Middle East Technical University

CENG 491

Initial Design Report
for
“DigiMuse”

GOBIT
M. Burhan Sentiirk
M. Yigit Yildirnm
Kamila Kuchalieva
Ezgi Berberoglu



1

4

5

()4 e Ye [ ot o] o TR 4

1.1 Problem Definition .....c.cocveeiiiiie ettt e 4
A e U] g o To 1] I TP PP PP 4
......................................................................................................................... 4
1.4 User and Literature
SUIV Y ittt s e e s e e e s e e e e aeeeeeeaaeeeae et e e et e e et e e b e et e e s nensnennnnnnann 5
1.5 Definitions and
ADDIEVIATIONS. .. e s 5
1.6 RETEIENCES. ..ttt ettt sat ettt sat e e s b e sa e be e sreeneenas 6
N =] T O A= T oV T PPN 6
DESIZN CONSIAEIATIONS. .. uiiiiiiiieee e et ee ettt et e e e e ectte e e e ebte e e e e ebaaeeeeeabaeeessestaeeeeennsranaeanns 7
3.1 Design Assumptions, Dependencies and
CONSTFAINTS. ..ot 7
3.2 Design Goals and
GUIRIINES ..ttt ettt ettt e st e e e st e e e sabeesbaeeesabeesateesenbeesnteesanbeeens 8
D | =l B LT 1= o RO PR PP PPPPPTPPPROOR 10
4.1 Data DICTIONANY ittt e et e e s s s sttt e e e e e e s s s s s s sabbareaaaeeaeeens 11
4.1.1 MidiMOGd ClaSS....ccuieueeriierientiesieese ettt s 11
o A 1 0 F= Y= I @ 1 TSRSt 12
o I B o - 1Y o O - TSP 13
4. 1.4 SNEET CIASS ..eeueieuiieiteeiie ettt ettt sttt st e bbb st eeas 14
415 Bar Class...cccueesueeeieeieerite ettt ettt ettt ettt sttt ettt sareas 15
A.1.6 NOLE Class...ccueeueeiiiiiieieenitee ettt ettt et sttt e be e s nbee e 16
4.1.7 MainACEIVItYClass Class.......cccuuieeeeeiiiieeeeeiiieeeeecitire e e esareeeeesaeeeeeessaeeeeeas 19
NV A L= 0 TN el V1 Yot (UL <D U PRN 20
5.1 Archit@Ctural DESIZN ....ccocviiiei ettt e e e e e e e e e e e tte e e e e e aeaee e e enanaeeas 20
5.2 Description of COMPONENTS ...ccuviiiiiiiiiie e e e s 20
5.2.1 Optical Music Recognition Module.........ccccuveeiiiiiiieieiieee e, 20
5.2.2 MIDI Reader MOdUIE.......cccuiiiiiiiiiiieieenreeee e 21
5.3 DeSiZN RAtIONAIE.....ciii i e e e e e rraaeeean 23
5.4 Traceability of REQUIrEMENTS.......uiiiiiiiiiee e e 24

6 USEr INtErfaCce DESIGN .oeieieviiiieieiiieie ettt e re e s ee e s e st ba e e e s e et ba e e e s areeeeesstaeeseennees 25



6.1 OVErVIEW Of USer INTOITACE.....ci it e e e e e e e e e b e e e e eeeaaaaas

(] oY = =T T o I o Yo ] KT

0 R @ ] = [ O1 ST PP PPPPPUURURN

A g Yo [ (oY Te IS D G TN

ST Vg Lo [o Yo I\ V10 ] T

A Lol 1703 TSP

S N1 o T o =T oV o VT o =SSP

9 Conclusion



1 Introduction

This document contains the initial design descriptions of “DigiMuse” which is a mobile
application to convert printed sheet music into MIDI format or to read MIDI files directly to edit
them. The approach used in this specification is adapted from IEEE recommended practices [1].

This document also abides the standards presented [2].

