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( Robust Voice Activity Detection in Noisy Environment Using Entropy
and Harmonics Detection )
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Abstract

This paper explains end-point detection method for befter speech recognition rates. The proposed method determines
speech and non-speech region with the entropy and the harmonic detection of speech. The end-point detection using
entropy on the speech spectral energy has good performance at the high SNR(SNR 15dB) environments. At the low SNR
environment(SNR 0dB), however, the threshold level of speech and noise varies, so the precise end-point detection is
difficult. Therefore, this paper introduces the end-point detection methods which uses speech spectral entropy and
harmonics. Experiment shows better performance than the conventional entropy methods.

Keywords : Voice Activity Detection, End-Point Detection, Speech Recognition

LM E A77t G gl
8RN S4HEL S48, 243Y, &4 1. Energy + ZCR(Zero Crossing Rate) threshold
AR Eekl M A5Fde A8 2 FoAdol vhdel A 2. Pitch Detection + Periodicity measure
A1 Y Fotolt), viAF SR % FEH 247 3. Spectrum analysis + Cepstral Analysis
2 g8 B deAdE ] HaAMe e 4, Chi-Square test
7o wslel] w33 e dAol wl¢ T 5. Entropy

ol EAME Ayl A offe] AHEe U
TE g 7NE 2d4E 4EL SNR(Signal to

T4, AN, BeUsn AFE TR Noise Ratio)®] 3tel] 55402 thx87] gt
(Computer Engineering Department, ER o7 A7t ddA &4 BASL AEstE Wl
Kwangwoon University) o ar “

2k 2000968159 F4ehE d: 20094912928 Energy$t ZCR(Zero Crossing Rate)2 ataolA&

(169)



170 HNEZNS ot HEE 0[83

eir
o, d
e
X
N

13l °*U T7]9} 7li-r~ —’F% HEdt
s 99 dF BN, FAEA H2 PS5l
F2 ALY 53 3583 vay 7 5
Hole $A4 & B dA7AEC Hzsau gl
E]'-[l ~4,6~7,9]

2 EoME HHd 712E JEZIE o4
& ol L/HEEA od #EE A7 APHn
dot® zey dE=Y 94 We e SNREH
(SNR 0dB)lIA &4E HEE o Jd 29EHY 93
Az g i 2HEY 33 R 27} He] &
AZ Aol thih Eordth B =Roias v AL
FRAA SAH v S TR 4FF 459 &4
49 &¥EY oA g JER

Lo \J
1:
IR
i » 2
u_?ill
o
A
O
o
31_:

F
1L
2
M
o

o oy
i
et
o

Ol

LR LI R T T

Y BN & Mo oox o oY
o moe
2N i

M

in

rir

o

2
2
N,

f-?(-'f —Q' o, lll
E=)
&
>,
rhe
i
A
flo
lo
ox
1o
I
18
|m
e,
oX mo 2 diN oo
off o & oro H [ rf do &

to 1o
o
o

09‘.‘:
o
>
2,
_g

II. oflX] AHE>H AEZT (Entropy of
Energy Spectrum)

dgol Hjs) FHez e =
ok mhebd YA 2HERL B &4 o
HEH vlgf FhHoE & oy 2dEHS
I Jua 7k & 4 gleh olgh 2L oy AHE
< AY(Shannon)ell 9J3 470E HR AEZ9 9
A B8E 4 9okl

Aol dEZIE A (D)3 2ol Fojdrh

22 SNR oY AHEHN SAHAY
E
J

le;
= L

Jo m L &

== 2iP(s(i) + logy(P(s())) (1)

A7I N& A8 &, s(i)e HE 4, 283 P()
E AL o W3 A gFolt) dEZE AHEY
iz FGeA A (2)9) 7o) Ao & 4 gk

2P Yolst 2dHE

HYZ 9

HIYDP) = SE{PIVRIP) « og, (PIVOPY) (@)

dEZ¥ 9 AE A8l WA DFT(Discrete Fourier
Transform)& o]&3le] oj4t ~HEY ¢ g AL
ot} 9714 ke F34 ¥(Frequency bin)eldx o1
12 ZHY ddzolt FAR ZHY (oA FoHl
kol gt ~2¥9EE oz §EL 4 3 2] At

