
A DCC controller for less than £50 (ish) 
(plus decoders) 













So I looked at what else there was available 



But there was a major problem........ 



 
 















Why are DCC controllers so expensive? 



Let me give you a clue....... 



1.  They have to do so much more then a simple DC controller, for example: 
 

• Be able to select the address of the loco you want to control. 
• Be able to alter the address of the loco. 
• Be able to show, by lights or a screen, which loco you are controlling. 
• Be able to adjust which way is forward and which is reverse. 
• Be able to switch functions on and off. 
• Be able to set up double-heading. 
• Adjust the speed curves. 
• Control points, signals, turntables and the like. 
• And so much more. 

 
2. So there is the high cost of developing the necessary hardware and software 

compared with the number of controllers sold. 
 

3. There is the high cost of manufacture compared with the number sold. 
 



So could I find an alternative that was: 
 
• Be really affordable? 
 
• Have very few limitations? 
 
• Something I could build myself using parts I was already familiar with? 



1. Use an existing electronics board that’s already 
sold in very large numbers, so individual units 
are comparatively cheap.  
 

2. Use open source (in other words, free) software 
that someone had already written for this 
electronics board. 
 

3. Use something I already owned to control the 
locos (etc) and to display what’s going on. 
 

4. A power supply for the locos, points and the like. 
 

5.  A suitable case to hold the hardware. 
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DCC-EX 

 

 

 

Computer and/or smart phone. 

 

 

My existing controller’s power 

supply. 

Plywood or plastic box or use a 

3D printer. 



I couldn’t find any books about DCC-EX so I looked on YouTube 



And came across a series of video by DriverDTrains 



First Step 

The electronics board to use for DCC-EX is an  
Arduino Mega. 



 Arduino 

boards come 

in different 

shapes and 

sizes, each 

with a different 

amount of 

RAM and 

number of 

connections. 

For DCC-EX 

you need an 

Arduino Mega  

as it has the 

most RAM. 



(Some boards are blue, some are black. The colour is totally cosmetic.) 





Motor Shield 



Hardware, basic requirements 



Hardware, basic requirements 

Arduino Mega board   £18.99 

Motor Shield    £15.99 

USB cable                   comes with Mega board 

Power supply for Mega board  from USB cable 

15 volt power for motor board  already have 

A PC or laptop or Mac or Raspberry Pi already have 

                  ______ 

Total:     £35.00 approx 



Second Step. 
 

Connecting the hardware 



Now, let’s connect up the hardware 

1. Look at the motor 
shield and carefully 
bend the VIN pin 
slightly outwards. 



Now, let’s connect up the hardware 

2. Carefully push the 
motor shield 
male pins into 
the female 
sockets of the 
Mega board, 
making sure that 
all the pins have 
gone in correctly 
except for the 
VIN pin. 



Now, let’s connect up the hardware 



Now, let’s connect up the hardware 

6. Connect the USB 
cable to the USB 
socket on the mega 
board, and the 
other end to a 
computer.  

 
 



Third Step. 
 

The Arduino Software 



Arduino Software 

 

 

 The programs that run on an Arduino are known as sketches. 

 

 A sketch has a file type of .ino 

  
A sketch can make use of additional, pre-written programs called libraries 



1. Go to the Arduino website 
www.arduino.cc/en/software  
and download the IDE software. 
  

2. Click on the downloaded file to 
install it on your computer. 

Arduino Software 



After the Arduino software is installed it will open a new sketch (i.e. a program) 
  

Arduino Software 



(When you see two forward slashes // it means that what comes after on the same line 
is a comment and is ignored by the sketch. In other words, it’s something for human to 
read and the Arduino to ignore. 

Arduino Software 



Let’s see that for real......... 



Fourth Step. 
 

The DCC-EX Software 



DCC-EX 

  

 
 

First, a little bit of background......... 
 



DCC-EX 
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DCC-EX 

  

 
 

The person who started this work is an American called Greg E. Bermann. 