1.1 Problem Definition

Sheet music, which is known as a hand-written or printed form of musical symbols, is accessible
also in digital environment. Whether professional or not, almost all the musicians are familiar
with reading musical notes, in fact, they need it. However, reaching them and also maintaining
and distributing the printed or hand-written ones are really hard. While this is one of the main
reasons to develop “DigiMuse”, another reason is to make it possible to play with what is
written on these sheets. Moreover, it is also an important feature to have the chance to edit
what is written on the sheet and to play it whenever it is desired. Although, there are lots of
applications doing that, there is a need for a mobile one for doing all these. “DigiMuse” will

have all the capabilities to solve all the problems listed.

1.2 Purpose

This initial design report intends to provide complete description of all requirements of
“DigiMuse”. The descriptions suggested in this document will serve as a guideline throughout
the development process of this project. The end-product will be tested against the

requirements ton ensure the quality of the software produced.
1.3 Scope

This document contains a complete description of the initial design of “DigiMuse”. Its main
intention is to provide software design description of the system according to Software

Requirements Specifications.



1.4 User and Literature Survey

Our product mainly targets to self-educated musician, music learners in fact all instrument
players. In today’s world, technology plays an important role on the process of learning to play

an instrument. There are a lot of software products trying to help this process.

There are products that can convert sheet music to digital formats but they can only convert
scanned documents. Some of them are; SmartScore, Capella-Scan and SharpEye. These
programs are called Music OCR programs and they all have same technique behind their
technology.You need a scanner to scan the sheet music and they use optical character
recognition to interpret sheet music or printed scores into editable and, often, playable form.

This process is not very practical and also these products are, in general, quite expensive.

Guitar Pro is the product that inspired us the most. It provides the similar functionality we
intend to add to our product. It enables users to open a midi file and see the notes and tabs of
the song. It also shows the finger positions on the keyboard as you listen the song. It helps a lot
to learning process of playing an instrument. Our product will also provide all this features.
Guitar Pro has both mobile and desktop versions. However, mobile version of the Guitar Pro is
only available for iOS and it only supports Guitar Pro specific file formats not MIDI. We will build
our product for Android OS and we will support the most common format, MIDI. Furthermore,
Guitar Pro mobile is quite expensive. For Android OS there are a few applications such as;

GuitarTapp and Ultimate Guitar Tabs but with these applications you can only view tabs online.

1.5 Definitions and Abbrevations

CPU Central Processing Unit

SRS Software Requirements Specification
SDD Software Detailed Design

MIDI Musical Instrument Digital Interface
0sS Operating Sistem

OCR Optical Music Recognition



IEEE
RAM
SD
GUI

1.6

[1]
[2]
3]
[4]
[5]
(6]
(7]
(8]
(9]
(10]

Institute of Electrical and Electronics Engineers
Random Access Memory
Secure Digital

Graphical User Interface
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2 System Overview

This product is mainly intended for users who are in some way or another involved in music.
Potential users will be able to convert their sheet music into digital sheet music and play it easily
on different instruments using their mobile phones. The project has two main modules to
achieve the specified purpose.

The software of the product is going to have a relatively simple structure which consists of two
main modules. Detailed information about the components will be given in the following

sections.

The product will be providing the set of functions in order to supply the user with the facilities
explained throughout this document. We plan to keep functionality design as simple as possible

for the user to use the application most effectively.

3 Design Considerations

3.1 Design Assumptions, Dependencies and Constraints

DigiMuse is going to be a mobile application. Therefore, in terms of the hardware requirements
we are going to consider any mobile device which has to be supporting the Android OS. The

mobile device is supposed to have the camera.

Since our product is going to be a mobile application, there will be a considerable factor of
limitation in terms of the screen size. We are going to have four different screen options for
users to choose from and decide on the most appropriate one to view. There will be one screen
option where the user will view the screen with all displayable parts displayed, and there will be
other three options where the user will view the combination of any two displayable parts. The

user will be free to choose which two parts he/she wants to see on the screen in a larger scaled



manner. Furthermore, for the sake of the efficient usage of the device screen we will avoid
displaying any unnecessary information on the screen. The screen layout will be balanced in

terms of the information content and size.

We may have to deal with the time constraint issues due to the fact that one of the main tasks
that we are going to implement while developing DigiMuse is going to be the image processing.
The CPUs on the mobile devices are not as fast as the ones on the computers for instance,
therefore we will have to bring in some solutions or constraints in order to provide the

reasonable time performance.

