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   Introduction
1.1 






Overview – Music Pro*
The system developed (Music Pro*) was designed on Windows platform and was designed for Windows users. The idea behind the project was to make a number of features (with a musical connection) available in the one application, something that we both have yet to see. A package containing the following features all available from a single main menu interface. 

- Guitar Tuner

- Synth

- Drum Machine

- Ear Trainer.

All four features differ greatly giving the user a great variety of services. 

Our guitar tuner available from the 'Tuner' button allows the user to plug a guitar directly into the sound card, frequencies are read from the pickups then read by the sound card and the note is displayed on the screen indicating whether the string is in tune or not. 
The Beats feature will simulate a drum machine. It is different to other drum machines available in the fact that the user and load their own samples.

Our Synth feature will allow the user to press keys on the key pad and generate notes in real time from a range of default samples. The synth also lets the user load their own custom samples and generate their own unique and exciting sounds.

The Ear Trainer is the most musically technical feature. Its function is to help a user develop perfect pitch (detect a note when ever played) and detection of intervals. This is something musicians learn over the years but for a beginner it can be a tedious task. Two modes will be available to the user. 
1.2         Glossary
Direct X 9

Microsoft DirectX is a group of technologies designed to make Windows-based computers an ideal platform for running and displaying applications rich in multimedia elements such as full-colour graphics, video, 3D animation, and rich audio.

Buffer

A buffer is a linear, finite sequence of elements of a specific primitive type. Aside from its content, the essential properties of a buffer are its capacity, limit, and position.
Win forms
You can use the .NET Framework's rich set of windows forms components in C# for programming client-side forms applications. 

Device
DirectSound Device used for playing overlapping sound samples.
MIDI

Musical Instrument Digital Interface.  Standard specifications that enable electronic instruments such as the synthesizer, sampler, sequencer and drum machine to communicate with one another and with computers.

Intervals

The amount of half steps between two notes. This is used in the ear trainer.

Chromatic note 

A single note. There is 12 altogether. They are used in the ear trainer.

SoundPlayer
The SoundPlayer class can play sound files in the .wav format. Additionally, the SoundPlayer class enables you to load or play sounds asynchronously.

Secondary Buffer
All sound is played using this buffer object.  You can also change properties of the secondary buffer (such as frequency) to alter the attributes of the sound. Playing the sound is accomplished through a method on the secondary buffer.

Buffer Description 

The description contains information describing how the buffer will behave.

Track
Track is an 8 note sequence represented by a Boolean array.
Synth 

A synthesizer is an electronic musical instrument. 

Fundamental frequency
The fundamental frequency is alternatively called the first harmonic of the instrument.

Analogue 

An analog or analogue signal is any variable signal continuous in both time and amplitude.
Fast Fourier Transform 

A fast Fourier transform (FFT) is an efficient algorithm to compute the discrete Fourier transform (DFT) and its inverse. 
Capture Buffer
The Capture Buffer is a temporary memory buffer used during capturing (extracting all refers to the process of retrieving the digital audio data) 

Frequency
We can alter the frequency of the DirectSound buffer by changing the Frequency property.  In this way, you can use the same wave file for each key and simply alter the buffer's frequency for the particular key.

ManualResetEvent
A built in class of the .NET threading framework, which notifies one or more waiting threads that an event has occurred.

2.                                                      System Architecture

2.1                                                            High Level Overview
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System Architecture Diagram

GUI Navigation Buttons

Every menu screen contains the 4 main GUI navigation buttons (to the left of the screen). Clicking on one of these buttons depicts which menu screen will be loaded up.

Requested Menu Form

After the initial menu screen, there are 4 different menu screens – Tuner, Synth, Drum Machine and Ear trainer. 

3.






    High Level Design

3.1 Object Models

The Following LDS shows the menu system and its visibility of other forms (windows). Once a new menu is selected from the current menu, the current menu opens up a new instance of that form and closes itself.
LDS Diagram: 
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The following entity life history diagram shows the applications behavior during its life cycle. 

