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Voice Activity Detection in Noisy Environment based on Statistical Nonlinear Dimension
Reduction Techniques
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ABSTRACT

This paper proposes the likelihood-based nonlinear dimension reduction method of the speech feature parameters in order to
construct the voice activity detecter adaptable in noisy environment. The proposed method uses the nonlinear values of the
Gaussian probability density function with the new parameters for the speech/nonspeech class. We adapted Likelihood Ratio Test to
find speech part and compared its performance with that of Linear Discriminant Analysis technique. In experiments we found that
the proposed method has the similar results to that of Gaussian Mixture Models.
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Fig. 1. The Process of VAD using likelihood-based dimension reduction
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Fig. 4. The Process of VAD using LDA-based dimension reduction
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Table 1. NOISEX-92 DB Contents

Index Noise Types

N1 Speech babble

N2 Jet cockpit noise2

N3 Destroyer engine room noise

N4 Destroyer operators room noise

N5 F-16 cockpit noise

N6 Factory floor noisel

N7 Factory floor noise2

N8 HF channel noise

N9 Military vehicle noise

N10 Tank noise

NI1 Machine gun noise

N12 Pink noise

N13 Car interior noise

N1i4 : ‘White noise

32. 4949 ¢ 33

SATNAE AP B30 9F Ang viFog
o] Fgo TR dEpA 2ALE FiIA ¢
GMMe] 28t} BRFes A%9 Aotsts Wy
A Z4% 4$ I3 LDAE ol &3dly Ay
3 A99 AnE Mz vasdrt

991



GMME o] &3le A% QdA 147t #exd
S A4S GMM I, @7

¥ R L A48 GMM I

2 bro 298 At DO B9E 2% %7@ s}

et A9 48 FEEHA G 103U 02 o) Fo]
AT 88 R o ol%s}am

Aoksre AAFE PEE 083 A= BUA

Faol et zﬂ%}%
Aoz A9 43 A Method D)o} @7NEF 5
date] Aoz FSEAE HYF Fof AU
Ho Y 24dLe® 4% H 9 (Method )7}
p=g
LDAE o]43 g S Wy o] &3tes A
@2~ 59 LDAZ 234402 A4 F23te 3
(Class-Indep. LDA)S} ®Z & F4 LDAR 231412
YL &4 4 9(Class-Dep. LDA)7} it
Atd @@ WHE EF F48 SHd distd
SZH] HFARDY PHoz H9Mm&4 £F 49

ol Zbsattt. 23y @4 Ff& A4 %—i ”45&33‘?“

o Ho rr

o] z} Fel~vlth EAjstd ©YI 54

T $xH A3 Wy H48 5 ¢l

HE BRIIZ SAMEN EFE Y }%iu}
AYA 3¢ 7~28.110)4 9 o] %

25d8

94

92

90

88

LT 159

.5 d \
/ ——GMM x
8 [f

—E3--Proposed Method |

82
80
N1 N2 N3 N& N5 N6 N7 NS NS N1O0 N1Y N1Z N13 N14
25dB
100

90 2 X ?8’\' 7 ' /‘\/F t’w

80

a6 %
@ -
& o
—
I
X

~——GMM Il
50 l -&-- Proposed Method !l
0 —a&—Class~indep. LDA

—»—Class-Dep. LDA

N> N3 N4 NS N6 N7 NG MO N1 NTI NIZ N13 H14

a8 7. HlAE dlo|efoll tf§H VAD Z2H250B)
Fig 7. Results of VAD for test data (25dB)

992

20dB
95
20 /8\& 2
T 4 A

85 N 74 AN/
7 ,, & 4
» ] §
-
b4

i
~—GMM |
~& Proposed Method | J

%

70 N

N1 NZ N3 N4 N5 N6 N7 NE N9 NIO NI) Ni2 N13 N14

20dB

..... - -
o L A R

- [—)/V\/ i

. N

aag|xl

\

—&—GMM Il
~¥ Proposed Method Il
50

—&—Class-Indep.LDA
—*—Class-Dep.LDA

40

N1 N2 N3 N4 NS N6 N7 NB N9 N1O NIi N12 N12 N14

1% 8. EfAE rjolE{oll ofst VAD Z ZH20dB)
Fig 8. Results of VAD for test data (20dB)

15dB
95

90

85

80

ETT Y]

/ :
70 A—f
N\ f/: ——GMM i
A

65 ; ~Proposed Method |
60 L—
N1 N2 N3 LE} NS N6 N7 NE NB N1O NY1 Nt2 NI3 N14
15dB
100

" m?m*“,&‘
"R N
- \/x\ —

—e—GMM Il

- ¥ Proposed Method Il
—a— Class-Indep. LDA
—»—Class-Dep. LDA

HEBI%|

40

30

Mt N2 N3 N4 NS N6 N7 NB  NO N1y NIT N12 HID Nia

a2 9. ElAE dlo[efof thst VAD Z2H150B)
Fig 9. Resuilts of VAD for test data (150dB)



