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Algorithms development
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Background

Music is a sound, it is useful to have a way to write it
down and store it — sheet music, MIDI

Performing music is straightforward, transcribing sheet
music is harder to learn and time-consuming to do

Requires a trained ear and repeated listening

The high barrier to entry makes it difficult for learning
musicians to learn all the songs they may want to play

Sheet Music Transcriber is a solution to this problem
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Figure 1: Music Transcription [1]



Background — The structure of sound

e Sound is changing air pressure
e [Digital sound is a list of numbers representing air
pressure measurements taken at a reqular frequency
o Every-day sampling rates may be 44.1 kHz (CD

quality), or 48 kHz

e Sound is a signal, and so we can get its frequency
spectrum
e We only want frequency information for small slices of

time, so we use the Short-Time Fourier Transform (ST F T R

e By lining up many STFT spectra for ordered, adjacent (or Figure 2: A zoom-in of audio in

Audacity, showing individual

overlapping regions), we may make a spectrogram samples



Background — Spectrograms

e Aspectrogram is a time-frequency representation of a signal

e |t lets us see the short-time frequency content of a song and how that changes with
time

e Reveals the structure of notes and periodic sound — a collection of parallel, horizontal,

equally spaced lines
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Figure 3 (Left): a spectrogram in Audacity (lower e —
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Figure 4 (Right): A portion of the spectrogram in
SMT (lower frequencies above) —
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Motivation

e Acouple of our members have musical knowledge
o One Such member identified an opportunity

o Other members were interested in learning about music

e Market research
o  English speaking musicians

o Communities in this transcription area online
o More later in the presentation



The Pink Panther

from “The Pink Panther”

Motivation

Easy

-

Figure 5: Music Transcription [2][3][4]
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octave key (left thumb)

left hand Tip: To go slower or faster,
change the Playback Speed
in the video settings

right hand
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https://docs.google.com/file/d/15rgF7Jg54_msvC8NEff1ZJHDp_LlFxty/preview

Technical Case — UI (Qt)

e  Pyside 6 (Python) and Ot are used to implement the user interface
e ui_main.ui, ui_main.py and mainwindow.py are used

e Hierarchical structure

Volume Algorithm

Harmonic Algorithm

Spectrogram Brightness
1 —

Log Base

™

Central Window

Mouse Position: time=0.000 s, frequency=0.000 Hz (-)

Figure 6: The aimed Ul design for SMT Figure 7: The achieved Ul design for SMT





https://docs.google.com/file/d/1Gc4YY2123ONMu5TOTJaWt6cs7-NGzkDu/preview



https://docs.google.com/file/d/11A-DDfVmROVKZAuYDC3ffyGXGalzTcvS/preview

Algorithms - Harmonic Elimination

Threshold Algorithm
Volume Algorithm
Harmonic Algorithm
Start Note
4
End Note
f
Harmonic Point
¢
Tuning Slider
4

Spectrogram Brightness

Log Base

Figure 8: Harmonic Sliders

e Feeds algorithms with Start and Notes for note
detection

e Feeds algorithm with Harmonic point to remove
harmonics

e Tuning Slider adjusts algorithm sliders

Figure 9: Sample song note detection
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Algorithms - Volume Based detection
The Volume-based algorithm takes the “loudest” note at any given

windowed sample and assigns it a note. There are a few parameters that

Time Segments (s)

B ——— control its behaviour:
Edge Threshold (db)
e . .
Time Threshold (s) Time Segments - Controls the length of each sample taken by algorithm.
3 |t can change from 1s to 10s.
Figure 10: Volume Parameters Edge Threshold - Defined as the minimum required threshold for the next

sample in the next sample to be considered a new note. If the next
sample does not have pass the threshold, that sample is considered part
of the same note. It is defined from 0.1db to 5db.

Time Threshold - The minimum time between notes. Defined from 0s to
20s.
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Technical case — Architecture

e  “Architecture” refers to the macro-level structure of the
program, the parts that are hard to change

e Software architecture is a service mainly felt by
developers. It's main effect on end-users is in performance App Starter
and responsiveness

e The SMT has a structure of different modules running on
different threads and communicating with each other
using messages Router

e Multithreading segregates view components from the
algorithms and file 1/0, meaning the interface stays
responsive even when running slow tasks

e Messages are simple to define and send, easing View thread Project thread
development

e The messaging structure provides an easy framework to
hook into for other forms of input; we use this for a Figure T1: System Architecture
command-line interface for automation and power-users 1%




Set Up and libraries

Ceerc

e

Figure 12: Dependencies used

(

Libraries are downloaded locally by first running SetUp.bat.
Our libraries are the software equivalent of materials.

