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Development of User Music Recognition System For
Online Music Management Service
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Abstract

Recently, recognizing user resource for personalized service has been needed in digital content
service fields. Especially, to analyze user taste, recommend music and service music related
information need recognition of user music file in case of online music service. Music related
information service is offered through recognizing user music based on tag information. Recognition

error has grown by weak points like changing and removing of tag information. Techniques of
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content based user

problems. In this paper, we propose user music recognition on the internet by

music recognition with music signal

itself are researched for solving upper
extracted feature

from music signal. Features are extracted after suitable preprocessing for structure of content

based user music recognition. Recognizing on music server consist of feature form are progressed
with extracted feature. Through this, user music can be recognized independently of tag data. 600
music was collected and converted to each 5 music qualities for proving of proposed recognition.

Converted 3000 experiment music on this method is used for recognition experiment on music

server including 300,000 music. Average of recognition ratio was &5%.

music recognition were overcome through proposed content based music recognition.

Weak points of tag based
Recognition

performance of proposed method show a possibility that can be adapt to online music service in

practice.

» Keyword : LEEZ[EF  ZRICIAl(Content

Based

222l 22MH|AOnline Music Service)

ZR|Apl Al el sk KéFﬂi ‘*‘ﬁ‘r Al ATk °]h OSMU(One
Source Multi Use)& A&z tAE Zel= An|xe %
7IHSEA, MESIA 7|&e] §3€ vt tuto| =8 F¢
AEshE AH27E 9T EE Aol HE YAY 59 A

Hl2E= 2453 Fejo] iQlske Aulxels WwEko 2 wists)
I QlTk oYt o= AMEAA ool FHE HRE AT
AV 9 FHRE AR dBH R Ak AHl
25 & F ok old Zas 4l 7|eE AR S9S
Q8= 7leo]l &7 Har Atk

AREAL S RIS 9% Ve IA F AUE R 2
g Slok @A 7P gol &85 e Ay AR &
A 12HbHo] Stk of QIAMPEL 719= 7R A 71%]
g0z olFo] Frk 5o FRlxE PXE doJEoe T
ZA WEAAE B AR AT 5 Sl WOl
Stk 2EfA Et YA gote] ARE GEHQl MAE
HAE Tl A Ha a2 AU Zdxs
I ZRE o] &sle] HA 5L e HSInh o]gt A
< A&EAR] &8 AE Yele #AIE e
AR, AFAEL A3t Felo) glgr B} A
of W&ol tf #4S 7HAAL QAT Bl 715 E oA
4B o]9]9] Aol gt Aalo] otk &4, duk sl A
AEo] AAAR] 71FEoR 598 A AldehEA BE

it &

%2
=

o
=

x0 o
rr 4

%

Music  Recognition), ARSAF  S®l(User  Music),
gz Soto] glag 1yt gntEA ARE A S 7eAdo]

718kl Sink.
flot & wile] S5 S8 W8Tt Sl oig
A77F AP gor, o A AH8H T ek e

A SR 2] SO s Gl vie] o) HA] o
< FHHRE FE31aL 7kt 4k Wl o] W
HA FgE T AsAl ol freHw FxolMe

dfN o 7
rlo rlo

e Bk dAle O S AR 7171E= s
AMREE SATA 1 gkl Aok o)z s fEEE e
TAE AU e Fejoltk W-87IRt
2o} 74 Rolel %}4 ol4+% Shhe Tk 94 AL 1
2o ke Zolch 29} tujolz g AGEAe) Thys)
2 HEHE Be 2ok5o) A F4L AUA el =3
o olo} 2L @Ae FBS 98] TNd 2o Tal=e] &
o 948 AAE E5 87 24 Q14 o] B

B =Re ot 54 149 o ZH2E 9% 22kl
9 B Apizel A V1ER aTEE Lkl AR &
A4 N2Ee ARk Bk Akeke Asde 29 24
o skl B chehi) AT fle] B2l B %

