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Abstract In this paper, we propose a novel method to detect music genre boundaries for the improvement of
music genre classification(MGC) accuracy. In the existing studies of MGC, a music piece is mainly classified into
one music genre. However, in order to realize more accurate music genre classification, we need to pay attention to
a music piece having some music genres. In this paper, segment dividing method using MFCC, chroma vector, and
rhythm vector is described in order to detect music genre boundaries.
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Algorithm 1 Segments Dividing

INITIALIZATION: Segments So; Threshold ¢, mazseg;
OUTPUT: candidate boundaries C

1: 1+ 0

2: j 0

3: while (1) do

4: if i > j then

5 break;
6 else if j = mazseg && i = mazrseg then
7: break;
8 end if
9
10:  segment values s € S;;
11:  if check(s) = true then
12: t = maz(s).arrayindex;
13: C.add(t)
14:
15: if check(s[l...t — @]) = true then
16: Sjt1 = s[l...t — ¢];
17: Jj++
18: end if
19:
20: if check(s[t + ¢ + 1: end]) = true then
21: Sjt1 =s[t+ ¢+ 1:end];
22: Jj++
23: end if
24:
25:  end if
26: i+ 4

27: end while
28: return C|
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Algorithm 2 check(s)

INITIALIZATION: Segment Values s; Threshold 7, segsize,
mazseg;

OUTPUT: boolean;

1: s + s/max(s)

2: if length(s) > segsize && length(s < T) < maxseg then

3 return true

4: else

5 return false

6

: end if

0 7 Algorithm2

3.1.2 000OO0OO0OO0O0O0O0O0O0O00O0

05000 Algorithm1 O, 00000000 Nowvelty OO
0000,000000000000000000000000
O. Algorithm1 0000000000 Novelty OOOOO0O
poobooobooobboo.oobboobbooboao.

00,000 Novelty OODOOOOOOOOOOOOOODO
0S0000000000000000000 check() OO
ooooO0o (1100). 00 SsooboooUooooUoo
oogd, Ss0oooooggogogtoooooooooooo
(1200). D00000O00DDOOOOO, SeODO0OOOOO
oooogoggo. oo, Seoootoooooo 5,500
ooo.000,00000 6,5 0,0000000000
goooooooOo0oOo,000000000o0,000oooo
000000 (15-2300). 000, S1,5:0t+¢ 00000
00000.d0dddddg ¢000000D0ODOODOOCOOO
ooo.oo,sS 0 s 0000000000000, 000
00000o0oo0oooooOoUooooooooooo, oo
gooboobooboobod mazseg OOoooonog
(4-700).

0e00d0dioooooooooooooon.

000 70,0500000 check()DOOOOODOOO
O0.check()O,00000 sO000D00000DOOOOOO
ooooooooo. 00,0000000000 sOO0DOO
maex(s) JO0O0O0O0O (100). O0,00000000000
00000000000, cheeck)OOOODODOOODOOO

ooooog20000d.

e [00U0O sUOODODO segsize UOODODOO

e 000DO0DOODOD-OODOODODODOO mazxsegdOO
3.2 JO0O0O0OOOOOOoODO
000000o0o0o0o00oooo,0000oooooooon
00000000, 0000ooo0oooooooooon
0. 00000000000000o00ooooooo, oo
ojooo0ooooUoooooUooooUOo. oooo, o
O00leg0000000OOO0ODOOOOOO,0000
lag0 000000000 D0OOOODOOODOOODOO,OO
000000 0o0o0o00oooooooooooooooooo
ooood.

00000 lqgOOO0OO 10000000000, 000O0
00 tempo O OO0 (60/tempo)x4000. 00O, MFCC, O
oooooo,00000pooooo0ooooogoooo
o000 mft,cht,rht 0O0O.

3.3 DO00OOOOOOOCOOoO

0000000 0oo0o0ooooooooooooooogn
0o0,000o0o0o0oooDooo. DOooooog,0g0o
EugenCieroJerry 00000 JerryVanRooyen DO 0O0O. OO
000000 3000000ooo0o0,00guoooooo
Oo0o0oooooo soooooo. oooooooooao
=07 marseg=800000000000000000O0O.
oooooOoOoooo. oo, 00000ooooooono.
mft = {54.8,43.5,99.8,39.0,52.7,59.5,137.9}

cht = {121.7,101.6,124.5,100.6,114.3,126.5}

rht = {97.0,95.0,118.5,83.0,96.5,98.5,132.5}

00,00 mft,cht, rht 0000, 00 lagOOO0OODO
0000000000000 00. 00000 tempo 00O
08oOUOo0oO,3200000000000, 00 lagO
(60/80)x4 =300 000000. 0000000 lagOO
O0000oO0ooooooooOogdd mft=99.8, cht = 100.6,
rht=985000. 000,000000000000000
Orht=98500000000000000. 0000000
goooosooo.
000000o0o0oooooooooooooogogos0O
o00. 000, 00o0o0040000000000000OO
00,00000000000O000O0ooooooog.

