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Over the last decade, it has become much
easier to make electronic gadgets. The
Arduino revolution has made the micro-

controllers easier to use, and at the same time, much
more hardware and software has been created. You
can now plug a few shields into an Arduino and get a
mobile phone, or a GPS navigator with a touchscreen,
or, well, almost anything you can imagine.

Most of the time, these gadgets use traditional
circuit-making methods, such as PCBs, breadboards
and strip boards. However, that doesn’t have to be the
case. With a little ingenuity, you can create circuits in
all sorts of ways – such as by sewing conductive
thread into clothes. As an example, we’ll create a
cycling jacket that has some LEDs to make it a bit
more visible than most, but the techniques we use
could easily be used to make all manner of items such
as light jewellery, or digital art.

There’s nothing to stop you stitching any circuit
board into clothing. In fact, you could be forgiven for
thinking that a small headerless microcontroller board
such as an Arduino Pro is ideal. However, there are a
few disadvantages to using general-purpose boards.

The connections tend to be too close together (thread
is less precise than soldered wire) and they have
smaller contacts, which can be troublesome for use
with e-textiles.

There are two lines of microcontroller boards that
are designed to correct these problems, and both are
perfect for wearable projects: the Lilypad and the
Flora, from Adafruit Industries. They’re both based on
the Arduino, and are mostly compatible with each
other in terms of code and hardware. The biggest
difference between them from a Linux user’s
perspective is that the Lilypad boards work on Linux
with the official Arduino IDE, while the Flora (and the
smaller Adafruit Gemma board) don’t. There is some
guidance on the Adafruit website that may help you
get the Flora working under Linux, but it’s known to
have some problems (particularly the Gemma
variant). Because of this, we opted to base our project
on the Lilypad.

Choose your controller
There are a few different types of Lilypad. Most don’t
come with USB integration, and need an external FTDI
board in order to program them. The original Lilypad is
the largest. There is also the smaller Lilypad Simple,
and the Lilypad Simplesnap, which can easily be
removed to allow the clothing to be washed. The
Lilytiny is the smallest, though it is a little harder to
program. The easiest to get started with is the Lilypad
USB, which has everything onboard, and this is the
one we’ve used in our project.

The Lilypad USB is supported by the Arduino IDE
from version 1.0.2 onwards, though we used version
1.5 in this project. If your distro comes with an earlier
version, you’ll need to download the latest from
www.arduino.cc. Once you’ve got it, you just need to
unzip the archive, then run the arduino script in the

Fig 2: These two resistors 
make the switch work, and 
they’re the most fiddly bit 
to fit into the jacket.

Fig 1: The first row of neopixels can be attached entirely 
with conductive thread.

MAKE SMART CLOTHES WITH AN 
ARDUINO LILYPAD
Add a microcontroller to your cycling jacket and take one more 
step along the road to pervasive computing.

 TUTORIAL

BEN EVERARD

80

Input pin

R2
32k
Ohms

R2
6.2k
Ohms

+ve

-ve

WHY DO THIS?
• Be the best-dressed 

cyclist in town
• Learn how to program 

clothing
• Get started with the 

neopixel and add 
colourful LEDs to your 
projects



ARDUINO TUTORIAL

www.linuxvoice.com

new directory, and everything should work as long as
you’ve got Java installed.

The microcontroller is the brains of the project, but
it’s useless without additional components for input
and output. We’re going to use a few extra pieces to
give us the functionality we need.

Flora neopixels from Adafruit give us light. As you
may have guessed from the name, they’re designed to
work with the Flora board, but you can equally use
them with the Lilypads (or, for that matter, other
Arduino-compatible boards). Neopixels are chainable
RGB LEDs, which means that one pin on the controller
board can drive many lights – an especially useful
feature on sewable boards, as these tend to have
fewer pins than most.

Neopixels take power separately from the data
input. See figure 1 for details of how to wire them up.
In order to use them you’ll need the library from
Adafruit. You can find details of how to install this on
the official website (http://learn.adafruit.com/
adafruit-neopixel-uberguide/arduino-library).