FEahe PR, FRse QAR AAS EPe QAT
z2 79k

A2E A3l PHEHE FH9E F TET YT A

2 0e 329 3YY rFsAe] =t o] Bg 2EH o)
Aol RPAH 07 FLTE A 7
oldth &4 Wl ARl Y84
3l A X*X%El FHE A<k &
whEe] S e A9tk HA 9y % & 2S¢ dH

W
2
o
fu
rir



o de] AHIAE A% AR 59 A4 AlaE A 93

© B2a3 datars 9 4= Qlrk thekek S uigk 9
2o] H3f o]Bg FEHOZ /IFHL O/RE W F UE 7]
T 228 2sla HH 2 71E AR Wkt o
% QU eE HIYkE delo] PCM o2 Wdksla 3L At
g} gtk 129 A wEt /haA o R AEE 5ot o
o] oz Wl B39AS AANE SdHslel IAIgle]
d#AE Uehle SAFES 98l Delta-Grouped MFCCs

(DG-MFCCs) & ARg3ith o] E4e MFCCsE ¢33

sl o)z 158E F9l AYE Foke 5HAL 14 v
B 2ol ol T AEe 27 ANULE 5 B
% WIRE Yok A2 B o a2 4 MR
o el £ wslel RIgITHE At o
o A Zua

S9 0lA AL FA 71 AAHAHL A=A ol
she 39 AN T dolth AN Yoz
Qesote) RES 22 V) dadzse) )
FE lo]E3} Hlawsteo] o] Hel| Q123 1A ERIghtt. o]

% 349 1 B9l 35 A4 BPL AAsle] 212w

o aEAE =T

X R

+ote] &M} T
7} HEA AR} ETrEJ
o] At B4 ok AA &

2 iRl AT ¢4 3‘1%33’—
B71HF 5-%12]o] 230tk

B7e 59 9122 Sotuidde) AYE B HRE 7
22 3 14 otk $99YS 1§ HRAE HAE
R} Sty AR FAECE ojZe] HEHR] d=A|
MP3 % ID3E|L 7140 #HE HAE RS A%
St QITh[l] Bl2ARE Zote] ARHR] ARE AE, 7}
g duw, e, g2 A3k AR, AR T
o] Sltk. olQlex 7WAL, olW|A|, B, T A T3 o]
e R ARG F AeE FAs I ol2g Tt
Aslel HRE T3l 59 2 Ao] 7h53lth Yo
BRI FEEHAT siojete §AE JR PEEY 23S F
3] Q12le] Jhssitk v Bl 7RI} hAs] ARAlE AL
AR PR} AR} E SUAYFE Utk B]Rk
UARES 53 4 HZEAA Bl R7} s AAE

S AWgo] HA a1, S vE BayE
7t G‘J‘Q% 749 False Positive(3H L7 #HZ Q14

m vl

!
K

Sq7F BAEE Yehnh A HaxAE 93 2719
R tAE 9 A2 dudsd] 47t 99 iR E
d-8-3h= Wajolgltk. o] F &3] v B E S2 B
BH AAE AAElE 9 frEdkE A9t 2A S8

t}. o]23t Agolls Blarmte 2= S9214o] Erbs st}

W7 59 el e WE Zhs Aol Aol gl &
O]—J,]—Eﬂ ;(].;q]u]-ﬁ_ o]%a:;l. o)A l:lo]— o]q_ EHJ—;@EQJ' ‘:]'Eﬂ]
2 7hshe el o
_ ;g;z]-w: Eo] gg]_o

o
3
e
mO
)
L
N
lo
M
N
N
(=
1o
ooy
o
=2
_>.:
L
py
w
N
N
frtt
3

54 olth[2] A7F =HIQle % 94 EHJXJ.OJ OﬂE Zero
Crossing Rate(ZCR)[3], Root Mean Square(RMS)[4]
Aok FI =Wl 7Rk EASE WHO 2= Linear

Predictive  Coding(LPO)[5-6], Mel-Frequency ~ Cepstrum
Coefficient(MFQO[7-11], Spectral  Centroid[12],  Spectral
Flux(13], Spectral Roll-off[14] ©] At} HIol= 2=t

