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The Noise Robust Algorithm to Detect the Starting Point
of Music for Content Based Music Retrieval System
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Abstract

This paper proposes the noise robust algorithm to detect the starting point of music. Detection
of starting point of music is necessary to solve computational-waste problem and
retrieval-comparison problem with inconsistent input data in music content based retrieval system.
In particular, such detection is even more necessary in time sequential retrieval method that
compares data in the sequential order of time in contents based music retrieval system. Whereas
it has the long point that the retrieval is fast since it executes simple comparison in the order of

time, time sequential retrieval method has the short point that data starting time to be compared
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should be the same. However, digitalized music cannot guarantee the equity of starting time by bit

rate conversion. Therefore, this paper ensured that recognition rate shall not decrease even while

executing high speed retrieval by applying time sequential retrieval method through detection of

music starting point in the pre-processing stage of retrieval.

Starting point detection used

minimum wave model that can detect effective sound, and for strength against noise, the noises
existing in mute sound were swapped. The proposed algorithm was confirmed to produce about

38% more excellent performance than the results to which starting point detection was not applied,

and was verified for the strength against noise.

» Keyword : 22 AR Z4ZE(Music Starting Point Detection), ZIAIEZS (Minimum Wave Model : MWD),

o|= AZI=(Noise Skipping)

o
)
o,
g
of
N
N
o,
=
%0
o
2

o
2
i
o

ole] e} ALAEE YR Pl S
% gl A a7am Qe 712
1} 71 59 Vet dlele) gnE Ahow
£51315) oleia vle} vlelE) F1e AA )
Uste gote) et PRE B Rap

7} ek, el miet gete] o]

AR Y8716 A4 7)E0] S
KeR

1o
lo
(o]
0,

o

£

rlo

2

o
R
o
1%
o,
N
fru
o,

dlolEle) A2} Akl Fole, 3] Sotel AFE 71
2 A7te] A2 HolE B Hlmale AR wA 44l

oM ARkl B Rigksitt,

1
ol
ﬂl_:
=
3
o
>
[
i
™
N
>
9,
P
o)
i,
v
=
g3
jin
JE
i
= [0 rf Hc

e

QEE U goke wEdo| Mgkl Bl o
A Azko] g 4 Ik W o A8A) 8ot
oHel £4E 2Ae] S P vlZeolER WS 5
A, Qoo Aes B3 5L ol gl
= otk olefg Alat A

=
rE
oft
rlo
>
=
Fly
R0
a2
o
1%
=2
>

g,
3
lo
°
=
i
-
BN
)
lo
o
ol
Y
>,
i)
2
o
o
i
ol
=

o Mt

-9,

oo

ok

=
Of

N

=

o

3

tlo

oy
.

lo
(e}
1o
>,
i)
=
o o
e
0,
=
o,
R

e

e,

E)I

w

=

M oo
i
e

2

tlo

o
v
= .
o
Ho
fru
122
2
[
Ac)
flf
P A
N,
o
o,
A0
[
}1114
1‘3“‘
O
of
9,
dlo i

o,
> ol 2 orlr AL et

xR
N

ar &
i <
\al O}fn rlm
o,

o

o,
nﬁ,
)
folr
lo
a
>
)
oty
ojf
ful
o
3
% o,
o = b
]

% S} AIRE 2214 Aol tiste] A
gt 3N E A S AES] fekd 2RlE HE T
T AT AL R 55 o= 2333 P disf A
Btk 4glME & ATl Ak daElEe] Hes A
Z37] gal 48E FPsiglon], FgdEs 28os 28
uﬂ.‘:rﬂr
A

HE7IE Sof Aale Sote] g FoH 0w BAlel
S B 89 dolElE Adehe Aol Setel v



L
ok
&
i
Mo
_|-L4
ol
ol

ol
=

"

o,

=2

2

f rir

B o
2

ol

rr

o,
o,
]

A et S22,
& Ko $or wddel
& 84T 5 g7 2] 7]

olgely Bl 24 (Time

fr

=

2
v )

