
Build audio and proximity devices  
with the Touch Board and electric paint

 Beat Box
An Arduino-compatible board combines cool audio features, 12 touch 

sensors, and electric paint to make the most excellent (and enjoyable) 

educational board yet. By Paul C. Brown

using an electric paint also provided by the 
company.

Basic Player
One of the easiest things you can do immedi-
ately after unboxing the board is play sounds 
when one of the sensors is triggered, so I’ll 
begin by showing you how to get started with 
the touch sensors.

The board I got already had an SD card in-
serted, so all I had to do was plug it in 
through the USB port, hook up some head-
phones, and touch one of the sensors. The 
card supplied with the Touch Board contains a 
series of audio explanations about the board 
itself split over 12 tracks, each assigned to a 
sensor. Touching a sensor starts the playback 
of the corresponding track. To change them, 
all you have to do is copy your own tracks 
over them onto the board.

Not wanting to mess around too much with 
the original microSD, I decided to experiment 
by using one of my own cards. For some rea-
son, though, just copying the files from the 
original card to my microSD did not work, so I 
decided to do a copy to an image file with

# dd if=/dev/sdc of=SD.img

and then “burn” SD.img to my card. (Note 
that I am working on Linux. To do the same 
thing on Windows, you have to a program 
called Win32 Disk Imager [3].) If you are not 
familiar with the dd command, check out the 
“Cloning Storage Devices” box).

The first project I want to tackle is making 
the Touch Board into an MP3 player. All you 

The Touch Board by Bare Conductive 
[1] is as interesting as educational 
Arduino-compatible boards get 
(Figure 1). First off, it’s geared to-

ward interactive and audio inventions. Al-
though it’s based on the Arduino Leonardo 
[2], with all the familiar I/ O ports along its 
upper edge, it has a set of 12 touch sensors. 
Aimed squarely at educators, the Touch 
Board allows users to create touch-based 
and, as you will see, gesture-based gadgets 
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have to do is to choose 12 tracks, rename 
them track000.mp3 through track011.mp3, 
and copy them onto your microSD, erasing 
the original clips in the process. After press-
ing the Reset button on the board, you can 
then play the tracks by touching the sensors 
along the side of the board.

So, you now have an MP3 player that can 
play 12 songs. Not very cool, you might 
think, but to change that, you can break out 
the electric paint.

electric Painting
The paint supplied with the Touch Board is a 
conductive, water-based substance with min-
ute, suspended metal particles. It has the con-
sistency of oil paint (although it can be diluted 
to make it thinner [4]), and it takes between 
20 and 30 minutes to dry. The paint is even 
non-toxic, so it’s safe for kids to use. You can 
use it to paint circuits or to extend the sen-
sors; by using blobs of paint, you can do “cold 
soldering” and integrate elements, like resis-
tors or LEDs, into your circuit; as explained 
below, it can also be used to create a gesture-
sensitive surface, similar to the Hover board I 
wrote about in the last issue [5].

However, I don’t want to get too far ahead, 
so the first thing you should try is just to paint 
a line (or, in my case, a smear) and put a blob 
of paint on the end. Stick the Touch Board to 
the blob, as shown in Figure 2, power it up, 
and connect your loudspeaker. Now put your 
finger on the smear. You should hear 
track000.mp3 play.

Although it’s only a smudge on a piece of 
paper, consider the possibilities. You could 
paint animals and play back their recorded 

sounds; draw letters and words, and play the 
pronunciations; and paint a piano keyboard 
and associate each sensor with a note. Even 
better, get your kids to do all of these things!

However exciting these ideas are, you can 
do even more. But for that you’ll have to get 
into programming.

arduino suPPort
Although you can program the Touch Board 
as a regular Leonardo from the Arduino IDE 

Figure 1: The Touch Board has a set of 12 touch sensors along its upper edge. Below that, you 

can find the standard Arduino digital I/ O ports. On the right-hand side, and running top to bot-

tom, are the same touch sensors again, with pinholes small enough to fit standard pins. Along 

the left edge, you have an audio out connector for headphones, a loudspeaker, a microSD 

card slot, a microUSB port, a socket to power the board by battery, and a GND electrode. 

Along the bottom, from left to right, is an On/ Off switch, a set of four LEDs, some more standard 

Arduino I/ O pins, and a Reset switch.