91 FEA BeS S5 $lo AES S e 5AF
= daglgel] dE A= AP ok HZole 42
] Hbs 3l Ao WAES £H3 FHe SAFE
5ol W Oﬂ%‘i e gl
HIA e Q14 RES L 7Nko g AMgAte]
g =9 au ARE g3ty weskE Auagl 2}
al2 sk Bl gRot ol $9 A g AT
ﬂ.o:]o]: %5].1:]. zLEL x%;q]&] B XJE o]gﬁ ul—;\ggh
£ Has A7 Q) dEolt thilsh she
o@ 7 WA A SO 1 )
Br} EnHolth QRS WHAY Nt 845 o %
Aejo]7] wgoITh[16-17]

NSZ o) N{N

-13 K
FP

ik o o o °H1 o
O U > _IZ
(o3

e

B ARk AL8AE BT o] i 454 B 2

HAgH 2uld tjalo] g ok 483 An7t 7bsEHA sk
A& BHog gtk olg} e EAE AMA S99 AA
eduguto g 299 olAaka 1 290 A v} dlo]

L=
BE AFetel 35t QA2 Fh9] Bl Hue) A3E



94 T R e S as(2010. 11)

3 AL8Aje] S
2ol A FEA QRE A IS A o

Akske We AAH T2 AL Sote] MAE L
B4 & 123 599 Q] FEow TR vehdch

I MHH 7z

29 1 ASHE AR 99 9148 919 Ao 7
%8 UERiTh A7 39 914 Azdle] PR ) 3%
2o AP gelow AT, ARelele A4 eudE,
S9le] WA B 54 FF S99 94 2 Bzl

AR AR gk A% AT 9 e
K

Ak Mg AAde] ZRlzrt 71 A4 #A

A FR= e Ak Aol a7E: o] T A
A e Tl T5E IS A 5 o 599
W AL FLolA BaFg e AAT F o FEvke
ok FoF HFIE T3 A2 7IE HIARY taddt
HE g 25E ARE sl BEE Y oF Ve
SEHED E3 QA goute] S48 94 54 F2 A
Sz W A2 gL 7hsshA

A2t
A

HIEl HE
Database

Database

T2 1. ARSAH S Aol FA| =
Fig 1. System Architecture for user music recognition

A BPE 2o Aol AHF 5 H5E o)
£ AL M 2 Beow Aged AAY B 54
2o AT Felze) FHeE AYIT AHEE o) S
oF o] Y T SAAG, S AT 5o 9%
59 93¢ H23 5 Uk

54 228 A Aol 4FF 5 9 B2 Hold
YU % QYE FAE F A BHS 7R PHE
299 542 ueste SYG 02 BUHE e A4y
o BEHE WE A2 5 9l ool

A,

2 Sotel MxEl U S %3
2ofe] Al 5eA Al Ae) $9e) ko e
) -

=]
o 7 AR A2 e golld 2 N)FeARe) W

KeXe) Xe)

SoblY 2BE oA RE sk Prue Ash)
915 WACIT Q1492 Sts) AL S19] 1A 9L A}
F31 gtk 2= A4S ) AAS A8T BS 1

0,
ol
B
o
rfo
_V% e
o
x &
R
N
pl
o I
= 5"

(o3
RO
l-z; o
oL
12 &
Lo, r)

i
ng &
=)
"
2 4E

= [s]
371 913l 71EsAS A3k
NEEAY Ae Ydukzo g fE 299 &2 A5 ¥
TAZ AR F JAW, Haxe HFHL T4
o] zjo] WHAYA] mlt} FAFA LR ATt FHE & gk
T

=
th FgEgHo QRE HaZ VY, NFLAL 5

ox M i [H 1o

= B
S A% 52 WSS YEENS 7PH0R] @) wlEol
=EolME 221N A5 EE dukEel H4 54 39
T4 mp3 6dkbps & NFSAE Ak

553 34 A5Fee] St 2R HikE 43S
Eflle PCM 22 wishe #goltt. £ w=axle M100Hz
AE 16bit YABE, Mono M-S 71 PCM 4o
etk

