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Encouraging Engineering: 

Reinvigorating the S&T Approach to STEM 
Alexander Patton, BEng MIET AMIRSE, Siemens (UK) 

SUMMARY 
In 2016, Siemens graduates in the UK developed a model railway layout using low-cost commercial off-the-shelf 
(COTS) components as found in school electronics kits.  The custom Raspberry Pi-based control system allows 
young people to interact with features of a modern railway such as train detection, automatic train operation/ 
protection (ATO/ATP), passenger information systems (PIS) and even simulation of trackside for office testing. 

During brief demonstrations, youths take control and direct trains around the layout, experiencing how modern 
signalling and train control systems (S&TCS) prevent collisions and increase capacity.  Activities in which 
students can signal their own section of railway range from 30-minute challenges to day-long classes.  Control 
software can, depending on experience, be written in Scratch, a drag-and-drop language, or Python, another 
language popular in schools.  With more time, students and graduates can attempt a simulation of almost any 
signalling discipline.  From a minor scheme change to an introduction of traffic management, virtually anything is 
possible by modifying the Raspberry Pi and the STEMRail Python software. 

This article describes the technical solution and gives examples of how the challenges of the signalling industry 
can be used in an interactive approach to teaching programming, electronics and computing to young people.  It 
is hoped that the lessons learned will encourage further innovation in youth engagement. 

1 INTRODUCTION 

1.1 Background 

Engineering skills shortages are widely documented throughout the world.  The global rail industry, worth €169bn 
in 2016, [1] sees no exception to this trend.  The rail industry must make every effort to engage young people in 
our profession for the sake of both business sustainability and social responsibility.  STEM events (to encourage 
careers in Science, Technology, Engineering and Mathematics) are a critical part of this engagement, as they 
offer the opportunity to change students’ perspectives and encourage a more diverse group to discover the 
rewards of an engineering and technology career. 

Every year, people travel far enough by main line rail to reach the sun and back– 10,000 times.  [2] Cities are set 
to add another 2.5 billion people in the next 30 years.  [3] To meet the needs of our changing world, integrated 
transport systems of the future will be highly reliant on information technology, and the rail industry will need a 
new generation of IT competent engineers.  By exposing students to computer-based signalling, young people 
can be both educated and inspired to take on the great transport challenges of the coming decades. 

1.2 Raspberry Pi 

In recent years, the UK has seen significant efforts to engage young people in STEM.  One of the strongest 
examples is the Cambridge-based Raspberry Pi Foundation.  The pocket-sized Raspberry Pi, a computer costing 
as little as USD$5, is a platform young people can use to learn basic computer science.  Schools around the 
world have begun integrating them in to their computing curriculum. The power of the Raspberry Pi lies in its 
flexibility and ease of use.  The Pi runs a form of Linux known as Raspbian, which provides the user a familiar 
PC-style GUI and supports two different programming environments out of the box. 

Scratch is a visual programming language aimed at introducing 8 to 16 year-olds to basic concepts such as 
Boolean logic statements, loops, variables and inputs and outputs.  By selecting colour-coded statements from a 
library and linking them together, the user can control sprites (computer graphics that also store code designed 
to manipulate or move the image) to create simple interactive games and animations. 

Python is, in 2017, the world’s most popular programming language. Python is considered to be very easy to 
learn, but unlike other beginner languages, it features multiple programming paradigms.  This means it can be 
used to write object-oriented programs, which helps develop system-based thinking.  Python is rapidly becoming 
the choice introductory computer language for secondary schools and universities worldwide. 

What makes the Raspberry Pi unique to a PC are its 26 digital I/O pins.  These can be directly controlled from 
Scratch and Python, opening the possibility to use the Raspberry Pi as a control system.   
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1.3 Model Railways 

Although model railways are seen as toys, they were once used as simulators to introduce young people to the 
world of rail.  Britain’s National Railway Museum in York is home to the world’s oldest working model railway.  [4] 
Built in 1912, the model was originally part of a railway signalling school, and was a particularly useful tool, as it 
presented to the student the entire signalling system, from the trackside to the signal box.  The school could 
therefore stimulate learners visually, audibly and kinaesthetically while providing a full, detailed system overview. 

