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CREATING AN ANALOGUE ELECTRONIC INSTRUMENT



Instrument Name:  Synthesiser and Multi track Loop Player

 
Introduction

The aim of the project is to create an analogue electronic instrument, which can be played in a creative manner. The task requires the making of a prototype instrument with viable commercial potentials. 

Although some compromise could be made in the form of materials used for the construction of the prototype instrument, it is however expected that the instrument will function effectively well enough to show the feasibility for further development and also being able to compete favourably with other similar products on the market.

Electronic instruments produces sound using electronic circuitry. It produces sound by outputting an electrical, electronic or digital audio signal that ultimately is plugged into a power amplifier, which drives a loudspeaker creating the sound, heard by the performer and listener.

Synthesisers are electronic musical instruments that are capable of generating audio signals, which can be converted into sounds. 
Synthesisers are able to imitate traditional musical instruments. Dr Robert Moog Played an important pioneering role in the development of contemporary synthesiser technology. It is however the modular systems that provided the basis for nearly all of the modern synths.


Electronic instrument commonly employs the use of a user interface for controlling its sound by alterations made to the pitch, note and frequency.






Overview

The electronic component of the instrument requires the use of a ready-made circuit board.

There are various types of pre-made circuit board but various factors needs to be put into consideration to ensure that the board is able to work effectively in a way to ensure that the instrument can be played in a creative manner.

3 types of circuit board were considered. The first is the “Makey Makey” circuit board. The board can be used to turn everyday objects into touchpads. It is pre –programmed but requires touching of a ground wire (This can be connected using alligator clips) and then a conductive material like banana. It does not require any previous knowledge of coding but the pre-programmed codes can be easily altered to produce changes as desired.

The raspberry Pi is another electronic circuit board that was considered for use in the making of the instrument. The raspberry Pi unlike the “Makey Makey” board does not require holding the ground wire for completing and breaking of the circuit.

The Raspberry Pi is a single-board computer. It is a mini computer that runs on Linux Operating system in addition to the code loaded for it’s functioning. It requires the processing of data and is therefore better suited for games and video projects. The Raspberry Pi has no Analogue capabilities.

The touch board is another circuit board that could be used for the creation of the instrument. It is perhaps the best suited and hence the preferred choice for use as the electronic component of the instrument to be created.

The touch board is not a microcomputer like the Raspberry Pi. It does not contain an operating system. The touch board is a micro controller, which runs only on the code loaded on it. It is very efficient and is very good for time sensitive actions that require little or no lag or latency for its effectiveness.

Touch and music goes hand in hand and are able to easily combine in many complementary ways.
The microcontroller is therefore a good option and for this reason was selected for use as the electronic component of the instrument to be made.

The touch board used is specifically the touch board is the bare conductive touch board This touch board runs on Arduino Integrated Development environment, which is written in Java programming language and computing platform.

The presence of both an analogue and digital input on the touch board is an added advantage
The digital input is simply on and off while analog has a range of values. 

Digital input signals are used to represent items that only have two signals like Binary 0,1(on and off)
Analog signals are variable with multiple states. Analog input signals can represent such items as temperature or level or rate of flow. 
An analog signal can only be read by an analog I/O, but a digital one can use both analog or digital I/Os The analog input is however better suited for sensors.

The Touch board bare conductance has a sensor system and runs on Arduino using block coding. The micro controllers have 12 electrode terminals all of which can be used as triggers. It is also possible to make the board function as a polyphonic instrument by using an additional application called “Soundplant 45”.

With an Arduino human touch can be detected with the sensor 
Capacitive sensors detect changes in electromagnetic fields including the ones generated by the human body.    

Although it’s called the Touch Board, the electrodes are in actual fact sensing proximity via capacitive sensing. The sensors threshold can be set to varied intensity. A relatively high sensor threshold will make the board responds to actual contact or touch, while rejecting proximity events.

The ability of the sensors to detect human contact while at the same time disregard environmental factors makes it extremely useful.

The Touch Board has 12 sensors that can detect changes in
Capacitance caused by touch or proximity (distance). 
The Touch board has 12 electrode terminals, which generates sensitive electric field.

Smartphones employs the use of high-end capacitive sensors. Capacitive sensors use an alternating voltage, which causes the charges to continually reverse their positions. The moving of the charges creates an alternating electric current, which is detected by the sensor. There is a huge community for Arduino project codes. 


· What does it do?

