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Abstract gy Galiiual)

Research Background:

Musical information retrieval is considered a complex operation,
especially in polyphonic music tracks. However, most of the previous
studies haven't taken into account quarter notes detection which is

considered the most important feature in Arabic and Turkish music.

Aim of Research:

In this thesis, out Aim was to build a complete polyphonic pitch tracking

system for Arabic, and Western music which is able to detect notes and

framewise from piano music tracks.

Materials And Methods:

This model combines both signal processing and deep learning

techniques to provide more accurate results. In the first stage, constant

Q Transformation is applied to the input musical track and then passed
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to the next stage which consists of two convolutional neural networks
(CNNs). The first network is designed to detect notes onset and the

other network is for framewise pitch detection.

Practical Results:

The output of the neural network is processed and generates a MIDI

file for the input music track with an F1 score of 75.28% for onset

detection and 47.37% for the framewise.

Conclusion from Researcher Point of View:

Based on the results of this research, it has been shown that it is

possible to use convolutional neural networks and a constant quality

factor conversion to detect the beginning and end of a musical

note when the quarter note error is detriment. The developed model can

be used in music education institutions to extract musical scores.
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Keywords:

Music transcription, fQ estimation, onset detection, eastern music, deep

learning, CQT, CNN, pitch, musical information retrieval
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A Lually el Jb

-(

) X344 anan 48U Adghins

:CQT Jalad oo il Cahall dadlas 2-3-4
& Bigeaa dalsin L Y) Gl diatll &30 e sl ans adlatial disiadl) A<A) aabing
alad Janad dalay mocaing alaill didee ladl ) (g35m pitll gl Jlaall O LS Baaal) lpaall il
Loalyll Slleall elaY dalay Ll JSLa) oda Jal  Uadl)l Jaee (e 2k 38 Lo sag ofyg¥) vl Jle

i)

Al O Jaall S5 (8 daens G ioatl) aely dians ) CQT A ddghuaa ad Jugai-1
Slaailly dadal) claaall o Gedll GlES) e dgual) ASAD el 23 e dagiially Ll

240Ul daaa ) daplatll aladiuls Librosa 4iSe aladiunl Jugadl) (5yaag Alal)

CQTdbtest =librosa.amplit ude:tcu:dbEEL ref=np.max)
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23000 Alleally Jralls adll Caand CQT 254 ddgaias b Llall dag@ll Np.max Jias

If scalar, the amplitude abs(s) is scaled relative to ref : 20 = 10g10(5 / ref) . Zeros in the output

correspond to positions where s == ref .

cda S OgSow @l Gl ref (g5l S il Jla (8 L ghigat alyall ] S Jia 3
N0 e il Jlaall 2 juas olé [30] 8 )y s LS :Rescale adll Jlae juit dules -2
ralic DS B0 pans @iy (gl dmasll daly Dlead) o3 @3 Laleall dilae ayedl (535 28l

szai E)A 80 ‘_As: Méh}mﬁd\

dfCQTdBtest

dfCQTdBtest + 26
dfCQTdBtest 8

dfCQTdBtest /

e

Grad) gl (pe o)) iladipal) bty AELEN) Arigreaad) IS o8 :Abghaal) Jghia Glua -3
OB WSS LS. Jal) placd) g JES dsise (o olgiV) 2y sla JS mese agily ddstaall L)
S 34454 aaslad 8y5m (poSal o cilghad o)l S giad 16ms sk <3 CQT Julas sshas
Aalay W 5)suall s padaiens (VL0 jsae 344 80 Jia (s B Gall) Hsae 4 68y Jiag )
Ll Jdstas pglae Gl Lo spg) JALAL Headll s el sae muad ldstie Clea )

(8-4) 5 (7-4) nlKal 4 miage o WS (Clazill dlaialy calazil)
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A%l eluly 64 bit daws 3.9 jlaay¥) Python gul daepdl 45l aladnul #3sall oly &
Keras Aplication 5 2.7.0 LlaaY[ [31 Tensorflow u€e e S Caddid  duigrasl)
& .Tensorflow ae Jalaill Jigestl arsias Al 2.7.0 laaY)[ [32 programming Interface
O Agran)) 3Kl Cayn Alls 3 L Asuandl A o3¢ DA mbll deadl) 8 salpal) libul) caladdiad
Aaadlly Lerl) Ay lile Lea Clly 36y cxllaall CQT (igad A il g Jo¥) Jadae & 4Kl
Jisni A o il Jaal o8 A5 Aviguanl AN Alls 8 W ) AN Dlias dikasal
A gall el By DES GilE Jlistas g Alall sl b Aisuand) ASA) A 0sSy CQT