2 VISION 

By taking inspiration from historic signalling schools and implementing modern technology like Raspberry Pi, it 
was felt that a new method of STEM engagement could be developed.  In October 2015, graduates at Siemens 
Rail Automation in the UK were asked to refurbish and signal a model railway so that it could be taken to schools 
and events.  In response, the author developed the vision of a project known as STEMRail. The model railway 
control system would allow young people to interact with features of modern railways such as: 

 Colour-light signals; 

 Axle counters and balises; 

 Automatic Train Protection (ATP); 

 Automatic Train Operation (ATO); 

 Passenger Information Systems (PIS); 

 A signalling IP network; 

 A signaller’s panel featuring movement authorities; 

 And trackside I/O simulation for office testing. 

The S&TCS architecture and functionality would mimic on a small scale the state-of-the-art systems used on 
urban railways.  Inspirations included Thameslink ATO over ETCS L2, the SATLOC low-cost signalling project 
and the Victoria Line’s former track code-based ATO. This detailed realism would be presented in a simple 
manner by using Python exclusively for all software and by using physical components found in school 
electronics kits.  Sitting alongside the railway would be a raft of interactive activities drawing connections 
between educational topics and rail signalling.  Graduates would be able to run an interactive Raspberry Pi class 
in a school, and then directly show students how their work fits in to a real-world engineering challenge. 

3 TECHNICAL SOLUTION 

3.1 Overview 

Development of STEMRail took place in 
stages with three concurrent work streams: 
design, software development and hardware 
installation.  Additionally, an overarching test 
and validation process fed back in to the three 
work streams.  STEM events take place 
throughout the year, and each stage of 
development implemented greater 
functionality in preparation for the next event. 

The layout was donated by Wiltshire College 
in Chippenham, UK.  It consists of an outer 
(‘UP’) loop and an inner (‘DOWN’) loop 
running along an oblong viaduct, with a 
crossover at either end of the main station.  The track gauge is 16.5mm (OO scale).  Up to four Siemens Desiro 
three-car electric multiple units (EMU) can run simultaneously under ATO, manual control or a mix of the two. 

3.2 System Architecture 

The STEMRail architecture (Figure 2) was designed in such a way that a presenter can use the model S&TCS to 
visually demonstrate how a modern control system works.  The railway is divided in to two zones: the inner and 
outer loops.  Train location within each zone is monitored by axle counters.  Intermittent position updates, where 
necessary, are provided by balises.  Both report to a Zone Controller, which runs on a Raspberry Pi.  The Zone 
Controller also controls lineside signals and point machines.  Each of the Zone Controllers is connected to the 
Signalling Network.  The control centre Raspberry Pi hosts the core systems, including the Interlocking, Radio 
Block Centre (RBC), ATP and ATO. A serial link connects the RBC to the wayside CBTC Base Station.  The 

Figure 1: The STEMRail model railway. 
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base station transmits movement commands to individual trains.  To further capture students’ imaginations, a 
speaker provides passenger announcements at the main station.  Finally, a personal laptop can be used to run 
the Development Workstation and Trackside Simulator. 

Trackside, there are at least 58 3.3V objects used to control the railway, including signal aspects, axle counters 
and balises.  In theory, one Raspberry Pi could both run the control software and handle all of the I/O with an I2C 
multiplexer.  However, distributing the system across an IP network provides many more opportunities to 
demonstrate how IT affects modern S&TCS.  Further information is given in section 3.6. 

3.3 Train Detection 

Train detection and position reporting is at the 
heart of all S&TCS.  To fulfil the STEMRail 
vision, the train detection method needed to 
closely resemble a real-world system and also 
contribute to students’ STEM learning.  Track 
circuits are difficult to implement on a model 
railway, because the rails are used to deliver 
traction current.  However, three methods were 
identified that could meet STEMRail 
requirements: 

1. Hall Effect sensors – Hall Effect 
sensors detect magnetic field strength.  
Magnets placed beneath a train can 
be counted in the same way an axle counter counts train wheels. 

2. Optical sensors – Also similar to axle counters, optical sensors count disruptions to an infrared beam. 

3. RFID tags – RFID readers placed under the track work like balises used for ETCS and CBTC systems.  
An RFID tag placed on a train’s undercarriage can hold identifying data. 

Option 3 offered a high-tech solution, but was rejected for several reasons.   At the time of the project, RFID 
readers cost approx.  USD$25.  If RFID were used for all detection points, the cost would exceed USD$700.  An 
alternative option could have been to use a smaller number of RFID readers purely for train identification. 
Options 1 and 2 were both low-cost, but the Hall Effect sensors were favoured due to several advantages.  Hall 
Effect sensors: 

 are included in high school and A-level Physics 
curriculum, 

 can detect the difference between magnetic poles, 

 and are far less prone to tampering by 
children. 