It functions as a live multitrack loop player as well as a keyboard which can be used to play melodies and accompaniment creatively determined by what is preloaded on the storage micro SD card device.
The instrument was loaded with 4 different samples, some of which were from sounds collected from the fields, which was used to create a musical arrangement.
The four samples are as follows:

1. Piano, Drums Pattern with a Kick sample collected from the field, strings, 
2. Piano, Drums, Vocal Chops, full drum pattern
3. Drum patterns Only 
4. Full Pattern with complete Drums, Piano Progressions, Vocal Chops 

Musical Arrangement can be generated with different textures by combining different samples.


The instrument has four keys that are used as triggers, made by connecting copper tapes to 4 metallic objects.

The aim is to edit the codes for the polyphonic Octosynth and to combine this with the touch board ability to trigger stored samples.


Making of the physical instrument 

· Who is it for?


This instrument will be for live performers, instrumentalists who wish to run multiple samples (tracks) during live performances and also combines this with the ability to play simple melodic lines from instrument e.g. Bass synthesised tones.

This is very useful for musicians and entertainers who play instruments like Keyboard, Guitar, but also wish to add drum patterns and rhythms to their live performances.

This opens up the possibility for more complex multitasking as the performer can also perform on another set of keyboards with both hands if required.

There are many bands that require the use of loops because of unavailable instrument or player. Small bands that will like to maintain the quality and layers of instrumentation originally arranged for large ensemble will find this as a great tool.

The instrument will be particularly of great advantage if the foot is used as trigger for the stored samples.

Triggering sample in this manner is also very good for playing intro, fills and endings as it ensures that it follows the performance smoothly without missing a beat.

In general, anyone who practices and performs using backing tracks will find the instrument very useful.


Influences and Other Similar Commercial products  

1. The Ensoniq ASRX's ability to chain sequences makes it a viable live performance tool, The ASR-X is a sampler, synthesizer, sequencer and effects studio workstation in a tabletop unit.  It is a sequencer but can be used as a sound module or desktop sampler. It has pads, which can be used to trigger loops, and patterns very easily.
          
    2. There are commercial “looper pedals” like “Twin Looper” with two Synchronized stereo tracks, effects and USB which is a device for musical instrument like Guitar Recordings can be punched in and instant layering of vocals or other parts can be done. It also allows one to build up tracks live and then solo over it.

There are “one man band” musicians who plays multiple instruments like acoustic guitar, harmonica, cymbals, bass drum all connected to parts of their body simultaneously using their hands, feet and limbs   

Chris Lejeune is a contemporary  “one man band” musician who is capable of producing incredible performances. He plays about 7 or 8 instrument simultaneously he is a great influence in this regard

There are also pedal keyboards, which are used to build layers of instrumental parts during live performances.

3. Looptimus is a MIDI foot controller for music software on computer or mobile devices



 Instructions for use

The Instrument can be used to play audio samples triggered by pressing assigned keys or notes

Press the pedal notes which are represented as four metallic parts, which also supports the instrument when placed on the floor. 

Either the hands or feet can be used to trigger the preloaded sound sample. The response is instantaneous.

Each sample will play for its entire length and can be stopped by triggering any of the other samples in similar fashion.

All samples are at the same tempo (beats per minute) and can therefore be combined together in a single connected and flowing performance if triggered at the appropriate point or beat.

Triggering with the feet requires a physical contact with the Clips, which serves as the keys or pedals. The keys cannot however be triggered by mere proximity of the feet. 

The touch board however still responds to proximity when the hands are placed close to the micro controllers or the copper tapes fixed to the board.

       
 Process


· Kit list
1. Wooden Board
2. Keys (Metallic Clips)
3. A roll of wide about 2inches Copper Tapes
4. Touch Board with micro SD Card slot
5. Copper Wires
6. Power Jack
7. Audio Jack Cables
8. Speakers
9. Micro SD Card



Build instructions

1. Connect the Touch board using copper tapes Â to the Keys (Board)
2. Connect Construct Big Strips of keys (Pedals) to be played with the feet
3. Source of power (Power connector/USB powered)
4. [bookmark: _GoBack]Audio jack to connect to the speaker
5. Attach micro SD card with preloaded samples and tones




Copper tapes

Adhesive copper plates sticks easily on flat surfaces it is easily fixed on the wooden board used. It is particularly suitable for the connection because it is a straight connection. This however would have been a problem if this were not the case. The adhesive copper tapes also conduct electricity.

On the right hand of the micro controllers are the touch electrodes. Copper wires were soldered to 4 of the electrode terminals and then soldered to the copper tapes.

Care is taken to ensure that the soldering does not leave a mark when wires are removed

The touch board has pre-installed code and for this reason can be used as a touch sensitive audio player. It however can only play the mp3 format.

The touch board will only be able to communicate with the arduino code if the arduino plugin is installed on a computer from which the codes and samples will be loaded.

The computer is connected to the touch board using the micro USB Cable. Only USB Cables capable of transmitting data can be used for this purpose.


