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Musical Staff
Purpose and Description

The purpose of this project was to incorporate the team members’ proficiency in technical concepts with their interest in music. The end goal was a sound recording of one team member’s original music composition. Keeping in line with TSA’s technological purpose, we decided to use programs and circuits rather than strings and synthesizers, enabling us to create an authentic music sound without using real instruments. The reason for using a technological approach was to investigate the way that music can work in conjunction with principles and skills we have learned. We employed the diversity of a PIC16F88 microcontroller, using the PicBasic Pro FREQOUT command and an amplifier circuit. Using variables as note frequencies, we could create a symphony of little beeps and tones. We composed the song on a grand piano, using a program that could detect note frequencies and transfer them into sheet music. In prior years, our team used the PicBasic microcontroller to create circuits that can control motors, LCD screens, and other basic processes. This year we wanted to expand upon the many abilities the microcontroller possesses.  The PicBasic Pro FREQOUT command produces tones using pulse-width modulation. A filter is needed to refine the signal to a sine wave and diminish unnecessary harmonics that are generated. 

The tone we produced sounds similar to techno, but it is unique in the fact that it was created using programming and unconventional efforts. We employed the use of a microcontroller integrated circuit, the FREQOUT command, and the PicBasic Pro. A microcontroller is an integrated circuit that can be programmed to control electronic devices.  Programming a microcontroller consists of writing a set of commands in a microcontroller, which is executed when turned on. A microcontroller is a basic, inexpensive, stand alone mini-computer on a single chip that is suited for controlling robotic applications, or in this case, musical applications. The FREQOUT command can create a pulse in the form of pressure waves or frequencies, and it is up to the programmer to decide which frequencies the microcontroller will give off. The PicBasic Pro compiler is an easy way to use a multitude of specific commands.

This piece of music was written as a classical piano solo in that it does not include any jump base rhythm or major chording. It is designed to put emphasis on the instrument playing at the time, without lyrics or other accompaniment. The melody rises and falls, switches octaves, and changes time signatures at one point. All the while the volume remains constant until the final strain. 
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Self-Evaluation

GS:  I haven’t heard anything like it! I personally believe it is fairly creative because it uses a myriad of unorthodox tones to create a musical piece.  Although it was initially difficult using software to create a musical staff and getting all the timing right, developing the piece turned out to be an encouraging experience. The piece, after being written, was an even greater challenge to program. The programming software’s command required precision, picking up even the slightest error. In the end, however, we were able to proficiently use the command to produce the desired tones in correct timing without errors.
DK: At the beginning of the year, I decided I wanted to create something involving music. I was thrilled to learn about the music production category offered through the TSA competition. Through this experience I began to learn how to read music and how to use frequencies properly. It was fairly innovative considering the fact that it was created solely from PicBasic Pro programming, which was typically not intended for musical purposes. The piece itself is original sounding and has a memorable melody. The process of taking little beeps and rearranging them into a musical piece was somewhat difficult, but through several days of trial and error, we found a practical arrangement that could be considered melodious
DS: I personally enjoyed this music project because of its innovation and its originality. I liked that the happy tune was not very repetitive nor was it completely random either. It really drew me in and made me want to replay it. I enjoyed the modern spin on a classical sounding piece of music. Even though we didn’t get to use my innovative magnet table idea, it still sounds pretty great. 

SM: Combining creative artistry and technical knowledge, this musical piece was enjoyable to listen to and also perfectly facilitated the completion of our goal: to overlap our love of music with our skill in technology. While the song takes elements from well-known composers and musicians, it is undoubtedly original and unique. The strong melody carries over the secondary tones which give depth to the overall sound, and we were able to try more complicated methods by layering several chips to include notes played simultaneously. Converting our original song to the beeps and tones of the technical world successfully blended these two areas of interest and gave us experience to build on in the future.


Audio CD Track List
 We have five tracks combined to produce this musical piece.  The first track is the melody. The second provides support to the melody by adding harmonies to the first track. The third track accents the start of every new section by completing the C-minor chord. Track four is the major bass line. It complements the melody and the accents by adding notes that resolve the piece. Track five follows track four by adding notes one octave lower. Prior to programming the music, we used Notation Composer to transfer the piano music into readable music staff. We used a handheld device, M-Audio: MicroTrack II, and a quarter inch male to male adapter and a self- made quarter inch connector to connect to the output of each piece and record each track. The MicroTrack II plugs into the quarter inch connector and soundlessly records the signal while showing volume levels and peaks. After recording the piece, we transferred it, via a micro SD card, to a computer where we used Reaper, a music editing software, to improve the sound quality and add effects. 