The best way to prototype wearable projects is with
alligator clip leads – these are the breadboards of the
wearables world. In order to make sure everything’s
working properly, you can connect up your neopixels
as shown in figure 1, and run the strand test example
sketch that comes with the neopixel library. You’ll
need to adjust the number of neopixels, and the pin
that they’re on in order to run it. It’s best to use just
two neopixels in a test, for reasons we’ll explore later.

You’ll see in a bit that we actually split the neopixels
up into two strips of two. This is just to make the
sewing a little easier.

Connecting the circuit
The purpose of this project is to create a cycling jacket
with improved visibility. We used four neopixels sewn
into the back of the jacket to flash red. In addition, we
added switches to enable the outermost of the pixels
to be turned into indicator lights. In order to do this, we
need a way to tell the microcontroller that we want to
turn. The easiest way to do this is switches. There are

all manner of switches available, but we needed some
that are on-off (that is, you press them once to go on,
and a second time to go off), and suitable for
wearables. The best ones we found were from
Adafruit at www.adafruit.com/products/1092.

You can’t just put a switch between positive voltage
and an input pin on the microcontroller and use it as
an input. When it’s on you’ll get too much current
flowing into the input pin, and you could damage the
microcontroller. When it’s off there’s no input to the
pin. You may think that no input is the same as an off
input, but it’s not. No input is a sort of floating state
that can go either way, and while it’ll usually go to off,
it’ll flash on, and create all sorts of problems. The
solution to both of these problems is a resistor,
though in slightly different ways.

Wire up the switch
Take a look at figure 2 for details of how to wire up a
switch. When the switch is open R1 stops too much
current damaging the input pin. R2 allows a little
current to leak away, but since it’s quite a large
resistor, this isn’t too much. When the switch is closed,
R2 connects the pin to ground, and this is enough to
make sure that the input always reads off.

The final piece of input and output hardware we’ll
use is a piezo buzzer. This will buzz to let the wearer
know when there’s an indicator on, so they don’t forget
to turn it off. You can get sewable buzzers, but we
used an ordinary piezo element. It’s not very loud, but
it doesn’t need to be, because it’s just there to remind
the cylist that the indicator’s on.

The most unusual thing about wearable electronics
isn’t the hardware, it’s how they’re connected together.
You could use wires, and sew them onto the fabric,
but the downside to this is that it’ll make the fabric
stiff, particularly if there are a lot of wires. Most
wearable projects use some form of conductive
sewable. There are sewable ribbon cables and
conductive fabrics, but by far the most popular option
is conductive thread.

Sewable thread comes in different grades, and
most should work with this project. This is a really
small wire of twisted stainless steel strands. You don’t
need any special equipment to use it, as it can be cut
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PRO TIP
A multimeter will make 
your life a lot easier when 
testing the integrity of 
your circuit.

Fig 3: The blue wires are 
conductive thread sewn in; 
all others are wire.

Power supplies

The easiest way to power the Lilypad USB is through the 
JST connector. This can take a lithium polymer (LiPo) 
battery with an output of 3.7V, and run everything off that. 
There’s even a charging circuit built into the Lilypad USB, so 
you can recharge the battery by plugging the Lilypad into 
your computer. This means you can tuck the battery into 
some inaccessible place and not worry about it.

There are other batteries that can connect via JST; for 
example, you can get holders for three AA or AAA batteries, 
or for two CR2032s.

A third option is to use a USB power source. You can get 
battery packs designed to give mobile phones extra power, 
and these should work when plugged into the USB port. It’s 
probably only worth doing this if you happen to have one of 
these lying around, as they’re bigger and more expensive 
than the alternatives without having any real advantages.
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with scissors and sewn with ordinary needles. We
used three-ply and got through about 30 feet
(including wastage and mistakes).