Entity Life History:
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4.                           Problems encountered and solutions
4.1 Design Conclusions

Earlier date

We were having some problems with opening new forms and closing old ones. On clicking on a menu button, a new menu should open up and the old one should close. When we put in code for this, clicking on a menu button would result in the whole application closing. We later found out that this was due to the fact that the previous menu being closed was the application form and that closing this meant closing the application. The only way to get over this problem was to have the application form hidden after a new child form was created and overwrite the close method with our own code (- i.e.: on clicking on close button, close application). This however, also overwrote the manual ‘form.Close’ method we called for closing a form when a new menu was opened. The only solution was to have two windows. The application form (main menu) and the child form (the sub menus synth, tuner, beats and trainer which can be closed without closing the application).
Some earlier date  
It was suggested that we use MIDI for both our synth and our drum machine as it can handle multiple tracks being played without much hassle. We tested out some sample MIDI programs available to get a feel for what our product might sound like and compared it to some mock ups we had produced using .wav files. We came up with multiple reasons for using MIDI and multiple reasons for using wav files.
While MIDI could produce sounds quickly and easily in real time, they sound that is created sounds tinny and un-natural compared to real recordings. As musicians we both agreed that real sounds would sound much more authentic for a drum machine. The MIDI drum machines we tested sounded very bland. Also, we wanted to do something we had never seen before. We wanted drum machine in which users could load their own recordings. This is something that could not be feasible (or at least would sound terrible) matched with MIDI notes. Similarly, we wanted the same feature for our Synth. 

Monday 20th February
We started working on the drum machine by playing a sound sample in a loop (in a separate ‘track’ class) at intervals. The loop would stop on the condition of a Boolean variable (which would be changed by clicking on the stop button). We quickly found out that this gave rise to an infinite loop. The problem was no other buttons could be pressed until the code in the ‘play button click’ block had finished executing (which it couldn’t because it was waiting on a variable changed by another button). Our solution was to execute the code in a separate thread. We thought this was a good idea as it allowed us to easily overlay tracks and it also solved our stop button problem.
Saturday 4th March

Two bugs with the drum machine were found:

If you go into the drum machine menu and press the stop button without pressing play first, the code cancels threads which were un-initialised giving rise to a null pointer exception. This was handled easily with a few if statements in the ‘stopThreads’ method.

If you press play and open a new menu without pressing stop, the tracks would continue to play.  This was fixed by calling the ‘stopThreads’ method in the menu button click code blocks.

Sunday 5th March

Over the past few weeks, we were discussing the most effective and credible way to train a musician’s ear. Chromatic note trainers existed but there were also a lot of websites dedicated to musical interval training. After looking at various graded ear tests on The Associated Board of the Royal Schools of Music website, we decided it was equally important to have an option to train for musical intervals.
Monday 6th March
The ear trainer as it stood was playing notes based on a random number between 0 and the chosen difficulty range. For the interval trainer we needed two random notes to be played. The problem during the testing of this was that the two notes generated always were identical, leading to the same answer every time. Some research revealed that every instance of a ‘Random’ in C# seeds the variable with the current time. The same random number was generated when the random variable was in the same range but generated different results with two different ranges (ie: ‘range’ and 12-range).
Tuesday 7th March
We were getting an exception in the ear trainer. We found out this was caused by selecting a range without first selecting a mode an was fixed. Also, problems with updating the stats in the ear trainer were fixed.

There was a major problem with the drum machine where some of the samples played simultaneously would drown others out. This problem was due to the fact that our sound samples were played using ‘SoundPlayer’ class and being played in the same buffer. This problem was solved using the ‘Device’ class from the DirectX API to play sounds. Sound samples were loaded into an instance of the DirectX ‘SecondaryBuffer’ class which were then played simultaneously in the device.
Wednesday 8th March

A save system for the drum machine was resolved. As each track on the drum machine is dictated by their own boolean arrays, all that was needed in order to restore a previous beat was to remember which check boxes were checked. We came up with the very simple idea of writing a series of 1s and 0s to a text file using the ‘TextWriter’ class. 64 characters are saved to a file, each one representing a check box. If a check box is checked a 1 is writen to it, if a box is unchecked a 0 is written to the file. Similarly, the ‘TextReader’ class is used to load the saved file.