We know that modern mobile devices have cameras of quite high quality which allows the
pictures taken buy them to be of large ratios. This is again an obstacle for us in terms of the
mobile device’s CPU capabilities and memory constraints. We will have to play with the size of
the image before we perform the image processing task Thereby, we will put less efford in order
to process the image.

Since the image processing task is quite complicated one when is comes to processing different
note symbols, we may have a certain amount of performance loss in terms of correctness of the

symbols been processed.

3.2 Design Goals and Guidelines

DigiMuse is going to be used by users who are interested in learning or playing musical notes. So
our end-users will mostly use this software product as a tool which would help them to enhance
their note reading /playing skills. Therefore, from the user’s point of view the design must be
simple enough to understand and use. Thereby, design simplicity is on of the most important
design goals that we as the developers of the product care about. Users will enjoy the user

friendly design of the product.



As already mentioned above, we may not be able to correctly process each note symbol all the
time, so we are going to provide the user with feature of editing the notes been processed

when it is needed to so.



4. Data Design

Player

-sheet: Sheet
-midiFile: MIDI

+ play(state : int): void

+ pause(state : int): void

+ stop(state : int): void

+ specifyPosition(state : int, time : float): void
+ getTime(): float

MainActivityClass

Sheet

-name: String
~clet: char

-octave: int
-bars: Bar[]

+ getName(): String

+ getTempo() : int

+ getClef() : char

+ getKey(): char

+ getTime(): float

+ getDynamic(index : int): String
+ getAllDynamics(): String[]

+ getOctave(): int

+ getBar(index : int) : Bar

+ getAllBars() : Bar[]

+ setName(name : String): String
+ setTempo(tempo : int) :int

+ setClef(clef : char) : char

+ setKey(key : char): char

+ setTime(time : float): f
+ addDynamic(dynamic
+ removeDynamic(index : int)
+ setOctave(): int

+ addBar(bar : Bar)

+ removeBar(index : int)

Bar

-id: int
Boolean

-rightRepeat: Boolean
-simile: Boolean
-notes: Note[]

- state : int MidiMod

- player : Player

- image : Image + sheetToMIDI(sheet : Sheet) : MIDI
B0 — + MIDIToSheet(midi : MIDI) : Sheet

+ setState(state : int) : void

Image

-imageData:int[]

+ enhanceImage(): int[]
+ segment(): int[]

+ getImage(): int[]

+ createSheet() : Sheet

Figure 4.1. Simplified Class Diagram

+ getld(): int

+ hasLeftRepeat() : Boolean
+ hasRightRepeat() : Boolean
+ hasSimile() : Boolean

+ getNote(index : int): Note
+ getAllNotes(): Note[]

Note

nt

-value: float
~tone: char
-accidental: char
-isRest: Boolean
-tie: Boolean
-slur: Boolean
-tuplet: Boolean
-accent: Boolean
-relation: int[]
~relationType: String[]

+ getld(): int

+ getValue(): int

+ getTone(): int

+ getAccidental(): int

+ hasTie() : Boolean

+ hasSlur() : Boolean

+ hasTuplet() : Boolean
+ hasAccent() : Boolean
+ getRelation(
+ setlId(id : int) :
+ changeValue(value : float) : void

id
+ removeAccidental(): void
+ changeToRest() : void
+ changeFromRest() : void
+ addTie() : void
+ removeTie() : void
+ addSlur() : void
+ removeSlur() : void
+ addTuplet() : void
+ removeTuplet() : void
+ addAccent() : voi
+ removeAccent() : void
+ getAllRelations() : int[]
+ getRelati
+ getRelation(index : int) : int
+ getRelationType(index : int) : String




4.1. Data Dictionary

4.1.1 MidiMod Class
This class provides full functionality for converting between MIDI format and sheet instance.

MidiMod

+ sheetToMIDI(sheet : Sheet) : MIDI
+ MIDIToSheet(midi : MIDI) : Sheet

Figure 4.2. MidiMod Class Diagram

Attributes:
No attributes.
Methods:
sheetToMIDI: This method converts sheet object to a MIDI formatted file. This will
provide us to save currently playing MIDI to SD card.
MIDIToSheet: This method converts MIDI formatted file to a Sheet object. Sheet object

is used to visualize the MIDI file.