Perhaps the biggest consideration when laying out
a wearable circuit with conductive thread is that none
of the connections can cross, because the wire isn’t
insulated. If you’re using thick fabric you could try
crossing on opposite sides of the cloth, but there’s a
pretty good chance that you’ll run into problems. Good
circuit design should minimise the number of times
that two threads need to cross, and in simple circuits,
it may not have to happen.

We solved the
problem by using short
lengths of insulated
wire when paths had to
cross. In principal, you
could probably get
away with lengths as

short as an inch just to act as a bridge if flexibility is
critical, though we used lengths a few inches long to
make it simpler.

In terms of circuitry, our design is simple. Perhaps
the most important decision for layout is where to
place the Lilypad itself, because this will affect how
everything else connects together. Since we’re going

to have components symmetrically laid out over both
sides, we opted to put it in the middle. The four
neopixels are in a line across our upper shoulders.
This makes them more visible to drivers, and also
shows the width of the cyclist. There’s a very bright
light on the front of our bike, so we didn’t add any
additional LEDs to the front, though you could easily
do this. The buttons are on either side of the chest
making them easy to press with either hand.

You could put the buzzer anywhere on the jacket,
but we added it to the collar so it is close to the
Lilypad and easy to hear.

Assemble the wearable circuit
The full circuit can be built up bit by bit. The first step
is to get the lights working properly, and to do this you
need to decide where the LEDs should be. This may
sound simple, but it can be surprisingly confusing to
work out what goes where when the jacket isn’t being
worn. It’s easiest to put the jacket on, and get an
assistant to mark the right places with a pen or pencil.

Because we’ve arranged the neopixels in two strips
of two, the wiring gets a little convoluted right from
the start. If you want, you could simplify this by having
a single strip, and have the Lilypad on one side of the
jacket, though this may cause complications with the
buttons. See figure 3 for details of how we laid it out.

The sewing itself is straightforward. If you’re feeling
fancy, you can alternate the lengths of the stitches so
that those on the outside are shorter than those on
the inside, to make the conductive thread less visible.
However, we wear our electronics like a badge of
honour. Similarly, we’ve mounted all the circuitry on
the outside; this could go inside, but it could chafe if
you weren’t careful with placement.

The tricky parts of sewing is making the
connections at either end – the key is to loop through
the hole several times, and make sure it’s tight. We
used a drop of glue on to stop the thread coming
loose, but better stitchers may not need this. Be
careful not to use too much glue, as it can get
between the thread and the contact and be counter-
productive. On the neopixel positive and negative
points, you need to continue the rail after the first
pixel. It’s easiest to do the full rail in one thread, and
continue after sewing in the first neopixel. This is
because the holes are quite small, and it can be hard
to sew in a second time. We did manage to sew in
again when we needed to, so it’s not too big a problem
to do it in two threads.

Make sure that you trim the ends quite short, as it
will cause problems if two threads touch each other.
Beyond these minor points, it’s no different from
sewing anything else, so if you know a good sewer,
you may wish to ask for a little help as they will be able
to keep it neat.

Already there are sections that need wire, and we
have a few options: you could solder the wires onto
the Lilypad before you start sewing, or you could
always take thread off the Lilypad, then loop into the

Introducing Arduino
If you’ve not heard of the Arduino, then 
you’re missing out on a revolution in 
microcontrollers. They’re simple boards that 
allow a wealth of input and output options. 
The exact options depend on the board, but 
range from 20 IO pins on the Uno and Micro 
to over 50 on the Due and Mega. 

They don’t have full CPUs, but instead 
AVR microcontrollers. You can think of these 
a bit like really simple System On Chips 
(SoCs). They have a bit of flash storage 
for programs, and a bit of RAM to hold 
variables, and a simple processing core. It’s 
not enough to run an operating system, so 
instead you program them directly with no 
OS underneath.

The real innovation of the Arduino system 
was in making them really easy to program. 
There’s a huge library of code that you can 
use to quickly build quite advanced projects, 
and they can be programmed directly from 
USB with no special hardware. 