The Arduino Touch board mp3 Code is here below:

Copyright (c) 2016, Bare Conductive

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

*******************************************************************************/

// compiler error handling
#include "Compiler_Errors.h"

// touch includes
#include <MPR121.h>
#include <Wire.h>
#define MPR121_ADDR 0x5C
#define MPR121_INT 4

// mp3 includes
#include <SPI.h>
#include <SdFat.h>
#include <FreeStack.h>
#include <SFEMP3Shield.h>

// mp3 variables
SFEMP3Shield MP3player;
byte result;
int lastPlayed = 0;

// mp3 behaviour defines
#define REPLAY_MODE TRUE  // By default, touching an electrode repeatedly will
// play the track again from the start each time.
//
// If you set this to FALSE, repeatedly touching an
// electrode will stop the track if it is already
// playing, or play it from the start if it is not.

// touch behaviour definitions
#define firstPin 0
#define lastPin 11

// sd card instantiation
SdFat sd;

void setup(){
Serial.begin(57600);

pinMode(LED_BUILTIN, OUTPUT);

//while (!Serial) ; {} //uncomment when using the serial monitor
Serial.println("Bare Conductive Touch MP3 player");

if(!sd.begin(SD_SEL, SPI_HALF_SPEED)) sd.initErrorHalt();

if(!MPR121.begin(MPR121_ADDR)) Serial.println("error setting up MPR121");
MPR121.setInterruptPin(MPR121_INT);

MPR121.setTouchThreshold(40);
MPR121.setReleaseThreshold(20);

result = MP3player.begin();
MP3player.setVolume(10,10);

if(result != 0) {
Serial.print("Error code: ");
Serial.print(result);
Serial.println(" when trying to start MP3 player");
}

}

void loop(){
readTouchInputs();
}


void readTouchInputs(){
if(MPR121.touchStatusChanged()){

MPR121.updateTouchData();

// only make an action if we have one or fewer pins touched
// ignore multiple touches

if(MPR121.getNumTouches()<=1){
for (int i=0; i < 12; i++){  // Check which electrodes were pressed
if(MPR121.isNewTouch(i)){

//pin i was just touched
Serial.print("pin ");
Serial.print(i);
Serial.println(" was just touched");
digitalWrite(LED_BUILTIN, HIGH);

if(i<=lastPin && i>=firstPin){
if(MP3player.isPlaying()){
if(lastPlayed==i && !REPLAY_MODE){
// if we're already playing the requested track, stop it
// (but only if we're not in REPLAY_MODE)
MP3player.stopTrack();
Serial.print("stopping track ");
Serial.println(i-firstPin);
} else {
// if we're already playing a different track (or we're in
// REPLAY_MODE), stop and play the newly requested one
MP3player.stopTrack();
MP3player.playTrack(i-firstPin);
Serial.print("playing track ");
Serial.println(i-firstPin);

// don't forget to update lastPlayed - without it we don't
// have a history
lastPlayed = i;
}
} else {
// if we're playing nothing, play the requested track
// and update lastplayed
MP3player.playTrack(i-firstPin);
Serial.print("playing track ");
Serial.println(i-firstPin);
lastPlayed = i;
}
}
}else{
if(MPR121.isNewRelease(i)){
Serial.print("pin ");
Serial.print(i);
Serial.println(" is no longer being touched");
digitalWrite(LED_BUILTIN, LOW);
}
}
}
}
}
}





The 4 stored samples consisting of a combination of stock and samples and sounds collected from the field were used to produce the music tracks.
The Kick sample of the drum consists of layers of sampled sounds from wood and pillows.
The naming of the sample follows precisely the laid down format. TRACK000, TRACK001, TRACK010 AND TRACKO11 (all mp3 formats) were used to store the samples.


The Polyphonic Octosynth Code is here below:

// OCTOSynth-0.2
//
// Joe Marshall 2011
// Resonant filter based on Meeblip (meeblip.noisepages.com)
// Interrupt setup code based on code by Martin Nawrath (http://
interface.khm.de/index.php/lab/experiments/arduino-dds-sinewave-
generator/)
// oscillators and inline assembler optimisation by me.
//
// key input is from 8 capacitive inputs on digital input 6,7, and
analog inputs 0-6
// each input is a single wire, going to something metal to touch
// (I used a bunch of big carriage bolts)
//
// sensing of this is done by getNoteKeys, using the method
described at:
// http://www.arduino.cc/playground/Code/CapacitiveSensor
//
// I use assembler with an unrolled loop using 16 registers to
detect this
// this makes things much more accurate than the C loop described on
the link above
// as we are measuring the relevant delay in single processor
cycles.
// It seems to be happy even with battery power, detecting up to 8
concurrent
// touches.
// The waves are all defined at the very top, because we are forcing
them to align to 256 byte boundaries
// doing this makes the oscillator code quicker (as calculating a
wave offset is just
// a matter of replacing the low byte of the address).
// Having said that, other arduino stuff probably gets loaded in
here first
// because the aligned attribute seems to add a couple of hundred
bytes to the code
#define TEST_PATTERN_INTRO
//#define FILTER_LPF_NONE
#define FILTER_LPF_HACK
// table of 256 sine values / one sine period / stored in flash
memory
char sine256[256]  __attribute__ ((aligned(256))) = {
0 , 3 , 6 , 9 , 12 , 15 , 18 , 21 , 24 , 27 , 30 , 33 , 36 , 39 ,
42 , 45 ,
48 , 51 , 54 , 57 , 59 , 62 , 65 , 67 , 70 , 73 , 75 , 78 , 80 ,
82 , 85 , 87 ,
89 , 91 , 94 , 96 , 98 , 100 , 102 , 103 , 105 , 107 , 108 , 110 ,
112 , 113 , 114 , 116 ,
117 , 118 , 119 , 120 , 121 , 122 , 123 , 123 , 124 , 125 , 125 ,
126 , 126 , 126 , 126 , 126 , 127 , 126 , 126 , 126 , 126 , 126 , 125 , 125 , 124 , 123 , 123 , 122 , 121 , 120 , 119 , 118 , 117 , 116 , 114 , 113 , 112 , 110 , 108 , 107 , 105 , 103 , 102 , 100 , 98 , 96 , 94 , 91 , 89 , 87 , 85 , 82 , 80 , 78 , 75 , 73 , 70 , 67 , 65 , 62 , 59 , 57 , 54 , 51 , 48 , 45 , 42 , 39 , 36 , 33 , 30 , 27 , 24 , 21 , 18 , 15 , 12 , 9 , 6,3, 0 , -3 , -6 , -9 , -12 , -15 , -18 , -21 , -24 , -27 , -30 , -33 , -36 , -39 , -42 , -45 , -48 , -51 , -54 , -57 , -59 , -62 , -65 , -67 , -70 , -73 , -75 , -78 , -80 , -82 , -85 , -87 , -89 , -91 , -94 , -96 , -98 , -100 , -102 , -103 , -105 , -107 , -108 , -110 , -112 , -113 , -114 , -116 , -117 , -118 , -119 , -120 , -121 , -122 , -123 , -123 , -124 , -125 , -125 , -126 , -126 , -126 , -126 , -126 , -127 , -126 , -126 , -126 , -126 , -126 , -125 , -125 , -124 , -123 , -123 , -122 , -121 , -120 , -119 , -118 , -117 , -116 , -114 , -113 , -112 , -110 , -108 , -107 , -105 , -103 , -102 , -100 , -98 , -96 , -94 , -91 , -89 , -87 , -85 , -82 , -80 , -78 , -75 , -73 , -70 , -67 , -65 , -62 , -59 , -57 , -54 , -51 , -48 , -45 , -42 , -39 , -36 , -33 , -30 , -27 , -24 , -21 , -18 , -15 , -12 , -9 , -6 , -3 }; 
char square256[256]   __attribute__ ((aligned(256)))  = {
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 , 127 ,
127 , 127 , 127 , 127 , 127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 , -127 ,
-127 , -127 , -127 , -127 , -127 , -127 , -127
};
char triangle256[256]   __attribute__ ((aligned(256)))  = {
-127 , -125 , -123 , -121 , -119 , -117 , -115 , -113 , -111 ,
-109 , -107 , -105 , -103 , -101 , -99 , -97 ,
-95 , -93 , -91 , -89 , -87 , -85 , -83 , -81 , -79 , -77 , -75 ,