Figure 3: The end of a Siemens Desiro EMU as it crosses 
over a signal replacement axle counter.  The ATP balise is in 

the foreground. 

Figure 2: STEMRail System Architecture 
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As a result, Hall Effect sensors were placed between each of the track sections.  Hall Effect sensors were also 
placed at braking distance before each signal.  These act as balises, both to protect against SPADs, and to 
inform the ATO system when a train is approaching the end of a fixed block.  (Figure 3) 

The initial detection point design specified placing both north (state ‘N’) and south (state ‘S’) pole magnets on the 
bottom of the train; N in front and S in rear.  The sensor would count an N magnet in to the next section and 
count an S magnet out of the previous section.  Therefore, the first polarity detected would indicate the train’s 
direction. 

3.4 Software 

 The control software is divided in to three programs: 

 CIP.py – Central Interlocking Processor 

o Performs the interlocking and 
RBC processing; 

o Hosts the vital communications server; 

o Handles all control system user-IO 
through a GUI. 

 ZC_A.py and ZC_B.py – Zone Controllers (Outer and Inner) 

o Monitors the states of the Hall Effect sensors and performs logic to determine the occupation 
states of the respective track sections under its control; 

o Drives outputs to display the correct aspects on the respective signals under its control; 

o Sends/receives network messages to/from the CIP regarding track occupancy and signal state. 

Each program was written in Python 3.  This section focuses primarily on the CIP, which holds the most logic. 

The CIP was written with object-oriented programming (OOP).  OOP is a method of organising code in to a 
‘system of systems’, and demonstrates to the student how complex software development projects can be 
broken down in to so-called ‘classes’ written by different people.  A class stores code similar to how a computer 
folder stores files.  Inside a class is a set of attributes (‘variables’) and a set of functions that manipulate those 
attributes based on an input.  It is possible for a class to be a generic template.  For example, a class ‘dog’ will 
have functions that all dogs share: dog.eat, dog.sleep, dog.run.  All dogs will also have attributes: dog.weight, 
dog.breed, dog.favouritefood.  Each time a new dog appears, the program can make a copy of the ‘dog’ class 
and fill in the attributes.  This is called an object.  Object ‘hachi’ has attributes hachi.weight = 41, hachi.breed = 
“Akita” and hachi.favouritefood = chickensticks.  By calling hachi.eat(10), our Hachi eats 10 times 
hachi.favouritefood.  The function increases hachi.weight by 10 times chickensticks.weight.  A very satisfied 
Hachi now weighs 42kg.  OOP is a complex systems engineering topic, but the model railway helps to visualise 
the basic concepts such that students can feel less intimidated when they come across it later on. 

The CIP code consists of three parts: Initialisation, Main Loop and Objects.  Initialisation builds the objects based 
on the interlocking data. First, track section objects are generated.  The TrackSection class expects information 
like this from the interlocking data file:  

 

It also automatically fills some default parameters.  State is always set to ‘occupied’ when a new track section is 
generated.  The flag which marks the section as routed defaults to false. 

The process is the same for other railway elements.  A signal object is generated for each signal and loaded with 
information such as a list of track sections and points protected, the direction of travel and the ID of the next 
signal.  For the sake of simplicity, routes are not defined in the interlocking data.  Instead, they are generated on-
the-fly by the program.  When a route entry is clicked, the program automatically calculates all possible route 
exits and makes their button available to click. Train objects are not generated during initialisation, but rather on 
demand when a user registers a train with the RBC.  

After initialisation is complete, the Main Loop cycles indefinitely.  It does only two things: 
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1. Calls upon the Vital I/O object to process inputs from the signalling network. 

2. Waits 200ms to call upon the Vital I/O again, thus allowing users to interact with the GUI. 

Thus, two types of events drive any state changes in the CIP: either a network input triggers the Vital I/O object 
or a user input triggers the GUI object.  Either of these events starts a chain reaction where objects call other 
objects until the railway state stabilises, ending the cycle.  Between each cycle, outgoing messages from the 
previous cycle are sent out, and incoming ones are stored to be parsed. 

3.5 ATO/ATP 

While Vital I/O and Vital Logic handle the pure interlocking functions pertaining to block occupancy, routes and 
signals, the RBC monitors the location of specific trains.  Once a train object is registered, the RBC continuously 
derives its location from track occupancy sequence and balise notifications. 