The dd command allows you, among other 
things, to copy the contents of a device into a 
file and then burn those images to other de-
vices to make exact byte-by-byte replicas. For 
parameters, if stands for file in and can be a 
hardware storage device. My computer has two 
hard disks (/dev/sda and /dev/sdb), so sub-
sequent externally connected storage devices 
(e.g., the SD card) show up as /dev/sdc on-
ward. Therefore, if I connect a second external 
storage device, say a USB thumbdrive, it would 
show up as /dev/sdd.

The next parameter, of means file out and 
points to the name of the file you want to copy 
the device to. Note that I said “the device.” Not 
only are the contents (i.e., the files) copied, but 
so is the filesystem type (i.e., the structure) in 
the byte-by-byte copy. In fact, the resulting files 
will be exactly the same size as on the hard-

ware device you are copying. The SD card sup-
plied with my board was 2GB, so I ended up 
with a 2GB file.

When you want to make replicas on another 
card, you invert the process:

# dd if=SD.img of=/dev/sdc

where /dev/sdc is the new SD card I popped 
into the reader. Be aware that this will annihi-
late all the existing content on the target device, 
and you will not get any warning that this is 
what’s about to happen, either: If you’re root on 
Linux and wielding dd, you’re supposed to 
know what you’re doing.

If copying files doesn’t work for you, try cloning 
with dd, and you should be able to use your 
own card instead of the card that comes with 
the Touch Board.

Cloning storage DeviCes
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mark the checkbox so your sketches go to 
the Touch Board when you upload. The type 
of board should also show up in Tools | 
Board. Make sure you select it before upload-
ing sketches.

Just to make sure everything is working, 
blink an LED on the board by visiting File | 
Examples | 01.Basics and choosing the Blink 
sketch. Upload it and check that the orange 
LED on the Touch Board starts blinking with 
a frequency of one second. If you are on 
Linux, and you run into trouble, check out 
the “Linux Problems” box.

If you want to take full advantage of the 
Touch Board, you’ll also need the MPR121 li-
brary. This library allows you to program the 
capacitative features of the Touch Board.

Download it with:

$ git clone https://github.com/U
  BareConductive/mpr121.git

And copy the MPR121 directory to your Ardu-
ino libraries folder.

You will also need the SparkfunMP3 Player 
Shield Arduino library [9], because it will 
allow you to play MP3 clips using the sound 
chip on the Touch Board. Get it with:

$ git clone https://github.com/U
  madsci1016/Sparkfun‑MP3‑Player‑U
  Shield‑Arduino‑Library.git

Again, copy the SdFat and SFEMP3Shield di-
rectories to your Arduino libraries folder.

Restart your Arduino IDE and check that 
the libraries have been installed by opening 
Sketch | Import Library. At the bottom of the 
list, you should see the three libraries you 
just installed. If you have any trouble with 
the libraries, check out the official Arduino 
tutorial [10].

touchy-Feely
This time, I want to program one of the 
touch sensors to switch on and off the LED 
that was used previously with the Blink 
sketch. A very basic way of doing this 
would be to upload the code in Listing 1. (A 
more complete version of this code, by the 
way, can be found online [11].)

Lines 1 and 2 pull in the MPR121 library, 
which allows you to use the capacitative 
features of the Touch Board, as well as the 
Wire library and a standard (preinstalled) 
Arduino library that allows you to commu-
nicate with I2C/ TWI devices. If you don’t 
know what that means, don’t worry. All you 
need to know is that these are standards for 

(version 1.5.6 or newer) [6], you still have to 
install the drivers for the board [7]. To start, 
you’ll need to download the bare‑conduc‑
tive‑arduino plugin

$ git clone U
  https://github.com/BareConductive/U
  bare‑conductive‑arduino.git

and copy the Bare_Conductive_Arduino direc-
tory to your Arduino’s hardware folder. Start 
the IDE with the arduino command and 
make sure it identifies your board by visiting 
Tools | Port (Figure 3). While you’re there, 

Figure 2: The streak of electric paint is connected to sensor E0 with a thick a blob of paint on 

the end that “solders” it to the painted circuit.

Figure 3: Checking for the Touch Board in the Arduino IDE.

Touch board and electric paint
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communication between devices. The Hover 
board I wrote about in the last issue [5] also 
used the I2C protocol.

Line 4 defines which sensor is going to 
act as the light switch and, on line 5, the I/ 
O pin to which you’re going to connect the 
LED. If you use 13, as in the example, you 
don’t have to connect an external LED be-
cause pin 13 also controls the onboard L 
LED.