oz IS JSS 2Uaill Ay (1-5) IS Jiang . colarsll 2lsialy

Conv - .
4{ Stack H FC Relu HFC Sigmoid

Conv FC Relu FC Sigmoid

Stack g

u;l.d\ e.ua.d\ C.UA.M dalall 4.\.:45\ (1 5) dSuJ\

Onset
Detection

Audio —

Detection

rduiguanl) AN el 1-1-5

Yay Alilriey saie z3lai eliy masy 52 Keras & Functional model _adasll z3seil adic

Laod cliadall Ja I s (Leal (A d2uall DA dgda JS 408 ()4<5) Sequential model il = 3gaill (e
& rase s LS zhsall sl 5 e gty sl deaill Ay L) o se daall o Loy
& Ak S aaag fygladl) cilahl) ae dih IS YLty duguanll ASED A G N (2-5) J<a)

-Keras 4. python 4l aladiuls alge sag 4 suaal) A
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onsetinputl | input: | [(None, 4, 344, 1)]
InputLayer | output: | [(None, 4, 344, 1)]

ey

NoteConvl | input: (None, 4, 344, 1) OnsetConvl | input: (None, 4, 344, 1)
Conv2D output: | (None, 4, 344, 128) Conv2D output: | (None, 4, 344, 128)

l

dropout_1 | input: | (None, 4, 344, 128) batch_normalization | input: | (None, 4, 344, 128)
Dropout output: | (None, 4, 344, 128) BatchNormalization | output: | (None, 4, 344, 128)

. l

batch_normalization_3 | input: | (None, 4, 344, 128) dropout | input: | (None, 4, 344, 128)
BatchNormalization output: | (None, 4, 344, 128) Dropout | output: | (None, 4, 344, 128)
conv2d_3 | input: | (None, 4, 344, 128) conv2d input: | (None, 4, 344, 128)
Conv2D | output: | (None, 4, 344, 128) Conv2D | output: | (None, 4, 344, 128)

: l

batch_normalization_4 | input: | (None, 4, 344, 128) max_pooling2d | input: | (None, 4, 344, 128)

BatchNormalization output: | (None, 4, 344, 128) MaxPooling2D | output: | (None, 2, 172, 128)
dropout_2 | input: | (None, 4, 344, 128) conv2d_1 | input: | (None, 2,172, 128)
Dropout | output: | (None, 4, 344, 128) Conv2D | output: | (None, 2, 172, 256)

max_pooling2d_1 | input: | (None, 4, 344, 128) batch_normalization_1 | input: | (None,2, 172, 256)

MaxPooling2D output: | (None, 2, 172, 128) BatchNormalization output: | (None, 2, 172, 256)
conv2d_4 | input: | (None, 2,172, 128) conv2d_2 | input: | (None, 2, 172, 256)
Conv2D | output: | (None,2, 172, 256) Conv2D | output: | (None, 2, 172, 256)
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dropout_3 | input: | (None,2, 172, 256) batch_normalization_2 | input: | (None,2, 172, 256)
Dropout | output: | (None,2, 172, 256) BatchNormalization output: | (None, 2, 172,256)
| l
conv2d_5 | input: | (None,2, 172, 256) flatten | input: | (None,2, 172, 256)
Conv2D | output: | (None,2, 172, 256) Flatten | output: (None, 352256)
batch_normalization_5 | input: | (None,2, 172, 256) dense | input: | (None, 352256)
BatchNormalization output: | (None2, 172, 256) Dense | output: (None, 302)
A 4
flatten_1 | input: | (None,2, 172, 256) dense_1 | input: | (None, 302)
Flatten | output: (None, 352256) Dense | output: | (None, 604)
dense_3 | input: | (None, 352256) dense 2 | input: | (None, 604)
Dense | output: (None, 604) Dense | output: | (None, 604)
dense_4 | input: | (None, 604) Onsetoutputl | input: | (None, 604)
Dense | output: | (None, 604) Dense output: | (None, 151)
A 4

dense 5 | input: | (None, 604)
Dense | output: | (None, 604)

l

dense_6 | input: | (None, 604)
Dense | output: | (None, 604)

l

notesoutput | input: | (None, 604)
Dense output: | (None, 151)