Arduinos are programmed in a dialect 
of C++. All programs have at least two 
functions: setup() and loop(). setup() is 
called at the start, then loop() runs in, well, 
a loop. If you’re at all familiar with C or 
C++, you should find it easy to pick up from 
looking at the examples that come with the 
IDE. If you’re not, then there are loads of 
great books and online resources to help you 
get started.

“The circuit can be built up bit 
by bit – the first step is to get 
the lights working properly.”

The first neopixels sewn 
in. We got the alignment 
a little wrong so the 
conductive thread takes a 
longer path than it needs 
to, but it still works.
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wires later. We chose to sew the wires onto the board.
This was easy to do and gave the wires more flexibility
than if they’d been soldered on. First we stripped about
half to three-quarters of an inch of the wire, then we
looped this through the hole on the Lilypad, making
sure that the end of the wire poked away from the
person wearing the jacket. Then we took some thread
and looped it through to make sure there was always a
good contact between the wire and the Lilypad.

To keep the wire in place, we then sewed it in with
some cotton (non-conductive) thread along its whole
length. We bent one end of the wire into a circle (you
could add a drop of solder to help it stay in shape), and
stitched in the thread. These were the most
troublesome contacts, so make sure you loop the
thread around the wire a few times as well as sewing it
in. If you find your circuit isn’t working at any point, use
a multimeter to make sure all the contacts are good.

Programming your jacket
A word of warning before we get started. There are
three LEDs in a neopixel (for red, green and blue). Each
of these can draw 20mA on full brightness. So, for full
white light, that’s 60mA per pixel or 240mA altogether.
The regulator on the Lilypad can cope with a peak
current of 500mA, but a continuous current of only
200mA, and this has to supply the microcontroller,
buttons and buzzer. This means that if you put all the
pixels on white, there’s a good chance you’ll burn out
the controllers. There are two solutions to this. Either
you can power the neopixels separately with another
battery (or separate leads from the same battery that
don’t go into the Lilypad), or you could program the
Arduino to not have too many of them on at once.
We’ve gone for the latter approach to keep the design
as simple as possible, and we’ve kept our code quite
cautious. If you want to experiment with brighter
lights, either power the neopixels separately, or be
careful not to blow your regulator.

With that warning in place, let’s get started
programming the jacket. If you’ve not used an Arduino
before, take a look at the boxout on the facing page.

The following code will simply test that everything’s
working properly, and cycle through a few colours.
#include <Adafruit_NeoPixel.h>

Adafruit_NeoPixel strip1 = Adafruit_NeoPixel(2, 2, NEO_GRB + 
NEO_KHZ800);
Adafruit_NeoPixel strip2 = Adafruit_NeoPixel(2, 3, NEO_GRB + 
NEO_KHZ800);

void setup() {
  strip1.begin();  
  strip1.show();
  strip2.begin();  
  strip2.show();
}

void loop() {
  strip1.setPixelColor(0,50,0,0);
  strip1.setPixelColor(1,50,0,0);
  strip2.setPixelColor(0,0,50,0);
  strip2.setPixelColor(1,0,50,0);
  strip1.show();
  strip2.show();
  delay(1000);
  strip1.setPixelColor(0,0,50,0);
  strip1.setPixelColor(1,0,50,0);
  strip2.setPixelColor(0,50,0,0);
  strip2.setPixelColor(1,50,0,0);
  strip1.show();

The complete setup with 
the battery hanging down. 
This lights the cyclist 
higher up than traditional 
bike lights and make the 
rider much more visible at 
night.

The wires coming off the Lilypad make it a little messy, 
but you can’t feel this when you wear the jacket.
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  strip2.show();
  delay(1000);
You’ll find it this code at www.linuxvoice.com/code/
wearable.tar.gz as jacket_test.