The RBC attempts to issue a movement authority (MA) up to three sections in advance.  This is calculated by 
inputting a train’s location and direction to the RBC’s ‘look ahead’ function.  For an MA to be issued, the section 
must be routed, unoccupied and not protected by a red signal.  MAs always end at an ATP balise. 

Where a train has three sections of MA remaining, it can travel at permitted line speed.  Where a train has two 
sections of MA, it can travel at 75% line speed, and where a train is in its final section of MA, it can only travel at 
27.5% line speed.  When the ATP balise at the end of an MA is triggered, the target speed is immediately set to 
0.  Should a train pass a signal at danger (SPAD), an emergency brake command is given, and the GUI is 
prompted to issue an alarm. 

Target speeds are issued using Digital Command and Control (DCC), the model railway industry’s internationally 
standardised train control protocol.  The DCC controller (compared to a CBTC base station in Figure 2) 
modulates the 12V DC applied to the rails to send coded signals.  These signals are interpreted by a decoder on 
each train.  For trains running under ATO, the CIP communicates ID, target speed and direction over USB serial 
link using XpressNet, the standard RS-485 protocol used by DCC suppliers. 

Trains can be driven manually using the dials on the DCC controller, but the CIP can issue a command to 
override the manual controls in the event ATP is triggered.  Unregistered trains lack ATP, and must be driven 
with caution.  They are only used to sweep a reset axle counter. 

3.6 Signalling Network 

The Signalling Network is built around a TP-Link TL-SF1005D unmanaged switch.  Static IP addresses are 
assigned to the CIP and each of the Zone Controllers.  The communications protocol used is Telnet. 

To savvy readers, Telnet may seem like an unusual choice in protocol.  Developed in 1969, it is a simple text-
oriented client-server protocol.  It was designed for a terminal to input and output text to a mainframe on the early 
internet, and was universally used until it was slowly superseded by the encrypted SSH protocol around 2000.  
Its function is very simple; it sends one character at a time encoded as one byte (8 bits).  This makes it easy to 
introduce digital technology and telecommunications to children.  An example is given in section 4.3. 

The CIP launches its vital coms Telnet server on start-up.  When an input state changes on the Zone Controller, 
it sends a message to the CIP, e.g.: 

$clear;occ;clear;clear;clear;clear;occ;occ;clear;clear;NA;NA;NA;NA;NA;NA* 

The first character ‘$’ sent over Telnet instructs the CIP to expect a track occupancy update.  The CIP then 
awaits the state of track section ID 0.  c-l-e-a-r.  The ‘;’ character then tells the CIP to expect the state of the next 
track section.  This repeats until the ‘*’ character signals the end of the message.  ‘NA’ tells the CIP that this 
Zone Controller is not responsible for reporting on the given section.   

When signal aspects change, the CIP broadcasts a signal update message to all Zone Controllers, e.g.: 

#2;1;2;0;2;1;2;0;0;2;0;0*  

The principle is the same.  ‘#’ represents a signal update message.  0, 1 and 2 represent red, yellow and green 
aspects respectively.  A special diagnostic mode ‘9’ also exists, which will force all aspects to illuminate.  This is 
not a feature that would be acceptable for a safe railway, but is useful to check that all LED lights are working. 

When a connection between a Zone Controller and the CIP is broken, the CIP automatically occupies all relevant 
sections, and the affected Zone Controller sets all of its signals to red. 
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Two other types of message exist: the ‘@’ message proceeded by the ID of a triggered balise, and the ‘+’ and ‘-’ 
messages, which are relayed between Zone Controllers.  ‘+’ and ‘-‘ messages are sent where axle counter 
evaluation is split between two Zone Controllers.  ‘+’ messages count in to a section, and ‘-‘ messages count out.  
These messages are received by the CIP and forwarded to the relevant recipient. 

The lack of encryption reflects the situation on most real railway S&TCS.  It is possible to launch man-in-the-
middle cyber-attacks against the model railway.  During development, the STEMRail simulator was left running 
over an open network during an hour lunch break.  At least one unauthorised connection was detected in that 
time, and the unknown computer sent a series of DOS commands before having its connection terminated by the 
CIP for not identifying as a valid Zone Controller.  This is yet another microcosm of a real rail industry challenge. 

