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00 Introduction
This book focus on the fist part of a project aimed at making a fully functional interactive
globe with a touch-sensitive surface that allows users to provide input in a way similar to a
touchpad.
At a time when capacitive sensing technology is the favorite for touch-sensitive surfaces, I
have chosen to use a resistive flexible material like conductive fabric. The main factor for
this choice was indeed flexibility. The ability to stretch and fold a continuous patch of resistive material onto a surface of any shape greatly increases the range of objects where a
touch-sensitive surface may be applied.
This book is aimed at a broad audience and does not require any specific skills at this stage
in the process. Knowledge of basic electronics may, however, help you further implement on
the project and achieve an improved solution. The last section of this book discusses future
directions that you may pursuit.
The first section of this book will provide you a list of required materials that you may purchase from speciality stores, but most of them you will find at any electronics and craft
stores. The second section provides step-by-step intructions on how to build the interactive
globe. In the thirs and last section of this book you will fing a discussion of future directions
that you may pursuit.
So let’s get started and have fun!

01 Materials
& Tools

Essential stuff
1. 7’’ hamster ball
2. Fabric Glove

Electronics stuff
3.
4.
5.
6.
7.
8.
9.

Arduino Decimillia microprocessor (www.adafruit.com, www.sparkfun.com)
USB cable (A to B)
Small (1.4” x 1.6”) self-adhesive breadboard (www.adafruit.com, www.sparkfun.com)
5x1 Ohm resistors
22-gauge solid wire, multicolor
Aligator cables
Diagonal wire cutters

Conductive fabric stuff

10. See Through Conductive Fabric (www.blockemf.com)
11. Ni/Cu Fabric Tape with conductive adhesive (www.lessemf.com)

Craft stuff

12. Scisors
13. Multipurpose craft glue
14. Foam

Computer stuff

Computer (Mac, Windows, Linux)
Arduino software (www.arduino.cc)
Processing software (processing.org)
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02 Making the 			
Globe

Preparing the hamster ball
Step 1. Cut 4 pieces of foam slightly larger than the slids on the hamster ball. Make them
only big enough to easily apply glue arround the edges and make sure the glue will not spill
into the ball slid.
Step 2. Apply the all-purpose craft glue arround the edges of each piece of foam.
Step 3. Remove the hamster ball lid and glue the foam to the inside of one of the slids,
covering it completely. Apply enough pressure to make sure the foam will not fall down.
Step 4. Glue the remaining pieces of foam to three other slids. Choose the slids so that
they are as equidistant as possible from each other.
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Making the sensors
Step 1. Cut 4 pieces of wire about 7-8 ‘‘ long and strip them. These will hold the sensors on
the surface of the globe and should be long enoug to reach the Arduino that will be placed
at the bottom inside of the globe.
Step 2. For each wire, cut down two small squares of conductive fabric tape about
1/4 ‘‘ in length.
Step 3. Sandwich the tip of each wire between two pieces of conductive fabric tape. This
tape is still very conductive on the adhesive side, so there will be very low resistivity between the tip of the wire and the outside surface of the tape. Press the two pieces together
firmly against each other and the wire.
Step 4. Trim down the excess of conductive tape into a circular shape.
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Placing the sensors
Step 1. Bend the tip of the wires 90º so that the surface of the sensor will be perpendicular
to the wire.
Step 2. Place each sensor on the foam-covered slids, by carefuly pushing the tip of the
wire opposite to the sensor through the foam . Make sure the foam is well-glued to the indide of the globe.
Step 3. Accomodate the sensor on the surface of the slid and bend of the wire tip until the
sensor sits tight on the surface of the ball.
Step 4. Repeat the previous steps for each sensor. Project all the wires towards the bottom middle of the ball, where the Arduino will pe placed.
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Prepare the breadboard
Step 1. Cut a small piece of foam or styrofoam. Peel of the plastic on the adhesive side of
the breadboard and stick the foam to the breadboard.
Step 2. The foam should be placed on the breadboad so that may fill the gap between the
digital pins and the ATmega168 microcontroler (the long black controler in the middle). This
way it will support the breadboard when placed on top of the Arduino.
Step 3. Place the breadboard on the Arduino, sitting on the foam and on the ATmega168
microcontroler.
Step 4. All the pins on the Arduino should be uncovered with the breadboard sitting on top.
By using the breadboard no soldering will be required and it wil be easier to prototype.
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Set up the pull-down resistors
Step 1. Place four 10 Ohm resistors on the breadboard as shown in the picture. The holes
in each row (rows run along the shorter length or the breadboars) are internally connected.
Line up one of the legs from the resistors in the same row and the opposite leg in diifferent
separate rows. The common row will be connected to the ground on the breadboard.
Step 2. Since the rows in the breadboard have a separator in between, you will need to
bridge the gap with a small loop of wire. Then connect the row to the ground (GND) pin on
the breadboard.
Step 3. Connect the rows on the opposite leg of first two the resistors to analog pins 0 and
1 as shown in the picture.
Step 4. Connect the remaining resistors to pins 2 and 3. At the end the circuit should look
like in the figure. The wires coming from the sensors should be placed in these same rows.
Current coming from each of the sensors will go into each of the rows and,be split into the
ground and analog pins due to the pull-down resistors.
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Connect the sensors to the breadboard
Step 1. Cut down 2-3 ft of wire and connect it to the 5V pin next to the GND pin. This wire
will be connected to the glove and will provided the current input into the fabric touchpad.
Step 2. Place the Arduino inside the ball and connect the wires coming from each of the
sensors to the row on the breadboard connected to the corresponding analog pin.
Step 3. Using a tool of your choice, cut a hole through the ball lid wide enough to make
through the USB cable and the 5V cable.
Step 4. Pass the USB and power cable throught the hole on the lid and reattach the lid to
close the ball.
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Turn the glove into an input device
Step 1. Cut a long and narrow piece of conductive fabric tape.
Step 2. Stick one end of the tape around the tip of the glove’s index finger and run the
remaining tape along the finger towards the wrist.
Step 3. Attach a footlong stretch of wire to the conductive tape by just wrapping it around
the wire. This wire will supply the 5V current from the Arduino into conductive tape at the tip
of the glove.
Step 4. Clamp an aligator cable to the wire coming out of the glove. Connect a second
aligator cable through a 10 Ohm resistor. The other end of the second aligator clip will be
attached to the 5V cable coming from the Arduino. This setup allows for easier prototyping
and testing different resistors.