To upload the code, first plug the Lilypad into your
computer, then go to Tools > Boards and select
Lilypad Arduino USB (It must have USB at the end). If
that’s not an option, it means you don’t have the latest
version of the Arduino software. You’ll need to update
this before continuing.

The first line of the code just includes the library
(make sure you’ve installed this first – instructions
above). You then need to set up the strips with a call
to Adafruit_NeoPixel(). The first parameter is the
number of pixels in the strip, the second parameter is
the pin number they’re on, and the final parameter is
set depending on the version of the neopixels you’re
using. The above is for version two, which are the only
ones currently available.

There are three methods that you can call on the
strips that you’ve set up: begin() has to be called at
the start to set everything up; show() has to be called

any time you make
a change to a
pixel’s colour,
otherwise the
change won’t
be sent to the
pixel; and

setPixelColor() is used to change the colour of the
pixel. This last method takes four parameters: the
pixel number (starting with 0, the closest to the
Lilypad), and the R,G and B values respectively.

At this point, we found that our board emitted a
high-pitched hum due to a noisy power supply. It
wasn’t a huge problem, but it was a little annoying. We
added a 220μF capacitor between the positive and
negative rails to stop this.

Add buttons to the circuit
Once you’ve got everything working, it’s time to move
on to the second stage: adding buttons. These are
slightly more difficult because you need to solder on
the resistors first. See figure 2 for details about how to

solder them. Other than that, it’s just a case of sewing
them in place. It’s best to position them in such as
way that the resistors won’t get bent repeatedly, as
this could lead to metal fatigue and breakage.

Once this is done, you can upload the final code.
Even though the hardware isn’t quite finished yet (we
haven’t added the buzzer), the rest of the code will
work, and the buzzer will start working as soon as it’s
put in place.

The code is fairly simple, though a bit long-winded:
#include <Adafruit_NeoPixel.h>

Adafruit_NeoPixel strip1 = Adafruit_NeoPixel(2, 2, NEO_GRB + 
NEO_KHZ800);
Adafruit_NeoPixel strip2 = Adafruit_NeoPixel(2, 3, NEO_GRB + 
NEO_KHZ800);
int count;

void setup() {
        strip1.begin();
        strip2.begin();
        strip2.show();
        strip1.show();
        pinMode(10, INPUT);
        pinMode(9, INPUT);
        pinMode(11, OUTPUT);
        count = 0;
}
void loop() {
        
        if(digitalRead(9)){
                if(count < 8){
                        analogWrite(11,100);
                        #left indicator on
                }
                else {
                        analogWrite(11,0);
                        #left indicator off
                }
        }
        else if(digitalRead(10)){
                if(count < 8){
                        analogWrite(11,100);
                        #right indicator on
                }
                else {
                        analogWrite(11,0);
                        #right indicator off
                }
        }
        if(digitalRead(9)==LOW && digitalRead(10)==LOW){
                analogWrite(11,0);
                if(count < 4){
                        #flash one red light
                }
                else if(count < 8){
                        #flash next red light
                }
                else if(count < 12){
                        #flash next red light

Washable and weather-proof

None of the parts we’ve used are officially 
weather-proof or washable. That means if 
you get them wet, and they break, you can’t 
return them. That said, there’s nothing that 
should get into much trouble if it gets a bit 
damp (the piezo buzzer may not fare too 
well, and the battery should be kept as dry as 
possible). If you do encounter a spot of rain, 
just turn it off, and hopefully, it will survive. 
Let it drip dry fully (including the inside of 
the switches) before turning it back on.

Waterproofing isn’t easy, but it should be 
possible to make it at least stand up to some 
rain. The first stage would be waterproof 

housing for the battery and buzzer. 
Waterproof switches are available, or you 
could put the ones we’ve used inside some 
flexible plastic cases.

With this done, you would still need to 
power it off during rain because the water 
could short out some of the connections.