3.7 User Interface 

The GUI consists of a track layout, a control panel and a diagnostics window.  Figure 4 shows the track layout 
display.  Train 1 sits at Chippenham station awaiting a route and MA.  Train 2 has maximum MA and is routed to 
the signal in advance of the station.  A third 
train sits at London Road and is awaiting 
registration with the RBC. 

The control panel features manual points 
setting, train registration, an emergency 
stop, and manual operation of the PIS.  The 
PIS automatically plays a “mind the gap” 
announcement when a train opens its doors 
at Chippenham station. It also automatically 
warns passengers waiting on Platform 1 
when an approaching train is routed to run 
fast through the station without stopping.  
Additionally, announcements regarding 
train departures, unattended luggage and 
the smoking ban can be manually set to 
attract children’s attention. 

A diagnostics window shows network messages as they are sent and received.  This allows the students to 
physically see how the CIP and Zone Controllers communicate.  

3.8 Simulator 

Agatha Christie once called laziness the mother of invention.  Development of the STEMRail software and 
interlocking data took place in a Siemens office at the base of a hill, while hardware was kept at a lab on top of 
the hill.  To minimise the number of treks up the hill in the splendid British winter, a Trackside Simulator (SIM.py) 
was developed to replicate the functionality of the Zone Controllers.  The Trackside Simulator places a copy of 
the track layout GUI on top of the Zone Controller logic.  All axle counters and balises are displayed 
geographically and can be triggered with a click.  Telnet messages replicate those sent by a Zone Controller. 

4 STEM ACTIVITIES 

4.1 General Demonstration 

Numerous STEM activities have been delivered using STEMRail technology as a tool.  These activities can 
target different age groups and be deployed at different types of events.  Often times, STEMRail is demonstrated 
at a fair, and engineers only have a few minutes to engage a visitor.   It is important to consider how the students 
will be introduced to rail signalling.  Young people, particularly children, should be regularly engaged to keep 
attention, and posing questions is a good way to do this.  One approach is to use dialogue to relate to the 
audience’s experiences: 

Have you ever been on the Underground? Was it crowded? Oh it was terrible, was it? What would you do to fit 
more people on the trains? What do you think might happen if you run trains closer together? 

From experience, these questions pique interest and lead to good discussions.  British students often ask: 

Why not make trains longer/taller/wider? Why not use GPS to locate trains? Why not run the trains faster? Why is 
my train delayed in autumn? 

Figure 4: Signaller’s Panel 
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As the discussion on signalling develops, students are introduced to the functionality of STEMRail.  Students are 
encouraged to take hold of the keyboard and direct trains themselves.  A good demonstration is to allow a 
student to drive a train manually, with an ATO train tailing behind.  The ATO reacts each time they clear a block.  
Another good demo is to challenge a student to crash a train by racing past a red signal.  While they can turn the 
speed up all they want, once the SPAD occurs, the train will screech to a halt and an ominous alarm will play. 

4.2 Day Class 

In January 2016, Siemens graduates held a day long STEM intervention for twenty 14 year-olds attending a 
technical college in Swindon.  The pupils had gained a basic appreciation of Python programming in their 
computing class, but had no experience of Rapsberry Pi.  After the general demonstration was given, students 
were split in six groups.  Half of the groups were ‘A’ groups and half were ‘B’ groups. 

First was the electronics lesson.  Each group had a Raspberry Pi and a basic electronics kit.  With the help of 
four graduate mentors, ‘A’ groups needed to construct a circuit to control two LED lights, and ‘B’ groups needed 
to construct a circuit with two buttons.  Students wrote a simple program on the Pi to illuminate the lights or print 
text informing which button was pressed. 

Next, students took a break, and a presentation on digital telecommunications was given.  The audience was 
engaged with examples such as the telegraph used on the Titanic.  The lights were turned off, and torches were 
used to exchange Morse code.  From Morse code, it is easy to introduce the concept of digitally encoded text, 
and students learn how 1960s teletype networks evolved to Snapchat and WhatsApp.  IP networks are briefly 
explained, linking back to the STEMRail demonstration. ‘A’ groups then paired with a ‘B’ groups and agreed on 
two IP addresses.  The groups configured their Pis and loaded up a pre-prepared chat program.  If they could 
exchange chat messages across the room, they had succeeded.  Finally, the students had to modify the chat 
program with their own code from earlier.  Buttons on Pi ‘B’ represented axle counters, and lights on Pi ‘A’ 
represented a signal.  The two groups had to agree a common communication protocol that resulted in the 
correct light being displayed based on the count of the buttons. Two out of three pairs completed the challenge. 