] o 1
7
e
i
§\‘

I

i

‘Qtl
L
>
|
[
- N
ngrfim_
T
E%T

=
=
S
jo)
©
At
AC)
olff
tlo
o
fo
;0‘0%
o

)
o
2
(3
>
i)
>
)
(e}

N

=

o,

DY)

o

o

3

M S o2
5 o
T
k)
ru
RO
>
L
A
&
o
E3

ro, MIF

% do 2 3o

_]O
o > AE
>,
X
3
tlo
o,
Lot
D
)
o
i
ol
F{F

we T
)
ich
oy
o o

K
r;{]
o

Y,
2,
yi)
z
i)
o
by
oo
_L%E
f
X
o
=

¢

oatz Qs
]_9_

= lole] 3k AR
9o} Ew 99 A2l 52
REZERE

7% Aol Hlset
229 wiele] o5 i %
dle] 8710 AL Sk, w2 (2N
Qo4 Bl shY okl H&AQ FAH A WEE ALY
o A58 §3e Ak A7 molele] thawl 2
EA-8% GaeES 0|83 A AL gio] 1

5L A

.
= rE

O A5 QA5 HER AAY deolE g
gatdeh. ey olsE B3 FAE 5% Al lolEH|
o]x9] WIHgE {7 ANt Hlgo] Erhs EAVE loBR
FastMap 719k} ez 2 AA| 7|&S AHESIdY. 71&
olF W o] S wf B} A&HQ AFE e
on, 1 7.84 &= S/ EAth =% 31® v =
el AIAIG HolH & Tt EAlE 54 2lse ARt
o2 ket olF 2 F x5 G 2 & Utk of
ol CPM(Continuous Profile Model) & 283 A7t %
WS A EXE AIAGES Sl 24 5 Sl

AA
O]' A

—l> o
it mE

= (4)AME AL vlolBe] FAL A ARgEo] gt
]1_,] oq‘z} 7—]&731: = Tr/\]' 001— 7-Mﬂ }\]/\Eﬂ’ll_ J,].E:]o]
U 2ALF A, Bl oFE AR, AL <l 9
mrswc} I A o %EE Bk

=4
o]
—

i

o
\ﬂoﬁﬁi

i)

2A
E EE
A e
= = ARk

'
T ~AYH ]ii«] ﬂﬂ%—

Foze] AAHQ gfst F2F nHskE 71
g2 =2 g

o AR %
He2 Ao Af2} AAF ez waA
% 98 o 583 ot}

Bl 2bg Al(7-8)¢ F AR~ o] 7 84E viud
o, 84 g el kg whEShE A ol 8-oke Wdke

o = Al 2e AF A &
of A7} oS- AR v
4 847} s 2 %a%a}o% = A9

L

]
3517 el ARE 871N <k A4 A
7194l AREE
Frequency Cepstral Coefficients) ©]t}.
MFCC(9-11)€ Q13te| A7t 54& rdgsle PHo
2 LT AT W Z T QRS AFH 0= QIAEA
ga W YR S8

1kHz

[== R |
AIRE A AL B =M Ak AR HE dn
o
=

R
o
M
e

oJstalq Hzel &
$e Aushl 4k, 1
7 o] F2A Pl
AV] sl 35 o3

SeoE §ET SYuEE 2

Pre-emphasis |1 LTS | 1 FFT h
“fl ZEE 232 | ‘| =3zt | 1 DCT | > £

J2 1. MFCC &8 == 1™
Fig. 1. MFCC Feature Extraction Process

e}
po
o o
o,
o
ol
®
—
=
T
N
o,
ol

1,

N
'
i

oZL
)
o
I
odl
)
O
N
i

-9,
o2,
]
o)
)
uf o to
=i
X
M
s
%
T o o o

Q.
qr w
M [V

G

e
o
R

o

=E

=
A

lo,

o |

a8 12 MFCCY 54 & el
g%l eiA pre-emphasis 23 2™
FFT(Fast Fourier Transform)& 43 F
A= AAG vlofele] 33 AT E Fuar g o Wgha
71 #oltt. @ e WA= FFT Ad 295 7Ha
A 2AY FE e FellFe Aoz Iy 2t AA e
BASG S Sol7] SJste] dwkd o R A2 JHE F34

