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<Abstract>

Performance Compariscm of Feature Parameters and
Classifiers for Speech/Music Discrimination

Hyung Scon Kim, Su Mi Kim

In this paper, we evaluate and compare the performance of speech/music
discrimination based on various feature parameters and classifiers. As for feature
parameters, we consider High Zero Crossing Rate Ratio (HZCRR), Low Short Time
Energy Ratio (LSTER), Spectral Flux (SF), Line Spectral Pair (LSP) distance, entropy
and dynamism. We also examine three classifiers: k Nearest Neighbor (k-NN), Gaussian
Mixure Model (GMM), and Hidden Markov Model (HMM). According to our
experiments, LSP distance and phoneme-recognizer-based feature set (entropy and
dunamism) show good performance, while performance differences due to different
classifiers are not significant. When all the six feature parameters are employed, average
speech/music discrimination accuracy up to 96.6% is achieved. ’

* Keywords: speech/music discrimination, classifier, feature parameter
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2.1. High Zero Crossing Rate Ratio (HZCRR)

Zero-Crossing Rate (ZCR)E Azt Geolxe] ©el AZrg 9§ @A 158 )
BT, ZCRE U Aoz Ve AHely 54 "}E}‘é % qthe #Aol
AGIAH, S4/eot B Axdol ol sl R3] $4 ABE 544 T4
a3h fagel Wael eI MR, 12 B9 BT YA AAES

37 At gatd ZEY ¥ ZCRE IUE AMRSr] 2o, Alzte] wE ZCRY
wslge shvte A dfetviel2  AFESkE  High  Zero-Crossing Rate  Ratio
(HZCRR)7} th-5 23 Zo] AIFH ATH4L.
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6} HZCRR——— % [ sgn (ZCR(n) —1.5avZCR) +1]

o71A ZCRMm)S n WA =g el ZCROIT, N2 U= (& =FdAE 122
AU F ZHd Folth. 283 avZCRES 9=$ ule] HF ZCR#kOL, sgn
()< signum $FEA 23 Zo] HFoHo

1 if x0
QR sgn(x)={ 0 if x=0
-1 if x<0

2.2. Low Short Time Energy Ratio (LSTER)

dutd o g S T oo vlE] B FA 7S TFd= Aol Uk
oo we} Azeol G AR AlZte) wE W3 EAE Low Short Time
Energy Ratio (LSTER)Z}= E4 #Ev]gl2 AQEATH2). LSTERS 12 I
el B &3t vz e 058 Btk Ze T Ao slFe vz AHoHo4).

(3 LSTER= lt [ sgn (0.5avSTE— STE(n)) +1]

HZCRRS] 73¢9 vi7HAZ STEm)E n¥HA Z g9 @3t o=, avSTE
T 4=E5 e Hd &7 A &, 283 NS 95 WY F ZE Y $ol
=3
2.3. Spectrum Flux (SF)

Spectrum fluxs VAT TaAUe) AMEY Watel =71E tehyl, T 4
o ol Aelhris),

@ SF= i Tri=Ty & Sl o8 (A, B+ &)~ log(A(n—1,B) + &)’

A71A 6 A log Tl F0)0l Eovts AL Ty 9’ L Aol
i, K= DFT point 7, N2 & Z Y otk 223 AnkE n ¥4 43 =g
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Yol tigt DFT (Discrete Fourier Transform) #2224, 48 A3 xm)o) ois)
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6 Aln k)= m;_wx(m)w(nL—m)e L
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Line Spectrum Pairs (LSP)= 4139 2HER ¥FHE U= AP &RE
3}(Linear Predictive Coding) A9 £ & RIS ZA, §4 Faslo da A&
ot LSPe] BAIAH B4 HEAYdA £ AFE Boles Ao ¢3A e
o, oo wel A4/ WE AlxgdA LSPE 7I¥e R dte A meviHE
o] AM&-F ATH1).

12 549 948 A5 238 LSP HHEZRE FAIT FELUEFF(pdHE

prse( - ) 2 3Hd, Fd 34 dvlolHZRE T pdfd psp( - ) 22 LSP A
E o] X Abo]9] Kullback-Leibler A8] 24 th-&3 o] Fod 4 gl

© D= fx[pm(x%psp( x)]In ZLT(( x))

ghef LSpe| X7 A7 EEE weEtiy sHAsd LS Adde o 45 2
ol vErd # ot

(7) =—%’t7’{(/C\L5P_CSP)( CEPI_ /C\ZSIP]
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AN Crop® uipe U AZo] o3 248 TEA 33 P 9
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3 AbF(a posterior) #EE P(g,| x,) ©l2 3 entropys A (9)9 o] A9
8.