Oad 9299 diida Jaal) of Badiy il alaal aa gAY s Jaal) (e diguanl) ASuE) Ay (2-5) Jsad
(sl
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& L) Droupout (i) (e (alds ey Maxpolling  adael i) cililee dusdall cilidal) Jlasy
bl Ldee mpud 2l ) Batch Normalization da8)ll (e dlecy (Overfit AlSia e alal)
Lol Ly il dglie A Jenn ) Dbasall dadll slvid) CaEK 4y (3-5) IS maag WS

+Aacs gal)

Conv Stack 1

Conv
Stack

. . Onset
H FC Relu HFC SlgmomH Detection h
j MIDI File
Conv . . Frame |
Stack FC Relu FC Sigmoid Detection
Dense Stack

| 7 Zm /)

1x1%344 1%1=G83 1x1x344

Audio»{ caQT T ’_{
Conv Stack 2 | {

V7,

= Conventional+Relu

2%172%256
E Max Pooling

\in Fully conected+Relu

‘ Sigmoid

43442128
(¢&all) Batch normalization g Dropout cilida (g A gal) daidl) Jlaie) REIS 4y (3-5) J<il)
ta guand) ASUEY JandS aalgs 2-1-5
el JSLaD) glgil (mad (Sls DY) e IS (8 dwpas Dlee Jpial) wls Lad) dlee )
loss function §)leal) s Juail el Jaed &3 330 Clasas (Llls & Multi label classification )
@l 2 )y b deodicad) Ldguaal) KA Ll algs (1-5) dsasd) maas cm Al ik dapdis il

2asie il JSLie & Jasieadl 52 Sigmoid ol & LS Lugae CNN a3 ¢lof Juadly) RelU
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Jia A*;15\ @sj\ Gliguae I T 28 0 e r,:\::J\ Jlae s ¢lldg Multi label classification ciliacwll

anis 3l Lo 55 Slake 3a) Lopdil) e (358 o6 4iad (geme IS O gl) 52nls Aioage Adle Lt 38

S0 asly 1 a0 0o i Jlaall dosy (531 Softmax auls Codlay (4wis gl b sae diiause e
(Ao yoai HSY) Ladll 3 saally 2als (Glnr LS 2 Al Nie g gans) Banly ADS - Al

() Aiguanll Al b Lasiional) Japil) alsi (1-5) s

Ll s Al g9
RelLU CNN
g Y Dropout
g Y Batch Normalization
RelLU 4444 duk Dense (Full connected)
Sigmoid zAll 4al Dense (Full connected)

:@M\ FEIRA ) &yl 3-1-5

L gal) Azl dolay (e IS Bleadd) oaalh pana Loss Function axiieall 8jledll ali dad cowas

r Al JKAL aesg Binary cross—entropy g (e dexdll alxialg

ltotat = lonset T lrrame (1-5)

A al) ABalls Aaesgal) danill A sLedll il Jaass

Pmax

T
lonset = z z CE(Ionset(p: t), Ponset (0, 1)) (2—5)

P=DPmin t=0

deshiall b Y| 2 T Jid s 8 154 a0 e dsisesgall @lodlall Jlas Drin/max S 3)

& Aagall Joan b Alrie Biuge Adle ia O5< Levie | Aad ans 1l [pger (P, £) Jiasg sl
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P ) Adlall Aispael) AN \guadss A Al Popger(p, 1) Jia Lt ¢ £ o8y Sy p o8y 43la)
Gyl (2-5) Jsaall mag Binary cross—entropy luwis o J) CE juis Wiv o o8y syl

Adiguanll AKAN 8 daddill

(QAL\.“) Al guanl) AuA) i gﬁ dasdiall yia bl (2—5) Jdo

daudl) Jasall
Binary cross—entropy sl
0.0001 alaall Jasa
Adam optimizer (optimizer) (sl
16 Batch size
10 Epochs number il cilysn axe