o
il
L/

o leY
H

1

o rie i)
Q2
N

p

i

=
7 Abg T, 28t Al FEE $ ol 28 A%
L= AoZ 7ol A} Agle] Zy]o] gl 2 F5E v

wlEelch, wpe DOT A2l D Bas) 29 el 4
W2 g7 steplele] 54€ Rolre 489S g
Ae e Was) Aeud Asbh ver B wRdis

J[m N



98 B FE RS H5GE(2009. 9.)

o AL ol g A S AAAM U2 5A FlolHE I8
o AR oM E =A-EE A gE el ARl gkl 7P

A deE gokg 7

ox
1
e
ut

dlo
o
i)
>,
L2
2
N

N
W o
o
ol
12
tlo
U o
1B
=
[

)
fru
)
L
e,
oz,

E=

ol

FF

K

1& off dlo
)

tlo >~

S 3

F{F o

S

o

o

J‘{O ofl

) 1.g

et E ;ﬁ‘l o
Lo
@ rr
w B
o I

N
S
dr
S,
e
R
+

12

| ek, e &

&
X
X

X
o) AL A7) ool

O
©
>

N

T

T
2
g

l
Ly
©
_?L
i
F

kS
|

T =
Pl e 2471 290 meh Hanig ey e
T ople AZES AESR % THIoR YAE
< A4 ohgol DR 22D ol 7
7.

2 wolze] 1% 2otel A S Aot P,

o N
o ol

o
N
[

Y
ol

b

o,

[ CO|=o| Zelot AIHE d4E ]

O 2. 2uRE A FET
Fig. 2. Algorithm Overall Flow Chart

A3z w92 Basleiah Tl STk deo] Ws)
o tal A4AL FEE & 3l SmsE ARESIATH12)
Ak Z Y ol ATy Rde] 28 A AE 2te
ZdoE PREM, EAGA & AF B TR
285 Ze Zydee A

Nz £BAoR ¥ase duAt A g s
Fle diden Ael e 2ARIAY AR 0w A
PP gete] e T o] eelsh 24o] 41t 9]
7) uhge] BHED 7719 HES AR,

ES

aguge BFED 2712 7 el el
o

F719] IFe 7HER

ot
715 HAUY R B2 g1 g B39 oA 3 71
Bk 7] 38S A 99 E ARSIt 7N Rae g

YAE se] AP)E ek,

T3, 8 FIE 2E FLaDEe) of

Fig. 3. Example of Minimum Wave Model that has

half-period

wotllA] EAlghe BE W] 3RES O ARRe R =
HAaggrgo] 4 4 glu, vg] 33E& Pg3le AZe
A7t Ak AAA T B BE AF HLTERY o
Ao}, AR A TH, 02 JeRRH, TH, Hr}Be Al
2 2 W) 3RS HagRgold . 19 3
& gote] BHG HBH HAYRY < uelF ¥5
o wet ot 29 UAE 2 AT EPoR PR



wolzd AAd Fok AAH HE daueEs 99
m, THS 12 4380S W 28 E 4] duxE 2 o= | =2 o S ey
= A2 rYo] 3N, 59 VRS Ze HaodRgol B | >ITH, | <TH, | >TH, | <TH,
o AAETH 0= == AL s HE
C >|TH,| | > TH, < TH, < TH,
o|= == % | #®E (=
32. to|= 2a7id o | >ltHl | >71H, | >TH, | >TH,
gAE AgelA wolze dubH oz Al s &
T uE] e A EE Tt 58 8749 71AA] #AG durAQl Ae] whgle]l 54 Akt AR QA sbed
A7) Alze] ] e vhe e A, okdEa Al (7w, o9 duA FE s m gl d&HE 4ES
UAEs & gt 22 Fl wol27h dofd = v Jixoe 1m, o) Ty Handrge] AAE. &
5O RS AESE Sl S 990l FASE =01 oo} Ay e BRASTeke 719 59 20 Q) v
z gade] dn Al Aangrgel ¥e gl d%ez 2 TH,
Ao} Zo] o] 2% 97} oA E 7T wEbA ol MR gon HirHFFRF o