©)  h,=— 2. Plg,| x,)log,P(qs | x,)
=1

A7 KR Ed28 EE3e ¢t KN S48 39, 249 A9 &
Rt 5 S4d dif =2 FEHS /1A 740]‘4 ol EBFAAol A=
oulyt =Hu, watA entropy @S Folxith. oo wreie] St A9 EX L&
ool fAbdol ZA Y] WME HJUHer v % of i3l viwd FAdFH &
EU%E 7HAA HY, et A 2 entropy &S 7HRA

Dynamisme AH ZAzr &4 WHste] HEE SAHI ot nly =
APl A dynamism 2] (10)7} Zo] Aot

10 dy=— R [P(asl £~ gl 2u)

=48 AS 24U Ee Wl wa ZdEE JeoE 49 FHUF
of ma} FAAARM EF S49 &EFY ¥yt AW, ot A FuHe
2 ¥ge A=t Foh kA dynamisme &40 S4BT o & Fe e

SAEG BEE A E 4 9O (1008 NS ZH Yol thal smoothingF
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(11-a) =—11\7 ﬁ, [

(11-b) D,=

B =EodAes 123 MFCCY 1 delaAlFES S& 54 HEZ AL3UTH
a8 AFEE Pgl x,) e F33e o2 E OF HHAEE A3 2o
ALEE7IE SALS], B =EQAe 5SS XTI 46719 F4E  Gaussian
Mixture Model (GMM)E =933} likelihood & P(x,| ¢S T8t AA(@
prior) && P(gp)7t EE 40 s $YsohE 714 ot Bayesian ruleol 2
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B =FdMe g4/89 @E2& 98 Gaussian Mixture Model (GMM), k-
Nearest Neighbor (k-NN), Hidden Markov Model (HMM)2] 371x] ¥ S ZHESIY
. GMME 573 ¥E9 EXE 2 /H9 Gaussian FEES] JHFHo R EHE
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EM) ¥2d£L 58 #4890 GMME o|&¢ EF Uye o3 &4 nd=
e F4E likelihood ol B & 2d-& e Zolo.

Nearest-Neighbor (NN) &7 U2 EXd g 5XF 714 glo] M2E EF
Hejol tis] EE dolHY EA HE FiA AE wlastd E e &
o dlojele] g BEFTT kNN EF S AHelE vzg 9 AR s
< 3hte AZE F3te g, MR JhE ke ARlE 7 F 3 At
1% e 2922 ERYh B = dAs 53 HEEE binary split ] ¢
3} e gAislete] EH dlolEE E MY cell2 EF/E OhE 2 cell®] centroid
¢t9] Buclid A2lE F3] kNN EF71E FHIHoh

HMM 2 F718 ol &8ty &47 $9¢ #d3es PedMe e A5
<% 33 Zol 2708 HeEE 7HAE HMMAZ RYgdn. B =&
GMMol &ls] 2 AejeliMel B2 SFEL T8I Viterbi dlEo] oa) 24
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4. A4 WE 2 2%
4.1. 4 #4

Fde 9% A4 DBEE IAFHAHAN FEI 4 ¢ X
(phonetically balanced sentence, PBS) 5892 7e] tig 44 5089 ¥4 dlolg
oF 13A1F e A&t gy F94 39 DBE FHd 3¢ DY E
423 E 44.1kHzo A 16kHzZ T A EFSS &4 DB YT =] HEER
&ttt HIAE DBYE open test®) closed test®] 2 set 85 1A4Zte] E# oz F43}
K&, closed test DBE F8o] ALEH 243 &0 1524 wzer 7tEA Y
Bl EE FAEH I, open test DBE FHo) AR EHRA] Y& clean 873 &4 diol
B8 g3 A2 g4-g 1524 Hgel VEpEE FASI AT Testo]l AHEF
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S48 BEL A% SH HAuEYG 519 4% wa 45

g Fzel gobe FANL oA APy Baest glE AF ol BF
2 FAsIT.

LSP A& T3l7] HA% 7IE FEA P2 FHEL A4 DBERE 18z+Y
LSPE 73 thg WE FA3E Fote] 3717} 490 2ER F2 Y4sgc 2
gL dHolEd ti3 LSP AZE 4o FEAL 2ERY 2t AYgE 73 4
ARz e AHgsian.