4.1.2 Image Class
This class performs image processing techniques with its methods on the image that is the

photograph of the sheet music taken by the camera of the mobile device.

Image

-imageData:int[]

+ enhanceImage(): int[]
+ segment(): int[]

+ getImage(): int[]

+ createSheet() : Sheet

Figure 4.3. Image Class Diagram

Attributes:
imageData: Contains the data of the provided image constructed from the photograph
Methods:
Getter and setter for the image.
enhancelmage: Image enhancement techniques will be applied with this function. Image
enhancement is the process of improving the quality of a digital image for further
processes.
segment: Extract the note positions and values from the image.
createSheet: This methods creates the sheet object using the knowledge which is gotten

from image processing methods.



4.1.3. Player Class
This class enables to run the MIDI that is given or produced by Image object synchronized with

the sheet object.

Player

-sheet: Sheet
-midiFile: MIDI

+ play(state : int): void

+ pause(state : int): void

+ stop(state : int): void

+ specifyPosition(state : int, time : float): void
+ getTime(): float

Figure 4.4. Player Class Diagram

Attributes:
sheet: Contains the sheet object of the selected image object or MIDI file.
midiFile: Constructed built-in MIDI object from the specified MIDI file that is given or
produced via Image object.
Methods:
play: This method will start to play current MIDI file.
pause: This method will pause the currently playing MIDI.
stop: This method will stop the currently playing MIDI.
specifyPosition: This method will be used to specify starting point for player.

getTime: This method will return the instantaneous position of player over the file.



4.1.4. Sheet Class

This class is the base for all musical related work. It consists of Bar objects, and specifications of

the specific sheet music represented as the attributes.

Sheet

-name: String
-clef: char

-key: char
-tempo: int

-time: float
-dynamic: String[]
-octave: int

-bars: Bar[]

+ getName(): String

+ getTempo() : int

+ getClef() : char

+ getKey(): char

+ getTime(): float

+ getDynamic(index : int): String
+ getAllDynamics(): String[]

+ getOctave(): int

+ getBar(index : int) : Bar

+ getAllBars() : Bar[]

+ setName(name : String): String
+ setTempo(tempo : int) ! int

+ setClef(clef : char) : char

+ setKey(key : char): char

+ setTime(time : float): float

+ addDynamic(dynamic : String)
+ removeDynamic(index : int)

+ setOctave(): int

+ addBar(bar : Bar)

+ removeBar(index : int)

Figure 4.5. Sheet Class Diagram

Attributes:
name: Unique name of the sheet

clef: Clef attribute defines the pitch range. It can be G, F or C.



Key: Key of the sheet music defined in the start
tempo: Metronome of the music. Default speed is valid unless specified.
time: Represent the specific beat.
dynamic: Indicates the relative intensity or volume of a musical line. i.e. piano, forte,
fortissimo etc.
octave: Octave of the sheet music. Default positions are valid unless specified.
bars: Bar object array contains the notes in the sheet.
Methods:

There are only getter and setter methods of all attributes.

4.1.5. Bar Class
This class is the container of basic musical components, notes. It has the attributes on its own to

enable repetition facilities between bars.

Bar

-id: int

-leftRepeat: Boolean
-rightRepeat: Boolean
-simile: Boolean
-notes: Note[]

+ getld(): int

+ hasLeftRepeat() : Boolean
+ hasRightRepeat() : Boolean
+ hasSimile() : Boolean

+ getNote(index : int): Note
+ getAlINotes(): Note[]

Figure 4.6. Bar Class Diagram



Attributes:
Id: Unique ID of the bar.
leftRepeat: Indicator of whether the bar object contains a left repeat mark or not.
rightRepeat: Indicator of whether the bar object contains a right repeat mark or not.
simile: Indicator of whether the bar object contains a simile mark or not.
notes: Note object array contains the notes in one bar.

Methods:

There are only getter and setter methods of all attributes.

4.1.6. Note Class
This class basically defines the note concept adapted directly from the real life. A note object
has a lot of attributes to have the capability of representing each musical nuance. The attributes

are defined below.



