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Abstract: In order to solve the problem of insufficient hit rates of voice activity detection (VAD) in complex background noise environments, an

environment-aware VAD algorithm is proposed. Aiming at the poor noise immunity of the single fixed threshold method used in conventional al-

gorithms, different thresholds are adopted during the mutual conversion processes of voice and noise frames, and the thresholds are updated adapt-

ively. And a method of feature combination is proposed to overcome the defect that a single feature cannot cope with the complex noise environ-

ments, which combines the likelihood ratio, energy entropy characteristic, and mean harmonic number value characteristic. Then, the idea of en-

vironmental noise classification is introduced, which classifies the noise environments using supported vector machine and selects optimal feature

combination according to the type of noise environments, so as to improve the performance of the algorithm further. Finally, simulation experi-

ments are conducted to evaluate the performance of the proposed algorithm, in which the NOIZEUS speech database is utilized, and five kinds of

noises such as babble, pink, white, f16 and volvo are selected as background noise. And the hit rates of various feature combinations are com-

pared to verify the effectiveness of the algorithm. Experimental results show that the proposed algorithm outperforms existing algorithms and can

achieve about 80% overall hit rate in various noise environments, and it can balance the voice hit rate and the false alarm rate as well.

Key words: voice activity detection; double adaptive threshold; noise classification; feature conjunction

5% SR (voice activity detection, VAD)!!
IS AT T S 1) 2 A S WA T 2, i R
A B Wi VADYE 18 5 15 5 Ak 245 8 i) T 5% #4
MR E S b B2y E P AT A g v
SRR A AT R R e o U Y T

ks HHA:2017 — 04 — 18
E S B :FRK A AR 4 5B H (61402226)

AR ORMT, AEARAR W LA S 2% g 7
SRR ) 0 — A
FURT, 23 VADSR L — B TRk SR BT
Jo B 5 — Bt ] A A S5, RIBCRRAE R 5 Y 1H 5
SRIA 5 E FL A, P E 25 WU 15 D 38 it PRIk, 42

i, VADAy

TEZBE Nk F(1974—), L, BIEZ, W1 W55 ) B Re(s B AR LRSS S HOR e A Qi R 48 E-mail: yaorui@nuaa.edu.cn

[ 4& R Bt E]:2018 — 07 — 11 12 : 04 : 00

http://jsuese.ijournals.cn

¥ £& KR 3 41k < http://kns.cnki.net/kems/detail/51.1773.TB.20180711.1204.002.html

http://jsuese.scu.edu.cn


http://dx.doi.org/10.15961/j.jsuese.201700304
http://dx.doi.org/10.15961/j.jsuese.201700304
mailto:yaorui@nuaa.edu.cn
http://jsuese.ijournals.cn
http://jsuese.scu.edu.cn