4. 0 OO0

4.1 0 OO0

gobooooooobooobooooooboooooboo
gobooooooooao

go,0000b0000000b0obo0,00000000
goooooooobo. oboooooooobooooooooboo
goooooooooobdoboooo. bobo,0o0000
o0o0ooo0ooo0oOo(12loo00. 00, 000Oo0ooO
goooooooooooobooobboobooo.ooooboo
gobooooooooooobooooooooobooooooo
goboodoo.oooo,000 20000000000.081



. ki
3000 4000 5000 5000 rht
/]

L L
50 100 150 20 250 30

08 ODODODOODOO

gobobooobobooobooo. 200000000000 a,0
ooos00000000.0000 e, 000000000
og1o04d.

7(Algorithm2) | mazseg
0000 a 0.5 12
ooooob 0.7 8

01 0000 e,b000

gooo,0b0o0ooooobooboboobob0obn «0Od
gbooooboooobooboo. obooob,0b «oboooot
gooooooooo,boooooooon.

a = (60/tempo) x 4 (4)

00000000000000000,000,F0000

0.0000eb00000000000000000D000
00000 Fp, 0000000 FA0000,000 Rp0O
|FaNFg|/Fp, 000 RepO |FanFp|/FA0000,F0O0
0oooooooon.

2RpRRr
= Re + Rr )
NOOODODOOUOOoooooooo,0o00o0,00000
000000 Ag, 00000 Ap, 00000 Ag, 00 FO
Ap0000,00000000000D0O0O0OOCCO NOOO
Jo00000. 00D0oo0ooooDooooooong Ap0O0O
0.00000,Ar0000D0DOOOOOOOOOOOO0O
goooooOoUoopooooUoooo,0o0000ogooooo
oooooooooooon.
00ooooooo 200000000o0ooo0.
1000,0000000000000000000000O0O
000 GTZANDODOUODODoOOooooDooooooooooo
0. GTZANOOOUOODO [40,16000000 22050Hz 0
000ooOoooOoOo ss0oooooi00000,0000 10
0000000000000 (blues, classical, country, discoll
hiphop, jazz, metal, pop, reggae, rock). JO0O00O0, 0000
JOoo0bOO0oOoDooOO0oO0o0obOoO0boODbOoOobD 200000000

goooooooocoobooooooboobooooboo. oo
goooooo2200,00000000e600000. 0
g,000000b000b0cobo0ooooooboooboooo
goooooooooo.

2000, 000000000C000000000000
(Ch)ooOoO. DooOoOooooooooo3oooOooo
goooooooooooooooo,b0obobobooooo
goboocooobooo.obooooobooo 3o0,0000000
gbo3b0,000r0400,000000000000 10,
gboeb0UObOO. bOoOOODOO,00DOO0COOO
gobobooooooobooooooooboboo.

4.2 0J0O0OO0O00OO

4.2.1 0000O00OOO

Ap | Ap | Ag | | Ap
oooag 0.31 | 0.20 | 0.71 3.24
0000 a| 020017089 | | 2.72
0000 b |0.48 | 0.42 | 0.56 1.43
0 2 DDDDDDDDDDDDD(DDDDD)

Ap | Ap [ApD | | AR
oooo | o032 [023] 052 | | 367
0000 a| 030 [0.20] 057 | [3.25
oooo b 037|029 052 | |3.10
03 DDDDDDDDDDDDD(CDDD)

Ap | Ap | AR O | Ag
Blues + others 0.26 | 0.15| 0.92 |2.75
Classical + others | 0.29 | 0.17 | 0.91 | 2.52
County+others 0.30 [ 0.18 | 0.85 | 2.40

Disco+others 0.23 [ 0.13| 0.86 | 2.96
Hiphop + others 0.3410.21 | 0.88 |2.24
Jazz + others 0.42 [ 0.28 | 0.86 | 2.04
Metal+ others 0.25 [ 0.15| 0.75 | 2.76
Pop + others 024 (0.14| 085 |2.81
Reggae + others 0.13 1 0.07 | 0.86 | 3.93
Rock + others 0.27 [ 0.16 | 0.87 | 2.83

04 00000O0O0D0ODOO0OODOO0OOO (OO0 «0DODOOO)

023000000,0000000F0 ApO0D0DO. O
oooooo,0230 Ag00000O0O00O0OOODODOO
goooooooocooooooooboooobo. oooooboo
gbooooooobocobodoooobooobo,0cb0obooboooo
O00000O0.0000,00000 Ap,00 FO ApOO
000000.000000,0000 000 7, maxseg O
gooooooooo,0o0o0ooboooboobooboooo
gbooo,ooboboobobooboocoocobobo. obooobo
0,0000s000F0O Ap0D0D0O000O0OOCCODOOO.

0O0,000000 Ag0OO0O0O0ODOO.