The following libraries were used during the development of our software:
numpy - Matrix Arithmetics

pysideb - Provides access to the complete 0t 6.0+ framework.

Scipy - Provides algorithms for optimization, algebraic equations, and many
other classes of problems.

PyOpenGL and PyOpenGL_accelerate - Provides rendering tools

Audioread - Converts audio files to samples

Mido - Converts a list of notes to a MIDI file

The Music Transcriber uses libraries from the FFmpeg project under the
LGPLv2.1
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How to measure?
o  Note Onset

o Note Offset

Algorithm Note
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Figure 15: Onset distance

o  Note List Length
True Note Comparisons

@)

Algorithm Note

Frequency

Actual Note

Figure 16: Offset distance
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How to measure?
o  Note Onset

o Note Offset

Algorithm Note List True Note List

.[Difference: 2
ke

Figure 17: Note List Length

O

Note List Length
True Note Comparisons

@)

Frequency

Figure 18: True Note Comparisons
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Example Testing Results

Algorithm: Volume Test: A4toES-8quarterNotes
Parameters Results
Time_segments Edge_threshold Time_threshold Note List Length Diff Avg Onset Dist Avg Offset Dist Highest Comparison
Default 2 3.2 5 11 3.087558652 29.80585858

3.198422673  30.87895483
3.087558652  29.80585858
3.18865896 30.75717324
2.946973115 28.43208296
3.016112222  29.05765239
3.290721461  31.69397803
3.175466573 30.57360557
3.189259041  30.69059908
3.112168289  29.97198033

| 2.672735619  25.71063014

Algorithm: Volume Test: A4toES-8quarterNotes
Param Test Results
Time_segments Edge_threshold Time_threshold Note List Length Diff Avg Onset Dist Avg Offset Dist Highest Comparison|
2 3.2 11 3.114780556 30.0367668 3
3.2 11 3.114780556 30.0367668
3.2 11 3.102076992  29.92900963
3.2 11 3.087558652  29.80585858
3.2 11 3.087558652  29.80585858
S :hl 3.087558652  29.80585858
3.2 11 3.087558652  29.80585858

3.2 11 3.087558652  29.80585858
Time_segments Edge_threshold Time_threshold Note List Length Diff Avg Onset Dist Avg Offset Dist Highest Comparison 32 = 1 3.087558652  29.80585858

2 0 5 3.229178198  30.84246386 32 1 3.087558652  29.80585858
05 248626304  31.07058202 32 1 3.087558652  29.80585858

<}
2w s00i00501 3 e sames 2

3.205475639  30.93878106
3.239240212  31.26434353
3.101332502  29.93809891

087558652  29.80585858
3.218606025  31.06662322
3.159132184  30.49410926
3.159132184  30.49410926

Algorithm: Volume Test: AdtoE5-8quarterNotes

Pararmr

Figure 19: Testing Examples 9



Schedule - expected

Beta Phase

test case setup and creation 11 Aug-25 Aug
switched spectrogram to OpenGL 18 Aug - 31 Aug
Explore funding options
Convert .ui to .py 8 Sept - 27 Sep
Note Detection
OpenGL display improvements
OpenGL waveform display
.mp3,.0gg, ffmpeg audio input
Time and Duration Detection
Volume Detection
Microphone Investigation
General Tempo Detection
export to MIDI
Saving File and exporting .smt
Timbre Distinction & Profiling
Sheet Music Display
Polishing and QA
Manual write-up
Final Project Demonstration

5 Sept- 25 Sept

8 Sept - 31 Oct
10 Sept - 25 Sept
10 Sept - 27 Sept
27 Sept-12 Oct
28 Sept - 27 Oct
29 Sept - 27 Oct
10ct-200ct
21 Oct - 15 Nov
1 Nov - 30 Nov
1 Nov-30 Nov
15 Nov - 14 Dec
15 Nov - 14 Dec
25 Nov - 14 Dec
20 Nov - 14 Dec