N&ESAZRE #EkE PCM HolHE 92 S99 &
glllel whe} ko] zpolrt ALk a2y FY 59 A=
AEET] WL FUs] Wil AteE 5o 43

¢




ekl &

o de] AHIAE A% AR 59 A4 Al2E AL %

o Azt Fol= HAs} 3}
T 99 AZe deEsote] AR 7hEEQ dolz
e 7o A5 77HS AAS] 13 dAlolth Fe AlE

= 2o YAEs FAelA AE) E=3 tRE A"
4wt} So) BEE Zojo] Wy} W Wsl}
H}. & °/ﬂ§ T2 Aol Alolw SUJAAES A
Q2% Yoty F2AAE 53 dAlHer <
o] AlAslE AHE o} Hz T2 7t o5 H“@?ﬂ 5

Q_]'_
e A% 7174 Tl AmY Ba8 20 4
o
A=

A e AR Fter HHe S35E2 MICC
F=, @9do] 53} Delta Aol Fgog o] Foith

MFCCs & SRF 32718 mde 7122 47" 545
FaelFe] sk 2371 S04 Alzslol sAR1A Al
25 SOl Q4E A% SguEHE AP%EI i ol

]IN

1ol ok Bl

=
SRETEE RN T 1Y
=]

< U9 H9 2ok 71E Zol9] Window 27] 9 Hop
71 2 Zg 3 B AALY AEE FuFAR A3,
Ful<= dloejel AiFo g Q7] QxTE o] EA Wy
€ 1Hz oJa} &gdl| tjgh ¥4 4xs FE Mel Filter
Bank A& gt} <17k A Q1] HHZ 255 ~AY
g 7] 98] 208 A4t EYx=sE 7k ARAE
23317 8l DCT ik e} £ =Foll = Window
3719} Hop 2718 Uukzlo g ARgsh= 242 0ms, 10ms
2 3Gtk 17123 74 12709) 548 ARSE] 91 Mel
Filter Bank®] &9 ==2 1272 AASIICH7-11]

st Fel=2HE 219 it AHE Tl F 079
DG-MFCCs54& 52 @t 219 i 3A4e v 2
o 9™ HPEY 547 FFHolth MFCCs 54% &=
92 PRI 47 EEWRE sum dgith 9 1
5o Arle 0 ZHY o= Aok 1EsE pES
Delta $4RS 3t A&dlolEl9] 13} wlid Fejo] Ans

EEeith aEste AdeE d&d EAUEY AsE
301111 dlele9] Tes} e o 31, Delta & 938}
© Felo] S A= e o

50 12
DG _MFCCs= Y, Y, MFCC(k)(n)
n=1k=1
........................................................................ (/LH)
3. geol
g 3] THRY Fzke

=9 94e 2dA Y] AP
FERIA e Foll2] ghetoltt.

T5 A7 -"Jrﬁ‘r—i— Message Digest algorithm 5

S g NS o83t Begit)

MD5E IETF RFC 1321011 JA o] e 18HE 453}

A Frolct. ot maw YHE ofd F /o] wAIx|7}

TY3 AR EkS AgE YAY, T ofwl WAA] Sef

& B8 G WA Teoie AL AR B}
Frathar giek o)yt ARE VxR Sojuide] AR o)

o

ZAAE BIshs T2 HArlel ARgshE Aolth MDoe
deje] Aole ﬂ]/‘]x](vanable*length messa,ge)E At

dole] ke & AN Fol =

2elo] MHlol Qe SUT mE =
W 5AT sAlge] AAe] Hi o]
ssle 399 94 B4 s 3

N

=)

2 Fe 9ol A AAZ DG-MFCCs
EAE7Y] Euclidean Distance HlwE T34 3ok 914
AA7IES dEdE EAGR AR AHWe 169 o4

574 29| Deltadtsh, 259 &

29 &9 =A% 39 &
12 5 09 Datate vl 5ol B, 169

=99 Deltagt® 259 597 359 =99
Deltazte] 27} Aoidos IW S48 A3 qldos 3
HEch 27] A% dojglel] o8 23pez 1 Ao| T
At AAZS ol