Note

-id: int

-value: float
-tone: char
-accidental: char
-isRest: Boolean
-tie: Boolean
-slur: Boolean
-tuplet: Boolean
-accent: Boolean
-relation: int[]
-relationType: String[]

+ getld(): int

+ getValue(): int

+ getTone(): int

+ getAccidental(): int

+ hasTie() : Boolean

+ hasSlur() : Boolean

+ hasTuplet() : Boolean

+ hasAccent() : Boolean

+ getRelation(): int[]

+ setld(id : int) : void

+ changeValue(value : float) : void
+ changeTone(tone : char)

+ addAccidental() : void

+ removeAccidental(): void

+ changeToRest() : void

+ changeFromRest() : void

+ addTie() : void

+ removeTie() : void

+ addSlur() : void

+ removeSlur() : void

+ addTuplet() : void

+ removeTuplet() : void

+ addAccent() : void

+ removeAccent() : void

+ getAllRelations() : int[]

+ getRelationTypes() : String[]
+ getRelation(index : int) : int
+ getRelationType(index : int) : String

Figure 4.7. Note Class Diagram




Attributes:
Id: Unique ID of the note.
value: Simply defines the length of the note
tone: Defines the pitch value of the note.i.e. A, B,C,D, E, F, G
accidental: Defines if there is a pitch change by a semitone in the note, i.e. flat, sharp
and natural.
isRest: Indicator of whether the note is a rest or not.
tie: Indicator of whether the note has a tie or not. If yes, enumerates all the tied notes
with the same value.
slur: Indicator of whether the note has a slur or not. If yes, enumerates all the slurred
notes with the same value.
tuplet: Indicator of whether the note is played as a tuplet or not. If yes, enumerates all
the notes in the tuplet with the same value.
accent: Indicator of whether the note is played with an accent or not. If yes, the
corresponding enumeration value of the appropriate accent is contained as the value.
relation: Indicator of whether the note is connected with other notes or not. If yes,
enumerates all the connected notes with the same value.

Methods:

There are only getter and setter methods of all attributes.



4.1.7. MainActivityClass Class

This class is the main class of the application. Application starts with this class and all Ul
activities are operated by MainActivityClass. Moreover, main features of the application such as

image processing and playing MIDI is controlled here.

MainActivityClass

- state : int
- player : Player
- image : Image

+ getState() : int
+ setState(state : int) : void

Figure 4.8. MainActivityClass Class Diagram

Attributes:
state: A state information for GUI.
player: Player class instance. It is used to manipulate all operations over the MIDI file.
image: An image instance which is taken by user. This image is processed by here and
used to create sheet object.

Methods:

There are only getter and setter methods of state attribute.



5 SYSTEM ARCHITECTURE

In this section, software system architecture for DigiMuse is presented in a top-down manner.
5.1 Architectural Design

There are two main modules interacting with each other in the project, “DigiMuse”. These are

discussed in the coming sections and their roles are indicated by using sequence diagrams.

5.2 Description of Components

This section describes the major components of “DigiMuse”. It has two main modules which are

Optical Music Recognition Module and MIDI Reader Module.
5.2.1 Optical Music Recognition Module

5.2.1.1. Processing narrative
The optical music recognition module provides the necessary functionality for converting the

photo of the printed sheet music which is taken by a mobile device into a Sheet instance.

5.2.1.2. Interface description
This component gets a photo of a printed image as an input and it returns an instance of a Sheet

class.

5.2.1.3. Processing detail

The optical music recognition module is responsible for converting the photos of printed
musical sheet into a digital one as accurate as possible. To define all musical characters
necessitates the usage of image processing methods. After all the characters are recognized,

corresponding attributes are specified in a Sheet instance.



5.2.1.4. Dynamic behavior

OMR Module
User Component
SendPhoto
—_—

Sheet Class instance

e —

Figure 5.1. Sequence Diagram for OMR Module

Optical music recognition can interact with the MIDI reader module. After it outputs a Sheet

instance, the MIDI reader module has the capability to convert into MIDI format.

5.2.2 MIDI Reader Module

5.2.2.1. Processing narrative
The MIDI reader module takes a Sheet instance and converts in into a MIDI file. On the other
hand, it has the capability to make the reverse operation which is changing the MIDI file into a

Sheet instance.



This module has two components which are explained below:

5.2.2.1.1 MidiMod
One of the components of MIDI reader module is MidiMod. This component takes a Sheet class

instance and it returns a Midi File as output.