55 4 3 Wk A, S BTG SN 3 L R A R (T 1 SR T i 171

YU 350 R AE J2 5 1 VAD SR IR PR g die 14 L A AR

AR AR o R R F A AR A 45 0 2 | S I RE B KT

GritA Al K5 5481k (long-term signal variability,
LTSV) P KB %33 57 31 B (long-term spectral flat-
ness, LTSF)[® G54 (energy-entropy, EE) ! -3
T4 B0 8 (mean-delta, MD ) P12 Hor 28 5 1k il
S B BB i v SC R G HL 5 TS, A = A M L R
R M PH AT N AR BT, (B AR AR AR TN A 4 e B
B L R AL KAV AE LTS VAT L TS DI i 1]
VER USRS 1, A, H R TE & FIME A i g
AW D], R AR TR MR A (A R
7O REBRASCR B AT, HXF T e A T TR ek
TET MR A BRI A 2 L Gty i DU 3
155 R 75 5 5 MR LR e 1A 7Y, 43 531 1153 g ot
{55 BB RS 45, a i 38 2 SRR HE A T A o 2%
D7 ¥E A T W P A PRI 3 P T 4% 2 MR P 3R 0
(ELAR SR A5 IR (%) A, Ko A o T e A T 3 SR
P CEEFFEG A T B MERR G B, X T
Mg P A 0 R B 5 X T AREARPERR S, i T RE
AR X B B R 7 A8 A, G R T R MDA AE
3 3 AR MR TR AR 5 IS A OC R B, S EEFRR
TEAR LR R -0, S 2 T M, 22 AR, 7RIS
Mg L RSP 52 M 75 A O T A R T B A e, (B AR
REARS, HETGHHR  EE MDA FHIE R
(HERAT Sk B e B B — R AIE , JCIA A [ 52 4% 1 M 75
RBE 0T 52 2 (0 W 7 PR TR 75 28 A0 SRS R
Rl 75 v BB R 2L AR 1k, N UL I & I A R A 2 2 T
VADR A PR TR

T I B4 e A T S8R AR T R R Ty i, AT
SR FH 67 B0 5] B0 52 4 ) e TR AR JH ) {7 A
SEHLAT B AR D (R AR 2z N L SR, H TR
SO B T SR R (A AT e o I Y
i), 2% AR AR TG VR DR AR T4 T T B30 55 RS e AR
FOE MR T T, HARRSORA R IAR , 258U
KRS R e, R I, 77 2 — o T B B i 2 19
{5, I 38 R e 2s B 0, 55— 07w, H AT R 25
SRR — B B e, T
2%, AN BEAR - b S P04 B AR AP 78 H 1 e 4 S M s
B H MRS e T I, R IR RE R, &) B0
o 0B TR R N TR 5 B R R I AT R 1 22 1
(BRI 5 X R TR A R R

TIA, A e, MR A RAR 22 (NHERR S | 42
R T MR MRS M MR R AR ), MR PR B
H M VADYERE . 38 F IH 00T, VADH 322 % H M
7 ¥ R A BRI . 5 4 i 77 kU TR A I S v
ShV ADHE BN I 75 e s i el 12 ki v

A0 1k, KR4 VADE I TP 3 R % R W] M 5
M), IR AT X AS ] A W s SR BE EA T4, DRI 6 T 4%
Tl gt s PRI IR S A e o 5 21 6 6 e s S Y
SR RE R AT A5 2 — S $E T o SCRR[ 13 M s 432
Y SE AR AT T A i, B T AT ) O A i R
T R A BB M 2 B B A B VADE
B B R T VAD R — MR SR T

BFXF LA b TR, AR 2 4R O I R A R
0 07 ) () 2 8 9 S ARG I O 1k o % TR s M
3R BB AVADR L, 3T B/ IN B A A S B o)
AL M R BT T 4028, AT X R TR PR B ik R A 1R
BV ADEEAE AU e 73, DAARAS e It I D s SR o 8
T B 40 A W P R E MR S R R B R, R R[]
B, I F 3 N ST B, DA 1 e g At
R (9= L AN il BT B v - BN S R 2 1
MDHEAESEATRF GG, 50 IR BA— 5 AF TG 3k 1y X 4R 4%
INER W IR o FH L ARG, VR B 3R 7 vk il A
KHLEE = VADAT %

1 ETHFENIE T in SN E L RE

1.1 EEmaEuER

FER TR I TR, 15 3 15 Sl I o] 40K 432 ()
A FERE SR gE b, AR A R e R ), A
i HAF 5 Ho M H 53 3 32 7 18 & A7 A7 AE,
VADIEE AT FRm N

1’ Hl;
v= (1)
O, HO
FIPmt, v URERAB B S AE v ORI & A
FEAE, R sl 07 .
1.2 1B E i S AN FHE
1.2.1 %A VAD

XHFVADHI UL R i T ARAAE (Ho) FAEAE
CH ) OB AT S 2R 0 F

7! ]
pin =[ | 55 exp{_ﬂN“’ ")} !

