
here the measured capacitance is compared to a
threshold to distinguish contact events. This mea-
surement is implemented using a single bidirectional
digital input/output (I/O) pin per electrode and a
leakage resistor (which can be sewn in highly resis-
tive yarn). Key contact events are output as a serial
data stream by the microcontroller. The circuit board
makes contact with the electrodes at the circular pads
only at the bottom of the electrode pattern. A view
of the component side of the circuit board has been
superimposed to show its extent and its connections
to the fabric. A flexible circuit board can be substi-
tuted for the rigid one used in this implementation.

Fifty denim jackets were embroidered with this pat-
tern and outfitted with sewn fabric buses that carry
power, ground, serial data and analog audio signals
across the backs of the jackets. These jackets also
provided an AC ground for the keypad, to ensure con-
sistent capacitance measurements. In all 50 jackets,

both the fabric keypad and bus worked reliably and
held up to repeated mechanical stresses better than
the more traditional wires and connectors also used.
The interface between the sewn keypad and the elec-
tronics led into our work to do away with the circuit
board entirely.

Musical Ball. The Musical Ball (Figure 4) is a plush
stuffed toy that allows users to play music by apply-
ing pressure in any of eight regions as they squeeze
the ball. There are ten electrodes made by e-broi-
dery on its surface, eight of which capacitively sense
pressure and two of which provide a ground refer-
ence for the capacitive sensing. The eight channels
of pressure data are sent as serial data to a host run-
ning an application that uses these data to generate
music through either external MIDI devices or an in-
ternal sound card. This application would have been
impossible to realize using conventional pressure
sensors. By using sensors made by e-broidery, we

Figure 3 On the left is the Musical Jacket, comprising a fabric keypad on one side, a MIDI synthesizer “boat” on the other
side, speakers behind speaker grills in the pockets, and fabric buses visible inside the jacket. On the right is a
composite image of both sides of the circuit board attached to the back of the fabric keypad.
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