o =o]z7} EAlshd 2

g
oftt
td
ofth
o,
o
>,
il
£

]
-
of
12

(b) =O|= B ¥

(@) =0|= A RY

) —

(d) =0|=D 8%

(@ =0|=C g™

O34, 58 99 o|= o9l 471K| 7
Fig. 4. Four Types of Noise Waves

28 9o o]z 39 4
| TH,, TH,, TH,, THyE 7 o]2e] 947 gkg o

n g},

®1. 55 %Y Lo|= fHe| £2
Table 1. The Characteristics of Noise Waves

S ol kol ko Bl L)
kR Fai o 22 Hlg d Tl
=2 w5 | oEE | %2
2wy | sy, | >, | <1,
o= ) o IS A
A <I|TH, | >1TH, | > TH, < TH,

T
—QF
ru
Y

TH, vHe] A4S B, o]
K= T 54¢ Bl

wol 2 At oA BE} ol$- Sl Alge] A= QA

71 GE |1, v]Re) A JEE /R, o) = B

Yol 9go] BASHOBE TH, v A&7

H

e st

ok
5T

&9

gl

TH, BT} BE 54 B

o2 @ ol 2k 2319 BhE AR ek A F Mz
e, 3 Al Zee s ades Haseed g
A A G, o)z A7) olo] 8 H), Zele) W A
298RS PAA W] HBE PHeE A =
o zelA] Werelm 270 dek, T wAls Zelg) o) 23]
Hoz AA0ARY ANE F99 T ALY FRTo) £
g9 © FAg} o)z B, C, D7} old] AZEw] A%
A FRT TYUES YO wol= Zejelolx] Bekslo]
2 B,

Tq) R} 9% ol 28 A317 sk L T
20, WA 29 U o)z 2gue Aavang A4

TH & 7REEs=

grel |7H,| vlRtelH & A=

ool FREELA] gt o]
=

gol 2| AW FRF xeelow 9

2 9 o)z Y e
g ol g3te] 2419 o8 BYA,
el Z R 23 o] ohet dke



100 B FE R HoCGEE(2009. 9.)

Atk ol CE =
A Ao Rd S Fad ne e m gakeha Fow]
&5 7okl o A TH,, I AgEW 2308 Pt
w0 = D Q&E e Zedd g Rd F et &
A Al

= =M =
A APE ZE AR FET IS EEsty T
U-e} 9 ol = A7]5g A 830 ol 2ol 1% A7t
e AFAY O7 5 AR FET ZYde BESE
TMEZoH, 7 6& ZaY 9 ol A7WE 83l
ol zol 1% Al2bd-S HEdE e Eel

HATEEE HA

Lo|x A A7
SEMENHA

< ITH,|

} ‘:‘ T L w0|x AzlE

J% 5. AR 22 =R £F AT
Fig. B. Flow Chart of Starting Point Candidates Group
Frame Deduction

AR FRE e EBEake e theat 2 o
Ad Fobs iulolH & aa 5msE § ZH Y TR o
FotHA FAnaE Ry FAE It H2o R ke

AR
29t R bk ZAlg W ol 2B S A g 4
At Aoty Aol 0] e AE Aiee

o

FheE ] oln) AALE He AT A 4H (10|
@ oVl A AEL 21 Bk WAE AE] A5

Hadgng g olee TH, W} R W) 338 3
&5 Rge] B Y Zele H2oPRge] 2AHE
2 AP 27 megle] Bk A FRE THge X
d9) Qe +H2EEY Sl -HaRERY A4 5
A e ARE e TEE e o)N Zeg e
= =e|gle] A%E NS onlen, +9) - Havyn
HolH WE7] o] Tl REE oviet.
{ Azl 227 =z }*

