L Sl Sl Suwgo (sRELTWS (sIbaiub
PU ol )3 s i S5 a9 )l oslaiwl

r‘sﬁlgl Soinn 50ld g T,__;).&.g.o Lo ‘%E‘oél)‘gs.?’;ﬂgbf S 9o

Sl a5 o SRS FaualS g 5y (gwdige oaSsle™?
Olrl s« Brs lml,dT Slidod g pgle sy oodlul ol3T ol8ails «SgralS 5§y (st caSiails”

US>

o (rwge Wolliws (guivaib cuz (Pitch) plS blf 8 » (S o SHg 3l eolistwl b gusaar dibolw Alis cnl 5o
oKyl 3 195y oams « y90lo «yg1lod o Loz Jolis ol oliiws i 3 Gyl s ewgo ol sy 41,1 5l
9(FSST2) g3 95 (538 carlds gLdeiuws (LCPL) o5 ils )8 o )W 51,5Y Cal b o S5g i o581 ol 59 .09 o0 JuSCis
Gk jgliinds (glod )iz (el 10 pcmile 5l g dgub g0 00 A g G JUSm Guisainb ez il S § 5
U sl 3l Slakd ol coudallyl jlulas alole j3 aidy, 5 (Esls Sed oo oolitwl Flyl Huwgo GWolKiws

Accuracy b, sl ybze bawg (golpsion 9 Ml guuaid e el o Slos Cawl (Gl pl Fawgo o slwl ool jule
SR 43 o (Ol o 591 AT Wb oo 3Ll kel o ds gl .0 yuF o0 &y MCC g measure F- Precision (Recall
S519 2 0 o lisie b )lro cuns 2y 5y 8,5 es 4L

Sl (Famwgo Gl (w10 pepmblo <90 £95 (531 Gl (a8 il ) Hawgo Guivainb 1 guals B3l

Classification of Iranian Traditional Music Dastgahs
Using Features Based on Pitch Frequency
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2Faculty of Electrical and Computer Engineering Islamic Azad University, Tabriz, Iran

Abstract
The Iranian traditional music is composed of seven majors Dastgahs: Chahargah, Homayoun, Mahour,
Segah, Shour, Nava, and Rast-Panjgah. In this paper, a new algorithm for the classification of the
Iranian traditional music Dastgahs based on pitch frequency is proposed. In this algorithm, the features
of Lagrange coefficients of pitch logarithm (LCPL), Fuzzy similarity sets type 2 (FSST2), and their
combination are used as the representation of music signals which are fed into the multi-class support
vector machine (MSVM) as the classifier.
The features of LCPL and FSST2 are obtained by applying some modifications on the pitch frequency
of the desired music. To compute LCPL, first, the values of pitch frequency are extracted by the PRAAT
algorithm. Then, after the applying a logarithmic operation, the tracks of pitch frequency are
partitioned into smaller segments. The method of feature extraction is based on detecting the trough or
valley points of the pitch tracks. In the following, the coordinates of trough points (i.e., the index of pitch
frequency and the logarithmic value of the frequency) are considered as each segment boundaries. In
the next step, the track between the two boundaries of each segment is approximated by a 6th order
Lagrange polynomial and the computed polynomial coefficients are considered as a 6-dimensional
feature vector.
. The first step in extracting the FSST2 feature is to compute the pitch frequencies of the input signal by
Q.;}" the PRAAT algorithm. The second step involves the classification of music notes. Then, the subtractive
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clustering method is used to eliminate the incorrectly estimated pitch frequencies of the previous step.
Next, the process of folding notes (i.e., transferring the extracted pitch frequencies into the reference
octave band of 220-440 Hz) is performed followed by translating the frequency points to the cents with
respect to 220 Hz. After folding notes in one octave, the Mahalanobis distance is applied to recognize
which point on the reference octave corresponds to each musical note. These same procedures are
conducted for the information pattern (theoretical data) of each Dastgah. In the final step, the folded
frequency points of the unknown input signal and the information pattern of all Dastgahs are
transferred to the Fuzzy logicType-2 domain and compared to determine a similarity measure which is
considered as the extracted feature.

The dataset used in the proposed classification algorithm contains the excerpts from solo performances
with Tar played by Alizadeh, the well-known Iranian music master. The performances of the baselines
and proposed classification algorithms are evaluated by the measures of Accuracy, Recall, Precision, F-
measure, and MCC. The results show that the proposed algorithm has a better performance as
compared with the baseline methods in terms of different classification criteria.