ER ¥WEH F&& AT T F7)E 25msecE I ©]F I7|E overlap
glo] 25msec® dFETH 13T 40709 ZE| Yol dal 2-A A3 Wil
FEE vdeE ER I HE F23UT

Entropy$} dynamism (Hn®} Dn)& F&317] 13 $4 2de 28 EA #g
2= 20msec?] Z#YE 10msecd o] FAIA 122 MFCCS} 1 delta A2 ZF 24
2 MEE PP 281 E2S T 46719 E9 5 Y-S 4 (monophone) & &
T 8709 mixtureE 7HAE GMML R 29 3o

k-NN £F 7104 kol @& A5 zole A9 gl ALE BIHJTH3] wat
Al B =FdAe k=2& 1 7 HEE 9% =R A7l 128712 3
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A BE7)o ©E A% ¥2E 93] HZCRR, LSTER, SF 2 LSP A& 9 47}
2 sgelelE §74 AHEste, k-NN, GMM % HMM E%7ldl Z+zt 283 As
B <X 1>9A <xE 3>71x9) JeRlnh AF 2 BFI) & 4 Aole
HZ QA kNN Z= 5 37|19 22 128719 mixtureE 7HE W& vjas] &
o, closed test ¢ GMM % HMM E#/717F 23 © F2 4% & EolAt open
testd A9 kNN EF7717F ozt 28 4% & Bk 284 A mixureE A
£38 w9 uide A AAoles Holx ¥irh

<¥ 1> k-NN #7190 23 24/22 #E AR (%)

Closed Test ' Open Test

Speech Music Average Speech Music Average

99.72 97.78 98.75 99.17 85.56 92.36




46 A A4b63

<E 2> GMM EF7I o7 g4/ w8 A (%)

Closed Test Open Test
Mixture

Speech Music Ave. Speech Music Ave.
4 99.50 99.72 99.61 98.17 87.67 92.92
8 99.83 99.72 99.78 99.39 85.89 92.64
16 100.00 99.78 99.89 99.67 85.28 92.47
32 100.00 99.00 99.50 99.56 84.56 92.06
64 100.00 99.06 99.53 99.78 82.83 91.31
128 100.00 99.06 99.53 99.78 82.83 91.31
256 100.00 99.06 99.53 99.89 80.94 90.42

<& 3> HMM E77i9 98 S4/5% 28 BE=%)

Closed Test Open Test
Mixture

Speech Music Ave. Speech Music Ave.
4 99.44 99.44 99.44 95.50 88.39 91.94
8 99.89 99.44 99.67 99.11 85.50 92.31
16 99.94 99.78 99.86 99.44 85.06 92.25
2 99.94 99.72 99.83 99.39 84.94 92.17
64 99.94 99.61 99.78 99.56 82.89 91.22
128 100.00 99.78 99.89 99.78 82.50 91.14
256 100.00 99.67 99.83 99.78 81.78 90.78

I g8er B =R AR o 7ix] 4 dIduHEd WE 4%5S
Bl Bk, o] Ao GMM EF7I19HE A& 28] GMMAIA ¢
mixture2] = 1, 2, 4, 8, 16 ¥ 309 & THFFT. <O 40X <aFH 6>l
24 A7)0 vl'-g& F entropy$} dynamism, 121 o|v] AF¥ 47tx] EF Hf
2}u) EJ(HZCRR, LSTER, SF, LSP Ag))E& GMM EF71e) 2 L% open test®] 27
=2 (23228 Del= oA LSP_DISTE  LSP AdE VER A,
HZCRR_LSTER_SF_LSP¥ HZCRR, LSTER, SF % LSP A&l & &4 AH&HLS 4 &
o}u 3ttt =3t Hn_Dnd entropy®t dynamism<S 7] A& Adolx, ALLLS &
=EAA 18 ZE gderEES ALY ARE ono
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SPEECH (open test)

100 ——ALL
1 i HIL_D
8 HZCRR_LSTER_SF_LSP
ol - =% - Dynamism
s 94
2 - => - Entrapy
‘3 91 —o—=HZCRR
S —a— LSTER
” £ £ I #r o -+ e SF
——- | SP_DIST
85 -
1 2 4 8 16 30
mixture

<3¥ 4> GMM £/ 71°l 2% o2 &4 sAedve s &4 48 FE=E 82 (%)