Lo|=x B AZY

=Y+ < TH,

Lo|= ¢ A7F

CET N

Lo|=p AZY
HAMEDHE I

3% > 718,

wo|zo] Zelet got sty da
EE T VERS

J2! 6. o|=of| Zolst 3ot AR AE AT
Fig. 6. Flow Chart of Music Starting Point Strong against
Noise

gt A =
ZP el 9% w012 B, C, D 243 #AUR 24819
AR E AEDT 2l 9% o)z 2109 SAale A
A4 FRE Segel 727t ol gk WA o)z B 2]

7
o dse Al v $5 8 Aa0gRY A5E B
74 I8



101

b

o,
[N

=2
oY
o
o
dlo
12
>
Ny
X
e}
e
e
=

o
N

Iv. A8 2 E1t

Ao ARSE 5 Hlo[EMlo] e QB St HE AF
o|ES} CDE o]43 =fje] o] ~E AT 50035 F
292 SRt 38 2 42 MP3 gidolH, A
—%#Mﬂ el A 72 F2] o2 Urlth A 29
Sk sk A WEEx] ke ez kst
3 9lom, HA g Al H|wE = o R
FZ3ta Hlolefulol o] FE3INTE Az T
64kbpse] 23} 2HE Q. Az Mg o A
Al Aol AMEE o2 HoEuo]zd] S50l HA| ¢
o} A S FE] 7o 295 99 dHolElZ 3l HlolE
Hﬂ°li°ﬂ 55 ©@ Ay 2o §47 vnE Pt Hlw
= Wgke F2] 500702 2 A 500709 & o] 8314
A4 4 Azt EAR] Azl ol 71 A& A& Hole
woto g ahm Aale] Aok oW S Hlwaldth &, A
7 M we ad g AaEta vdne] 2g A Ha A4

Folw, tt2w A4 A2 R

o Jm ﬂlo
¥ _L,Q, o Y

J::n

_l
Fo flo e

U

S et oF 39 Adlel Aagl ) 89 F @
7% A En Agskct. AN ) fae F spo

g%i QG HA o] ASE wiANA o4 AR HEe] 2
FE Qg ARk ep A sttt whEbA Ad 2 5ot
A 2 %"M M@% e 3o Woi 2

A&

>
X
o
o
m{n‘.
O
(]
L
‘:
=
oM
2
M
=
T
z
YU
)
>
_Qi

57.4%, NAH A
@ A4 2sur) 37.8% ¥ 4
N A5 B $YAEE B R AN 5ok

o{r
tlo
[tod
3R
ﬂ“ :
o
1
i)
‘F

o 1‘5.1 AR 2]
o) 64kbps2] H]Eiﬂ 1E Wgke A
BEARE Sote] Azt ]?_}% t27 gt vla Ag ARSE

Y,
)
X,
r
ook
i‘%
N
rlo ;_‘\ﬂ
fo
ro
rlo
m

574 HolHE2 ARt SME BA-EE Y e v

p a v
F 2|22 (MP3 64kbps) |22 (MP3 64kbps)
'**“»m Baatlage
v
AjEf 22 (MP3 320kbps) AjE 22 (MP3 Ezakhpsn
T
|-
| |
= | i
Yl el A 2 e Aaa
] J, -\'..ﬁ,vw.“,f ,; eV ity

EFHR = (ZA-E22 72|12 0737'7")

(a) A AE oiHE

=

TR 7. AR 23 ATRIE M2 f90| Bl A 2t
Fig. 7. Results of comparison and experiment on whether starting point detection algorithm is applied



102 B FE R HoCGEE(2009. 9.)

(D)3 2o] Tt
N
City— Block Distance = Y, |S, — Q)| ww=wereeeeers (1
i=1
o714 S dlolEulel 2| S5 Au o] 54w
£, o= A T SHUHE, N Hlaske 59 )