Keywords: Music Classification, Pitch Frequency, Fuzzy Logic Type 2, MSVM, Iranian Music Dastgahs.
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I International Society for Music Information Retrieval (ISMIR)
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8 Support Vector Machine (SVM) % Inharmonicity ,
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10 Spectral Centroid (SC) 5 Zero-Crossing Rate (ZCR) ~

11 pattern Recognition 6 Interval Type 2 Fuzzy Sets (IT2FSs)
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8 Musical Surface Features

4 Mean-Centroid

5 Mean-Rolloff

6 Mean-Flux

7 Mean-Zero Crossing

8 Std-Centroid

9 Std-Rolloff

10 Std-Flux

11 Std-Zero Crossing

2 Wavelet

13 Lyric

14 Convolutional Neural Network (CNN)
15 Convolutional Recurrent Neural Network (CRNN)
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(Figure-1): The block diagram of the Abbassi Layegh’s system for the classification of Iranian traditional music Dastgahs [1]. In

this algorithm, first, four features MFCC, SC, Pitch, and Inharmonicity are extracted. Then, SVM is used for classification.
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(Figure-2): The block diagram of the Abdoli’s system for the classification of Iranian traditional music Dastgahs [2]. In this

algorithm, first, the pitch frequency of input signal is extracted. Then, after applying the fuzzy type 2 process on input signals and
the theoretical signals, the fuzzy logic type 2 algorithm is used for classification.
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2 Fast Fourier Transform (FFT)

OF 2ba ¥ o,Ll VP JLle


http://fa.wikipedia.org/wiki/%DB%8C%D8%A7%D8%AF%DA%AF%DB%8C%D8%B1%DB%8C_%D8%A8%D8%A7%D9%86%D8%B8%D8%A7%D8%B1%D8%AA
http://fa.wikipedia.org/w/index.php?title=%D8%B7%D8%A8%D9%82%D9%87%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C&action=edit&redlink=1&preload=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%B3%D8%AA%D8%AE%D9%88%D8%A7%D9%86%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C&editintro=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%AF%DB%8C%D8%AA%E2%80%8C%D9%86%D9%88%D8%AA%DB%8C%D8%B3&summary=%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%DB%8C%DA%A9+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D9%86%D9%88+%D8%A7%D8%B2+%D8%B7%D8%B1%DB%8C%D9%82+%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF%DA%AF%D8%B1&nosummary=&prefix=&minor=&create=%D8%AF%D8%B1%D8%B3%D8%AA+%DA%A9%D8%B1%D8%AF%D9%86+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D8%AC%D8%AF%DB%8C%D8%AF&withJS=MediaWiki:Intro-Welcome-NewUsers.js
http://fa.wikipedia.org/wiki/%D8%B1%DA%AF%D8%B1%D8%B3%DB%8C%D9%88%D9%86

U 0l 28 1 o S5 399 Il oSl by (sl iw (Siawge SLdolimws idinb

&

S 6995 S Sledlbl 5 (5,55 Sledbl I plas
Cewday (1) S5 &)50a (emsS (556 ladiws (5
flbe cqx T(FSM) 36 cols jlae 5l wlio
5 (k! Gaig0) Wolliws sl (e Caleds Gl
Sy oedee  oolaiul (gog,y ALl (goX!
ol slapm oSl (sl calis Jlade oo jgleawsa
SWU Lags a5 TISM b, 5l il o sl o a3l
o) el ons solitl [14] ead uiyyw i lKan
O)goty &5 Cwl BESM (o o681 (n g p P9)

Dl g0 i ya5 (A) alal,

t

U

(AB)
min(ﬁA(x),ﬁB(x))dx+.[min(ﬁA(x),ﬁg(x))dx
(425

M)

X

max ( 2z, (X), g (X) )dx + J'max(ﬁA(x),ﬁé(x))dx '

SleMbl acgerme wgl Cogac b A o] e A
degazs gl Cypae @b B oSl gogyy JUSew
A I ox aaly jo (68g,5 aslisl UK Sledlb
Ol s> pg 9 g5 B gl Cugae &b YL
Aald 3 xSl 90 g8 (538 agil Cogas &b

[2] Casl (VY e+ b i Lrgyl o) el

Chahargah Dastgah prototype

lernbershig degree
B E e &

ac gosmo Cdd 3l aS ol ) Lo oliws (5318 (go (Y- USC)
Ll ool JuSliLS 90 45 (5318
(Figure-3): Fuzzy similarity prototype for Chahargah
Dastgah which consists of 7 FSST2.

