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Introduction

When creating a new musical instrument, it is common to consider modifying common objects or equipment and making them serve a musical purpose.  Often, typical objects have gestures already associated with them which can also function as musical gestures.  Since almost all physical gestures can be harnessed to make music, there is a certain novelty in using common, recognizable motions associated with an object or game to create an instrument.

It was in this manner that we first conceived of our idea to convert a tennis racket into a musical instrument.  There are many different aspects to the use of a tennis racket that can be separated and used to control various parameters of sound.  The most obvious characteristic of the use of a tennis racket is the swing.  Another component that could be used was the impact of the racket with a ball.  We sought to harness these motions using the sensors that we had available in order to get MIDI feedback on the computer.  We wished to maintain the basic parameters of the typical tennis swing and used them to make music.

Hardware
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We first needed brainstorm the possible ways to analyze the motion of a swing and the impact on strings.  For the swing, we decided it best to use an accelerometer with axis normal to the plane of the face of the racket (see Figure 1a).  With this alignment, the accelerometer would read an acceleration of zero for a stationary racket and a positive acceleration for a forward swing.  

The accelerometer we ended up using a two-axis accelerometer.  This allowed us to measure an additional direction of acceleration.  The second axis was aligned parallel to the length of the racket (see Figure 1b).  By aligning this second axis in this manner, we were able to monitor a specific aspect of the swing: the tilt.  Then held parallel to the floor, the accelerometer would read the acceleration due to gravity.  As the racket is tilted upward, the acceleration will decrease until eventually reaching zero when perpendicular to the ground.  

The next challenge was to determine a way to assess the impact of an object on the strings.  Our original idea was to use Piezoelectric material which responds to vibrations.  Through testing the material, it was found to generate a lot of noise, and due to the tennis racket’s built-in vibration absorption mechanisms, the Piezo material did not receive sufficient vibrations to provide clean data unless it was impacted directly.  
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What we discovered while testing the accelerometers is that the accelerometer actually responded to impact in a much more noticeable way.  The acceleration values that the accelerometer generated far exceeded those of a typical swing, so it was therefore possible to measure both the swing, tilt, and the impact independently with the same sensor.  We decided to place the accelerometer in the neck of the racket (see Figure 2).  This location proved to be ideal.  Any further towards the tip of the racket, the acceleration values would be too great, and any further towards the grip of the racket, the acceleration values would be too small.  
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In addition to the accelerometer, we decided that we needed to have a few buttons on the racket to control other parameters of the sound that would be created by our instrument.  We decided it best to place these buttons within the grip of the racket so that they could be controlled  with the user’s hand holding the racket.  The buttons we used were relatively bulky and deep, so we needed to drill holes into the grip in which the buttons could rest.  Our plan was to have the buttons control the pitch of the notes generated by the racket.  We decided that three buttons were sufficient to get the amount of notes that we desired.  A fourth button was added to solve a problem that we discovered when testing the accelerometer.  The problem was that since a typical swing of a racket is not linear but instead is more of an arc, the acceleration values that were read along the second axis would increase during a swing due to the centripetal acceleration of the racket.  The fourth button was added to function as a select feature for the tilt parameter (more later).  The four buttons were positioned according to the natural hand position of the user along the flat part of the grip (see Figure 3).  By drilling the holes in the grip for the buttons, we were also able to thread all of the wires from the buttons and the accelerometer through the inside of the grip, which is hollow, so that they came out of the bottom.  Had this not been the case, the wires would have been placed along the outside of the grip, making it more difficult to hold the racket.  

Software

Max Patch
While I was not actively involved in the development of the Max Patch, I can say that much effort went into both separating the data coming from the accelerometer, and devising a way to hold the tilt while swinging.  The accelerometer values from the first axis contained data for both the swing and the impact.  Therefore, a threshold needed to be set in order to separate the two gestures so that they each could trigger different events.  Both were to trigger a note-on command, but each would cue a different sound.  If the threshold were set too high, it would be too difficult to trigger an impact.  If the threshold were set too low, then a really fast swing could be mistaken for an impact.  
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After assigning an appropriate threshold, much of the remaining Max code was devoted to the function of the four buttons.  The first three were used to determine the pitch of the notes triggered by a swing.  We devised fingerings for an 8-note scale using only three buttons (see Figure 4).  Each combination of depressed buttons was assigned, in Max, to one of the eight notes of the scale.  

In order to remedy the aforementioned problem with the tilt parameter, we devised a system of tilt-value selection in Max.  The tilt of the racket was assigned to control the filter frequency of the sound produced by the swing notes.  When a swing started, the current value of the tilt acceleration would be sampled and applied to the note generated.  The last of the four buttons on the grip would function as a release button, so when pressed, the tilt parameter would be allowed to fluctuate based on the values measured by the accelerometer.  When pressed again, the forth button would once again sample the tilt value until released.  This allowed the user to control the filter frequency modulation when he/she desired to or to let it fluctuate naturally for a different effect.   

The Max Patch also cleaned up the signals from the accelerometer by filtering out some of the noise. 

Reason Patch
I also did not have much of an influence over the Reason Patches.  We created two distinct reason patches, one to be triggered by the swing motion, and one to be triggered by the impact.  The patch for the swing was designed to have a long release and a polyphony of greater than one, so that more than one note from the scale can sound at the same time.  We used the NN-19 Digital Sampler loaded with the OHHCHOIR sample.

For the impact patch we used the NN-XT with the Percussion Set B loaded.  The impact always sounded the same deep drum with the same filter, amplification envelope, and modulation envelope.  The sound was short in duration and sounded once for each impact.

Conclusion

All in all, the Racket Saber was as successful design.  Its simplicity (only used one sensor) makes it unique and sophisticated.  However, we did encounter problems that we did not get a chance to remedy.  The accelerometer was somewhat difficult to work with when we used it to control three different parameters of the sound.  We also had problems with some of the buttons as their leads tended to fall off during soldering.  

The concept of turning a common object into a musical instrument worked very well for us.  We were able to be creative about how we would use predetermined gestures to control the parameters of sound that we knew we needed to.  Also, for me it was very exciting to take a drill to a tennis racket (personal vendetta, I guess).  If we had more time to work on this project, it would have been our goal to devise a better way to monitor the tilt.  Perhaps the use of additional sensors might have helped.  And of course, had we been given more time, it would have been really exciting to make two of these, make them wireless, and bat around a few yellow spheres.  

Figure 1a: Accelerometer Axis 1 Alignment





Figure 1b: Accelerometer Axis 2 Alignment





Figure 2: Accelerometer Placement





Figure 3: Button Alignment
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Figure 4: Three 


Button Fingerings
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