-73 , -71 , -69 , -67 , -65 ,
-63 , -61 , -59 , -57 , -55 , -53 , -51 , -49 , -47 , -45 , -43 ,
-41 , -39 , -37 , -35 , -33 ,
-31 , -29 , -27 , -25 , -23 , -21 , -19 , -17 , -15 , -13 , -11 ,
-9 , -7 , -5 , -3 , -1 ,
1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 ,
29 , 31 ,
33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 ,
59 , 61 , 63 ,
65 , 67 , 69 , 71 , 73 , 75 , 77 , 79 , 81 , 83 , 85 , 87 , 89 ,
91 , 93 , 95 ,
97 , 99 , 101 , 103 , 105 , 107 , 109 , 111 , 113 , 115 , 117 ,
119 , 121 , 123 , 125 , 127 ,
129 , 127 , 125 , 123 , 121 , 119 , 117 , 115 , 113 , 111 , 109 ,
107 , 105 , 103 , 101 , 99 ,
97 , 95 , 93 , 91 , 89 , 87 , 85 , 83 , 81 , 79 , 77 , 75 , 73 ,
71 , 69 , 67 ,
65 , 63 , 61 , 59 , 57 , 55 , 53 , 51 , 49 , 47 , 45 , 43 , 41 ,
39 , 37 , 35 ,
33 , 31 , 29 , 27 , 25 , 23 , 21 , 19 , 17 , 15 , 13 , 11 , 9 , 7 , 5,3, 1 , -1 , -3 , -5 , -7 , -9 , -11 , -13 , -15 , -17 , -19 , -21 , -23 , -25 , -27 , -29 , 
-31 , -33 , -35 , -37 , -39 , -41 , -43 , -45 , -47 , -49 , -51 ,
-53 , -55 , -57 , -59 , -61 ,
-63 , -65 , -67 , -69 , -71 , -73 , -75 , -77 , -79 , -81 , -83 ,
-85 , -87 , -89 , -91 , -93 ,
-95 , -97 , -99 , -101 , -103 , -105 , -107 , -109 , -111 , -113 ,
-115 , -117 , -119 , -121 , -123 , -125
};
char sawtooth256[256]   __attribute__ ((aligned(256))) = {
-127 , -127 , -126 , -125 , -124 , -123 , -122 , -121 , -120 ,
-119 , -118 , -117 , -116 , -115 , -114 , -113 ,
-112 , -111 , -110 , -109 , -108 , -107 , -106 , -105 , -104 ,
-103 , -102 , -101 , -100 , -99 , -98 , -97 ,
-96 , -95 , -94 , -93 , -92 , -91 , -90 , -89 , -88 , -87 , -86 ,
-85 , -84 , -83 , -82 , -81 ,
-80 , -79 , -78 , -77 , -76 , -75 , -74 , -73 , -72 , -71 , -70 ,
-69 , -68 , -67 , -66 , -65 ,
-64 , -63 , -62 , -61 , -60 , -59 , -58 , -57 , -56 , -55 , -54 ,
-53 , -52 , -51 , -50 , -49 ,
-48 , -47 , -46 , -45 , -44 , -43 , -42 , -41 , -40 , -39 , -38 ,
-37 , -36 , -35 , -34 , -33 ,
-32 , -31 , -30 , -29 , -28 , -27 , -26 , -25 , -24 , -23 , -22 ,
-21 , -20 , -19 , -18 , -17 ,
-16 , -15 , -14 , -13 , -12 , -11 , -10 , -9 , -8 , -7 , -6 , -5 ,
-4 , -3 , -2 , -1 ,
0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 ,
15 ,
16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 ,
29 , 30 , 31 ,
32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 ,
45 , 46 , 47 ,
48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 60 ,
61 , 62 , 63 ,
64 , 65 , 66 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 76 ,
77 , 78 , 79 ,
80 , 81 , 82 , 83 , 84 , 85 , 86 , 87 , 88 , 89 , 90 , 91 , 92 ,
93 , 94 , 95 ,
96 , 97 , 98 , 99 , 100 , 101 , 102 , 103 , 104 , 105 , 106 , 107 ,
108 , 109 , 110 , 111 ,
112 , 113 , 114 , 115 , 116 , 117 , 118 , 119 , 120 , 121 , 122 ,
123 , 124 , 125 , 126 , 127
}; 
#include "avr/pgmspace.h"
// log table for 128 filter cutoffs
unsigned char logCutoffs[128] =
{0x01,0x01,0x01,0x01,0x01,0x01,0x01,0x01,0x01,0x01,0x02,0x02,0x02,0x
02,0x02,0x02,0x02,0x02,0x02,0x02,0x02,0x02,0x02,0x02,0x02,0x02,0x02,
0x02,0x02,0x02,0x03,0x04,0x04,0x04,0x04,0x04,0x05,0x05,0x05,0x05,0x0
6,0x06,0x06,0x06,0x06,0x06,0x07,0x08,0x08,0x08,0x09,0x09,0x0A,0x0A,
0x0A,0x0A,0x0B,0x0C,0x0C,0x0C,0x0C,0x0D,0x0E,0x0F,
0x10,0x11,0x12,0x12,0x13,0x14,0x15,0x16,0x17,0x18,0x19,0x1A,0x1B,
0x1C,0x1E,0x20,0x21,0x22,0x23,0x24,0x26,0x28,0x2A,0x2C,0x2E,
0x30,0x32,0x34,0x36,0x38,0x3A,0x40,0x42,0x44,0x48,0x4C,0x4F,
0x52,0x55,0x58,0x5D,0x61,0x65,0x68,0x6C,0x70,0x76,0x7E,0x85,0x8A,
0x90,0x96,0x9D,0xA4,0xAB,0xB0,0xBA,0xC4,0xCE,
0xD8,0xE0,0xE8,0xF4,0xFF};
volatile unsigned int WAIT_curTime;