The Lilypad and neopixels should stand 
up to a dunking (though there aren’t any 
guarantees). Adafruit is working on making 
fully waterproof wearables (see a test here: 
www.youtube.com/watch?v=P42MzjuEPig) 
though at the time of writing, there isn’t 
anything available for purchase.

“Once you’ve got everything 
working, it’s time to move on to 
the second stage: adding buttons.”
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                }
                else {
                        #flash final red light
                }
                
        }
        
        if (count < 16) {
                count++;
        }
        else{
                count = 0;
        }
        delay(100);
}
Some of the code has been replaced with comments
for brevity. You can find the full code at
www.linuxvoice.com/code/wearable.tar.gz as
jacket_final. Each of the sections with comments is
replaced by a section of setPixelColour() and show()
calls to the various strips.

The loop uses the variable count to keep track of
things flashing. The two new pieces in this are the
digital inputs and the analog writes. You should be
able to see what’s going on here. You have to first set
the pinMode() in setup with the pin number and the
mode you want the pin in. This allows you to read or
write to the pins.

You should now have a working cycling jacket!

Make some noise
The buzzer was simple to attach. We used a drop of
glue to attach it to the collar of the jacket, then sewed
the positive lead onto pin 11 and the negative lead
onto a ground thread. Sewing onto an already stitched
thread is just like sewing onto a wire loop or a resistor.

The analogWrite() function that we’ve used to
control the buzzer is a bit misnamed. It’s not really
setting an analogue value, but a digital pulse width
modulation (PWM) value. This means it emits a
square wave that’s on for the proportion of time you
set it to be (out of 255). So analogWrite(11,0) sets pin
11 to be off. AnalogWrite(11,1) sets pin 11 to switch
on for one 255th of the cycle. analogWrite(11,100), 
then, sets pin 11 to be on for almost half of the cycle.
The frequency of the PWM is dependent on the timers
of the Arduino. These can be changed, but it’s a little
complicated and can have effects on other functions.

Since we just want to make a noise to alert the
cyclist to the fact that the indicators are on, we won’t
bother interfering with it. The code as written should
produce a high-pitched beep. If you want something a
little more tuneful, there are some example of coding
melodies in Files > Examples > Digital in the Arduino
IDE. The buzzer makes it much easier to check you
haven’t accidentally left the indicator on.

We’ve created a cycling jacket, but exactly the same
techniques could be used to produce all sorts of
wearable designs. If you’re a pop star embarking on a
world tour and need something to wear, or feel like
making your own Tron constume, this project is an
excellent place to start. 

Ben Everard cycled across Somalia once, and says it wasn’t 
as dangerous as the time he cycled across Wales.

Equipment

You need surprisingly little equipment to produce wearable 
computers. In fact, it’s possible that you could do it with 
nothing but a needle and conductive thread. We only used 
two pieces of electronics equipment in producing the 
tutorial: a soldering iron and a mulitmeter.

There’s a wide range of soldering irons available in a 
wide range of price brackets. The soldering in this project 
is about as simple as it comes, so any old iron should do 
the job. If getting a soldering iron for the first time, it’s 
well worth getting a stand and tip cleaner as well. They 
shouldn’t cost much, and make soldering a lot easier.

Usually in electronics tutorials, you’ll see multimeters
listed as useful but not essential equipment. However, in
wearable projects using conductive thread, getting contacts
is far more problematic than in most projects. Without a
multimeter, trying to find what’s causing the problem would
have taken us a long time. Because of this, we’re inclined to
say that a multimeter is an essential tool for wearables. A
good multimeter will have a continuity indicator that beeps
if there’s a connection between two points. This enables
you find the problems with contacts without having to keep
looking at the screen. This isn’t essential, as you can use the
resistance meter to do the same job, though the latter way
requires you to look away from the circuit to get a reading.

The author has yet to be 
hit by a car when wearing 
the jacket despite cycling 
around the mean streets of 
Gloucester at night. 
NB: Linux Voice strongly 
recommends wearing 
a helmet while cycling, 
as brains are soft and 
squishy.