k=0
p(Y|H,) =
N 1 _ lXt,k|2
1,:01 TR + A1 P\ At k) + (. )

(3)
K (2) FIRH M T ESWARMEMR, X (3) F#R
H 8% 55 AR Horp, X, 387R 38 et A
155 L BRI 0 04 ST I ZR B AL, Ax (1, )
Ay (t,K) 53 BN VB T 26 TS 7 25 o 3l 3 T A0
JE R RS AR AR AR FL A, AT AT LSRR E



172 TRERp A HEOR

% 50 &

_p(Yt,k|H1) _ 1 {‘}/t,ké‘:t,k }
tk— = €X
’ p(Yt,k|H0) 1+§r,k 1+§x,k
AP, PR RUIRRA B 5 e, A5 B 15 1 L
%,kﬁ?é:

(4)

(k)

S = 0 (5)
Y@ hr

'Yt,k - )-N(t, k) ( 6 )

ok G e B THAR, moRe 2 (4) B o (7))

(8) Fr 7R X KA SR < .

=

—1

H : log A >0 (7)

z|=

=

=1
1

4

log A <6 (8)

2, 63m FI P A o 38 5 55 B Y Lo A, ml ey
BT o B 7 o B A e |- BB phy TR
Rl 5 2 AN MR ) 4, SR PR o s o i i SR A
IS AR, R 012 2 1 B 50 ABLAR S6 K Bef fi) K
B{EL R 0, 1 1T S BRI R IR B R A B THR
IETERE, it — P ik B (A A B O35, O A 2
Y 3

H():

=zl =

o~

=10

5(t)=0.8~K+0.2-EZ/_X(i) (9)

A ko HEEME, —BH0.15; A7) (8)ITE
T BRI A L o TR R 3 SR T 10 fry
S SA (B L R A A%, S 50 TE Y s A T 4 R AE
ik RE
1.2.2 EE4f4E
H I VADS 7 32 %k 5L T 0 B RE 1 A RRAE
(R M LA IR, S B SR R R ik, SCRR[ 7]
PRI A5G RE R MU (E M AR IEEE, JF7E 42 400 75 N 4R
7 7B A ROR  EERFAE S TR B A, I AR
(HARE, FRIEAS AL B P AR, Bt by, Hat 5 b
A
B C10) AR UE S 1 RE (-

L-1

E:Zx(i)2 (10)

A, iR ) 25 o A0 5 i o 4 8 R P
7 SR — W e

LYY 1) A 00 s
BRHC HL T X ()9 FET 28 K0G8 (6, T 30 3o % — Wi
SHFFTAE IS k= 0,12, K R IH—{LR,

2
p(k) = ,lx(k)l (11)

DX GKP
k=0

AR 0 C12) T3 A i I (B H o Sk 30
JAH MRS B4, 24 p() K T0.90F, K H 05 H
ke V%) 35 BT R 41 72250313 750 Hz, LAIS/ NSRS i T4,
IS LA A 1 X (K) O

K/2

H= Z pk)log(p(k)) (12)
k=0
04 EFEC(13) A1 (14) THAEERHIE .
M =(E-Cg)(H-Cy) (13)
EE = \J(1+ M) (14)

A, CoMIC, J WS 2 TR A, 7T 38 5 T35 A i
i AME S RS, B—Bn=10, h=X(13) 0]
T, EERFE e A RE 4 — R 4 i, —F al DL E
#h, DTS SR RRAE g S e S C14) FIHIF iz .,
PHZFEAEBR 7R 1D L
1.2.3 MD4F4E

T AH G bR BGH B H T RIS 5 5 1 3 b
SERWL, B X0 E WIFEE TG ¥ YA % MDRHIE I8 i
X TG A 5 R AT B R S AR 8, F T SR IO A G
RPN, Hat 825588