This is our complete music set up. We have our power supply on the left and speakers in the back. In front
of the speakers we have the circuits that create the tones. In the very front we have our potentiometers that control volume. On the right we have our oscilloscope that shows waveform. 

Borrowed Musical Elements

The main musical element borrowed in this piece is the structure of the repeated sections. This characteristic was borrowed from Scot Joplin’s “The Entertainer.” It follows an A-B-A structure that repeats the first theme twice, with a second theme between the first two.  Another notable element is that the first theme’s melody in C minor is influenced by “C Minor Variations” by Eric Redmond, featuring a quick walk down from the G to the C in the melody. 

 Hardware List
1 – Piano 
5 – Solderless Breadboards 
5 – PIC16F88 Microcontrollers
5 – LM386 Integrated Circuits Audio Amplifiers
5 – 4.7 Microfarad Capacitors
5 – 1.0 Microfarad Capacitors
5 – 100 Microfarad Capacitors
10 – 22 Picofarad Capacitors

10 – 0.1 Microfarad Capacitors
10 – 4.7K Ohm Resistors
10 – 1K Ohm Resistors
5 – 10 Ohm Resistor
5 – 8 Ohm Speakers
5 – 20.0 MHz crystals 

5 – 78L05 Voltage Regulators
5 – LM386 Integrated Circuits Audio Amplifiers 
Software List
PicBasic Pro
Microsoft Office

Microsoft Spreadsheet
Notation Composer
Reaper 3.35
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No copyrighted material used. All work is original.



Appendix A
'---------------Title--------------

' File......1 TSA Music'10.pbp

' Started....1/25/10

' Microcontroller used: Microchip Technology 16F88

' microchip.com

' PicBasic Pro Code: micro-Engineering Labs, Inc.

' melabs.com

'--------Program Description--------

' TSA Music Production Program 2010: Track 1

'---------Revision History---------

' 2/1/10 Changed VAR to CON

' 2/11/10 Program Finalized

'-----------Initialization---------

DEFINE OSC 20 ' Sets microcontroller operating frequency

  ' to 20 MHz.

TRISB = %11111000 ' Sets up pins RB0 - 3 of PORTB as an output

PORTB = %00000000 ' Sets all pins on PORTB to low (0V).

' The variable "x" represents the eighth note. The length of time that the
' Eighth note (x) is played is determined by the value set at 200.
' A quarter note is two times an eighth note or 2x.

x VAR WORD

' These are the constants that we used to declare the frequencies as notes.

' For example shg represents Super High G which has a frequency of 1568 Hz.

shg CON 1568

shef CON 1244

shc CON 1046

shbf CON 932

shaf CON 830

hg CON 784

hf CON 698

hef CON 622

hd CON 587

hc CON 523

hbf CON 466

haf CON 415

g CON 392

f CON 349

ef CON 311

d CON 293

c CON 261

bf CON 233

af CON 208

lg CON 196

lf CON 174

lef CON 155

ld CON 146

lc CON 130

lbf CON 116

laf CON 103

slg CON 98

slf CON 87

slef CON 78

sld CON 73

slc CON 65

'-------------Main Code------------

x = 200 ' An eighth note (x) will be 200 mS long.

PAUSE 1000 ' Pause 1000 mS before starting generating tones

' line1

FREQOUT 1, x, g ' We use FREQOUT to generate a tone. 1 represents

    ' output pin RB1 on the Pic16F88. "x" symbolizes the

    ' Eighth note. "g" is defined as the frequency 392 Hz.