Iv. g 2 &1

AR ALgE 2R A o] AE 29, A4
APS 0% SA0T Tk SoF Aule] A9E A £7
o 0TI LS HAT AT ABST 94 4P
% goke ABAILRE 0104 19714 Bel A
d 27} o3l ALl A2 wlE 29 100, F 6007He)
2012 ATk 88 ke AV1EE Al s ol
g 24517 99l @ Uelz BEAE AE Sk



96 T R e S as(2010. 11)

AR 2

2901 Age

£k ek QL4 ) S

A, PN ol 7IEE ol FoF 4l Bag
vt HF F A I, Xdﬂﬁ]% Hlo|H27E e
SAES 72T AT Jed SHE SHES FH=E
A Qe AHe] BE Soft fAKE BluE gtk viA]
o2 AAE dAXE st st Aol 7P =2
FAEES ekl 54 dolee] £of 50 59 gdow
Qi SUE SotBd O AVlEe] R AR
24 WBlE AT 1YL P37 919 F 572 W
B3fel F 00 94 AFL Ak 7 24 AL
192kbps, 160kbsp, 128kbps, 9Bkbps, 64kbps & EF

mp3 ¥90 2 AT

O 2 & FANR AEE oA hge] Skl AR
AAEe] S Vel Sitk o] ExE 2 UiES 1749
AER 45 lof TR om, TR AEE AEANA A
EFA 67) ARAES] B vehdok 5 674 Bt
gugtet. 7+ AE elde B4 59 10074E 5749
AR QNES e glom 57 52 AAo) vig
= Uehla slok ¢lE So] AEAS] 64kbps Hth1E)E
6dkbps £89) AEAS] HEY 10039} AAEE 9
3Tk Average & 7 57 22 QI4ES] Hws ov|gitk
HEZFE IAES o)l dele E-golt 2k AlEdA

r1r =t 1:110 o

95

i t-it-:-:-:
75

MHE
A 64Kbps  96Kbps  128Kbps 160Kbps 190Kbps  Average
95
A Emm mme e mew e
HE | 75
B 64Kbps  96Kbps  128Kbps 160Kbps 190Kbps  Average

95
I

85
e | 75 Tom Tl o  sem  sem
c

64Kbps 96Kbps  128Kbps 160Kbps 190Kbps Average
95
R E R .
MHE 75
D 64Kbps  96Kbps  128Kbps 160Kbps 190Kbps  Average
95 +
22 I‘I-:-:-:-:-:
NE 75
E 64Kbps  96Kbps  128Kbps 160Kbps 190Kbps Average
95
s mw ww ww mw N
HE 75
F 64Kbps 96Kbps  128Kbps 160Kbps 190Kbps  Average
95
e . EE . Em mm—
e
“_ 75
A~F
HF 64Kbps 96Kbps  128Kbps  160Kbps 190Kbps  Average

T2l 2 LHZ7 [Pt AKSR} S2I01A AlAEl| olAlg
Fig 2. Recognition rate of content based user music
recognition system

24
ek

A,
)

Bl gk Slge
393 & 99 94 &=0) P ek

IT=
=

Ehfa

wH3lo] wWE Q1AE Aol E83 FHRlo] YeR A &
AEZY 044%0 Aol7F Uehd= A-(HE C7F
A A8 Azl B3 FFE Ea A" B
Ade S2d Zagle] 98 JIMER sk
e oF B%E e Qlth
AUt o] =
T2 9F 22 F2lo|r el Al A AZEE U

Atk A2Ze 2ol ZY A7he ofujshy Tele
0] 2] W3lo| A=
} ]i o) AL%:\:7}
siete] VA sk
i 71z AE A9