 

Around 2013 he came up with the idea of creating a DCC Controller based on an 

Arduino Uno electronics board and easily obtainable motor controllers with the aim of 

providing a cheaper DCC option for modellers with basic electronics skills. He called it 

DCC++ and it first became available in 2015. 

 

This original DCC++ controller project was later partly rewritten and taken over by 

others, becoming the DCC-EX project. However, re-writing is done in such a way that 

it remains, as far as possible, backwards compatible with DCC++. 

 

Today DCC-EX is an ongoing, open source, development project with contributions 

from people in the USA, UK, India, Australia, Europe and elsewhere. 



You need to download the CommandStation-EX software. 

 
To do this you need use the browser on your computer and go to web address 
dcc-ex.com 

DCC-EX 



This page will open. 

DCC-EX software 



You can click on the 
various links to get 
more information. 

DCC-EX software 



For example: 



Finally click on the Downloads option on the menu on the left, and then select  

EX-CommandStation from the drop-down menu that appears. 



Then scroll down past Automated Installer and click on the Official Release page 



A new tab will open in the browser. 

Click on Source code (zip) to download the files onto your computer. 



1. Extract all the downloaded files into a suitable folder. 
 

 



2. When you open this folder it will have a sub-folder called CommandStation-EX 



3. Open this sub-folder and you will 

see a list of files. 

 



3. Open this sub-folder and you will 

see a list of files. 

 

Scroll down until you see a file 

called CommandStation-EX.ino 

 

 
 
 



3. Open this sub-folder and you will 

see a list of files. 

 

Scroll down until you see a file 

called CommandStation-EX.ino 

 

Click on it and it will load the 

CommandStation-EX sketch (plus 

the required libraries) into the 

Arduino software you have running. 

 

Even with a powerful computer this 

will take a minute or two. 

 
 
 





Let’s see that for real......... 



Fifth Step. 
 

The Web Throttle 



Now we have the CommandStation-EX software downloaded we still need a throttle to 

run our trains. 

 

Return to the web browser and click on  EX-WebThrottle 



Scroll down past Try It Now and then click on Download 



As for the previous download, a new tab will open. 

 

Select Source code (zip) 



As before, extract all the 

downloaded files and put them in 

a suitable folder. 

 

 



As before, extract all the 

downloaded files and put them in 

a suitable folder. 

 

When you open this folder it will 

have a sub-folder called  

WebThrottle-EX-1.3.27 

 



As before, extract all the 

downloaded files and put them in 

a suitable folder. 

 

When you open this folder it will 

have a sub-folder called  

WebThrottle-EX-1.3.27 

 

Open this sub-folder and you’ll 

see a list of files. 

 

Click on the file called index.html 

 

 



A web page will open. This is the Throttle. IT IS NOT ACCESSING THE INTERNET 



Notice its all grayed out except for the Connect EX-CS button 



Let’s see that for real......... 



Sixth Step. 
 

Transferring the DCC-EX 
software to the Mega board 



1. You do this by returning to the Arduino program you already have running. 
 

2. Connect the Arduino board to your computer using the USB cable that came with it 
(or a longer one if necessary). 



Let’s see that for real......... 



Seventh Step. 
 

You’re ready to run a train 



1. Check you’ve turned on the 15 volt power supply that’s connected to the motor 
shield and the USB cable is still plugged in between your computer and the 
Mega board.  
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1. Check you’ve turned on the 15 volt power supply that’s connected to the motor 
shield and the USB cable is still plugged in between your computer and the 
Mega board.  
 

2. Make sure the middle two pins of the motor shield are wired to the main track 
of your layout. 
 

3. Put a loco on the track. 
 

4. Return to the web throttle app that you have running on your computer, and 
you can run the loco. 
 
 



Finally, let’s do that for real 



You’ve done all the hard work. The Mega board is permanently loaded 
with the DCC-EX software and you’re running trains..... 