MUSIC {(open test)
100

——ALL
s Hn_Dn
e HZCAR_L STER_SF_LSP
- - - Dynamism
- «> - Entropy
HZCRR
—#— LSTER
SF
55— LSP_DIST

accuracy(%)

mixture

<3d¥ 5> GMM 57719 2§ 2 53 sneEe &9 38 = ¥I (%)
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AVERAGE (open test)
100
——ALL
o5 e =y | HnDn
= g i oW A ~wne— HZCRR L STER_ SF L SP
g % PP g T - K- - < - - X-=--"FT .- - -» - Dynamism
g R R R i I IR - ~» -~ Entropy
E &5 ~o—HZCRR
= N N —z— LSTER
80 S £r £r— i —— A ~—e—SF
~-i3— LSP_DIST
75 =
1 2 4 8 16 30
mixture

<1¥ 6> GMM £77]° 2% o8 52 geue gy dA 45 28 F¥E 8vla (%)

AA 4%¢ UdellE <18 6>914 € o HZCRRF LSTERS A|ZF G oA
ZdstA AL 5 37l il A dAME JHE fElshy 45& M E
Ae 2 F Utk &Y FeuleEE LSP Azt M $58 4% 2R
A2 <2 1>9l4= LSP ARk SF7F WiEge] o] £& 202 Holgsw)

p

o

ol <8 1>9] BX 7} closed test BlolEHE tlAlo 2 '?‘3“1] Zol7] wWjRoly,
open test?t 2] closed testoll A= AAZ SF Aol ¢ ¢F3gth) 181, F
Y3HA L4 QAAIE 7INo 2 dE entropyS} dynamism FHElUEELS 7 /\}%
392 uf ¢ Hold A%S Bt &8 ZE FAA9EHE 8 AL3RE W
o (H& mixture & AHESE A 9) FAHLE MR 948 o] oM
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£ =EdAe o4 S4 7o BEL AT gdd EA FAgvEHg 2R
Yo sl A% vaE FYI}AC. A4F A EF THd wE 4% Aols
H3 giden, EX srHEE LSP AZE A}%E}HL}, <4 A 7k
entropy$} dynamism TSP EIE A ALREE BF ¢ H5E €€ 7 A
. AY Ax AAHoZ Jote] H$ open testAl]l BE H¥ AHIE BIAh
ol 4o wd 24 A TUdd EAo] EAst=dl wEA, ¥E DB o
i 7&291 S4E A EFANA ¢ adx A FAEJo B
o2 o] BEo O F7t 4F 2 Ry gY¥d 20Q dHolHE Ol%f& *‘4_6401
£ slojof & Aoltk 1elI MPEG-7[7]lA Ltle W& 7j&S 3 AEE



S92 WEe AV 5 seluige BRAY 4% W 49

~HAEY §A4, &4, 2Ty Hed FNe £ dGevESe S48t B
of Hgste YAE AEY ARl

3

Md

kil

{11 K. El-Maleh, M. Klein, G. Petrucci, P. Kabal, “Speech/music discrimination for multimedia
application”, Proc. ICASSP0O, Vol. 4, pp.2455-2449, 2000.

{2] J. Saunders, “Real-time discrimination of broadcast speech/music”, Proc. ICASSP96, Vol. 2
pp-993-996, 1996.

[3] E. Scheirer, M. Slaney, “Construction and evaluation of a robust multifeature music/speech
discriminator”, Proc. ICASSP97, Vol. 2, pp.1331-1334, 1997.

[4] L. Lu, H. Jiang, H.J. Zhang, “A robust audio classification and segmentation method”, Proc.
9th ACM International Conference on Multimedia, pp.203-211, 2001.

{51 1. Ajmera, 1. McCowan, H. Bourlard, “Speech/music discrimination using entropy and
dynamism features in a HMM classification framework”, Speech Communication, Vol.
40, Issue 3, pp.259-430, 2003.

6] o1&, AEy, 1AY, ‘2] QAL AT S4/3
3/2] 209, 2%, pp.10-15, 2001.

{71 ISO-IEC MPEG-7 Overview (ISOfIEC JTC1/SC29/WG11 N4980 document),

http://mpeg.telecomitalialab.com/standards/mpeg-7/mpeg-7.htm, July, 2002.

=
m

de
dm

A N, TSP

A5YA 2003E 059 319
AAAA: 2003 06 12%

23 {E(Hyung Soon Kim)

F&: 609-735 A FHT AT AA309A RAdusn @Az
A% RAdEgy AAFEI SAHFLNAFA

A3} 051) 510-2452

FAX: 051) 515-5190

E-mail: kimhs@pusan.ac.kr

N

F



50 A #4635

7)4=1](Soo Mi Kim)
: 609-735 FAbA] AT AAF 430HA] HA sy AxFE

A
& Pydstn AFL SHFUATA
3}: 051) 510-1704
FAX: 051) 515-5190

E-mail: noise2@pusan.ac.kr

X PN



