Michael A. Caselli

With Jeff Volinski
Project Schwinnophone
The Plan
Take a Japanese-American 10-speed bicycle from the early 80s and turn it into a MIDI controller.  The 10 speed-bicycle makes a good user interface because it is a device with which most people are familiar, and it has multiple parameters which can be monitored and used to control music.  Among these are wheel speed, brake pressure, and gear selection.  We have devised systems to monitor all of these parameters electronically and use them to control the playback of a MIDI sequence.

The Bike

The Schwinn Le Tour was the first bicycle sold by Schwinn in the US to be manufactured in Japan.  Its lugged steel frame was manufactured by the Panasonic Corporation for Schwinn US.  It features center pull brakes and head tube mounted friction shifters for the front and rear derailleurs.  
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Figure 1 - Schwinn Le Tour as Schwinnophone
The Sensors

Rear wheel speed is perhaps the most important parameter being monitored for this project.  The rotational speed of the rear wheel is tracked using a magnetic reed switch mounted on the drive side chainstay, and three permanent rare-earth magnets mounted on the spokes of the rear wheel.  The reed switch is wired normally open, and it closes when a magnet on the wheel passes by.  So our wheel speed sensor has a resolution of one third of a rotation. 

When pedaling quickly in a high gear, the reed switch/Doepfer combination had a hard time registering each of the magnets as they went by the sensor.  As a result, we locked out the large front chainring by cranking the set screws on the front derailleur.  We left just enough travel in the derailleur to activate the momentary switch, so that we could use it for something in our program.
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Figure 2 - Rotation Sensor
The reed switch shares a ground with a normally closed momentary pushbutton switch used to monitor the position of the front derailleur.  The momentary switch is mounted on the seat tube, and is actuated by the linkage on the front derailleur in such a way as to be open when the large chainring is engaged, and closed when the small chainring is engaged.
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Figure 3 - Momentary Switch for Front Derailleur

The position of the rear derailleur is monitored using a flex sensor mounted around a pivot on the parallel linkage of the rear derailleur.  The flex sensor is a resistive element, and in operation we initially saw values on the order of 120KΩ – 190KΩ.  However, over time as the sensor sat in its new resting position, some settling of the sensor and its output occurred.
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Figure 4 - Flex Sensor for Rear Derailleur

Front brake application is monitored using a force sensitive resistor mounted between the brake pad and the pad backing plate, and in use, the FSR varies from approximately 2MΩ to more than 100MΩ.
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Figure 5 - FSR for Front Brake Application

The Circuitry

Both the flex sensor and the FSR require processing circuitry to convert the resistances to voltages, and shift and scale these voltages to within the 0-5V range expected by the Doepfer box, our MIDI interface.  The original plan was to use a series combination of a voltage divider and a difference operational amplifier circuit to convert the resistance to a voltage, then shift and scale that voltage into the 0-5V range.
This circuitry, while working brilliantly in theory, has yet to work in practice.  As a result, the processing circuitry used will be running on a breadboard, which has +15V and -15V sources.  Four potentiometers are used to create an adjustable positive voltage and negative voltage for each circuit.  This allows the simple voltage divider to be tuned for optimum output (as close to 0-5Vas possible).  The FSR
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Figure 6 - Breadboard with Signal Processing Circuitry
The Software
The heart of the MAX patch for the Schwinnophone is a MIDI sequencer designed to play at a tempo dictated by the rate of rotation of the rear wheel of the bicycle.  The reed switch/magnet rotation sensor employed on the bicycle is wired to the note inputs on the Doepfer box to effectively give a bang every time a magnet passes by the reed switch.  The sequencer uses these bangs as its base time denomination, stepping through the sequence one 16th note at a time.  
The sequences themselves are nothing more than strings of MIDI note numbers separated by spaces.  Originally we had used a makenote command to create notes of a set duration, but to make the music flow better at varied tempos, I came up with the idea of instead using the sequence to create noteons, and using a second sequence running simultaneously, but one value behind, to send noteons with velocities of zero, to shut off the previously played note dynamically.
In order to get notes of different durations, we used dummy note numbers as placeholders.  For example, to create a C quarter note in a 16th based sequence, the string would look like “64 -1 -1 -1 -1”.  A select statement between the sequence object and the noteout filters out all negative values before they make it to the MIDI stream.  Similarly the “noteoff” stream would look like “-1 -1 -1 -1 64” so that the C would sound for four 16th notes before being shut off.
Ultimately, Jeff programmed, number by number, a multi-track rendition of “Born To Be Wild,” which sounds fantastic.

The output of the FSR for the front brake application was programmed to control pitch bend on the lead guitar track.  The FSR’s resting state was tuned to 0V using the signal processing circuitry, producing a controller value of 0.  This 0 was set to be 64 on pitch bend, or “no bend,” and squeezing the brake bends the lead guitar track down, much like a whammy bar. 

We chose to create a “fake gear” in the program using the front shifter.  While the user cannot actually select the large chainring, the shifter still works as a toggle switch, toggling between each bang produced by the rotation sensor being a 16th note, and every other bang being a 16th note.

We had issues with the rear derailleur controller, namely that our already large, ungainly MAX patch couldn’t handle processing another controller, so we chose not to implement any functionality for the rear derailleur.   The original plan had been to add and remove tracks from the sequence as the user moved up or down a gear.

Conclusion

The Schwinnophone has definite promise as a commercial success.  All it needs is a sponsor to get behind it and help in the fine tuning and miniaturization of the electronics.  There are also plans in the works for a Flying Schwinnophone, and a Vegetarian Schwinnophone. 
Issues with the current prototype include the difficulty with picking up the wheel magnets at high rates of speed, drift in the FSR and flex sensors, and data processing power.

The coolest feature of the current Schwinnophone is definitely the whammy bar, and overall, the project has been a lot of fun.