HBEL A C15) X 5 AME 5 JE 7l B e A
e, Hor: CHWHS; i=0,1,2,--- DB R 515 X(oHN
A — A0 1 ke B ST I R B

X(k) =§x(i)exp(—j2n?) (15)
AR M (16) T3S A O R %k, Hor
1=0,1,--+,L; Ly A AHC RECR T 8 ; |- st
FBORIREEAE; R, (D AZEGIIR1E A A CMH, X
SEPBR SR O R D) R A OC R AR
K/2-1

Ry() = Z XK - 1X (k+ D) (16)

k=0

A3 A (17) 315 deltaii A ¢ R B 15
Mo ) % R O il £ LU MR S iR AT o 2 A (B AT, LT
{H T K, MDERE TE 295 2 HL Y

Q
Z qu(l’l,l+ q)
AR(m =2 (17)

0
2.4
=0

N C17) A 2 2R B A 5 1) 1) 4 g LAY BEE o o
nAMUR G5 (20+1) R 77 i) 1) 6 1 AE %, H.O— B



55 4 1 ok

A, A ST MRS R SR 3 (R DR ) T 0 SR 5 v 173

2~S5Z R IE 850 R, (D) =X (16) 715, Xt F
n>LE #n<0, R,(1) M0, 7 &b, vl = (18) ik — 2
A5 B 5 R - 1 (1) delta i AH OC R AL

ARS(n,1) = {max(AR,(n+j,D)-J<j<J}  (18)

ABRa R (19) T MDERE
1
M(n) = 5= > |ARy(n.1) (19)

P, Ly AL, R B — RN B 5 — R o R S R A I
M55 T I3 B A I A 35 A O AR R0 0 {E 1Y -
{6, AL N W1 s )R B R

2 AIRHBNIEE In R M7 E

2.1 BERAEFRIET

AR SO H 0 TR A3 ORI N [ A 1 A R
B T TG SR I Ty ) A SRR R - O S A 2R B
SIS E, R P R R PR U RRE, LS B i
Ptk fE s K IR VAD | B & R R E EE AL
T I B 2 (AR IE MDA TR G &, FRER L B —
AR B G A 0 A5 5 25 B A Pl o A g R IR
F MR 7 2 36 Sk 1 PRI S AR ], 327t 2% A ik &
ARG TP RAR R &, X R RS R B, Ff%F
58] L 1 07 BT, B R R A 1V R (E V AD ] 5
2, AU/ D B i R A T4 R AR

L RVAR T M EN TR .

ETEEEA

iy

1 ETREE S LMW E &N HENEF BN 5%
BHER
Fig. 1 Overall scheme of the voice activity detection meth-
od based on noise classification and double adapt-
ive thresholds

X TFAT B A 5 9 Ab P 3= A HE M 75 42
FEOEIR A | I (B S R ) i ) e 4 2ok i MR 2
Ik R /NI B 53 AT T BOHE 5 AT RRAE B R
It F 32 F5: 15] 8 L (supported vector machine, SVM)
Xof W 75 PRI R AT 43208 5 RRAE IR aok R AR AR AN () Mgt

FERUBEPEAS [R) () FEAE SEA T RN T3 5 (B 5 B ik
TR Dy s ) e 5 5L 6 A0 N B 2R AT B 38 N R
g (I 1) e 3 e AR A g sk ) ke 58 SR iy — ot Sy 335 5 ot
M T ) e RN [R] (9 (B E AT VAD S R

A Y S SRR T 33 G R BT R A
(5 1L 1) V A D e T 7 (/6 41 (3 (B8 3 AR () {4 e
AT AR ) T RIEECS I VAD T i JEF RN
A3 R S A i AL A e A 42 ik
22 WBEENFEEVADFLRG .