FREQOUT 1, x, f

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, ef

FREQOUT 1, x, c

FREQOUT 1, 4*x, ef

FREQOUT 1, 4*x, d

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, ef

FREQOUT 1, x, c

FREQOUT 1, 4*x, ef

FREQOUT 1, 4*x, d

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, g

FREQOUT 1, x, f

'line 2

FREQOUT 1, x, ef

FREQOUT 1, x, c

FREQOUT 1, 3*x, d

FREQOUT 1, x, ef

FREQOUT 1, x, d

FREQOUT 1, x, c

FREQOUT 1, x, bf

FREQOUT 1, x, af

FREQOUT 1, 8*x, ef

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hef

FREQOUT 1, x, hc

FREQOUT 1, 2*x, hef

'line 3

FREQOUT 1, 2*x, hef

FREQOUT 1, 4*x, hd

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hef

FREQOUT 1, x, hc

FREQOUT 1, 4*x, hef

FREQOUT 1, 4*x, hd

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hef

FREQOUT 1, x, hc

FREQOUT 1, 2*x, hd

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

'line 4

FREQOUT 1, x, hbf

FREQOUT 1, x, haf

FREQOUT 1, 9*x, hef

FREQOUT 1, 4*x, 0

FREQOUT 1, x, ef

FREQOUT 1, x, d

FREQOUT 1, x, c

FREQOUT 1, x, bf

FREQOUT 1, x, c

FREQOUT 1, x, d

FREQOUT 1, 2*x, lg

FREQOUT 1, x, ef

FREQOUT 1, x, d

FREQOUT 1, x, c

FREQOUT 1, x, bf

FREQOUT 1, 2*x, c

FREQOUT 1, x, ef

FREQOUT 1, x, d

FREQOUT 1, x, c

FREQOUT 1, x, bf

FREQOUT 1, x, c

FREQOUT 1, x, d

FREQOUT 1, 2*x, lg

FREQOUT 1, x, ef

FREQOUT 1, x, d

'line 5

FREQOUT 1, x, c

FREQOUT 1, x, bf

FREQOUT 1, 2*x, c

FREQOUT 1, x, ef

FREQOUT 1, x, d

FREQOUT 1, x, c

FREQOUT 1, x, bf

FREQOUT 1, x, c

FREQOUT 1, x, d

FREQOUT 1, 2*x, lg

FREQOUT 1, x, ef

FREQOUT 1, x, d

FREQOUT 1, x, c

FREQOUT 1, x, d

FREQOUT 1, 2*x, c

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

FREQOUT 1, x, hbf

FREQOUT 1, x, hc

FREQOUT 1, x, hd

FREQOUT 1, 2*x, g

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

FREQOUT 1, x, hbf

FREQOUT 1, 2*x, hc

'line 6

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

FREQOUT 1, x, hbf

FREQOUT 1, x, hc

FREQOUT 1, x, hd

FREQOUT 1, 2*x, g

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

FREQOUT 1, x, hbf

FREQOUT 1, 2*x, hc

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

FREQOUT 1, x, hbf

FREQOUT 1, x, hc

FREQOUT 1, x, hd

FREQOUT 1, 2*x, g

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

FREQOUT 1, x, hd

FREQOUT 1, 2*x, hc

FREQOUT 1, 2*x, hg

FREQOUT 1, 2*x, shc

'line 7


FREQOUT 1, 2*x, shef

FREQOUT 1, 4*x, shg

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, ef

FREQOUT 1, x, c

FREQOUT 1, 4*x, ef

FREQOUT 1, 4*x, d

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, ef

FREQOUT 1, x, c

FREQOUT 1, 4*x, ef

FREQOUT 1, 4*x, d

'line 8

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, g

FREQOUT 1, x, f

FREQOUT 1, x, ef

FREQOUT 1, x, c

FREQOUT 1, 3*x, d

FREQOUT 1, x, ef

FREQOUT 1, x, d

FREQOUT 1, x, c

FREQOUT 1, x, bf

FREQOUT 1, x, af

FREQOUT 1, 8*x, ef

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hef

FREQOUT 1, x, hc

FREQOUT 1, 2*x, hef

'line 9

FREQOUT 1, 2*x, hef

FREQOUT 1, 4*x, hd

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hef

FREQOUT 1, x, hc

FREQOUT 1, 4*x, hef

FREQOUT 1, 4*x, hd

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hg

FREQOUT 1, x, hf

FREQOUT 1, x, hef

FREQOUT 1, x, hc

FREQOUT 1, 2*x, hd

FREQOUT 1, x, hef

FREQOUT 1, x, hd

FREQOUT 1, x, hc

FREQOUT 1, x, hbf

FREQOUT 1, x, haf

FREQOUT 1, 6*x, hef

END


Appendix B
'---------------Title--------------

' File......2 TSA Music'10.pbp

' Started....1/25/10

' Microcontroller used: Microchip Technology 16F88

' microchip.com

' PicBasic Pro Code: micro-Engineering Labs, Inc.

