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Abstract This paper proposes a noise robust voice activity detection with state transition processes of speech and
noise. The proposed method constructs a clean speech / silence state transition model beforehand, and sequentially
adapts the model to noise environment by using & parallel non-linear Kalman filtering when the observed signal is
given. Speech / non-speech discrimination is carried out by calculating the likelihood ratio of a speech (clean speech
+ noise) state to a non-speech (silence + noise) state with the adapted model. In addition, a backward techniques,
i.e., a parallel Kalman smoother and a backward probability estimation, are used to estimate the noise and for the
likelihood ratio calculation.

Key words voice activity detection, non-stationary noise, state transition process, parallel non-linear Kalman
filter / smoother, forward-backward estimation ‘
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Oy shn & TByy sy EENENRER L -1 OERLES
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ONy a1 = Zth,j.k TONy ki (28)
k=1
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ok, ,, BEHRWG, BF GMM TNENEAET 5, EH
FRYORERTHB. &7z, ws,, HEFRY, ¥ GMM O
BEEHTHY, po,,, 1 o, ,,, EERICHESSY b,
So,,, 110, ,,, EHABRCHFITHD. TRDS,
R T wial (O po, ;1 T, ) RIFEHRE (= 0:
BEHHE) R, FHERE (=1 FFHEF) KBiTsH
HRER by n, (O:) KHEYTS. 29, ARo NKEESET
NDOER, REHERWFIFERHHIL~Y 7 4 NG OBRERT
BBRTED)] LVWIAEBRALTWS. £, "FA-FER
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ANTYy T 4ANEDT 4 NV HFBRARY, HEFRIELTS
7=, Switching WA w2745 & LTOBEDBI TS,
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1
Ny = = —Ns,jux (30)
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»(Oo:7,gt, No.)
= p(0Oo0:t,gt, No:t) p (Ot 1.7, Neg1.7(ge, Nt ) (32)

R p (Ors1:7, Neyrr|ge, No) OBRREIKRATE LA,

P (Ot41:7, Ney1.7]ge, Ny)
= p(ar+1lg:) P (New1|N:) P (Os41]es1, N
Qt+1
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HMETER G5 = p(Oeyr1:7, Nesrir|ge = H;, Ny) iKY S5,
LoT, K (33) R (8) DRAKY, p(Nega1|Ne)p = o1, =
1X9, KADLIERE SIS, 2B, MEt=T OHAI
THE or =Pir=1%523.

1
Bip = aiibiN, (Ous1) Bies (39
j=0

#~T, p(Oor,qt = H; ,No:r) = aje - 50 L7129, B
EMEXEEICLY, LEY R, KA TELLNS.

R, = p{Oo:r,q: = H1,No.1) Qe Bue

*~ p(Oor, g = Ho, Nor) oo, -Poe

MRT, WAV T4 NFOEMEEE (B FETH
5, ANwrRA—F9 #BWT, ¥FHEEOHMEZRLE
5. ZIT, AATLRA—FRBNTS, BIfiOBFIHEGR
FAN=rT7 4 NF ERRIZERDO AN < A D—FEEITL,
BonEHEOEERZRICH L TEAMNTEHE1TS. ZOF
HEEAFETIE, ¥R pL<w L ZA—FLERE HHHL<
AbL—FIC L DEREEHERRAD X 51217 3.

(35)

_ 2 2
Jedkd = ONy 500 /“N¢+x1c.j.k.z (36)

Nejokeg = Nojpea + Jeje (NH-l,j,k,I - Ng+1]g,]‘,k,[) 37

.2 _ 2
Nkt = ONegn
-2 2
+Je,j,k,l (aNt+x,j,k,l - UNH_“,'J-',‘J) Jt,j-k,l (38)

EREBVT, Nojeg & 6%, ,,, RELTREIIS L2 R
L—FIIVBONIEFORBHEEERTY, BRLmES
HThB. £, TNEROERMIL, X (27)~(31) LAKED
FEic kv, BAHTEEETS.

—RRIC, BEIHEBIIT—F OBREMLHEELEIT S, VAD
THREBIRATHZOT, FAEDOHRL L 5 th 7 L—hK
ROBEL, TROLLRAT =t +th PO THELITY.
T, th=0 DHEEREMEREERITDRVI L2 RK%KTS.

4. ® B

4.1 RB&H
A7 — 41, ATR FTREF—F~—2 2,292 BIE (178

BE) 8Kz iV YTy LK, EHory—, &
VA CIRG L -T2 EhEh SNR 0, 5, 10 dB THELT
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F—#i%, 5,050 $EED ATR FR/\T A (101 35%) Tdh
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S, AFIZLDER LB RMEORM T L e 71—
LB CRAT R &Ik ViTor. FHMEREE, X (39), (40)
1277 %, FAR (False Acceptance Rate) & FRR (False Rejec-
tion Rate) T$%. FAR & FRR iX, AW bb— FZF 70K
RiZH B D TRELHE DY Threshold 2 HEL THED
KBEFEREH, ROC (Receiver Operating Characteristics)
BEH L IRKVPEETD.