4.3 Quick Challenge 

Several miniature STEMRail workstations were created based on the full model.  These consist of one metre of 
track, four signals, four axle counters and a single Raspberry Pi.  A template was written in Scratch with each of 
the signals and axle counters represented as a sprite.  During a 30 min. workshop, students write a program to 
get the correct aspect sequence to display as the train is pushed along.  The set can be built for around USD$50. 

4.4 Advanced Activities 

STEMRail also provides opportunities for interns and graduates, because it fully replicates a real railway 
environment.  Layout changes and enhancements to functionality are possible.  The system is fully documented, 
and can be passed on to future years.  During the STEMRail project, the inner loop was commissioned by 2015 
graduates, and the outer loop by 2016 graduates.  The foundation is also laid for timetabling and Automatic 
Route Setting to be added. One advanced activity currently being considered is a cyber security demonstration, 
where denial-of-service and man-in-the-middle attacks are used to stop or even crash trains. 

5 LESSONS LEARNED 

5.1 Electromagnetic Interference (EMI) 

Early trials regularly saw track sections occupy unexpectedly.  On further investigation, inductors were found in 
the original traction circuit to filter the supply.  These inductors generated significant EMI, and were removed.  
This solved most EMI problems, but occasional issues remain. 

At the office, the model sits next to a water cooler.  When the cooler’s compressor activates, all track sections 
simultaneously occupy.  In general environments, a track section can falsely occupy from time to time (once an 
hour is typical).  This can be taken as an opportunity to demonstrate axle counter reset procedures and explain 
the importance of a section sweep. 

5.2 Timing 

The original GUI was written using Python’s Tkinter library.  To process user input, the program waits a specified 
time (200ms) after running a cycle.  The remaining cycle time is variable, so the total cycle time is 200ms + some 
unknown value.  When the cycle time becomes too great, unexpected behaviours occur.  Stop commands are 
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issued late to trains, which then SPAD.  In severe cases, the RBC can lose a train, and the train may sail 
unsupervised in to the back of another train. 

Investigation showed two causes of increased cycle time: 

1. Poor memory management by Tkinter when 
large numbers of images are displayed. 

2. Excessive numbers of incoming network 
messages; 

The primary solution is to migrate the GUI to the Pygame GUI library.  Pygame has features to manage cycle 
time including user input.  It can also draw track sections natively with good performance and scale them to fit 
any screen.  The Telnet server should also be configured to buffer messages in an appropriate manner and not 
delay critical messages until a future cycle. 

5.3 Point Detection 

Point detection was not prioritised in the design, as it was considered an unnecessary level of realism for a mere 
model.  Points were assumed to be in the position commanded.  It was found, however, that curious children 
would sometimes move the points unexpectedly.  Once point machines are installed to automate switching, a 
magnet will be placed on the detection rod and monitored by Hall Effect sensor.  N will align with the sensor 
when the points are normal, and S will align when the points are reverse. 

5.4 Modularity 

The main limitation preventing STEMRail from being used at more events is difficulty transporting a model 
railway that only fits in a van.  Furthermore, modifications are only accessible to more experienced young people.  
In future, plans exist to apply the STEMRail system to a LEGO railway.  Such an approach would add modularity, 
and give work experience students an opportunity to develop their own full railway. 

Hall Effect sensors and signals could be glued to LEGO bricks, and plug-and-play connectors used.  The 
software could also be further modularised by hiding complex code as objects in separate library files (Python) or 
sprites (Scratch).  This would enable students to build and program quicker with less prerequisite knowledge. 

6 CONCLUSION 

Since 2015, the STEMRail project has demonstrated at events across the United Kingdom how a Raspberry Pi 
microcomputer can transform a model railway in to a tool for engaging young people.  It is one way railway 
signalling engineers can share an insight into their industry and inspire the next generation.  Although data from 
busy events can be difficult to capture, feedback from event organisers has been strong.  At a recent STEM 
event where STEMRail technology was a major feature, 30% more students developed an interest in 
engineering, with the greatest growth amongst girls. 

Future developments could make this project more accessible to a wider range of students: Creating a LEGO 
version would make it easier to transport, while modularising components would give students more freedom to 
experiment and learn within a shorter time.  In future, the interface will be made more user-friendly, and reliability 
issues will be addressed.  Eventually, technology found in optical mice could be applied to measure distance 
travelled, and moving block working could be implemented. 
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