' melabs.com

'--------Program Description--------

' TSA Music Production Program 2010: Track 2

'---------Revision History---------
' 2/1/10 Changed VAR to CON

' 2/11/10 Program Finalized

'-----------Initialization---------

DEFINE OSC 20 ' Sets microcontroller operating frequency

  ' to 20 MHz.

TRISB = %11111000 ' Sets up pins RB0 - 3 of PORTB as an output

PORTB = %00000000 ' Sets all pins on PORTB to low (0V).

' The variable "x" represents the eighth note. The length of time that the

' eighth note (x) is played is determined by the value set at 200.

' A quarter note is two times an eighth note or 2x.

x VAR WORD

' These are the constants that we used to declare the frequencies as notes.

' For example shg represents Super High G which has a frequency of 1568 Hz.

shg CON 1568

shef CON 1244

shc CON 1046

shbf CON 932

shaf CON 830

hg CON 784

hf CON 698

hef CON 622

hd CON 587

hc CON 523

hbf CON 466

haf CON 415

g CON 392

f CON 349

ef CON 311

d CON 293

c CON 261

bf CON 233

af CON 208

lg CON 196

lf CON 174

lef CON 155

ld CON 146

lc CON 130

lbf CON 116

laf CON 103

slg CON 98

slf CON 87

slef CON 78

sld CON 73

slc CON 65

'-------------Main Code------------

x = 200 ' An eighth note (x) will be 200 mS long.

' line1

PAUSE 1000 ' Pause 1000 mS before starting generating tones

FREQOUT 1, x, ef  ' We use FREQOUT to generate a tone. 1 represents

' output pin RB1 on the Pic16F88. "x" symbolizes the

' eighth note. "ef" (E Flat) is defined as the frequency
' 311 Hz.

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, d

FREQOUT 1, 4*x, 0

FREQOUT 1, x, ef

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, d

FREQOUT 1, 4*x, 0

FREQOUT 1, x, ef

FREQOUT 1, 4*x, 0

'line 2

FREQOUT 1, 8*x, 0

FREQOUT 1, x, bf

FREQOUT 1, 8*x, c

FREQOUT 1, x, hef

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, hd

'line 3

FREQOUT 1, 4*x, 0

FREQOUT 1, x, hef

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, hd

FREQOUT 1, 4*x, 0

FREQOUT 1, x, hef

FREQOUT 1, 12*x, 0

FREQOUT 1, 9*x, hef

'line 4

FREQOUT 1, 4*x, 0

FREQOUT 1, x, c

FREQOUT 1, 13*x, 0

FREQOUT 1, x, c

FREQOUT 1, 13*x, 0

'line 5

FREQOUT 1, x, c

FREQOUT 1, 13*x, 0

FREQOUT 1, x, hc

FREQOUT 1, 13*x, 0

'line 6

FREQOUT 1, x, hc

FREQOUT 1, 13*x, 0

FREQOUT 1, x, hc

FREQOUT 1, 13*x, 0

FREQOUT 1, 2*x, hef

FREQOUT 1, 2*x, hg

'line 7

FREQOUT 1, 2*x, hc

FREQOUT 1, 4*x, hef

FREQOUT 1, x, ef

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, d

FREQOUT 1, 4*x, 0

FREQOUT 1, x, ef

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, d

FREQOUT 1, 4*x, 0

'line 8

FREQOUT 1, x, ef

FREQOUT 1, 4*x, 0

FREQOUT 1, 8*x, 0

FREQOUT 1, x, bf

FREQOUT 1, 8*x, c

FREQOUT 1, x, hef

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, hd

'line 9

FREQOUT 1, 4*x, 0

FREQOUT 1, x, hef

FREQOUT 1, 5*x, 0

FREQOUT 1, 4*x, hd

FREQOUT 1, 4*x, 0

FREQOUT 1, x, hef

FREQOUT 1, 9*x, 0

END



Appendix C

'---------------Title--------------

' File......3 TSA Music'10.pbp

' Started....1/25/10

' Microcontroller used: Microchip Technology 16F88

' microchip.com

' PicBasic Pro Code: micro-Engineering Labs, Inc.