#define WAIT_UNTIL_INTERRUPT()     WAIT_curTime=loopSteps;
while(WAIT_curTime==loopSteps){}
#define SERIAL_OUT 0
// attack,decay are in 1/64ths per 125th of a second - ie. 1 = 0->1
in half a second
const int DECAY=3;
const int ATTACK=4;
volatile char* curWave=square256;
#define cbi(sfr, bit) (_SFR_BYTE(sfr) &= ~_BV(bit))
#define sbi(sfr, bit) (_SFR_BYTE(sfr) |= _BV(bit))
// this is supposedly the audio clock frequency - as
// you can see, measured freq may vary a bit from supposed clock
frequency
// I'm not quite sure why
// const double refclk=31372.549;  // =16MHz / 510
// const double refclk=31376.6;      // measured
// variables used inside interrupt service declared as voilatile
// these variables allow you to keep track of time - as delay /
millis etc. are
// made inactive due to interrupts being disabled.
volatile unsigned char loopSteps=0; // once per sample
volatile unsigned int loopStepsHigh=0; // once per 256 samples
// information about the current state of a single oscillator
struct oscillatorPhase
{
   unsigned int phaseStep;
   char volume;
   unsigned int phaseAccu;
}; 
// the oscillators (8 of them)
struct oscillatorPhase oscillators[8];
//  tword_m=pow(2,32)*dfreq/refclk;  // calulate DDS new tuning word
// to get hz -> tuning word do: (pow(2,16) * frequency) / 31376.6
const unsigned int
NOTE_FREQS[25]={273,289,307,325,344,365,386,409,434,460,487,516,546,
579,613,650,688,729,773,819,867,919,974,1032,1093};
// thresholds for the capacitive sensing buttons
int calibrationThresholds[8]={0,0,0,0,0,0,0,0};
inline int getNoteKeys(boolean calibrate=false)
{
  char PORTD_PINS=0b11000000; // (pins 6-7 - avoid pins 0,1 as they
are used for serial port comms)
  char PORTC_PINS=0b111111; //(analog pins 0-5)
  const int MAX_LOOPS=16;
  char port_values[MAX_LOOPS*2];
  WAIT_UNTIL_INTERRUPT();
  asm volatile (
  // port D reading loop:
//  DDRD &= ~(PORTD_PINS = 0x3f);
mode
    "in %[temp],0x0a" "\n\t"
    "andi %[temp],0x3f" "\n\t"
    "out 0x0a,%[temp]" "\n\t"
//  PORTD |= (PORTD_PINS);
    "in %[temp],0x0b" "\n\t"
    "ori %[temp],0xC0" "\n\t"
    "out 0x0b,%[temp]" "\n\t"
    "in %0,0x09" "\n\t"
    "in %1,0x09" "\n\t"
    "in %2,0x09" "\n\t"
    "in %3,0x09" "\n\t"
    "in %4,0x09" "\n\t"
    "in %5,0x09" "\n\t"
    "in %6,0x09" "\n\t"
    "in %7,0x09" "\n\t"
    "in %8,0x09" "\n\t"
    "in %9,0x09" "\n\t"
    "in %10,0x09" "\n\t"
    "in %11,0x09" "\n\t"
    "in %12,0x09" "\n\t"
    "in %13,0x09" "\n\t"
    "in %14,0x09" "\n\t"
    "in %15,0x09" "\n\t"
  :
  // outputs
  "=r" (port_values[0]),
  "=r" (port_values[2]),
  "=r" (port_values[4]),
  "=r" (port_values[6]),
  "=r" (port_values[8]),
  "=r" (port_values[10]),
  "=r" (port_values[12]),
  "=r" (port_values[14]),
  "=r" (port_values[16]),
  "=r" (port_values[18]),
  "=r" (port_values[20]),
  "=r" (port_values[22]),
  "=r" (port_values[24]),
  "=r" (port_values[26]),
  "=r" (port_values[28]),
  "=r" (port_values[30])
  :[temp] "d" (0));
  WAIT_UNTIL_INTERRUPT();
  asm volatile (
  // port C reading loop:
//  DDRC &= ~(PORTC_PINS = 0xc0);
mode
    "in %[temp],0x07" "\n\t"
    "andi %[temp],0xc0" "\n\t"
    "out 0x07,%[temp]" "\n\t"
//  PORTC |= (PORTC_PINS);
       // set pins 8-12 to input
// set pins 8-12 pullup on
       // set pins 5-7 to input
// set pins 5-7 pullup on
  "in %[temp],0x08" "\n\t"
  "ori %[temp],0x3F" "\n\t"
  "out 0x08,%[temp]" "\n\t"
  "in %0,0x06" "\n\t"
  "in %1,0x06" "\n\t"
  "in %2,0x06" "\n\t"
  "in %3,0x06" "\n\t"
  "in %4,0x06" "\n\t"
  "in %5,0x06" "\n\t"
  "in %6,0x06" "\n\t"
  "in %7,0x06" "\n\t"