gl g0 By ) D Hgods (55 Acgesne 93y alold

D(A,B) =1-S(A B). )

<

2 Fuzzy Similarity Measure (FSM)
3 Jaccard Similarity Measure (JSM)

OF 2be ¥ a,ll 1P JLo

IR))

ly oSt G ous Jiie slo wils 3 &S ()] 5l e
Cent oje> 4 (5, YV+) o5l Jol uilS 3 a4 s

MR

y sbsT S5 4 oad Jae slopuils 3 &S (ol 51
Cent ojs> 4 (35,2 YV+) o5l Jsl uili 2 4y Coras
g 3 SpSojlul glavaly 5l (S cent e
GOSSSS hey) 5 odles sl el o e
2 A5 ALS oh e Caanndd 003190 4y |, gLST ja (sl
3 Jgere gy o)ls Job cENt o el 5l plas
oslal A lie Cz S5 Jolgd cpololas ol cent
ooliiul  GonSsS Sslite gbaailbls o lealols
&S ol o5 Ha8T cent G alols (w8l ,0 0gd e

cent 855> 50 awid Jlste glacd b | o) lgi e
VYo bl o Jle 6l ok 50 o lols 3 &lS
O Cows el pla gl o aulbwe (5, FY-U
Jagcent axlg 4 (£) alal, 5 b 5l 5,0 VY- L4l5,8

WA g o0

FL
cent =1200log, | — |. &
gz(zzoj *)

@ s 5w, T 8 ST S e s el 5l
Jleel ! mgiVlale Alols «d pdy & yg0 3 CENt 559>
S plas 4 bge ahadi 0 0gd adtine U ogd oo
) ‘Ua‘.“) )“ JSL’-“ LSL“’r":’.J'é o= alols ool (hge

s el bl pmile M usle o s a5
D9 oo dmilome Hlais 590 028 )0 39290 polie (uib)lg
alols il oo 5kl W <6 S P P o o
dgr s> 55,5 ailinl s> Sl jloee 8 90 o
> ye 0 (aibge VY L ply alin] o> bxsl o)
o yo al 53 355 o0 Ojpe il Slles
(e 5 (695y9 salil JuKw Sledbl Wl
3B Blae 89> 4 1) @z pe sboolliws (5,55 Dl
A e )98 Oldbl A Cuxr
g ol Ci can glyls a5 oo jo 5l ) dslad
S3los3 sl p 5l o il (36 b3l Saan)
T @2 bS50 e oSl plprea
Olye 63 o iy (Hamge oliws ol atus
2 lraled )y Wsdge a8 I L5 > (65,95 SlIL

1 Mahalanobis Distance



BpSee Djge wpb g S Sl pdiged
3 S Al Sex ead il p iy o U
> o 50 (S gl el W oo 00 4 W) dald]
55 S 3l ssleiag alobe )3 0pd o0 jge o
FSST2 S35 09 co oolitsl LCPL 5 FSST2 5,5
pod Sing ol odh 13,5 [2] Jse ol ailols
Gy alal 3 oS Llabiog 5 Sl ol b
Cowdty JuSw o8 55 g5, D alss ol
S5 slon (s 50 ol glmd Sl o il
Ll 515 ead S sndpyhe (Shy 90 wuS
Oty Hlop edle slulaz wlebe (Bi9el jslaieay
hewge S UK (505] o )0 358 oo ooliul
Ol oy dle jlulas aibels 4 (604, asliils

255 5o Dygeo Gkl g il Jlacl

FSST2 S35 -Y-)
31 (FSST2) Yeo il ol sloaiws Shg ol
Y-V Gidu j0 a8 ool aid)F [2] Joe obrw alols
&8ly ;o FSST2 g .ol 0uls 00ls mdgy Jradiay
A 8590 (rwge oS (W2 (555 p (St Jlesl L
Slaas Jloged loe Casots 556 i 839> 4o
| OJ.AT (a) J.im B k;fﬁ w‘ C‘)M‘ J‘"]A
Ot ol jattie gl logad o aS gl les
Lol oads oolawl [12] PRAAT l58le 5 5l jslkaie
o gandab 5 gl oo Bi> dlol slacs [13]
5o eadghzial S plas (15l 0 pdy o0 D90
Auld 50 1) teems ge )8 5T S o 1) 3 Al e
2 el ool sy gLST G L (y0,5,15 ganail
P FEe U e YV o (oS 9 alols el
Ol b s )8 o ds (0) alayl, 5,k 5l g ool Sl
O G |y L uilS 3l (s 298 o0 Ja 4LST
Jas cent d56> @ (55,0 YV+) o5l canss uilS 8
e |y emgYlale alols o 5o g (8 alal)) oS oo
Ao yo 50 (Y abal) oS oo drmlre jolxe slopm 8
@y ol 50 055 o0 jpe il Slles
6B Blaie 559> @ I = BolKiws (5,65 Sledlb
9 e o 5o 5l is,955 Dbl ags S o