' melabs.com

'--------Program Description--------

' TSA Music Production Program 2010: Track 3

'---------Revision History---------

' 2/1/10 Changed VAR to CON

'-----------Initialization---------

DEFINE OSC 20 ' Sets microcontroller operating frequency

  ' to 20 MHz.

TRISB = %11111000 ' Sets up pins RB0 - 3 of PORTB as an output

PORTB = %00000000 ' Sets all pins on PORTB to low (0V).

' The variable "x" represents the eighth note. The length of time that the

' eighth note (x) is played is determined by the value set at 200.

' A quarter note is two times an eighth note or 2x.

x VAR WORD

' These are the constants that we used to declare the frequencies as notes.

' For example shg represents Super High G which has a frequency of 1568 Hz.

shg CON 1568

shef CON 1244

shc CON 1046

shbf CON 932

shaf CON 830

hg CON 784

hf CON 698

hef CON 622

hd CON 587

hc CON 523

hbf CON 466

haf CON 415

g CON 392

f CON 349

ef CON 311

d CON 293

c CON 261

bf CON 233

af CON 208

lg CON 196

lf CON 174

lef CON 155

ld CON 146

lc CON 130

lbf CON 116

laf CON 103

slg CON 98

slf CON 87

slef CON 78

sld CON 73

slc CON 65

'-------------Main Code------------

x = 200 ' An eighth note (x) will be 200 mS long.

PAUSE 1000 ' Pause 1000 mS before starting generating tones

' line1

FREQOUT 1, 2*x, c ' We use FREQOUT to generate a tone. 1 represents

' output pin RB1 on the Pic16F88. "2x" symbolizes the

' eighth notes. "c" is defined as the frequency 261 Hz.

FREQOUT 1, 12*x, 0

FREQOUT 1, 2*x, c

FREQOUT 1, 12*x, 0

FREQOUT 1, 2*x, c

'line 2

FREQOUT 1, 12*x, 0

FREQOUT 1, 8*x, lg

FREQOUT 1, 2*x, hc

FREQOUT 1, 12*x, 0

'line 3

FREQOUT 1, 2*x, hc

FREQOUT 1, 12*x, 0

FREQOUT 1, 2*x, hc

FREQOUT 1, 11*x, 0

FREQOUT 1, 9*x, g

FREQOUT 1, 4*x, 0

'line 4

FREQOUT 1, 84*x, 0

'line 5

'line 6

FREQOUT 1, 2*x, hc

FREQOUT 1, 2*x, hef

'line 7

FREQOUT 1, 2*x, hg

FREQOUT 1, 4*x, shc

FREQOUT 1, 2*x, c

FREQOUT 1, 12*x, 0

FREQOUT 1, 2*x, c

FREQOUT 1, 12*x, 0

'line 8

FREQOUT 1, 2*x, c

FREQOUT 1, 12*x, 0

FREQOUT 1, 8*x, lg

FREQOUT 1, 2*x, hc

FREQOUT 1, 12*x, 0

'line 9

FREQOUT 1, 2*x, hc

FREQOUT 1, 12*x, 0

FREQOUT 1, 2*x, hc

FREQOUT 1, 11*x, 0

FREQOUT 1, 8*x, shc

END


Appendix D
'---------------Title--------------

' File......4 TSA Music'10.pbp

' Started....1/25/10

' Microcontroller used: Microchip Technology 16F88

' microchip.com

' PicBasic Pro Code: micro-Engineering Labs, Inc.

' melabs.com

'--------Program Description--------

' TSA Music Production Program 2010: Track 4

'---------Revision History---------

' 2/1/10 Changed VAR to CON

' 2/11/10 Program Finalized

'-----------Initialization---------

DEFINE OSC 20 ' Sets microcontroller operating frequency

  ' to 20 MHz.

TRISB = %11111000 ' Sets up pins RB0 - 3 of PORTB as an output

PORTB = %00000000 ' Sets all pins on PORTB to low (0V).

' The variable "x" represents the eighth note. The length of time that the

' eighth note (x) is played is determined by the value set at 200.

