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Noisy voice detection algorithm based on feature stream fusion

LONG Hua, YANG Mingliang, SHAO Yubin

Faculty of Information Engineering and Automation, Kunming University of Science and Technology, Kunming 650031, China

Abstract: Aiming at the problem that the initial detection performance of voice segment was poor, and the voice continu-
ity structure was damaged in voice communication, a noisy voice detection algorithm based on feature stream fusion was
proposed. Firstly, the time domain feature stream, the spectral pattern feature stream and the statistical feature stream
were extracted according to the voice characteristics. Secondly, the voice segment in the noisy audio was estimated by
different voice feature streams. Finally, the voice prediction probability obtained by each feature stream was weighted
and fused, and the voice estimation probability was processed in short time by the hidden Markov model. The perfor-
mance test of composite voice database under the condition of multi-type noise and different signal-to-noise ratio shows
that compared with the baseline model based on Bayesian and DNN classifier, the voice detection accuracy of the pro-
posed algorithm is improved by 21.26% and 11.01% respectively, and the quality of target voice is significantly im-
proved.
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tion) A5 NI AR) o T A AL SR E BT i 8 P P
JEAT R IBREN R, L I 2B
EOBC R B 2l S s B LSRRI B L
W PR R PRV 5 8 0, BT RAT S AU S v ik
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R, SO RER RIS A KL
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HRC T G s P 050 ol U g S22 T PR I T — S50k
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ER I REANEE, DRI S Al o SR IR dai
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A, =[em,), - e(wyky ), s(w,), -, 5(w,k,)]

c(w,)= [cos(wn ),cos(w,2),-+, cos(wnM)]T
s(w,) = [sin(w, ),sin(w, 2),---,sin(w, M)]" (5)
l%:Z[anp‘”,anhalﬂlf'w/%knJ (6)
Ht, Wi A 5 SR T LA 2450
s, =[k,,w,,6.,A4,,h %R, I THETRBITHR
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MEEUF O L EIE S Y, =y, y,, oy, ] KA

W74 AT 5 RS S AR
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L =Dpk, |k, .k ko =1 (11)
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Hrr, g h¥mtIEat; ¢ ANE; o HuER AR AL
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M IR 03 7] 3 R 40 (MFCC, Mel frequency
cepstrum coefficient) FFEJE —Fl T N H XS5 E )
T e AR A BT T s I AR AR ZI R, B
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WA IE—IMZ AT [0 FIA RN R R G2
IR UE <SR e )3 & Sl I G S U
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MFCC MR REA TSI CPE ML SCHR[13])
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HH 9% PR BT SRR o B A 5 3R AT i AT T
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B FAHORAE
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VB R TE 2 R R A SRR, T
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L8 K =1,2, ") A&, AT
S, =(a,,a,,.a,)
A,y ysa, € X H{a,a,,,a,)
i,i2,---,im=1,2,---,r
i=1,2,--,r" (24)
Xof I T W AT P o R U AR AE 2 Rk
A, MBI X MRS X {01}, ili2,-,im AT
TIREFIG . BUOWAIC ity 32 ms, i
h 16 ms, XN HEREFER 7 NS WREE 3 s, Prlh
Ak m=39, B 39 B S /R KAFUE,  thaX4a) R
S, =(a,,a,,+, ;)
Ay,0,, 0, € X :{0,1}
i1,i2,---,i39=1,2
i=1,2,---,2% (25)
FESTFRIB Y | N B SRR 07 0, 1
SREAT R 0 WX N AT SRS 1,
HIES)
S, =(00---0), S, =(00---1),---,

39 39

A%Hzayum,sﬁzugq) (26)

39

K TESMERE R T 0.5 UERE 1, i
PIRRE 0, 4 T ANE SN h & e b e, &
X TR—ANERRET 0 5 1AL 211
ANEOKT 20 H/ANT 35 CEEATAIRRD 1%
PR S, W IIARF S5 R 1, HA R R PIRES
RSN 00 J T PRAUFSR R B RTE S 38 B A ]
PRARE, PRSP E 11 i

A IS AR AIE I P 4 2 4 proby, £ i IR
A Hb HE (1) B JARE A 38 1Y) i H %6 prob) (0-1 7
F1, il EIREE G 3R proby,  GETHRFIEV
4T LA probs. A1 T 5EH prob] [H1E & &8 4,
HIES)

P, = prob,prob (27)

¥ pr 55U EREAE 0 1 R il A FH e
THEFIE L probs 58 H i EIRFAE UL proby T &5 77
5 [RINERE prob, & probs MBS, W