Pause 



Welcome back 



We’ll now look at various additions  
to the basic DCC-EX setup 

First, let’s add wifi 

You have a choice of two slightly different wifi boards. 



You can either buy this shield for £14.99 from 
CMMME (Chesterfield Model Making) 

It plugs in directly on top of the motor shield and just needs two jumper wires 
from it to the Mega board. 





Alternatively, you can buy a wifi module and adapter from Amazon  

The wifi module plugs into the adapter but the adapter is not a shield. In other words, it 
doesn’t plug directly into the motor shield. 
Instead it requires four jumper leads to connect to the Mega board and the motor 
shield.  
The cost of each module plus adapter is less than £6, if you buy more than one. 





The complete wifi set up 



• Plug the USB cable into the Mega board, open up the wifi throttle, click on Connect 
EX-CS and select the Arduino Mega board COM port number.  
• Scroll up and down the Debug Console entries and make sure you see: 
 <* Wifi Check: [OK} *> 
 



There are two ways you can use your 
smartphone to control locos. 
 
One is called Access Mode, where you 
alter the wifi setting on your phone to the 
IP address and port number of the wifi 
shield of the arduino.  
 
I’ve found this a bit inconsistent in use, so 
I prefer the alternative of connecting 
through your home wifi network, called 
Station Mode. 
 
Make sure you have the name of the home 
router and the password ready to hand. 



• Open the Arduino app if it isn’t already running, and click on the three dots at the top 

right of the window. A list will drop down of the external libraries DCC-EX uses. 

• Scroll down until you see config.h and click on it. 



• config.h will open and the name appear at the top left. 
 



• Scroll down until you find an entry #define WIFI_SSID “Your network name” 

• Carefully change Your network name to the name of your router. 



• A few lines further down you’ll see an entry #define WIFI_PASSWORD “Your 

network passwd” 

•  Carefully change Your network passwd to your router’s password. 



• Finally, a A few lines further down you’ll see an entry #define WIFI_HOSTNAME  

“dccex” 

•  Leave this unchanged, but remember it for later. 





You can either use an Android or an Apple smart phone to 
control your loco, the DCC-EX software has been written 

for both. 

However, the Android side of things has, to date, seen more development. 
 
I currently use an iPhone, so that’s a down side for me. 



The iPhone option is called WiThrottle. You can use it on your iPhone or iPad. 

Unfortunately, the full blown version costs 
$9.99. There is a free, more basic, version 
called WiThrottle Lite. 
 
That’s is the one I use. 
 
It’s main disadvantages are: 
 
• You can only control one loco at a time. 
 
• It doesn’t turn the power on to the track 
(but there is an easy way around this) 
 
•You can’t program CVs from your phone. 



Let’s see that for real......... 



But what if you have an Android smart phone...... 



The Android wifi app is called Engine Driver. It’s free.  



There is a free, associated Android option called EX-Toolbox. 
 
It allows you to do things like CV programming from your android phone.  



There’s one more thing I choose to do: 

We bent the VIN pin on the motor shield to stop 15 volts being sent to the 
Aurduino Mega through the VIN pin, which can only work at 5 to 9 volts. 
 
The Mega board was getting its power via the USB cable from the computer. 
However you may not want to be running trains with a computer always plugged 
in. 
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you could plug that in instead, but having two power supplies is a bit clumsy 
although you could just use the USB cable plugged in to a mains USB charging 
plug. 
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There is a 9 volt socket on the Mega so, if you have a spare 9 volt power supply, 
you could plug that in instead, but having two power supplies is a bit clumsy 
although you could just use the USB cable plugged in to a mains USB charging 
plug. 
 
Another, and I think better, way is to reduce the 15 volts from the motor shield 
down to a lower voltage the Mega can handle. For that you use a Buck 
Converter. 