:MIDI Cala ) diguandl ASAN 2 A Juai 4-1-5
Sl i deag oKa Yy el &Sl dshas G o pad Adisasl) ASA) s
Ueriadl CSV clildl dgiliie 41y disaanl) KA 7)a ey L (pa Al (38 dallas O30 difaige Ao ghaia
o S Baal 3 0585 Y (g B8 [8] (b s s LS (4-4) S (B canyd A qapl) B
andiy toalie g Ul) A ol ddila (36$ Cugaall dala (Y @lllg L gall dasill Dl el L Y claje
Jano - deril) dsial el 8 Jsaally cusidl) L goled Lo gle s sadael Jlae <l (g5S5 (JUaall & A
i Lid I3 L Larall Ly e alie V1 (pe Yoy Agisessall erall 2y L) Jgud) (g calae ) (Ul
A 258 Jasatl L ald L gal) Aerill Bay CailS s e Jla 8 Japdiil) (e claadl) olsiel CREIS
ldtall IV (ol olil 2y 3lay DryWetMIDI 45€s (pnardicss CH# 4l zaliy 4 <ot MIDI Cale
& S Basall LDlal) s (6144 Lasky dats slind) o g ainsy) £85al) cldlall Allly 403l

Ause Aoke Ly GLES) Jla 3 Disesdd) L) Ly oo Bay @l Ay dighaan e k) S
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Adlal) cilS s 8 SV sl 8 dugllaall Ak W) Gilse MIDI Cale 8 dadle &y G puagy
(1000*64 * [Usy) ad) 3 @algall a3l 2 Gaal) aumgy Add il Jls 8 4l 5Ll Ay cduye
S byl e ge leril el dighian b Gl 4 diause Adle Dy LSS e WL AL Lulae
Aalie drie) dasky Lazill Alad dadlse 5L MIDI sy Asigal) Ladkall 4ilgs Gads pcagy danill o8 gl iy
A sall ADlall Maial ol Aaaill Dy il 1Y) Lo Claas) S5y (1000 *64 * sxieall cohlayl aae) loie
Agaly (5-5) Sl maam (0.5 058 W sale) lapuas (Sar dupy dde ded 2aa3 uh go (il

MIDI' Cale aulgs & dariesall zali )

{ o CEvIMIDI - O )4
|N|:utes 5V File | Browse

[

i
|N|:|te5 Onset C5Y File | Browse
COnset Threshold notes threshold

TFT TS T S S T I W T s T s

(Caldl) MIDI Cile ) duiguant) A0l 758 Jagal maliy dgaly (4-5) I
I audi 2-5
M8 Aady Ayl s ‘éS&LLA\ Cilalyal) ga &ie 52 Lol dgaliie dra Lunlaa (384 GEU&]\ iy Liad
Artall pnill L1 2 ydig SN aghineg GISY)
tandil) julea 1-2-5
Aaril) Ay Ay OULY) Jodag FO (puled) 23515 Acsgall Adlal) (pe U pUail) ol iy Li

el 138 (e Chsiaatll JSUta it ale a23%5 3l 4000 el (385 i3y (Leo

Sl Aighans Ciynr Lo stg Liisranll 45l laja A€ad) eV (3-5) Joaall mas
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Liguanl) A8 gAY Aiial Jgan Jiaig ALY Absias (3-5) Jdsis

adgiall Caieail)

Class = yes Class = no

Rl Caanl) Class = yes False Negative

Class = no False Positive

A Laal )l BRIl dae jules Bae 2 bl WiSay iladl d2dal) Jpaa e ol
Yl dws Glaay agig dulady) mitull 28y e ubaddl 1 K5 :Precession elssg\—l
A ) Aalay) dam ddgidl S eV s ) dassa dula) dany dxdgid)

NTP

p=—"
N7p + Ngp

(3-5)

daasall dadgid) Aylady) cVA daw e (ubidl 13a Sy :Recall gla i) of dawbual) -2
Al (aay S Agdsl) Lnlady) VWS 2xe e

NTP

__ M (@-5)
N7p + Npy

R

() Al Jassg Aaslueally aKaY1 e (ST ()90 Jagia a9 :(F1 score) F1 4a0-3

_2xPxR (5-5)
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G Noy s ALY Gyl VWY e ) Npp s cdapaall dgla¥) eVl sae ) Npp el 3

: i) all 2-2-5

oidle LSS dla 8 Bl Sl e OS Glead [33] MIR_EVAL 456 Jlesialy Liad
MIR_EVAL € anstes  Uhld Tana T cavnt 5al) Laail) (8 claadl) &y (RIS 3 (g

