routers, and railway operators generally block them.

The enhanced mobile broadband (eMBB) of the 5G new radio (NR), with downlink speeds of approximately 700 MB/s, would generally permit most 
passengers of a train carriage to enjoy high-quality streaming with little or no noticeable buffering. Millimeter wave improves on this with data rates 
as high as 5 GB/s.

Antenna Selection

The right antenna is key to the achievement of good radio performance. Rail applications are long-lived and require a robust antenna that covers 
a wide frequency range. The antenna will need to support GNSS and 5G NR bands. An antenna with suitable gain will ensure maximal coverage 
and simplify the architecture and/or power requirements of the power amplifier stage. The antenna will need to be securely mounted to the roof of 
the carriage or locomotive and be suitable for outdoor use. Richardson RFPD can help identify antennas that support the 5G band n78 and GNSS 
bands as well as meet all other RF requirements. For example, frequency range can be traded for gain and efficiency, depending on the application.

In addition to antenna performance considerations, the antenna may need to be qualified for the demands of rail applications and to meet the 
standard for electronic equipment used on rolling stock, EN 50155. Good antenna selection maximizes first pass success and minimizes costly 
iterations.
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Figure 2: Separate locomotives to infrastructure (V2X diagram)
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Security and Safety  

Passenger safety is a key factor in encouraging the repeated use of public transport. From avoiding overcrowding to enabling security cameras, 5G 
will play an important role. 

The increased bandwidth and lower latency of 5G will allow railway operators and security services to have real-time video monitoring of any 
potential threats, and a passenger can alert authorities more quickly to such threats, facilitating faster responses. This improves the reputation and 
adoption of public transport and contributes to smarter and more liveable cities.

Conclusion

The transformative nature of 5G—with its vastly increased data rates, lower latencies and abilities to handle a greater number of users and nodes—
means it will have profound implications for traction applications. 5G has the additional benefit of being a worldwide standard, which simplifies 
development and certification. It also simplifies deployment, along with already-available embedded SIM cards (eSIMs). Additionally, the growing 
trend of free firmware over-the-air (FOTA) allows users to easily keep software up-to-date with the latest functionality and security features.
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Figure 3: Infotainment for passengers, Cloud to rail to in car Wi-Fi
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