T T B A e 2R I AR AR T I e ik B
1, KRZHCE PR R — BEAE A Ik, BT
SRR AR T O 25, 7 PR U A Ry MR R p R
FE G 5 RV I, 25 B R AR e A R R R R
TR NI, i 2 R fish & 00T R B T 4 AR
M &, AR i s ) e gt SR 4y ) Ry L O W) 1Y)
[ (E o 5 —J7 I, B MRS i 52, 45 Fp AR IE A ] BB
PREE 4315 M 0 0 A, 7 B — 1 T B B LU 2
[ (E, A M AR B o PR, R R ORI A X 38
[ {5 VADHI P TJ5 7, % 7 ki R K 2B R
FEALTE AR R AL | B SR A e A 2D R

FEHURAE

WU 5 %5
FRTR?

Y
I AT e EEW || WA
G e B

B2 AXREHVEENEEVADFIRITIE
Fig.2 Decision process of the proposed double adaptive
thresholds VAD method

221 #sEACEAE

B3 a4 B (E X T HNDRAR T 2L, 5 B R,
Se R BUE AT WA A o 3 2R 3 (20) FC21) X
W 75 R (L T B (LR A T R B A -

1<
T,,:E;S(l) (20)

T.=¢-T, (21)
Ao REL10, BPHCET 10Mit4m AL 5 B RFIE(ELS (1734
TEAE Ay e AR ERE ; e—BUN T 18, fih



174 TRERp A HEOR

% 50 &

5 /N T M s B AL, DAOR 3 i BOR B I IGRE == B,
R R T4 A
222 FAEE EFF )

S (22) X B R 2E 47 58 5, Horb g — e
0.98:

T=B8-T+(1-p)-S (22)

X 8 R 7 1 e bR 25 1 ) R FHOAS [R) B
R (LA e B 4 T 7 R AU T 1) RIS o 8 W 7 e oy i
BB, RNV R R, R A SR/ R o TR il
M 7 2 /DR B RN 18 e 4 A M P A, SR FH e /N
(5] 7 B A E L SRR T, TR B PR B T AR AR
A RE R BRI &, EX TS L EE L ik
T B AR B, X HR B (] 5 o A v i 5 ok W S
Jei, SR AR, oz F BT — it pd A A A
A EL AR ] R R B Ao A DL 13

BE T
155 ?

FIPy || HIPOEE
I 7 EE i
3 HENEHMMFIRTE
Fig.3 Update and decision process of thresholds
23 ETFRH/NEBEMZFEENES ST ZE
AT B T R O R A Y VAD S £
F /N33 53 A7 - BONHE 5 2R A7 FRAE S 10, 7]
PSR 1] LS VMR M 75 PR3 47 7328, X AN [
M P PRI S % 5 305 1) V ADRRAIE F1 R DR 7 v X 5 ik
TVADHIP, Dhts e U FI R ASOR 20 4 32 B4 45
FRIESR IG5 7 2 A 2D IR
23.1 HFAEFRI
T8 ICAE 5 B I TOMTA] S5 W P 2 A, ) PR RN
WAL AR LA T 53 A, 42 JBORH L A8 R ALE o SR/
4022 # (perceptual wavelet packet transform, PWPT)
AT NSRS, 25 /NI ALaR, TE LT
TN/ INEARS o NN 7 3 B SR FE AR JF ARGk
AU X RSB HOC R A BN, ff ] Barki®
Xl 53 G, =X (23) s
B(f) = 13arctan(7.6 X 10~ f) + 3.5 arctan (1.33 x 1(2’4]‘))2
23

P, LR, FToRAE Y 07 0 Bark, LR

H RN 7
EHE &

Xof L AR LTSRN
CBW(f.) =25+75(1+ 1.4 x 107 f2)°%° (24)
K, f oA, WF 5T R BTN B Wy o 3 B
20~20 000 Hz, 7 55 T 251> Bark . Barkiji% & £ P4 %
H) BRI B o SR FEAT R A58 000 Hz, BILE PE4 R 35 il
4 000LA T o 41z 5 Bl 43 174 Bark 5417, /N
R 2B S, WEIAPT 7R o DATAS 1) =5 35, 4508 7 BF
R AR, £F A ANV JIRHE o w, R 505 X
JF B /NS R o SRy T A AR BURRAE , X A T3
1B b 22 AU 3ANHRAE, =X (25) ~(27) iR o