Eis=d
P(Y(k,1P) = M )
k21| Y (k1)1 ,

T 7 235 de) FEE AQ0 g8 A==
S92 AL ol

[19 1]€ SNR 0dB~15dBe| W& AE23g Uet
Tk 4704 (29 108 @ § a Nz R e
93 [29 119 BE o) A AES ANEAE
depdeh [29 1094 1el 1% ubsh o] SNR
I5BANE B9AEE 9% 2ug Aol nay &

ojatt} vr& SNRoA FE 3t W3t At e A4
S Z717F oY

E =F2 JdEZIY odd FAE N7 Yl
249 3RYE o)&3q FE&E FAHL FHE F
& AAs A vgAdS FEIE 9¥E 4%
& 2 BHES T S Ads

02 04 06 08 1 12 14 16 18 2 22
Time x10*

{b) Entropy as Function of SNR{dB]

i [— sNR 1508
e SHR 1048 |
-~ SNR50B [}
- ____moﬁ -
y Ty
------- L,.._._.+J.:‘f:. P N T s P | .-.--.E-.----.-L-.._—
L
#0160
MNumber of Frame
3% 1. SNR [15~0dBjoll chet dEZE
Fig. 1. Entropy for SNR 15~0dB.



20104 18 Hx383

=

. YEZLe} steHS
(Voice Activity Detection Using Entropy and

Harmonic)

0|82

o HE

ol
-

w o {o

Y (Harmonic) & Z-&9

o

o ox,

Lo
S

lo ox A do
o d

o N
2 o ox

=)
-

oX

-
e
M,
=
dlo
= oX
o®)
do 48 &
ox M4
fo ok

[>

o

-

o
ol AT ol

b2

rok
©
Kl

=
£

r
AL A bo f ox
211‘

oX.
:‘—I' I-'H‘
24_‘
M ogm 44 &
<

ol o ME

=2
°

N
of
o
rir
>
g,

5 iz dE
7A%3+= EH-VAD(Entropy
Detection) €313&<

M 1L $ oo

e o

.-ﬂ

o8 bgorok ofN

L
oo
Ol
R
2

armonic Voice Activi

&

é%
rO

(28 2lA = “g=7 thE

()2 A 2ol
Aol A ﬂﬂﬁ}ﬂ A3t 2(6)& o]
23} F’I‘(D1$cret fourier Transform) *]g]dted 2]

@ 2 #4542 )2 EARS
z(t)= [z;]
= [fﬂo,xl,xQ,....,fol] (4)

Frequency

005 01 015 02 025
Time
Magnitude Spectrum at 7th Frame of input Speech

-
8

w
L

)
T

Magnitude

0 h ) f
20 40 §0 80

Freguency bin

100

a7 2 ¥ SAoll ot AsERIYD JdHZM
75;“1" EE.Holol qu_L_|EE Au-HEE-l
Fig. 2. Spectrogram of Input speech and Magnitude

Spectrum at 7th Frame of Input Speech.

=X H 47 3 SP H

(171)

13z 171
[X,]= DFT(z,] 5)
= (X, X, Xy oo Xys)
Y e ®
X, = z,e T
k ngo
7| AL &3 o] Bihfpoln2 AAE X,
2 3 kx F34 9(frequency bin)9) ¢4 2 (index)
o},
if X(k‘,l)> X(k:—l,l), X(k,l)> X(k+1,l)
then  Ho,u, (kD)= X(k,1)
else Hpeak(k,l)=0

A g A I Fk%
(9)9} 2ol 3}—‘?-” 741

o A
}\\_E‘I—




172

AE ZAEH
[(Fle+1,0)—
H ()

o

Flk,1)]

H,()= 12)
A(13)& 129 g8 zAlE A¥EZ JIL
A9 & AL
N—1
Hhar (Z) = kE Hd(kvl) (13)
=1
213l o3 A=A R HEAE 4149
2ol A2l s AR dEZHY FHRA B
o o|2A JERIE §A° EAZL JE PN
o] AL EHPE FEES AAHE £ 9A I

EH(l)= E(l)x< (H,,. (1)) (14)

[ Slel M Hoxle kst 2ol 4(14)9 AYZAH

1.