  "in %8,0x06" "\n\t"
  "in %9,0x06" "\n\t"
  "in %10,0x06" "\n\t"
  "in %11,0x06" "\n\t"
  "in %12,0x06" "\n\t"
  "in %13,0x06" "\n\t"
  "in %14,0x06" "\n\t"
  "in %15,0x06" "\n\t"
:
// outputs
"=r" (port_values[1]),
"=r" (port_values[3]),
"=r" (port_values[5]),
"=r" (port_values[7]),
"=r" (port_values[9]),
"=r" (port_values[11]),
"=r" (port_values[13]),
"=r" (port_values[15]),
"=r" (port_values[17]),
"=r" (port_values[19]),
"=r" (port_values[21]),
"=r" (port_values[23]),
"=r" (port_values[25]),
"=r" (port_values[27]),
"=r" (port_values[29]),
"=r" (port_values[31])
:[temp] "d" (0));
PORTC &= ~(PORTC_PINS); // pullup off pins 8-12
PORTD &= ~(PORTD_PINS); // pullup off pins 5-7
DDRC |= (PORTC_PINS); // discharge
DDRD |= (PORTD_PINS); // discharge
if(calibrate)
{
  for(int c=0;c<8;c++)
  {
    for(int d=0;d<MAX_LOOPS;d++)
    {
      int liveNotes=((int*)port_values)[d];
      liveNotes&=0x3fc0;
      liveNotes>>=6;
      if(liveNotes&(1<<c))
        {
          if(calibrationThresholds[c]<=d)
          {
            calibrationThresholds[c]=d+1;
          }
break; } 
} } 
  }
  int liveNotes=0;
  for(int c=0;c<8;c++)
  {
      int val = ((int*)port_values)[calibrationThresholds[c]+1];
      val&=0x3fc0;
      val>>=6;
      if((val&(1<<c))==0)
      {
        liveNotes|=(1<<c);
} } 
  return liveNotes;
}
// get capacitive touch on input 4 and output 3
// used for filter modulator
inline int getfiltermodulationtime()
{
    static int running_average=0;
    static int running_min=1024;
    static int running_min_inc_count=0;
    static boolean initialise_running_min=true;
    unsigned int delayTime=0;
    char PINNUM_OUT=3;
    char PINNUM_IN=4;
    char PIN_OUT=1<<PINNUM_OUT;
    char PIN_IN=1<<PINNUM_IN;
    // make sure inputs / outputs are set right
    DDRD|=PIN_OUT;
    DDRD&=~(PIN_IN);
    WAIT_UNTIL_INTERRUPT();
    PORTD|=PIN_OUT;
    asm volatile (
         "loopstart%=:" "\n\t"
         "sbic 0x09,%[PINNUM_IN]" "\n\t"
         "rjmp outloop%=" "\n\t"
         "adiw %[delayTime],0x01" "\n\t"
         "cpi %B[delayTime],0x02" "\n\t"
         "brne loopstart%=" "\n\t"
         "outloop%=:" "\n\t"
         :[delayTime] "+&w" (delayTime)
         :[PINNUM_IN] "I" (PINNUM_IN));
    // set pin down - maybe don't bother timing, if it doesn't seem
to add
    // much accuracy?
    WAIT_UNTIL_INTERRUPT();
    PORTD&=~PIN_OUT;
    asm(
         "loopstart%=:" "\n\t"
         "sbis 0x09,%[PINNUM_IN]" "\n\t"
         "rjmp outloop%=" "\n\t"
         "adiw %[delayTime],0x01" "\n\t"
         "cpi %B[delayTime],0x02" "\n\t"
         "brne loopstart%=" "\n\t"
         "outloop%=:" "\n\t"
         :[delayTime] "+&w" (delayTime)
         :[PINNUM_IN] "I" (PINNUM_IN));
    running_average=(running_average-(running_average>>4))+
(delayTime>>4);
    running_min_inc_count++;
    if(running_min_inc_count==255)
    {
      if(initialise_running_min)
      {
        running_min=running_average;
        running_min_inc_count=0;
        initialise_running_min=false;
      }else{
        running_min_inc_count=0;
        running_min++;
} } 
    if(running_average<running_min)
    {
      running_min=running_average;
    }
    int touchVal=running_average-running_min;
    if(touchVal>15)
    {
      touchVal-=15;
      if(touchVal>99)
      {
        touchVal=99;
      }
    }else{
      touchVal=0;
} 
    return touchVal;
}
// get capacitive touch on input 5 and output 3
// used for pitch bend
inline int getpitchbendtime()
{
    static int running_average=0;
    static int running_min=1024;