% v,
A4 4% gueBel va 49E el
@7 o) 54 delEle] A oA} et
A, 28 79l (a)sh 2o] BAla T ol

&= 7kele] Al )
2 Ueidtl (a)e BA-EF A #he] 12073.7722 &
AEIgon, Az Uehge. ool 54 delele] A
i eAE AR A AE GBS 7 D)% 2
o] Aekgeiat Aetglel AL, (b EA-2F A¢
el 1776.1102 (2)9] Al gt vlmalge o) uek of
T A e A% Hglor, AagFen tehid o
A% gedelele] AAALE BLs Fomn

o] =AU

=

-
AN A5

42 To|=of Zolgt AS

ol IR AR HES HII] Ak wolz
20 v)AE3 AR S ol = A7HE A8 A
2 AEE v AY st wol= 23] njy 4L 3
2y By HARES o] g3lo] Al &S dl%laL, ko=
27199 A8 HAaod Ry Aol e e} o F ~
8-S Agstd A= it 1Y 8L x|z ~3EE A
S3A] 2 HAGY RIS o] 84| A& Y AHE U
Eldit}, Ade Havgng No| AR g e 9
3] N 194 10714 A U2 A3t 29 8ol
HZo] N9 AR gkl 39 w} 91.8%= 74 =& A4
TES BYh F, ko= 279 & nH 43 AR &9
%L 91.8%°It}

95.0%
—_— A ——

|§§ﬁ€-§ 90.8% | 90.4% | 91.8% | 854% | 89.0% | 914% | 90.6% | 90.2% | 82.8%

T2l8, zamiEed TH, Al Zn
Fig. 8. Minimum Wave Model TH, Experiment Results

p—

o '—'—W

2 4 8 16 32 64 128 256 512

|7€| EY3E| 916% | 916% | 914% | 91.8% | 92.2% | 90.8% | 92.8% | 93.2% | 93.0%

@ TH, 2t 5%

2 3 4 5 & 7 3 9 10

|ﬁ EU3E | 924% | 920% | 94.0% | 946% | 93.2% | 92.0% | 916% | 914% | 93.4%

&) THg 2 5%

R //———‘\‘
38.0%
e

80.0%
05 04 |

03 02 01

24.4% 95.0% 92.0%

|?a§¢a§§ 24.8% 92.6%

© TH % 5%

 A— -

05.0% —
—

84.0%
60 0 80 ‘

S0 100

|ﬁ =435 94.2% 95.2% 95.0% ‘ 94.6% 95.0%

) TH, & 58

O3 9. O|= ARt AE 2ot
Fig. 9. Noise Threshold Value Experiment Results

o]z 2749e] S ZHY UM FE o=
TAEE FPiich. dAIX e AAehe AEE 2o
AR et Addoie 3 gl AR Frol AAE
W Ty Aol o] w9 AAIA] ghe Wedsta AEEA
o} 0|2 Ad dldele TH, Fto] A=W TH, 3 2%
s Agd wdsisint. v IR TH ke AdddAe
ojde| AXE TH, & TH,®| 3t BT wrdate] Agss]
o 7 9 olgjgt Ay $AZE BE wol= AR Fhol
gt A& e HojFn)

%) 9ollA] ez xFe #hd wol=Y AR ghe 9
wgt, TH, & 2004 5129 ouiA] Z= ghg 7HAH, oy
A 7z A7l oA ZmelA 2ul ARG, ole 2ax
s et Flo Al A7} 22lE AAE o 22

S92 QX8| WEolt)h. THLE 270 o439 9&d =
190& 27004 107] Atele] groz Agsldtt. TH = 3
PRy REu| &R A 0.5004 0.174] vl& X5
7l A1, TH, = A4x9d2de] 52 60
A5E 100749) oz Adssint.

Bom o X

sE



B 2. o= AZE A% Zn
Table 2. Noise Skipping Experiment Results
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