= FeRt $4 4UA Ut ava g8
P AESAE ABY 958 45E nol
AY AT Ane 3 HE IAR AR of
Wk £@ 2 SNROB) A¥INE #83 249
AR Ao} vlg4 77kl Begke] Wl 4t
0 249 HEY gEe $49 Beeld wAsE
¥ 5Y02 o HuY 4R ~9EY 54 A
& d=zsld Fol 9¥ g4TRez MY
A oS APH FEEE HolA W,

3

9

r‘ﬂrl 4N

2
od
=

meEbA HE AR AE
B = e 244 43 8
JeEZIY4 NFENE F=
EH-VAD(Entropy and Harmonic Voice Activity
Detection)'d& A¢A. Add duds5E A3
7] #s} SNR(I15dB, 10dB, 5dB, OdB)E T&E
NOIZEUS DBE ol&3tgitt® #ge FR=E Ca,
babble, streetT 22 FEE NEE A1 gsHen NE
FAE 98 8kHz AEHHIE, 16 E ¥A3], a7
=8 AHESH I A8 A% A" dAe (a9
319 2o

[2% 4]9 [2¥ 5] SNR 15dBYEA S e A
Ezvs dEZVY HEd }2Y 4L I éh‘

HEZHQ 524 HEE 0|8

(172)

Y2 o

| X0
&
r Pre-emphasis
&
I Window
&
FFT

|
|
|
]
!

\

Entropy(E(h) Harmonic(H)

|

IR
|
]

I VAD

2] 3 EH-VAD AAH
3. Overiew of EH-VAD(Entropy Hammonic Voice
Activity Detection) System.

tnput signal x{t} at SNR 1508

Amplitude

i
7 22
x1¢*

i ]
12 14 16 18
Time

Entropy of input signal at SNR 1548

i i o
02 064 085 08 1t

N B i

80 100
Number of Frame

126 M0

O 4. SNR 150B 2= Mol oigt foj2FH AE

21
Fig. 4 Wave form and Entropy of Input signal at SNR
150B.

ojth, [2¥ 5lolA RAAE el Zeo] dEZYTE
AHE3S WEg 402 AEE JYdA dERY
sEYgke] AT EAHE E 4 Utk wEpA] Wl £
o] uj$ e P YAXNHoZ HHsA HAE [2
¥ 6o RARE Hie} Zo] AT T AE) 7}
=

[ 1] 439& 8 A8 24 34 SNR
Hsle) WE $A47E A5 i"i%’?‘:} PHR(Pause
Hit Ratio):s ¥l$473 HFEolL, FAR(False
Alarm Rate) &A77E v|&4 TUHOE A% 2



201041 19 WA Bots) =BX M 47 A SPH M 1 Z 173

Entropy of Input signal at SNR 1548
4 T T T T T T T

0 N A T S TR A R
0 20 48 80 80 100 120 140 160
Number of Frame

x 10 Entropy - Harmenic of input signat at SNR 15dB

Entropy-Harmonic

80 100
Number of Frame

a8 5 SNR 15dB 2/& AlSof cist AEZTL 32
=

Fig. 5. Entropy and Harmonic of Input signal at SNR
15dB.

Spectrum of lnput signal at SNR 15dB

Frequency

-
=
=]
S

1 15 2
Time
* 16 Entrapy - Harmonic of Inpid signal at SNR 1548

Entropy-Harmonic

=

80 108 120 140 160
Number of Frame

VAD result of input signal at SNR 1548
T T T

I i i |
0 20 40 60 80 100 120 140 160
Humber of Frame

o
=

2% 6. SNR 15dB {3 Al%of cHst
I 86T HEHT

Fig. 6. Entropy-Harmonic and VAD result of Input
signal at SNR 15dB.

AERT-5tmY

Bgo|th, 4845} Atd EH-VAD €xgse] 7]
o dEZIS o] WS WET FARe 7/AMd A
¢ 5 3o

o (i

4

E 1. HMotE 2duaiED dEZH
PHRZI FAR 24Z 1l
Analysis of PHR and FAR result for the
proposed  VAD  algorithm  (EH-VAD) and
conventional entropy technique.

i

0 Xgst oma|
Eo|
=2

Table 1.

VAD Result(%)

Noise | SNR(dB) ["Entropy VAD | EH-VAD
PHR | FAR | PHR | FAR

0 74 | 30 | 89 | 13

Car 5 80 | 28 | @ | 7
10 8 | 23 | 9% | 5

15 9% | 20 | 99 | 2

0 60 | 41 | 78 | 23

5 77 | 31 | 88 | 10

Babble 30 & | 27 | 9% | 8
15 89 | 23 | o 8

0 71| 34 | 87 | 12

Street 5 78 | 30 | 90 | 11
10 82 | 28 | 9 | 9

15 9% | 20 | 95 | 7
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