The feedback from the questionaires we got back showed that users were confused by our synth feature. They discovered how to operate it via the help menu but initially, they didn’t know what they had to do. We decided that a diagramatical representation of a keyboard with each with each synth key labeled with its corresponding keyboard key would be the clearest way to understand the feature.
The ear trainer was an important feature but it is also important for a musician to be able to sight read (read sheet music) so we thought we would incorporate this into our synth interface. When a key is pressed in the synth, the name of the note is displayed. Also, we put in a musical staff with all the various note positions. When a key is pressed its corresponding note position on the staff is highlighted. We agreed this would be a good way to make the user more familiar with sheet music and how to read notes quickly.
Saturday 11th March
We were deciding on the best way to implement the guitar tuner feature. We needed to take input from the sound card, record it and then use that digital information to get a fundamental frequency. Analogue signals are stored in sound files using a series of numbers to represent a notes position for that analogue wave. When all positions are recorded, you have the full picture. The first soloution we researched was to store this information in a complex array (even numbers being real numbers, odd numbers being imaginary) and apply a Fast Fourier Transform (a process of swapping data in the array by butterflying data at certain indexes) to it. Then all we would need to do is find the index of the highest absolute value to get the fundamental frequency. The best algorithm we could find was the Danielson-Lanzcos algorithm found in ‘Numerical Recepies in C’ by Willaim H. Press. We converted this to C# and tested it with a sample sin wave but we weren’t getting accurate results (probably due to some castings we had to do in converting the code). The problem remained unresolved.
Monday 13th March
After doing some more research, we found that we didn’t actually need to record the input but we could porcess the data in real time using the ‘CaptureBuffer’ class from the DirectX api. Data taken in is then processed in bytes. There existed another soloution to getting the frequency. Frequency is measured by dividing the number of cycles in a certain amount of time by the period (time). We could calculate the amount of cycles by counting the number of crossings (the amount of times the signal goes from positve to negative) in the sample. This method could calculate accurately, the frequency provided there were no complex overtones in the sample (when notes in other instruments such as a piano are played, sometimes more than one string vibrates to contribute to the sound. This wouldn’t be such a problem with guitar strings but there might be a problem with different fundamentals complicating the signal). If this becomes a problem then we will have to apply an FFT.
Tuesday 14th March
Using this method, we started to implement the tuner and tested it using a guitar. The tuner was actually accurate for the A, D and high e string but readings were a bit off for the other strings. As all the strings on a guitar are different sizes, this may have been due to the properties of the string gauge. Testing was carried out to see if results were consistent or not. A problem existed whereby frequencies were thrown off when the volume was adjusted. This could be due to the volume increasing the amount of interferance (noise) in the signal.

Thursday 16th March
There were still some problems with the timing of the drum machine. We wanted to test it to the extreme by switching between other applications on the computer. With extensive switching, the beats on the drum machine would go out of synch with high tempos. The timer operates using a ‘ManualResetEvent’ instance to signal all threads to wake up for the next beat. This would be done by setting our instance ‘eventX’ using ‘eventX.Set()’. This event would then have to be reset so other threads would not carry on playing the next beat. In order to prevent this happening, each thread would sleep for a certain amount of time (this sleep time actually controls the tempo) after playing a beat in order to allow the timer time to reset its ‘ManualResetEvent’. The problem was that if the timer reset its event too soon before all of the track threads received the signal, they would not wake up until a later signal (or potentially never). The solution was to find a sleep time for timer after setting the ‘ManualResetEvent’ that would allow enough time for all threads to receive the signal but not long enough for other threads to wake up again and play their next beat (higher tempos caused this problem as theyb were waking up too soon). A sleep time of 90ms was long enough to allow all threads to wake up but not longer than the lowest potential thread sleep time (highest tempo).
The only problem that still existed in terms of timing was caused by heavy switching between an application like ‘Media Player’. This is due to the fact that ‘Media Player’ is also a multi-threaded application and that it is also using buffers. This is not a problem not exclusive to this program, but to a lot of multi-threaded applications. Programs such as CD burning software prompt you to close down media applications before starting up the program as not not interfere. It is only appropriate that this is our soloution to this problem.
Sunday 19th March
Code from the drum machine was transferred over to Colin’s laptop to test performance. The drum machine worked fine but slowdown occurred when the cursor was placed over different buttons. This was due to the CPU switchng between the timer task operated in the drum form and updating the display to highlight buttons. The track stopped playing for about half a second but the drums machine was not kicked out of sync (altghough extreme abuse of this fact might prove otherwise – i.e. scrolling over all the buttons really fast). As we had no problem whatsoever with this on the lab machine which runs at over a gigahertz faster, we can conclude that a slower CPU will mean a less efficient performance and will be noted in the technical specification.
5.                                                                  Design Issues