0230000000000 «000000 ApODOODOO.
gbooo,0ocoo00obo0ooooc0o. boobobooooo



gbooboooocoo,obobo0obooboooobocooobooboo. g gobooooooooooobooooooooobooooooo
gboo,0b0o00o0booooooboobooobooboooog goooooodog.

000.000,MFCCO0000O0OO0O0, [4,1,1],000
000000000 [6,3,20000000,000000000

000 [104,21]003000000000000000. 00 (1]
000,0000«0000000000000000000
0,000000000000000000.000000,1 2]

gbobobodoboooboooocoooboooo. oooo,oo0o
OecO000000DDOOODDOOOOODOOOODDOO.

gbo,0300000000000b000bOO00O0bObOO [3]
gooooooooOo. oooooooooboobooooboo
goocoooooocoboo. cobooooobooboooooboo [4]
gbooboooocoooooobodoo. oobdoboooo,od (5]

gooooooooooooboooboboooobooooooo
goooood.ooooo,bobooooobooooooon
gooooocooooobo. booooo,2000000
g,gdoboooooboocooooocoooo,1000ooo0a
goobooooboooo,0bobo0o0oooooo.og,o00
0000,0000 «000000 Ag, 0000 VOODODO
00 Ag 000 FO Ap00000O0O0O0O0O0OOOO. OO

(7]

(8]

goooobooooooooooboo,0bob0oobooboooo [9]
goboooooooooog.
ogoobO,0400000 e0O0OOO0OOOOODOOODOO [10]

00000oo0oooo. 04000000, Classical+others
O Bluestothers 000000 Ap O00O0O. O0O0O, Classical
OBluesO0OOOOOODOOOOODO, 000000000 [11]
000000000o0oooo0ooooooono,0ooooo
ooooooooUooUooOooo. oo,04000000
Metal+others 000000 Ap 00000 O0OOO. OOO
0000, Metal DOODODOOOOOOOOOOOO,0000
0000o0o00oooo0ooo0. 00oo0o0oooooooo, o
00ooooooooooooooo.

0000000, 0000 p00D00000D0 FOODOOO
00000, 000000000000D0DOOoC00oU0Ooooo
Oo0Oo0d0oooo. obooooooooboooooooooo
ooooooooooon.

(12]

5. U o00OA0nd

goodooooooooobooooooooobooobog
goooooooooobooboooooooo,booo0o0o
goooooooo,ou,00o0boooc0ooooboboodoa
goooboooooboooo,ooobooobo0oboooo
good. oob,0o0oo0obo0oboboooocbobbooooo
goooooooo,boo0oboob0ooboobObooboooboo
gooooooooooog.

goooooobooooboooooooooooboooooboo
gboooo,0o0o0co0oooboooobooobooboooo
goo.oobooo,boo0bo0oooooooboo.oo,o0on
gboooooobooooobooooooboooo,ooboooo
goooooooooooooo. og,000000000

O O

George Tzanetakis, P. C. Musical genre classification of au-
dio signals. IEEE Transactions on Speech and Audio Pro-
cessing, vol 10, No. 5, JULY 2002

00 000, George Tzanetakis, 00 00,000 O0O0.0O
gbooooobobooboooboboboooboobooooonoo
0000000.0000000000. [D00000O] 2009-
MUS-81(1), 1-6, 2009-07-22

T.Lidy, A. Rauber. Audio music classification using a com-
bination of spectral, timball, rhythmic, temporal and sym-
bolic features. In Proc. ISMIR, Sep, 2008

GTZAN: http://marsyas.info/download/data_sets
RWCDatabase: http://staff.aist.go.jp/m.goto/RWC-MDB/
rwe-mdb-g-j.html

J. Foote. Automatic audio segmentation using a measure of
audio novelty. In Proc. of IEEE International Conference on
Multimedia and Expo, pp 452-455, New York, N.Y., USA,
Aug. 2000.

Daniel P. W . Ellis. Classifying music audio with Timbral
and Chroma features. Proc. ISMIR-07, pp. 339-340, Vienna,
Austria, October 2007.

Beth Logan. Mel Frequency Cepstral Coefficients for Music
Modeling. In Proc, ISMIR, USA, October, 2000.

K. Jensen. Multiple scale music segmentation using rhythm,
timbre, and harmony. EURASIP Journal on Advances in
Signal Processing. Article ID 73205, 11 pages, 2007

J. Foote, Visualizing music and audio using self-similarity,
in Proceedings of the 7th ACM International Multime-
dia Conference & Exhibition, pp. 77-80, Orlando, Fla,
USA,November 1999

O. Lartillot, Mirtempo: tempo estimation through ad-
vanced frame-by-frame peaks tracking, MIREX, 2010
Paulus, J., Klapuri, A., Music Structure Analysis Using a
Probabilistic Fitness Measure And an Integrated Musico-
logical Model, in Proc. ISMIR, pp. 369-374, Philadelphia,
Pennsylvania, USA, September 14-18, 2008,