' A quarter note is two times an eighth note or 2x.

x VAR WORD

' These are the constants that we used to declare the frequencies as notes.

' For example shg represents Super High G which has a frequency of 1568 Hz.

shg CON 1568

shef CON 1244

shc CON 1046

shbf CON 932

shaf CON 830

hg CON 784

hf CON 698

hef CON 622

hd CON 587

hc CON 523

hbf CON 466

haf CON 415

g CON 392

f CON 349

ef CON 311

d CON 293

c CON 261

bf CON 233

af CON 208

lg CON 196

lf CON 174

lef CON 155

ld CON 146

lc CON 130

lbf CON 116

laf CON 103

slg CON 98

slf CON 87

slef CON 78

sld CON 73

slc CON 65

'-------------Main Code------------

x = 200 ' An eighth note (x) will be 200 mS long.

PAUSE 1000 ' Pause 1000 mS before starting generating tones
FREQOUT 1, 6*x, lc 
' We use FREQOUT to generate a tone. 1 represents

' output pin RB1 on the Pic16F88. "6x" symbolizes the

' eighth notes. "lc" is defined as the frequency 130 Hz.

FREQOUT 1, 4*x, slg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

FREQOUT 1, 4*x, slg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

'line 2

FREQOUT 1, 5*x, slg

FREQOUT 1, 3*x, lc

FREQOUT 1, 4*x, lef

FREQOUT 1, 4*x, ld

'line 3

FREQOUT 1, 6*x, lc

FREQOUT 1, 4*x, slg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

FREQOUT 1, 4*x, slg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

FREQOUT 1, 4*x, slg

'line 4

FREQOUT 1, 3*x, lc

FREQOUT 1, 4*x, lef

FREQOUT 1, 4*x, ld

FREQOUT 1, 4*x, ld

FREQOUT 1, x, 0

FREQOUT 1, 14*x, lc

FREQOUT 1, 14*x, laf


'line 5

FREQOUT 1, 8*x, lbf

FREQOUT 1, 6*x, slg

FREQOUT 1, 14*x, lc

'line 6

FREQOUT 1, 14*x, laf

FREQOUT 1, 8*x, lbf

FREQOUT 1, 6*x, slg

FREQOUT 1, 2*x, lc

FREQOUT 1, 2*x, lc

FREQOUT 1, 2*x, lc

'line 7

FREQOUT 1, 4*x, lc

FREQOUT 1, 6*x, lc

FREQOUT 1, 4*x, lg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

FREQOUT 1, 4*x, slg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

FREQOUT 1, 5*x, slg

FREQOUT 1, 3*x, lc

FREQOUT 1, 4*x, lef

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

'line 8

FREQOUT 1, 4*x, slg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

FREQOUT 1, 4*x, slg

FREQOUT 1, 4*x, ld

FREQOUT 1, 6*x, lc

FREQOUT 1, 5*x, slg

'line 9 & 10

FREQOUT 1, 8*x, lc

END



Appendix E

'---------------Title--------------

' File......5 TSA Music'10.pbp

' Started....1/25/10

' Microcontroller used: Microchip Technology 16F88

' microchip.com

' PicBasic Pro Code: micro-Engineering Labs, Inc.

' melabs.com

'--------Program Description--------

' TSA Music Production Program 2010: Track 5
'---------Revision History---------

' 2/1/10 Changed VAR to CON

'-----------Initialization---------

DEFINE OSC 20 
' Sets microcontroller operating frequency

' to 20 MHz.

TRISB = %11111000 ' Sets up pins RB0 - 3 of PORTB as an output

PORTB = %00000000 ' Sets all pins on PORTB to low (0V).

' The variable "x" represents the eighth note. The length of time that the

' eighth note (x) is played is determined by the value set at 200.

' A quarter note is two times an eighth note or 2x.

x VAR WORD

' These are the constants that we used to declare the frequencies as notes.

' For example shg represents Super High G which has a frequency of 1568 Hz.

shg CON 1568

shef CON 1244

shc CON 1046

shbf CON 932

shaf CON 830

hg CON 784

hf CON 698

hef CON 622

hd CON 587

hc CON 523

hbf CON 466

haf CON 415

g CON 392

f CON 349

ef CON 311

d CON 293

c CON 261

bf CON 233

af CON 208

lg CON 196

lf CON 174

lef CON 155

ld CON 146

lc CON 130

lbf CON 116

laf CON 103

slg CON 98

slf CON 87

slef CON 78

sld CON 73

slc CON 65

'-------------Main Code------------

x = 200 ' An eighth note (x) will be 200 mS long.