]

Wy Wig Wiy Wiz wyy

7]
il
wm R W N = O
L —
g_
-

LAUATAUATATATIGN

0 05 10 15 20 25 3.0 35 40
A kHz

4 RENEER

Fig. 4 Perceptual wavelet packet tree

1 <
M, = N ; w, (o) (25)
Std; = J NLZ(le(k)i—|Wj|)2 (26)
J k=1
L
En; == " (D) xlog(h;() (27)
1=0

Ao w; GO AGERPWPTES j A 7417 1Y S A/ N AR 8K
J= 12, 175 NSRS A0 B R B 4G o —
/N R B BT IR A Lo B K 240 &
FRAE SR, FRAE LS 14 Sy B 22109 i 25 R 1E, fif
FH 3 1534304 (principal component analysis, PCA )
AEAR I T T0 . PCAy — Bl Bt 7 i B, EBETHE
W A0 46 7 vk SR W O 2 0 PR DT R Gl
PCAREAESS , BCHE T A0 b, HAROCREE R e, B4
TZIEfE S, WA TN E AT,
232 RpFSE

K HIS VMR MBS i A7« — 5 — 43 25, Bk
kCk-1) 2443 2 25 W A — LR AIE 1] & BT 301, 45 3]
kCk-1) 2D F 5 45, AEFI DB Bk FHAR AL, 52
EZ P o
24 ETHIEKEHVADT A

FETRHIE I VADS VL BE A5 5 1 b e £ 21 i
HIAETE, (HIR X IS 4R e AN 2 5 JE T il



55 4 1 ok

A, A ST MRS R SR 3 (R DR ) T 0 SR 5 v 175

1V ADFE 1 B 0 A58 4 b A7l 2 e 75 P A7 AE - 5 SR 3 LA
PR BRI W T A, R TR TR
TEBRA HVAD
1, if B,==1|IS,==1;
V= {O, else :

A, B FIS 43 5 2 7 J T 4R AE A9 V AD B 32 Al el itk
AT 40 BB ) V AD S 1k A ) e 235

B, ] HR 45 1 e 2 A BEMDARAIE 5 EEFFAE o >R HH
2379 AR T VA e MR 2R A SRR S R XA
ST VADHI AL B IR A, T T ik J B
IR THITMVADRE L MERL & T4 iHH
VADH L MMDZ & B TEEMVADR L T
MDD VADE 7 .

3 LWERSH

31 IWKERIFENFE

PEWNOIZEUSH & PEVEAG S R B, %0 &
HAH305%1ER), LT T ATA LENE R, B4
R 2~3 s N HEAER LRI VADZS R, F3hitnic
T A BRI, SR AR AR E RS 000 Hz, Wi iy
32 ms, HI256 545 i8R H 16 ms, BI 12885+ . frk
FHME S 22 i NOISEx92 %, Ay ik S 56 () B LA , X
B 5B Y RERL AN N30V M 75 | 500 7 Ak PR 1) 1 /)
900 5% o Ay B A Hb 35 IE AL A T BB L 0 B S IR 7R 2K
I, B AR 7 (babble) | [ M (white ) . 44l
(volvo) | K3 HLME 7S (f16) FUky MRS (pink ) , B F I
PO BEE 70,5, 10 dB3FHEME L .