1

2

3

4

Turn the hamster ball into a globe touchpad
Step 1. Cut a quare of See Through Conductive Fabric large enougt to cover the entire
globe (13x13 in should be enough)
Step 2. Place the fabric on top of the ball on the hemisphere opposite to the ball lid and
stretch around it. Make sure there are no fabric wrinkles on the top hemisphere of the ball
and that all the sensors are touching the fabric.
Step 3. Fasten the fabric at the bottom of the ball, while letting the USB cable and the 5V
wire through.
Step 4. Connect the Arduino to the computer via the USB cable and the glove apparatus
to the 5V cable. By touching the fabric with the conductive tape at the tip of the glove the
circuit is closed. Given the constant resistivity across the conductive fabric, each of the
sensors will receive an amount of signal that is inversely proportional to the length of fabric
it has to travel from the point it touches the glove.
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Testing
To test you new globe touchpad, you need to have the Arduino and the Processing software
installed in your computer.
To visualize the signal input into each of the four sensors and a 2-D visualization of the
rough position of the finger you may use a program initially written for a flat rectangular
touchpad that assumes the four sensors to be placed on each corner of the touchpad.
This will allow you to test input from any point inside the area between the four sensors on
top of the ball. While this is not the ideal visualization sice we are dealing with a curved
surface you may use it to test the construction of your globe touchpad.
You may download the Arduino program at:
http://www.plusea.at/downloads/_080201_4AnIN.zip
The Processing program may be found at:
http://www.plusea.at/downloads/_080926_KnitTP_4AnIN.zip
Upload the Arduino program into the board and then run the Processing program.
Press the “space” key to visualize the position of the fingertip relative to the four sensors.
Press “g” for the graph mode where you can visualize the signal going into each sensor.
To calibrate, you will need to adjust the Min and Max thresholds in the Processing code
(around line 79) to define the values corresponding to the “edges” of the touchpad.

03 Future
Directions
Improving on this project to make a fully functional touch-sensitive globe raises several
interesting challenges.
First of all the fabric surface is still far from ideal. The conductive fabric used in this project
was chosen for being stretchable, nearly transparent and, more importantly, for having constant resistivity in any direction. Being strechable it is easy to lay it down without wrinkles
on a curved surface. It also avoids cutting and stiching the fabric which would disrupt the
continuous resistivity across the fabric. The trade-off is that only one hemisphere is functional at this point.
Aplying the fabric to a full sphere may indeed require cutting it into a shape that best fits a
curved surface and dealing with the different resistivities that may arise at the seams. Also
the altered resistivities from stretching the fabric may have to be dealt with as it affects accuracy and raises callibration issues.
Second, the input method is not the most desirable since it requires an aditional input device
like the glove. A better solution would be to place a second layer of highly-conductive fabric
on top of the resistive layer to provide current at the point of contact when pressed against
each other. This would allow using our own fingertips as the single pointing device.
A challenge though arises from the need to separate both layers effectively when not
pressed. For that purpose, I have successfully used Velostat (www.lessemf.com), a highly
resistivie conductive plastic to separate the two layers. However, great pressure must be
applied to allow a measurable amount of signal to reach the sensors.

Third, an adequate computer representation of interaction with a spherical must be developed to provide an accurate mapping and visualization of the input location. Adequate callibration methods must also be developed.
If high accuracy and reliability can be achieved with this kind of material and better software,
this approach may allow for the development of pointing devices in any kind of surface in a
wide range of media, from tabletops to clothing.
If still a high accuracy and precision are not attained, it will still have a wide range of applications, given that the fabric will be able to detect input in any given region on the surface of
a 3D object. This would open up the possibility of more intuitive and powerful interactions
with other objects in 3D physical and virtual space.
Irregularities on the shape and surface of the object’s would not be an issue and would even
contribute with better haptic feedback, allowing for richer interactions with a natural feel.
The fabric approach to create input devices therefore raises interesting possibilities for new
interactions and applications using non-flat surfaces.
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