28 AotE Y E4 PHoz 48 ENUHE
9l AA9Aet $EH P2 B R Ads)
Azl EAUES 9 JHSA Ralnn A 38
. 2o GMMo 2 273 Z+9 A ded A9 E
s | —— BN Uehd e shelstsich olo)] watol, LDA Woz &
B B 28 A3l AP AT NN 3% AP
i ———e. 2o AL YL FAsq
60 \v.v -
85— —— GMM |
50 -~ Proposed Melhod |
2 =RAE % 4MY %4 wd 7
95 P
o |2 \Vm-m'} $38 95t 1Y EAUHE YJPo Zas
. fﬁ\;/;i\ /{;/\\A\f\/( / t A0EE Yoz HEg DUHUHE HH) 3
A A AN A 7 28 /T BAH N0Y A450 S AYs
» Y/ \/ Aot 2en HEvd R o3 Ny AU s}
45 ¥ + . .
o = T P TE Mz AYE AW, ALY PHoE F48 QU
2 —A— Class-Indep. LDA ~¥—Class-Dep. LDA —EE‘ ‘:’l’?—i 7}_-?_/\]?— —O'—EH] %“%‘(LRD‘% 0]—8—8]-01 —E‘%
# Aol nalde) EANYE FHIERAL o8
:la:] 10. B2 E djo|efol| tfs VAD 7Ed:"|'(10d8) = @i}g} 7_194 EH%‘:} Aa]%% %4_% 3[\_ 9,)]\‘%% 5211_?1
Fig 10. Results of VAD for test data (10dB) ST, hulo] AR EA o] ook 48 AAEa
e Zgo wel 2 Zo AAE HAE S ols
* . . gk g AgtE wHoz EYUEE JY2ae
85 = —
. N\ A\ A%, SAMSA 252 9% 5AH 29 s
. . ] -
. VA HE dAZoE 345 a7t 7458 AoE AR
45 ’;«\
—e—GMM i i
BT -~ Proposed Method |
B T e e T A p2s
5dB
w0 b W [ 1] Rabiner, LR. and Sambur, M.R., "An Algorithm for
N\ NN Determining the Endpoints of Isolated Utterances”.

8o = vE 3
70 —%X/W‘// y/‘\i\/// The Bell System Technical Journal, Vol. 54, No. 2,
60 ol

RN T 7 pp. 297-315, February 1975 ‘

3 kY
°° X X { [2] Jean-Claude Junqua, Brian Mak and Ben Reaves, "A
i / \/ q
w0 T s N Memfd - T Robust Algorithm for Word Boundary Detection in the
20 —a—Class-indep. LDA —=—Class-Dep. LDA

Presence of Noise”. IEEE Trans. Speech and Audio
Processing, Vol. 2, No. 3, pp. 406-412, July 1997
[3] MH. Savoji, "Endpointing of Speech Signals”.

N1 N7 NI N4 N5 NG N7 NB NS NIO HT1 N12 N13 N4

2 1. B2 E d|olefolfl it VAD ZZH5dB)

Fig 11. Results of VAD for test data (5dB) o
Speech Communication,Vol. 8No. 1, pp.46-60,

b PEEel e Al 9&g FAA - March 1989

993



ret
4
_
o2
o3l
[
oft
2
e
Jok
rr

A A9 A5z

[4] Q.Li, J.Zheng, A.Tsai, and Q.Zhou, “Robust
endpoint detection and energy normalization for

IEEE
Trans. Speech and Audio Processing, Vol. 10, Issue
3, pp- 146-157, Mar. 2002.

[5] Nikos Doukas, Patrick Naylor and Tania Stathaki :
“Voice Activity Detection Using Source Separation

Proc.

real-time speech and speaker recognition,”

Techniques”, Signal Processing Section,
Eurospeech 1997.

[6] J.L. Shen, JHung, L.SLee :
Endpoint Detection for Speech Recognition in Noisy
Environments”, Preceeding of ICLP-98, 1998.

[7] JSohn and W.Sung :
employing soft decision based noise spectrum
adaptation”, in Proc. IEEE International Conference
on Acoustics, Speech, and Signal Processing, pp.
356-368, 1998.

[8] L. F. Lemel, "An improved endpoint detection for
isolated word recognition,” IEEE Trans. Acoust.,
Speech and Signal Processing, Vol.2, No.3,
pp.406-412, 1994.

[9] 1D. Hoyt and H. Wechsler : “Detection of human
speech in structured noise” in Proc. IEEE
International Conference on Acoustics, Speech, and
Signal Processing, pp. 237-240, 1994

[10] R.O. Duda, PE Hart and D.G. Stork, "Pattern
Classification,”2th ed. Wiley, 2001

“Robust Entropy-based

“A voice activity detector

AR F 3}
AR 3o}
A3 3t}

20013 39~

2004,12 (F)°] A 3t2 Y
2001d 39, ~ 8 A (ADKTE FI AT
ERE R D

22769707
9, 594

% B4 2ok : AN, HPA4, DSPE S

994

o[ (Kang-Suk Lee)
£01983d 29 Foldgtw HAFEa}
£ FEA

1985 29 Folulgtm Ax3 e

A A}
1992'd 24 Folthistu AAF s
kAL
200413 249 ~ 20053 14 v|5 ofg) 2 FHYE A
aRTA
M BA Bof: &4 2B 2 A4, AH Az AT,

A 2(Si-Young Koh)
1979d 249 dddigta HAAFs
I FE}
1983 29 geistudistd
A& sta} Fataat
19923 8€ Fofrhstuoisd
Az etah Fahukal

L

2

1986 d~ &4 AL AAZEIT}F nF
# A Fop AN EAY, AATEA Y

3] Z2l(Kang-In Hur)

1980d 29 SFoldidn HAA-F3ta
Fon

1982 28 ojistm AT
FEA A}

1990 Sé Ag ety Ax2eta

1984~ @7} Bolustm A7)
g

19883 99 ~1989\d 89Y: URF LS ALATY

1992:d 99 ~1993\d 8Y: YR EFBAE AAddTY

X _v‘,_]./I\jl _E‘o]; : DSP .<3_A-]o /\1 sﬂLkI }\]7-1;9;];_1:}

SENEE L