A

Out of scope for our project will pursure if time permits

Figure 20: Schedule at beginning of Beta Phase




Schedule - actual

Beta Phase

Test case setup and creation
Switched spectrogram to OpenGL
Explore funding options
Convert .ui to .py
Note Detection
OpenGL display improvements
OpenGL waveform display
.mp3,.0gg, ffmpeg audio input
Time and Duration Detection
Volume Detection
Introduced Multithreading
Command line interface
Mouse cursor coordinates display
Testing for detection acuracy
Variable Thresholding
Manual Note Selection
Microphone Investigation
Export to MIDI
Manual write-up
Polishing and QA
Final Video
Final Demonstration

11 18

11 Aug-25 Aug
18 Aug-31Aug

5 Sept- 25 Sept
8 Sept - 27 Sep
8 Sept - 31 Oct
10 Sept - 25 Sept
10 Sept - 27 Sept
27 Sept-27 Oct
28 Sept - 27 Oct
29 Sept - 27 Oct
2-10 Oct
2-10 Oct
6 Oct-15Oct

Dec 2021

6 Oct - 30 Nov
30 Oct - 11 Nov
30 Oct - 17 Nov
5 Nov - 30 Nov
15 Nov - 30 Nov
1 Nov - 30 Nov
1 Nov - 30 Nov

Figure 21: Schedule at end of Beta Phase




Business Case - Market Description

Sheet Music &
Transcriptions

i ~ 10962514
Welcome to our con .

208K  11M

S
@
@

Market Siz:

posts

= Join Community

™ Grow Your Business

Number of hobbyists, Individuals who are also  |ndividual
freelancers, and English Speaking musical
musicians worldwide level

Figure 22: Market Size Figure 23: Sheet Music Publishers in the US [5] Figure 24: Transcription Forum [6]
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Business Case - Competitors

List of Competitors:
o ScoreCloud

m Automated

m $19.99/ Month
o TransribeMe!

Transparent
A

Manual < -1 » Automated

m +2M members
m S47/h
o Upwork
m Hundreds of hobbyist members
m ~520/h

8

: | o
TranscribeMe!

work . m & L

opaque

Figure 25: Competitor Graph

23



Business Case - Financials

e Sheet Music Transcriber as a monthly subscription of $9.99/month

e (Operation Costs

O

O O O O

$140/year for domain acquisition and maintenance
$360,000/year in salaries

$76,117/year for marketing

$12,000/year for company meetings and miscellaneous
S$448,257/year for operations or $37,355/month

e To break even 3740 active subscriptions every month

e Initial investment of $225,000 to smoothly run operations for 6 months
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Risks Management

e No health and safety risks for both users and developers

e (ertain Risks associated with development and how to overcome them
o How to know our algorithm's performance
o  What if one algorithm is queued right after another
o  What if a user wants to input a non supported file
o  What if our algorithm misses a note or detects something wrong
o  What if a user selects a note out of bounds of the display

e Plan B for commercialisation - target music institutions and instructors
(1,795 institutions is USA have degree-granting music programs[7])
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Engineering Standards

e IS0/IEC 23000-12:2010 - Information technology — Multimedia application format
(MPEG-A) — Part 12: Interactive music application format [8]

o [ISO/IEC 24752-8:2018 - Information technology — User interfaces — Universal remote
console — Part 8: User interface resource framework [9]

e ISO/IEC 29138-1:2018 - Information technology — User interface accessibility — Part 1:
User accessibility needs [10]
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Self Reflection

e (Overly-large scope at the beginning of capstone

o  We dropped timbre analysis given the difficulties associated with it

o  We switched from sheet music export to MIDI

o Multiple notes at the same time wasn't consistently doable
e feedback from meetings

o Automated testing — getting a numeric metric of algorithms

o Axes, legend — not enough time to do

o Market analysis — find more accurate numbers for the demand for transcriptions
e We decided on a project idea before fully understanding everyone's technical

competencies
o If we did this again, we would have to communicate this more clearly, both offering
more precise information and being more specific in requesting information
o  We needed to commit to workflow standards earlier to avoid workflow conflicts

21



Self Retlection — what did we learn?

More frequent meetings were a big help, for communication and ramp-up

And we're all proud of:

Akaash learned Python

Matthew implemented OpenGL GPU instancing for the first time

Haoran learned 0t and Python

Avital learned music, both how to play and how musical sound is structured
Polina learned music theory, Python

Jaskirat learned how to write interrelated business documents

28



Conclusion

Summary:
e (reated a functional Ul
e [mplemented three different algorithms
e Successfully detected notes and transferred them into midi file

Future Plan:
e [etect chords
e [etect multi-instrument music
e (enerate sheet music

29
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Flappy)am

Questions?

Thank you and have a Happy day!