5.1 Design Changes
This section covers changes in design that were made in order to make the product more user-friendly.
5.1.1 Guitar tuner
The initial design of the guitar tuner was very simple. We had six radio buttons (one for each string) laid out in a line with a tuner bar. The interface was fine for our target audience as they would be used to using a guitar tuner and how it works but we wanted to make it clearer to inexperienced musicians. We decided on having a diagrammatical representation of a guitar headstock. The radio buttons would be overlaid on their corresponding strings to make it obvious which string was tuned to which note.
5.1.2 Synth
Most of the negative feedback came from the synth menu. Users were confused as to what they had to do. The easiest way to overcome this problem was to show a diagram of what its real world counterpart would look like. The following pictures show the evolution of the synth menu from earlier design.
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5.1.3 Ear Trainer
The look of the ear trainer did not change much over development. The design was simple and we wanted to keep it that way. Good feedback was received of the Ear Trainer and its usability in our questionnaires. The biggest frustration in this interface was the fact that we needed three dropdown menus. We could have used buttons and radio buttons but we didn’t want the menu to be overly cluttered and complicated. The made these dropdown menus as clear as possible by putting the labels ‘mode’, ‘range’ and ‘answer’ over them. The problem with labelling the actual combo box with a name is that when a user selects one of the combo box items, it displays that answer. In one case you might see a screen with the words ‘Intervals’, ‘3’, ‘0’. This just leads to confusion to a user unfamiliar with the menus. We want the user to be constantly aware of what’s going on
5.1.4 Drum machine
The drum machine changed very little from its initial design. The majority of other computer based drum machines use a tried and tested formula of using boxes to represent beats and we didn’t want to move away from this design as it was very easy to understand. We had no complaints about the drum machine from users.

5.1.5 Help Menu

Initially the help menu for every screen was the same. It had a synopsis of how to use each feature in a few short sentences each. This was fine to start with but as the project progressed, features became more complex. Features such as the ear trainer required a more detailed explanation (especially to someone unfamiliar with ear training games). We also included features to load files and save information. We changed the help menu to have more detailed explanations, a unique help menu for each feature.
5.1.6 Overall design
One thing that never changed from the overall design was the four large menu buttons at the left hand side of each screen. These buttons made the program very easy to navigate. One suggestion we had from our questionnaire was to have a button to return to the main menu. Initially, this seemed a bit strange as the main menu (or start screen) included nothing more than what was included in every other menu screen. We decided to put it in as a toolbar option as we thought that a user might want to be able to return to the start screen when they aren’t a particular feature. The inclusion of toolbars came in at a late stage. Initially we wanted to avoid them as we didn’t want to overcomplicate things but we later decided to include them as we had features such as loading and saving we wanted to include which would just be messy using buttons. Toolbars have become a common part of every computer application so accessing familiar functions such as load and save would not cause too many accessibility problems. A feature to have different skins for the program was added to give the user the option to change the background to suit their taste.
6.                                                                         Research

6.1                                                                         Questionnaire

Our questionnaire had a big influence on the design decisions carried out during the project life-cycle.

Music Pro* Questionnaire

· What is the first thing that draws you when you first load up the program?
--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------
· What is the best feature about this interface?
--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------
· What is the worst feature about this interface?
--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------
· Did you have any trouble understanding any aspect of the program? If so then give details.
--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------
· Did you at any stage, need to use the help menu?
--------------------------------------------------------------------------------------
· Give details if yes?
--------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------
· Did the help menu solve your problem?
--------------------------------------------------------------------------------------
· Would you say the interface was (please check):

Too simple



 FORMCHECKBOX 





Adequate



 FORMCHECKBOX 

Too complicated


 FORMCHECKBOX 

7.                                                          Installation Guide

7.1          







      Procedure

Installation is very straight forward again keeping our user friendly theme in mind. 
Direct X must be downloaded for the program to work.
7.1.1 Step 1:

On clicking the setup icon, a screen will appear prompting the user to proceed with the installation.  The version name will also appear on this screen. 

The option to abort the installation process is available.
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7.1.2 Step 2:

You must now set the directory path for the programs files. It is set to a default path -
C:\Program Files\Music Pro. User can change path if needs be.
7.1.3 Step 3:

Now enter the file name you want to appear in the start menu.
7.1.4 Step 4:

Additional tasks: Option to place an icon the desktop or not.

7.1.5 Step 5:

Install will extract all the files and components and install them in their respective directories.

A summary of directories paths and folder names will also be shown.
7.1.6 Step 6:

Installation is now finished. A new folder will appear in the start menu.
7.1.7 Required Software:

No additional software is needed for the installation this program. It will run independently of other programs.
The DirectX 9.0 framework is required to run this software
Versions:

This is the first version of Music Pro* 1.0. We may continue to improve and add additional features so another version is possible.

Hardware:

Program will perform best on a computer with a CPU of 2.8 GHz or more.
Speakers.

This program was designed to run on systems with the following spec.

-Windows 95/98/00/XP

-30 MB of free Disk Space.

-A standard sound card. (e.g.: SoundBlaster)

-128 RAM or above.
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