In line 9, you set the pin mode to OUTPUT 
then push a LOW signal to switch off the LED 
(line 10). Next, initialize the Wire and 
MPR121 subsystems so you can communi-
cate with the touch sensors (lines 12 and 
13). The 0x5C is the MPR121 I2C address on 
the Bare Touch board. 

To know which interrupt to choose every 
time a sensor is touched, you need to pass 
on the interrupt pin used by the Touch 
Board to the MPR121 subsystem. For the 
Touch Board, that’s pin 4 (line 15). Line 16 
sets the initial data update.

In the loop, you poll the MPR121 subsys-
tem to see whether the touch status has 
changed (i.e., whether any of the touch-sen-
sitive electrodes has been touched; line 20). 
If one has been touched, the program 
checks in line 22 whether it is the electrode 
that happens to be the one that was set in 
line 4 (in this case, electrode 11). If it is, line 
23 writes to I/ O pin 13 the opposite of its 
current state; that is, if its state is HIGH, you 
push out LOW, and if its state is LOW, you 
push out HIGH. Therefore, if the LED is on, it 
is turned off, and if the LED is off, it is 
turned on.

Before you upload the sketch, press the 
board’s Reset button; otherwise, you might 

get a board 
busy error. 
Once up-
loaded, press 
sensor E11 to 
switch the 
LED on and 
off (see also 
the “Return to 
Sender” box).

Floating in the air
An interesting feature of the Touch Board is 
that you can adjust the threshold sensitivity 
of the touch sensors. The sensors are capac-
itative, like the sensors on modern touch-
screen devices. They work by detecting 
changes in an electric field they generate. 
The electric field is not restricted to the ac-
tual physical surface of the sensor system; 
rather, it is projected up, beyond the sur-
face, which is why you can have screen pro-
tector over the screen of your mobile phone 
and it will still respond to touch.

The standard touch threshold for the 
Touch Board sensors is 40, and the release 
threshold (the event that indicates the sen-
sor is not being touched anymore) is 20. If 
you put these values down – way down – 
you don’t actually have to touch the sensor 
to trigger an event; it will act more like a 

01  #include <MPR121.h>
02  #include <Wire.h>
03  
04  #define switchElectrode 11
05  #define outputPin 13
06  
07  void setup(){
08  
09    pinMode(outputPin, OUTPUT);
10    digitalWrite(outputPin, LOW);
11  
12    Wire.begin();
13  
14    MPR121.begin(0x5C);
15  
16    MPR121.setInterruptPin(4);
17    MPR121.updateTouchData();
18  }
19  
20  void loop(){
21    if(MPR121.touchStatusChanged()){
22      MPR121.updateTouchData();
23      if(MPR121.isNewTouch(switchElectrode)){
24        digitalWrite(outputPin, !digitalRead(outputPin));
25      }
26    }
27  }

listing 1: Light Switch

If you are working from Linux, you might hit a hitch when trying to 
load your sketches onto the board. No matter what you try, you 
will get the following errors:

avrdude: ser_open(): can't open device U
  "/dev/ttyACM0": Device or resource busy
avrdude: ser_send(): write error: U
  Bad file descriptor

The errors are the result of a program called ModemManager in-
terfering with the board. As its name suggests, it is trying to iden-
tify the Touch Board as a modem, which ties it up when it is reset; 
this, in turn, triggers the resource busy error. Unless you use mo-
bile broadband devices with your computer (e.g., Bluetooth-
paired telephones), you won’t need it any time soon, so you can 
use your package manager to remove ModemManager from your 
system (search for “modemmanager”).

However, if you do use this software, with broadband mobile 
phones for example, you can always just disable it for now [8].

linux Problems

If you want to reinstate the original program 
that came with your Touch Board, visit the 
Bare Conductive GitHub site [12] and down-
load the script there. You can then flash it to 
the Touch Board like any other sketch.

return to senDer
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painted circuits. The electric paint only 
comes in black, which gets boring really 
quickly. If you increase the sensitivity thresh-
old, you can paint over the electric paint 
with other types of paints in other colors, or 
you can even layer paper or cloth over the 
painted sensors to make them look much 
nicer.

conclusion
The Bare Conductive Touch Board is an en-
joyable little piece of hardware that packs 
tons of features in a very small space and at 
a very affordable price. It’s easy to imagine 
hundreds of projects you can make for your-
self or in the classroom. The electric paint is 
a great touch that multiplies the fun factor 
and avoids having to use dangerous solder-
ing irons and hot metal. Both combined 
make for an excellent introductory maker set 
for kids and adults.  ● ● ●

proximity sensor. In Listing 2, I added two 
lines between lines 15 and 16 in Listing 1 to 
adjust the sensitivity of the sensors in the 
previous sketch. 