FAR

_ FEFEHEMEM L AMA LT L — A

ERFRR T LK (39)
FRR
_ EAEMEATERE AR LT L — A% 40
- ERTEET7 L —b % (40)
4.2 RBER

R 41z, BEF (Proposed) RUF, EXFHETHS Sohn b
DFik (5], LTSD (Long-Term Spectral Divergence) [3], ITU-
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(Previous) [7] &R ET3. A2ds, SR (10], [11] OFEELS
FA-IDBREABIN TR D—ROREROAERLTEDY,
RRFERY, BFHEOFRTIE, SRMXHEELTDLRVES
(tb=0) DERETRL TS,

ROC 8T, RAIGEVHEBRIZEZBmVEESTLTEY, B
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FLTNSZ&bhd. #BRFERY, F4DEFEL Shon
LOFELOMBAIMTOHERETSHY, Shon bDOFH
TREFTFOZERMELIToTVWARVWDOIRL, REBFERT
HFECRIERBEILC Y 7 4V F T L DBERBEERIT> T
B, IOBRLY, BREINT T ANFITLIRBTOER
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WBHZ ERbNB. i, RBELEFEOERAR, LER
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EELXTRLTEY, Y90RVEY BRSH 2BV I-ARRL
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RIEFRT. OB, dRMESHEICETSI 7 L— AKX
th = 0,5,10,15,20 TH VD, HMAEREITSH YK (FAR &
FRROFMEL 2BV EK) AV R1IOERLY,
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NUBRHA>THETIZENINE. ZOZEhb, HEY
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P, EHERSERACTERERDIZLALETHS.
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-17-



18 10 10
\ |
ogft\ —-— Sohn 09 ~-— Sohn 09 —-— Sohn q
\, - — LTSD — - LTSD - - LT
Y X G.729 Annex B 4 08 X G.729 Annex B osHl X G.729 Annex B ]
+ ETSIES 202050 + ETSIES 202050 \ + ETSIES 202050
% ------- Previous 2 Y2 T U Previous 2 iy | Previous J
s —— Proposed g —— Proposed g —— Proposed
& Sos § o6 4
38 5 il
.8 2 05 D 9.5 1
Ly .
g B g
2 x5 g4 Hos ]
a NN S S
o AN =03 B 03 1
AR
NN 02 02 % x J
NN N
e 01 o1} o oNTT~— - g
< . Taa e TS T
500 01 02 03 04 05 05 07 08 05 10 %0 01 02 03 04 05 05 07 08 05 10 %0 01 02 03 04 05 06 07 08 05 10
False acceptance rate False acceptance rate False acceptance rate
(a) Airport 0 dB (b) Airport 5dB (c) Airport 10 dB
10 10 10
09 \\ —-— Sohn \ —-— Sohn 09 —-— Sohn
A - — LISD - ~ LTSD - —LTSD
08 Q X G.729 Annex B 9 X G.729 Annex B 08 X G.729 Annex B
N + ETSIES 202 050 + ETSIES 202050 + ETSIES 202050
oqlt W | Previous - | I O I vious 2oy | Previous 1
[l E W —— Proposed £ —— Proposed s —— Proposed
Eos A\ H 8 os 1
8 os 8 8 os
£ ¥ 20
z 0.4 ﬁ < 2 04 R
« o -
03 o & 03 1
02 }\_\_\. 0.2 x g
0.1 _ Sl T (33 B 1
~T = - .. =2, - \.\~\
00 S 00 L 0o Sl =
0.0 01 02 03 04 05 06 07 08 09 10 60 01 02 03 04 05 06 07 03 09 10 706 01 02 03 04 05 06 07 08 09 1.0
False acceptance rate False acceptance rate False acceptance rate
(d) Street 0 dB (e) Street 5dB (f) Street 10dB

[ 4 ROC ga#tic & 2 EREER

£1 HMIEEBEAOEREOSFHRI R (%)

4

18]

Noise Airport Street

SNR 0dB| 5dB|10dB}] 0dB| 5dB| 10dB
tb=0 23.82 | 16.51 | 12.12 | 18.82 | 13.30{ 10.64
th=35 23.11{ 15.99 | 11.94 || 18.66 | 12.97 | 10.50
tb =10 | 22,75 | 15.62 | 11.58 || 18.28 | 12.80 | 10.49
tb=15| 22.90 | 15.76 | 11.79 | 18.42 | 13.11| 10.68
tb=20| 22.91| 16.25 | 12.32 | 19.00 | 13.66 | 11.11
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