PAUSE 1000 ' Pause 1000 mS before starting generating tones

' line1

FREQOUT 1, 6*x, slc 
' We use FREQOUT to generate a tone. 1 represents

' output pin RB1 on the Pic16F88. "6x" symbolizes the

' eighth notes. "slc" is defined as the frequency 65 Hz.

FREQOUT 1, 8*x, 0

FREQOUT 1, 6*x, slc

FREQOUT 1, 8*x, 0

FREQOUT 1, 6*x, slc

'line 2

FREQOUT 1, 5*x, 0

FREQOUT 1, 3*x, slc

FREQOUT 1, 4*x, slef

FREQOUT 1, 4*x, sld

FREQOUT 1, 6*x, slc

FREQOUT 1, 8*x, 0

'line 3

FREQOUT 1, 6*x, slc

FREQOUT 1, 8*x, 0

FREQOUT 1, 6*x, slc

FREQOUT 1, 8*x, 0

FREQOUT 1, 6*x, slc

FREQOUT 1, 4*x, 0

FREQOUT 1, 3*x, slc

FREQOUT 1, 4*x, slef

FREQOUT 1, 4*x, sld

FREQOUT 1, 4*x, slc

FREQOUT 1, x, 0

'line 4

FREQOUT 1, 14*x, slc

FREQOUT 1, 14*x, slaf

'line 5

FREQOUT 1, 8*x, slbf

FREQOUT 1, 6*x, smlg

FREQOUT 1, 14*x, slc

'line 6

FREQOUT 1, 14*x, slaf

FREQOUT 1, 8*x, slbf

FREQOUT 1, 6*x, smlg

FREQOUT 1, 2*x, slc

FREQOUT 1, 2*x, slc

'line 7

FREQOUT 1, 2*x, slc

FREQOUT 1, 4*x, slc

FREQOUT 1, 6*x, slc

FREQOUT 1, 8*x, 0

FREQOUT 1, 6*x, slc

FREQOUT 1, 8*x, 0

'line 8

FREQOUT 1, 6*x, slc

FREQOUT 1, 5*x, 0

FREQOUT 1, 3*x, slc

FREQOUT 1, 4*x, slef

FREQOUT 1, 4*x, sld

FREQOUT 1, 6*x, slc

'line 9 & 10

FREQOUT 1, 8*x, 0

FREQOUT 1, 6*x, slc

FREQOUT 1, 8*x, 0

FREQOUT 1, 6*x, slc

FREQOUT 1, 5*x, 0

FREQOUT 1, 8*x, slc

END


Appendix F
Musical Note Frequencies


The capitalized letters represent notes on the musical scale. The numbers stand for its value of Hertz.

[image: image2.png]—— SHC 1047, SHC# 1109
SHB 987

—— SHA 880, SHA# 932
HG 784, HG# 831

D 294, D# 311
— C 262, C# 277
B 247

A 220, A# 233
LG 196, LG# 208

LF 175, LF# 185
LE 165

LD 147, LD# 156
LC 131, LC# 139
LB 123

HF 698, HF# 740
HE 659
HD 587, HD# 622
HC 523, HC# 554
HB 494
HA 440, HA# 466
G 392, G# 415
F 349, F# 370
!J E 330
[ ]
[ J

LA 110, LA# 117

SLG 98, SLG# 104





Appendix G


The schematic below represents the circuit we used to generate the tones that are outputted to the speakers. The main integrated circuit is the PIC16F88 which is programmed in PicBasic Pro to produce tones of different frequencies. Then it outputs the pulses to a filter which creates sinusoid waveforms. These waveforms are then amplified by the audio amplifier. The now amplified waveforms are then converted into sound waves by 8 ohm speakers. 
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Appendix H
Pictures:

Testing sinusoid waveforms at different points in the circuit.
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Working on translating musical staff into programming code.
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Programming final tracks. 
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Troubleshooting final circuits.
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Appendix I
Musical Staff
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