Hardware, wifi requirements 

Already spent    £35 

Wi-Fi shield     £6.00 or £14.99 

Buck converter (15 volts down to 5 volts) £4.05 (or less if bought in bulk)               

     ____     ____ 

Total:    approx £45  or  £54 



But you could spend more........ 



Extra pieces of hardware to consider 

What about a LCD display to provide a bit of information about what’s going on? 
A display won’t be wanted by everybody as many DCC-EX controllers are attached to the 
underside of the layout board. However, it could be an option for some users. 



Alternatively, an OLED display: 





Extra pieces of hardware to consider 

Spent so far                £45 
LCD Display    £6.79 (or £5.99 if you opt for the OLED) 
Jumper cables for LCD display and wifi £5.99 (if you don’t have any) 
                             ______ 
Total                   £58 approx 
 
But many users won’t want or require all of these, so this is the maximum cost so far. 
 



Extra pieces of hardware to consider 

You probably want to put your DCC-EX controller into some kind of case so it doesn’t get 
knocked or damaged. 
 
All of you are proficient in cutting plywood, so making something suitable shouldn’t 
present much of a challenge. 
 
Alternatively you could buy a suitable plastic box, such as a small lunchbox, and cut and 
drill the required holes. 
 
As I have a 3D printer, I designed and printed my own box. The cost in materials and 
electricity was less than £1. 
 
As an alternative, I could have gone to the Thingiverse website and downloaded, for 
free, one of the 3D printable cases for DCC-DX controllers that can be found there. 
 



Extra pieces of hardware to consider 



Extra pieces of hardware to consider continued 

Maximum spend so far: £58 max  
 
If you have a large layout or run many locos at once, the 2 amp motor shield may not 
be sufficient. If so, you’ll definitely need the 5 amp motor shield for £42.99, which has 
been designed and manufactured by DCC-EX themselves. 
 



Extra pieces of hardware to consider continued 

Maximum spend so far: £58 max 
 
If you have a large layout or run many locos at once, the 2 amp motor shield may not 
be sufficient. If so, you’ll definitely need a 5 amp motor shield for £42.99, which has 
been designed and manufactured by DCC-EX themselves. 
 
However, you won’t need the £15.99 2 amp motor shield and, as the DCC-EX motor 
shield has a built-in buck converter, the VIN pin isn’t bent out and so you don’t need a 
separate £4.05 buck converter. 
 
Total spend: £58 + £42.99 - £15.99 - £4.05 = £81 approx 







But, for £2 less, you could buy 
the whole thing, already pre-
assembled, with the 5 amp power 
shield and LCD display included, 
directly from CMMME, for £79. 



And that’s hardly scratching the surface........ 



Not everyone likes controlling the loco’s speed using a slider on a smart phone. If you’d 
like to use a physical throttle, you could buy one of these: 

The down side is that 
it doesn’t work with 
an iPhone if you use 
free WiThrottle Lite. 



You can control servo motors to work points and the like. 













Keep checking the DCC-EX website for updates 

For example, they’ve recently 
introduced the EX-CSB1, 
which combines the Mega 
board, 5 amp motor shield, 
wi-fi board and buck 
converter into one. It can 
also connect directly to  
 
You can obtain one for £104, 
complete with LED display, 
case and fully preloaded 
DCC-EX software, from 
CMMME. 



Keep checking the DCC-EX website for updates 

New throttles to run on your smartphone are arriving 
thick and fast. 
 
I’ve just discovered two, developed for iPhones: 
 
Locontrol  
 
and Train Driver. 
 
I haven’t had much time to investigate further other than 
they’re a bit of a fiddle to set up and they’re not free. 



So, to finish off, if you’re interested in trying DCC-EX  
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So, to finish off, if you’re interested in trying DCC-EX  

• Search YouTube for DriverDTrains for how-to-do-this videos. 
 
• Visit the DCC-EX website https://dcc-ex.com 
 
• Visit https://chesterfield-models.co.uk/ 
 
or email me at mikewakefielduk@btinternet.com 
 
 
 



Any Questions? 