O+ akal, dwsas FWA) 'g56 oy Sk

Z::lxiwi
2%

JiSm oS 0 258 (2l Gilulaz g ol
Gk 5l oo IT2FS adlie soloxs (g94,5 aizlisl
5 999 Ji&Kew LIT2FS (s wlas (A) Jgo
2y e st bollius S5 I T2FS

y= )

Apion Hlade g al> 0 (0 0,5 o0 8 alas w Sl
Crl s 109800 Ao AlS (o Sl Gl Sl 2
by jo oSiws 2 glacs slagyys 5 i polie
Cawdds olliwd yo gl Y (2Kl g oads oals S5 (V)
sBiws ,o 4 by sddawbre 1 55le o5 0 0l o
Ol 4y by je ai3lil (505,5 JuSem by i

el 1) O a0t (§5lwlas daly sl oo

L =argmax, (FWA(Z,'\W,))). ")

Gowaib g (goliuiny aiboliw Y
Sl o Fawgo gdoliiwns

-

a8y b Shy » S
Pl il
Ohigel S glaph Sl ganail ez
loaSet (ANN) " ce sloaSis anle o il
fOLer:J.: GBS e sla Jow ““RBF@I}'{ Vi g i
Lt wsS claoe SKNN (glagz, 55 (HMM)
s_so ookl (LDA) ot S5 5.UT 5 (GMM)
Al p S SR Oy Nl (Giegh cnl e
(Sl s hmsge Goliws sl P> Gl s
ilys 5 (FSST2) "Wes 636 canlis sloaias Juls
o 0lgiion (LOPL) A6l8 LuilS )5 o2, 81 35,5
oolazwl guanl PV LR CE S WL Sy il
sdel (F) U j0 aiboles cpl slaas Jloged 04 oo
9y il 0ed oo odmlin IS jo a4 ol les ool

oz Gl ool i 5995 sl LS

1 Fuzzy Weighted Average (FWA)

2 Artificial Neural Network (ANN)

% Radial Basis Function (RBF)

4 Hidden Markov Model (HMM)

5 K-Nearest Neighbors (KNN)

6 Linear Discriminant Analysis (LDA)

" Fuzzy Similarity Sets Type 2 (FSST2)

8 Lagrange coefficients of pitch logarithm (LCPL)

OF 2ba ¥ o,Ll VP JLle

o

~



Coled (e o Hawge oBwd 1o slp (S gl ilesiB slaghilon 5wl (658 L
(A al) gz ol b o539y U (FSM) 508 T 4 boosdiee Sl ez e o8 e
P50 drmlne ol dllie ;o wux (S olyea Olyed 3B ool iy (hmge olSiws (ol s
o on BT )0 Mg e a8 S 5 o (558 Sledlbol

Audio
SianaliAudio

[ PreprocessingPreprocess ]

A

Feature ExtractionFeature ]

\ 4 \4
[ LCPLInharm ] [ FSST2 ]

\ 4

[ Assembling Feature VectorsAssembling ]

v

SVM

}

Classified Signals

U 0l 28 1 o S5 399 Il oSl by (sl iw (Siawge SLdolimws idinb

2 (Sl (e (g (elTiwd (Gulaiwd Cur (Ol bl (slawas loged 1 (F- JSb)
LCPL g FSST2 $319 95 wuS 5

(Figure—4): The block diagram of the proposed system for the classification of Iranian traditional

music Dastgahs based on the mixture of FSST2 and LCPL.
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(Figure-6): An example of pitch logarythm segmentation for a frame of a piece of music from
Chahargah Dastgah.
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(Table-1): The confusion matrix of the Abbassi Layegh’s system.
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(Table-2): The confusion matrix of the Abdoli’s system.
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(Table-3): The confusion matrix of the proposed system based on the combination of FSST2 and LCPL.
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