Listing 2 is identical to Listing 1, except 
that touch and release threshold sensitivities 
are pushed down to 8 and 4, respectively, in 
lines 17 and 18. (Note that the release 
threshold always has to be lower than the 
touch threshold.)

MPR121.setTouchThreshold(8);
MPR121.setReleaseThreshold(4);

Bear in mind that proximity sensing is al-
ways a bit tricky and doesn’t always work. 
For best results, use the electric paint to paint 
a large sensor (e.g., about 10cm square; Fig-
ure 4), and paint on a stiff surface that 
doesn’t deform when you apply wet paint. A 
good choice is polished wood. The paint also 
must not crack (i.e., 
from overdrying with 
a heat source); other-
wise, the electric field 
will experience inter-
ference, and the sen-
sor will register ran-
dom events.

Once you’re happy 
with your setup, when 
you pass your hand 
about 5cm from the 
painted area, the sen-
sor will trigger, and 
the LED will switch on 
or off. 

Another way you 
can use the threshold-
adjusting feature is to 
spruce up your 

[1]  Touch Board homepage: 
http://  www.  bareconductive. 
 com/

[2]  Arduino Leonardo:  
http://  arduino.  cc/  en/  Main/ 
 arduinoBoardLeonardo

[3]  Win32 Disk Imager:  
http://  sourceforge.  net/ 
 projects/  win32diskimager/

[4]  Diluting Electric Paint: http:// 
 www.  bareconductive.  com/ 
 make/  diluting‑electric‑paint/

[5]  Hover, by Paul C. Brown, 
Raspberry Pi Geek, Issue 7, 
pg. 54, http://  www. 
 raspberry‑pi‑geek.  com/  rpi/ 
 Archive/  2014/  07/ 
 Using‑the‑Hover

[6]  Arduino IDE: http://  arduino. 
 cc/  en/  Main/  Software

[7]  Bare Conductive drivers and 
demos download: https:// 
 github.  com/  BareConductive

[8]  Disabling modemmanager: 
http://  forums.  linuxmint.  com/ 
 viewtopic.  php?  f=42& 
 t=101010

[9]  The Sparkfun MP3 Player 
Shield Arduino library: 
https://  github.  com/ 
 madsci1016/  Sparkfun‑MP3‑P
layer‑Shield‑Arduino‑Library

[10]  Installing extra Arduino li-
braries how-to: http://  arduino. 
 cc/  en/  Guide/  Libraries

[11]  Light switch example:  
https://  github.  com/ 
 BareConductive/  light‑switch

[12]  Original program in GitHub: 
https://  github.  com/ 
 BareConductive/  touch‑mp3

inFo

Figure 4: My (rather ugly) proximity sensor that worked only so-so because it 

was painted on paper.

01  #include <MPR121.h>

02  #include <Wire.h>

03  

04  #define switchElectrode 11

05  #define outputPin 13

06  

07  void setup(){

08  

09    pinMode(outputPin, OUTPUT);

10    digitalWrite(outputPin, LOW);

11  

12    Wire.begin();

13    MPR121.begin(0x5C);

14  

15    MPR121.setInterruptPin(4);

16  

17    MPR121.setTouchThreshold(8);

18    MPR121.setReleaseThreshold(4);

19  

20    MPR121.updateTouchData();

21  }

22  

23  void loop(){

24    if(MPR121.touchStatusChanged()){

25      MPR121.updateTouchData();

26      if(MPR121.isNewTouch(switchElectrode)){

27        digitalWrite(outputPin, !digitalRead(outputPin));

28      }

29    }

30  }

listing 2: Proximity Switch
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Shop the Shop        shop.linuxnewmedia.com

Find it on newsstands now or order online:

shop.l inuxnewmedia.com/rpi

In case you missed  
it last time...
You ordered your Raspberry Pi... 
You got it to boot...what now?

The Raspberry Pi Handbook takes 
you through an inspiring collection of 
projects. Put your Pi to work as a:

▪  media center

▪ photo server

▪ game server

▪ hardware controller

▪ and much more!

Discover Raspberry Pi’s special tools 
for teaching kids about programming 
and electronics, and explore advanced 
techniques for controlling Arduino 
systems and coding GPIO interrupts.

watch your newsstands For 
the only raspberry pi reFerence 

you’ll ever need!
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