AT R ST R R AT B PE Y, TR EAR A
ol B o i v 3 MRS i rh R RS AR A TP R 300
FEAR o 1B B A SR A8 B B WU A IE A R M

(28)

iy H SRR X I TR A TE A R AR R R R
80T T A 1 MURT MR R I A P R — b, R RE
Bt P B3 IO [ e LA 58 v 1 3 o R R ARG 1Y)
BRI R, 10 LA 1 R R R T 7 TS 15
0 R T A DR R BT DA, A BR R N
IR 75 i i 34 HLAT 558 R R ME B 6
32 BRERSNH
32,1 BAbeR B0 R ARL T

PRER A5 FS WS () B AR AR, 3% FH I T EERRIE
LT MDEFAE | 3 F R 4R G TR 5 % (sigvad) L 36T
PR Y N X (B S8 3 T i (AR SR Y
sta) , J& FEESS A 40111515 (EE+sta) | 3E TMD4E &
i A (MD+sta) . G. 7295k E R b 815 ( G729 ) 45
YE RS BT H o Horp, 36 FEERIMDEFE (1) 57
B R RS SCHE MR W sta Bl D T v o B R ARV R Y aB AT A
SRR T, 45 M g 7 Y 1) SF- 1 25 SRAR N PE A
WA, £ B R B AN B 5~ 9T 7R o

&5~ 9m] 0, SR 1 G72955 B R s R i 2%
AR R R, 7E80% ~90% 2 7], 13 X} T
M R P PR R AR 22, LA R A GEi 2Rk (A
SCERE ) sta F R IR B v sigvad ) A TGRSR AH EE T
G729 1R KA i, 4 B2 X A e e 7 (N A= 3t )
AENE I8 21 80% Ac A7 [ i i 238, o HAth e 5 iy v SR 10 g
AERFTET0%~80%; T EEAFE A 5L T MDAHRIE 1 55
PPN AT, FEME 7S iy Hh RS A BRI B 75% ~
85%, WA IF KA LM R A TR A
S, BARYEBE RS 1A JE EE+stafIMD+staZH 7, HiiR
S RAR T B AT o — PR AR AF (8 B8 o AT L
P& YRR IE IR & T BORE 05 B0 R B w5 R ) i h 28,
HRME Ay

—EE+sta —EE -+ G729 -=MD+sta —+ MD ——sigvad ——sta

100 gy » 80
82 |
95 | 70 80 |
90 | 60 78 |
85 | 50 76 |
S & S 74 |
380 ¥ 40 ¥
2% = = 72
BT € 3 € 2
70 20 68
65 10 66 ¢
64 ¢
60 | 0 & + A4 + — 62 4 —
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

1 75 /dB

(a) IEE AT HE

1575 /dB
(b) M 7 iy 28

g 75 /dB
(c) Mk drh =

[El5 babblel A TVADZER
Fig. 5 VAD results under babble noise



176

TR SHOR

% 50 &

b/

%%

LA

90

80

(=]

——EE+sta

i

5 10 15 20

T 75 /dB

(a) & A

—=—EE+sta

100 ¥

95 ©

90 T

85

80 -

75

70

65

f=}

100

90

80

70

60 ¢

50 -

40

5 10 15

I 75 /dB

(a) IBH A

—-EE+sta —-EE —+G729 -=MD+

5 10 15
75 /dB

(a) S AR

20

/%

—-EE -+-G729 -= MD+sta —aMD
100
—
90 ﬁ:s:!
80
70 t':;-‘\k\,.
60 |
50 |
40 |
30 |
20 |
10 ¢
0 5 10 15 20

I 75 /dB
(b) " 7H dyrhae

6 whitel2 5 TVADZER
Fig. 6 VAD results under white noise
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Tab.1 Optimal feature conjunction under all kinds of
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white MD+sta
volvo EE+sta
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Tab.2 Comparison of the VAD overall hit rate %

G729 SCHR[2] AL

babble 62.28 62.00 76.24
white 62.50 61.76 81.50
volvo 62.92 61.76 86.46
pink 64.43 62.00 79.98
fl6 65.16 67.26 80.46
T 63.46 62.95 80.93
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