Analysis

· User feedback
 

The instrument was used for performance alongside a Band. The band is used to playing live multi track loop samples using ”’Looptimus” which is a very dynamic foot and Midi Controller. 4 of the commonly used loop samples were used to supplement and enhance the live performance. The prototype instrument was used during the final rehearsal and it played smoothly with the entire performance.

There were various feedback based on the ease of use and effectiveness of the instrument. It was suggested that an enclosure is necessary for the instrument and that naming each of the triggers for identification will be helpful for first time user who has no idea of what sample is pre-installed on the instrument. 

There was also an observation that there seems to be a slighter better response with the hands compared to it being triggered by the feet. This however is not significant enough to have a noticeable effect on its use during the performance.

There is also the need to increase the number of trigger points especially to allow for the instrument to be used melodically and as well being able to play more sounds as the 4 trigger points are very limiting.

During the Beta testing, an autistic boy who loves jumping all the time got fascinated by the triggering of the sound sample by the feet.

This opens up the possibility of further adapting the instrument for use as an educational tool for disable children. 





Where would this project go next?

The instrument requires a lot of modifications to make it more efficient as an instrument.

The construction of an enclosure for the instrument is of particularly importance. In addition, the physical appearance with a design to increase its aesthetic appeal

Additional functionalities such as recording could be added to the instrument. Combination of at least 2 or more of the micro controllers to increase the number of notes playable is also a possibility. 

Furthermore, the incorporation of polyphonic capabilities will further makes the instrument much more effective as an instrument.

The instrument is very easy to use and will therefore be put into immediate use after the initial modification by increasing the number of keys used. This can be easily increased to 12 by using all the electrode terminals on the touch board.

Evaluation based on the beta testing strongly suggests that the prototype will work as a product on further development, 

The flexibility of the instrument makes it very adaptive and customisable.

There are not many commercially available products that perform the basic function of the instrument. The few available ones are very advanced products with a lot of complex functionalities and are extremely expensive.

The instrument can easily carve a commercial niche for itself by being able to provide relatively basic functionality at a very reduced price making it a potentially commercially viable product. 







Reflections 

The initial proposal was to make the instrument function as both an octosynth and a multitrack loop player. This was to be achieved by use of the Open Arduino Source code, which was written to generate an Octosynth by Joe Marshall (2011)

At the design stage a decision was made to make 4 copper plates instead of the 8 in the polyphonic Octosynth. This was to ensure that the copper tapes can fit properly into smaller dimension of wooden board which necessitated the use of 4 triggers instead of  the earlier proposed 8 triggers, 

This was particularly necessary because there must be sufficient gaps between the copper tapes to ensure that the tapes do not touch each other.  If the tape is allowed to touch each other, the functioning of the instrument will be affected. There is also the danger of damage to the microcontroller circuit board. 

The Octosynth code was to be used to play the generated synthesised sounds in a loop with some part of the keys.

The Octosynth code however did not run successfully. Errors were generated during compilation and the instrument could not for this reason carry out the written commands,

The enclosure constructed for the instrument could not be used eventually because there seems to be a conflict with the sensors as the orange light stays permanently on disabling the triggering of the stored sounds. 

Different materials were tried but the instrument becomes unpredictable as it s functioning becomes unreliable. The instrument works best when nothing is used to cover the circuit or the copper tapes and wires attached to it.

The compromise was to use some nylon materials in a way that it does not make a permanent contact with the entire board and to ensure that adequate gap is left most importantly between the copper plates and the nylon material.





Conclusion


The prototype instrument functions efficiently as an electronic analogue instrument with all the terminals being able to trigger the stored samples as intended. It was not however possible to make the instrument play continuously in a loop because the block codes editing generated errors on compilation by the arduino software. The open source “Polyphonic Octosynth Code” for the generation of synthesised sounds did not also produce the desired result as errors were also encountered.
Further research is required to find a resolution to the errors encounters during the running of the codes. 
Improvement in the design of the instrument will make it to become a better prototype and will eliminate some of the present limitations of the instrument.  
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