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Laser Harp Final Report

LASER HARP

GOALS

Our goals with the digital laser harp include:

( build a wooden harp body to house multiple sensors and triggers

( mount and use 12 photo-cell laser sensors and 12 laser pointers on the body of the wooden harp so that a break in the beam of projected light would trigger a noteon

( mount ribbon sensors to manipulate various controller data - ** later replaced with 6 discrete switches on either side of the harp body because the ribbon sensors would not give reliable data

( setup a foot pedal to control the FM frequency amount

( setup switches to control playback of sequences, as well as octave up and octave down

( mount and implement a pot. to control the volume (or any other assigned parameter)

( mount and implement switches to select and load sequence playback, as well as the type of scale, and to power the harp

( write & record 3 sequences in Reason, convert to MIDI files, and load in MAX to accompany harp solos during play

( write a MAX patch to implement the photo-cell sensors, lasers, switches, and pedals

MATERIALS

( wooden harp frame

( Doepfer Box

( Max & Reason patches & sub-patches

( 12 photo-cell sensors

( 12 laser pointers

( electrical wire

( cork & prongs to mount photo-cells

( hot glue & hot glue gun

( power supply

( 24 resistors total (12 row switches, power switch, 3 song selector switches, 3 scale selector switches, and pot. to control MOD wheel)

( resistors for divider networks built into harp

IMPLEMENTATION

For this project we wanted to build a harp using photo-cell sensors and laser pointers as a practice tool for players.  This harp would be able to load different scales, load sequences as an accompaniment, and have controllers assigned to and controlling different parameters during play such as volume, LFO, sustain, and octave up/down.  We tried to implement a MAX patch which would detect velocity and thus change the envelope of the patch, but this proved to be too difficult.  Instead, with each sequence loaded (1 of 3), the harp patch changes, and when the laser beam is broken for longer than 300 milliseconds, the note is programmed to pitchbend up.

Originally we wanted to mount 2 ribbon sensors on the main body of the harp in order to change parameters during play.  The sensors were made of two strips of conductive plastic.  Leads were attached to each end of each strip and the strips were taped together, conductive sides facing each other.  However we could not get our homemade ribbon sensors to give us reliable data.  The output data was extremely noisy and fluctuated between as many as 15 values, and the point on the ribbon did not always produce the same number.  Two different prototypes were constructed and several different circuit setups with the op-amp were tried to no avail.  Thus, we replaced the 2 ribbon sensors with 6 discrete switches on either side of the body, which we have setup to control note duration and LFO amount.
MAX PATCH
The main MAX patch detects a break in the beam of light as a controller in, and notes are assigned according to which scale has been selected.  An upward pitchbend has been programmed into MAX which begins if the laser beam has been broken for longer than 800 milliseconds (essentially a held note).  

A sub-patch called "scale_select" uses logic to determine which of the 3 programmed scales to assign to the noteons.  It uses a common basenote of 62, which is a C, sends a bang to the selected scale, and then adds notes chromatically to the basenote depending on the scale.  The 3 scales implemented are a major scale, a chromatic scale, and a blues scale.  This sub-patch also controls octave up and octave down, which is triggered by 2 floor switches.  

There is also a sub-patch called "calibrate" which sets calibration levels.   This sets the thresholds of each note-on high enough so that there are no accidental note-ons from interference, and is activated by a toggle manually and only once in the main patch before playing the harp.  This was needed because the photo-cells have a base value (varying per device), and when the beam of light is broken the value jumps to a much higher number.  The logic was setup to trigger a noteon every time the incoming value was greater than the base value, but this was not reliable because electrical noise can cause the base value to fluctuate, thus creating a note-on unintentionally.  To solve this, we made base value greater to allow for these slight fluctuations.  When your finger breaks the beam of light, the value sent is not constant, and thus a note was triggered every time the number fluctuated regardless of your finger placement.  We had to setup the logic in MAX to trigger a note-on the first time the beam is broken, and not to trigger subsequent notes until it had dropped below the threshold again, and this was done by changing the threshold value to an extremely high number while the beam was broken.

  Another sub-patch loads and plays 1 of 3 sequences created in Reason which can be selected with switches on the body of the harp.  This was my area of focus.  The Reason sequences were converted to MIDI files and brought into MAX.  There are 3 sequences, 2 with 3 separate tracks, and 1 with 4 tracks.  Once a sequence is selected, if statements and a select function are used to play back each sequence.  Originally we had each sequence going out on the same 3 channels (plus a 4th channel for the 4th track of the 3rd sequence), but this did not work because 3 separate modules in Reason were used with different instruments for each sequence, and we were getting multiple sequences playing at the same time.  In addition, only the instruments on the selected module in Reason would sound regardless of which sequence was selected.  Thus, each individual track in each sequence was given its own midi channel in MAX.  The purpose of these sequences are to accompany the harp player for practice or performance.  

There are 2 sub-patches called "LFOswitch" and "sustainswitch" which control the LFO amount and the note duration of the harp patch depending on which of the 6 buttons are pushed on the body of the harp.  The set of 6 buttons on the right hand side control the LFO amount, and the set of 6 buttons on the left hand side control the note duration.  As you push buttons farther away from you, the rate of both increase.  There is an object set to control the volume with the potentiometer located on the front panel of the harp, and an object set to control the FM frequency amount with the foot pedal.  The velocity of the note-on is controlled with a slider in the MAX patch.

REASON PATCH

In Reason I originally had 3 separate modules setup for each of the 3 sequences.  A Heart and Soul sequence, a Mary Had a Little Lamb sequence, and a basic Blues sequence were exported from Reason into MAX.  These sequences each use different instruments, so the 3 original modules had to be condensed to 1 module in order for playback to work properly in MAX.  Each sequence uses 3-4 tracks all coming from NN-19 modules with different instruments.  The main harp patch comes from the Subtractor module and is a basic harp patch.

As a player, I would change the angle of the photo cells.  At present, they are angled towards the player, and I think it would make the harp more playable if they were not angled at all, and were directly perpendicular to the surface.  Given more time, I would also like to implement some code in MAX to determine velocity, or to assign a parameter depending on where exactly the beam of light was broken in relation to the photo-cell.

All in all, the harp turned out beautifully.  The octave up and down pedals work well during play, as do the volume, FM frequency, sustain, and LFO controllers.  The ribbon sensors would have been ideal, but the 12 switches work nicely and give a nice range and audible difference of data.  The harp is playable (more so with practice), the sequences work nicely, and I am very happy with the results after all of our hard work!