2wt

= b= o O U [e) 2~ <) =)
59| He S Auglo]l A3 Q4 g FHs=
S = o OJAl AT o] 27O o =
A& BT Qlrk Q1 &= 78 o 69%% Ueht
)]
I ok
7.5
HE 55
A 64Kbps  96Kbps  128Kbps 160Kbps 192Kbps  Average
75
i M mw e mee  mee
M= 5.5
B 64Kbps  96Kbps  128Kbps 160Kbps 192Kbps  Average
75
simm il ||,
HE 55
c 64Kbps  96Kbps  128Kbps 160Kbps 192Kbps  Average
7.5
R T B E . m
MHE 5.5
64Kbps 96Kbps 128Kbps 160Kbps 192Kbps Average
7.5
o t-:-:-:-:-:-:
ME 5.5
E 64Kbps  96Kbps  128Kbps 160Kbps 192Kbps  Average
75
M= 55
64Kbps  96Kbps  128Kbps 160Kbps 192Kbps  Average
75
a= [ mn R | W,
A~F -
o7 64Kbps  96Kbps  128Kbps 160Kbps 192Kbps  Average

T2 3 WY [ AR} SRIOIA| AlARIO| oA
Fig 3. Recognition time of content based user music
recognition system




28l 5o & AHIEE A AR S Q14 Al2" E 97

A £6(190Kbps) A E6(190Kbps)
4 E6(160Kbps) 4 E6(160Kbps)
M| E6(128Kbps) M Es(128Kbps)
M E6(096Kbps) M| Es(096Kbps)
M| E6(064Kbps) H E6(064Kbps)
M E5(190Kbps) M Es(190Kbps)
M £5(160Kbps) M E5(160Kbps)
H E5(128Kbps) A E5(128Kbps)
4 E5(096Kbps) HI E5(096Kbps)
H E5(064Kbps) M E5(064Kbps)
H E4(190Kbps) ME4(180kbee)
M E4(160Kbps) ::54:1501(?5;

E4(128Kbps| =4{$28Kbps|
i:satugsxbzs: H E4(096Kbps)
H E4(064Kbps) A«i“o“m’“”
4 E3{190Kbps) ::;;Ii:g::ps;
M E3(160Kbps) Aﬂga{naxbp:)
HIE3(128Kbps) Ai;(ombzs)
HI=3(096Kbps) A =3(068Kbps)
oo
AEH 86 M E2(160Kbps)

= M E2(128Kbps)
H E2(128Kbps) HE2{096Kbps)
H E2(096Kbps) M E2(064Kbps)
M E2(064Kbps) M E1(190Kbps)
M E1(190Kbps) M E1(160Kbps)
4 E1(160Kbps) HE1(128Kbps)
M E1(128Kbps) M E1(096Kbps)
M E1(096Kbps)

M E1(064Kbps)

214 M| SESE M 210 iR HIE Hw
Fig. 4. Comparing ratio among each operation time of
preprocessing, extracting feature and retrieval

Hx1

M| E1(064Kbps)

gzt BpepmC|2g

"psgy uu 0583
.5

2
"yia  SyzEas OsEA

J2 5 AMAE| MFESTZIR| oiMAZEHIZ Hi
Fig. 5. Comparing ratio among each operation time of

detail steps of preprocessing

22l oA £50| of] (ME: F, 32 Insomnia, 20 2000 22 227k $|A)(EHL: Sed)

Table 1. Example for music recognition time (Set: F, Title: Insomnia, Release: Feb of 2009, Artist: WheeSung)

= HEf2| sxxs Zy
= o599 | J|z=2E PCM pon AR - MFCC SUM Delta Query
ey et cl=g < e | T = ott oft ==
64
0.005921 0.880052 0.145831 0.001784 0.000127 0.001336 0.202403 0.001245 0.000001 5.656874
% 0.027586 1.017288 0.142115 0.001758 0.000125 0.001295 0.191298 0.001122 0.000001 5.744317
128
0.011443 1.067355 0.141628 0.001726 0.000124 0.001341 0.201474 0.001102 0.000001 5.649919
160
0.022238 1.069598 0.143675 0.001755 0.000124 0.001199 0.19403 0.001162 0.000001 5.62885
12
0.021089 1.109546 0.142146 0.001851 0.00012 0.001374 0.196232 0.001109 0.000001 5.681328
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