5.2.2.1.2 Player
The component, Player, takes the MIDI file which is the output of the MidiMod components, or
it takes the Sheet class instance from the optical music recognition module. Then, it outputs a

Sheet class instance.

5.2.2.2. Interface description
This module can get a Sheet instance or a MIDI file as input. As output, it can create a MIDI file

for a Sheet instance input, or a Sheet instance for a MIDI file input.

5.2.2.3. Processing detail

MIDI reader module has a variety of functions to read MIDI files and apply edit functions on
them. All of these functions are given with their classes in section 4. Using the two components,
MidiMod and Player, MIDI reader module gets a Sheet class instance as input and it outputs a

sheet class instance.



5.2.2.4. Dynamic behavior

OMR Module MIDI Reader Component MIDI Reader Component
User Component MidiMod Player

Sheet Class instance MIDI File
SendPhoto

e  eY—]}0— ] Y—=—=—==

Sheet Class instance

e ———

Sheet Class instance
——;

Figure 5.2. Sequence Diagram for MIDI Reader Module

MIDI reader module can interact with the optical music recognition module. If the user does not
choose the option to read an already existing MIDI file, then this module takes the output of the

optical music recognition module.

5.3 Design Rationale

After deciding on the project, the project group, GOBIT, made a detailed search on the
shortages of the existing applications about optical music recognition. First of all, the product is
decided to be a mobile application and in addition to recognizing printed symbols, our software

can also read MIDI files.



System composition is planned in the most efficient way to satisfy what is required. The
recognizable characters are chosen to be as many as possible. While designing, all group
members discussed on the usage area of the application and it is decided that it would be better

at reading classical music characters.

5.4 Traceability of requirements

For both modules, optical music recognition module and MIDI reader module, there is one to

one mapping for all the components with the uses cases defined in the software requirements

report.



6 User Interface Design

6.1 Overview of User Interface

DigiMuse will start with the screen that has two buttons for two different functionalities.
Specifically:

e Take Photograph

e Open MIDI

Take Photo

Open MIDI

Figure 6.1. Entrance Screen

At this point the user chooses one of two options, in particular the user may choose to take a
picture or load a MIDI file. In either case the user will be directed to the appropriate screen.

In case of “Open MIDI” option, the user will be able to load the file which has to be in MIDI
format. If the users want to take a picture of some sheet note, he/she does so using the camera

of the mobile device. Which will display the following:
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Figure 6.2. Taking the Picture

Once the user has taken the picture, it is now ready to be processed by OMR Module.

The user will see the following screen, while the image processing is being processed:

Processing...

Figure 6.3. Waiting for Image Processing



Once the image has been processed, DigiMuse is now ready to be used and the following screen

will be displayed:

?
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Figure 6.4. Main Screen View

This screen option views the sheet note, tab and keyboard sections all in one screen.
However, if we take into consideration the fact that mobile devices have relatively small screen
size, compared to laptops for example, we decided to provide the user with the chance to be

able to separate the above screen into several parts.



There three different screen options consist of different combinations of:

Tab and Keyboard:

A

10-12 12j~\10
0

10

10 10 10 (10) —

Figure 6.5. Main Screen View Variation

Sheet Note and Keyboard:

Figure 6.6. Main Screen View Variation



After the user finishes playing the sheet music, he/she may quit the application using the
“Exit” option from the main menu, which is going to be referred to and explained in more

details in section 6.3.

e Sheet Note and Tab:
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Figure 6.6. Main Screen View Variation

We decided to give the main screen view in three different options in order to let the user feel

comfortable viewing the content in terms of screen size and visibility.



6.2 Screen Images

Figure 6.7
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Figure 6.8



6.3 Screen Objects and Actions

6.3.1. Entrance Menu

Take Photo

Open MIDI

a. Take a photo to be processed. After this is selected camera of the device will be
opened.
b. Open a MIDI file to listen and visualize the notes.



6.3.2. Main Menu

New
Export
Tempo

Edit

Transpose

Octave Chanae
Clef Chanae
Save As
Exit

New: Opens the entrance menu to create new player.

Export: Exports the currently playing MIDI to a readable and portable document.
Tempo: Change the playing pace of the MIDI.

Edit: Used for entering the editing mode.

Transpose: Used for transposing the sheet by desired pitch.