L"_i‘\)la)u‘ 0la t_aLu.:;j uﬁ)l:xu

Al on Gl Gl OIS Jla b e Giausall A Ay Jlie) S id ) kel -
Ladgidl Adlall (23l (358 (< o o Jadd #64MS Jlas Cpaca durajall Ldkally dadgidll
Wladl Gidlally dalgall dpnasell Al G 2l Jaall G Jslaiy ¥ dpaajall Al
-(Note Only) duzs yall AaDlall o3¢l 2223l
Jlaall (e Adlal) Glgs cilS Jla 3 dapsia Lisal) Al Llgs el o o bl jlaal) -
Ladll Joh e %80 Jie daigiall Akall Joha o ol duesyall Ll 43 e +64ms

. (Note With Offset) musia Lagdl ¢ S Lans yall

&) @bl MIDE cale Jigad cang GlIA il il Jaall e diva A MIR_EVAL 45K 7 lias

S Al Jigatl) ddans alall CH# daly malinn i€ . (4-5) Joanl) 8 dacasall dapeal
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MIR_EVAL AsSal J3) disal Jlia (4-5) Jsos

daill) o8, (Al dadill dulay e (48L) dlgd) (JR) 290
1 0.447996 2.112033 311.128
2 0.895993 1.088 138.592
3 1.088 1.280007 231.245
n

el 3-5

Laadiul A yally 8,4l Liwegall Gileghiall (10 48y 30 e wh L o 2l aull) 50 cuwd

il Clie lgiags MAPS clily 5206 e MAPS Disklavier alaa b disgall cileshiall G 2

MIDI dgaly acay i €I il Aadsy 385l cile shaill (3o 220 Jade o 3 A all Gaasall

b A gal) Aadall Lt (e JSOFT Ay o(R) Laslaaally (P) alSa¥) (e (S plll geilli (5-5) o
i) ) Aol aa dusall ddally

Note Only Note With Offset
P R F1 P R F1
94.40% 62.60% 75.28% 59.40% 39.39% 47.37%

Python sy dad alasiul alse say & aiuadl MIDE caldd gilad @ldl J<4 (5-5) JS& maage WS
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Onset Prediction Posteriorgram
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aosill &ly Blassl o > 98 8, wonll dngill slaol BLaus! [l
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2> o)l duswgoll dngill slaiol [l

o> 0l duipwgnll dosill &l [l
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radalad) crladl) aa milill) 455l5a 4-5
T g giis atagall YY) £t e iy Laida Lans 2ol cilahyal) ae 228 4 laall Ja

tope st A cluhall Crazd L lall Akl oy Uaa 386 0 25U il )l adans 0€0g ¢ puill

ALBE 2y elow aa o dujall 48,8 Bawsall daiee iy -1

Tegud SV oag Jadh A il Beesgally Lina iy = 2
o sl Al lly laaall Akl ) @ial ll Gluball g d5)lae (7-5) Jsaalls (6-5) Jsaall Sia
B

b A gal) Aadlad) Aoy (sa JSFT 4ajag ¢(R) Laabiaadly ((P) alSaY) e JS8 4d,ial) il (6-5) Jsaa
kY G Aadlall gy Uad cdal ) cilull Laadl) Ua) Aulgd g Lafisgall Ladlally

A} Note Only Note With Offset

P R F1 P R F1

Al )l 94.40% | 62.60% | 75.28% | 59.40% | 39.39% | 47.37%

E. Benetos, 53.22% 51.12% 51.91% - - -
2015 [2]

Jdh ddugal) Adlal) L0 e JSUFL dajag (R) Labaally ((P) alSa) ga JSU Adjlaal) @il (7-5) Jgas
LY G Adlall ay Uad 380 Al A1) cliaalt Aadil) ) Ailgs e Aaasgal) Aadlally

duufpal) Note Only Note With Offset

P R F1 P R F1
L) dadyall 94.40% | 62.60% | 75.28% | 59.40% | 39.39% | 47.37%

[S. Sigtia 2016[34 44.97% | 49.55% | 46.581% - - -
[R. Kelz 2016[35 44.27% | 61.29% | 50.94% | 20.13% | 27.80% | 23.14%
C. Hawthorne 84.24% | 80.67% | 82.29% | 51.32% | 49.31% | 50.22%

2018[2018]

A. Elowsson 2020 [11] 82.9% 85% 81% 64.6% | 66.2% | 63.1%
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