Octave Change: Used for changing the octave by desired amount.

Clef Change: Used for changing the clef with the desired one.

S @ 0 Q0 T

Save As: Used for saving the currently playing MIDI to a location on SD card.

Exit: Used for exiting the program.



6.3.3. Editing Keyboard

"0 a0 o

Letters: Corresponds to note tone. They are used for changing the tone of
selected note.

Arrows: Used for changing the value of the selected note.

Ghost Note: Changes the note to a toneless click sound.

Note tie: Adds a tie between the selected note and the next note.

Accidentals: Used for changing the tone of the selected note by half tone.

Rest: Converts the note to a rest (silent) note with specified value by the arrows.



6.3.4. Edit Mode Menu

Dynamics Articulation Octave

a. Dynamics: Used for changing dynamics of the selected note.
b. Articulation: Used for changing articulation of the selected note.
c. Octave: Used for changing octave of the selected note.

More information about these features can be found in SRS Section 3.2.4.1.




7. Libraries and Tools

7.1 OpenCV

7.1.1. Description

OpenCV (Open Source Computer Vision Library) is a library of programming functions mainly
aimed at real time computer vision, developed by Intel. It is free for use under the open source
BSD license. The library is cross-platform [6]. OpenCV has C, C++ and Python interfaces so far. It
focuses mainly on real-time image processing and the implementations are highly optimized [7].

OpenCV provides lots of functionality for segmentation and recognition.

7.1.2. Usage in Digimuse

Digimuse involves lots of image processing and pattern recognition due to its Optical Music
Recognition engine and mobile device’s camera usage. First of all, digitalizing a sheet music
requires highly an enhanced image in order to achieve high accuracy rates. Also, the image will
be saved using mobile device’s camera, so it needs aligning and pre-processing. For these,
image processing facility of OpenCV will be used. After that, using the enhanced sheet music
image, segmentation and pattern recognition functionalities of OpenCV will be used for note

detection.

7.2 Android SDK

7.2.1. Description

The Android SDK includes a variety of tools that help you develop mobile applications for the
Android platform. The tools are classified into two groups: SDK tools and platform tools. SDK
tools are platform independent and are required no matter which Android platform you are

developing on. Platform tools are customized to support the features of the latest Android

platform.[8]



7.2.2. Usage in Digimuse

Since, DigiMuse operates on Android OS; Android SDK is a must to use.

7.3 Android NDK

7.3.1. Description

The Android NDK is a toolset which enables the users to embed components that make use of
native code in your Android applications. Android applications run in the Dalvik virtual machine.
The NDK allows the user to implement parts of his/her applications using native-code languages
such as C and C++. This can provide benefits to certain classes of applications, in the form of

reuse of existing code and in some cases increased speed.[9]

7.3.2. Usage in Digimuse

DigiMuse uses OpenCV as it is explained in Section 7.1. OpenCV is not yet compatible with Java
but the finest quality and easiest to use library in Computer Vision. Thanks to Android NDK, the
code using OpenCV can be written in C++ and embedded into main java code. The project

greatly makes use of this functionality.

7.4 Eclipse

7.4.1. Description

Eclipse is a multi-language software development environment comprising an integrated
development environment (IDE) and an extensible plug-in system [10]. Eclipse is a free and
open source software. The IDE has different versions for different languages such as Eclipse CDT

for C/C++, Eclipse JDT for Java and etc.

7.4.2. Usage in Digimuse
Digimuse, runs on devices operating on Android. Using Android Development Tools (ADT) plug-
in of Eclipse JDT enables us to implement clean and efficient Java code. With C++ plug-in (CDT),

OpenCV usage becomes easier.



8 Time Planning

8.1 Term 1 Gantt Chart
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9 Conclusion

Initial design elements of “Digimuse” have been presented in this document. The design for
data model, system architecture, and user interfaces have been discussed. A lot of detailing has
been done on the project scenario that shows the most of the essential details. This document
is the first design of the project in a way that further detailed information is provided.
Moreover, it defines all the components with initial details by class diagrams and sequence
diagrams, user interface design and how the user interacts with DigiMuse. Further information
on the technical design is given with detailed explanations of the modules. Lastly, the progress

of the project so far and future plans are stated.