P, = D4, +pr0b2(1_q1) (28)
P; = prob,prob, (29)
Py = prObl‘b + prob3 (- qz) (30)

iy K PIPRF AL A S5 R P U

ps =145+ p,(1-q5) (1)

Ho, g qov g3 23S [RVRFAE ST 2 % 0 R A
R RN RS H SRR, DL
0o S E SN AR BV, AR A TS A
R Cln [R] R BE 27 I B v 5 U K/ IR 14—
FEYo LS IARHERT, RO S A EZ X
Ve A 1A AR R, RIEEL ¢, = 0.35 5 ¢, =040,
g, =0.35 o ), MBS SR AT IR PR A o &
MR M Ze AT I Ab B, 73 B 2 1B Al I 0-1
ek ps CHor, 1 4B, 0 4 IRES).
4 XWRITEERSH
41 KWIRE

1) Ffiife &

ST I, AR SCR A IS ) TIMIT
B . THCHS30 5% 2018 J5 5 A2 Al
ki F€ (DRC, dialect recognition contest) i #& & 3
Fh, 1B N RFER =16 000 Hz. HIEIEN wav 75
WSCHE, FATESIKAE 4~7 s At . TSRS
PR AL TIMIT 55 26 [H 8 M HLIX 462 A%
Nil&, &N 10 A)9eiE & ; THCHS30 i & FE
oAk AT E SR UOE ES, B 20 A)EF
M1%; DRC WHEEASHE 10 AN77 5 HIX K 300 4~
YA, BEA 10 A)RETTE . A ISR
H B M  F (SBNL, self-built noise library),
THAFES G Y AL TR L P NS S
NGB T MR AR, FARE AL, RSl
ML 8 SRR R, 2R AT 10 BOA
[ (P 75 B o AT DI 500 S R e 7 U R e A
eh A LiZe Y — P2 R R, BEALILE £ SNR=[-5, 0,
5,10, 15, 20] dB " 5 W LEEA T e ol 2 A i,
S22 AN G A T T N0 5 T i PR R A 3 1) 3
R TIN5 4 22 I 4% (DNN, deep neural network)
Y,

S0 MR TES BE AL TIMIT 55 168 4
v AN (k52 A, B3Pk 114 A, BN 10 A,
THCHS30 & 20 Ml AN (k18 A, 5
P2 A, EEA 10 f)). DRC S 50 Miis A
(et 30 N, B 20 N, &N 10 7D T 5
WA BLSEEREE, 71 U an vE - i Bk b & BT
JERENLANTE 2~4 s HIEE B, DU 5 e 7R TR
M A A G IS L, W K Nonspeech
N TFIE S PR, 5 T o IS e LL 55 4% SNR=[-5, 0, 5,
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10] dB. T8 & e b V8 o B M b B Lk
I M 75 A I % =5 dB. 0 dB. 5 dB. 10 dB iX 4
AN LG AEGL A K 4 AN AN A I L P R
W Ry BLBEE IR 1 TR,

#*1 EEENSERE
) S I 75 )
Ktk
TIMIT THCHS30 DRC SBNL Nonspeech
HIIERS 4620 220 3000 80 0
MR 1680 200 500 0 100

2) BRI E 5

BT R AR U B A 4y, SRR EUE) 64
4E Cochleagram #F#1iF 110 4 Gabor FF1E.5 4E LTSV
REIE LA 5 YE5E 3 R E AR OCAE A S B 184 4EAFAIE
Wi, FREERIEGUEA 3 ERIL A A 184—
64—64—1 ) DNN AT IZE GEAD, HBE—4
T R AR L T NS IO A Y o AR e B 3 1Y
FRIEGLRLA SRS AT I R 4.
42 BN 5 LR

T 53 AT A AR S e 7 0l W 5 ik 0 12k g
s, 4 ZHAS [R5 A5 20 1A A0 k2 o) A [+
eI E AT YRR IR AT DU SR e diE
(BFS, Bayesian feature stream) MSURIG 45 1 Vi
(SCS, spectral characteristic stream) 200ty e 59
T Ak I O A SCRFAE L AL & (FSF, feature
stream fusion) [FJFEZERAY, K2 HZCRR 76 T34
5T B AER OGBS BOEATAR I, L 2.3
GEVHRFE S A SRS T PR BE BB Al v,
TR & A R B A BOE B RS AR bR . B
R (Pf, false-alarm probability). Jfr% (Pm,
miss probability). IEffi% (Pc, correct probability)
YENHEREVE FEAR (ILr, PEAT Pm Bk/NEEF, P
BB, A

T, T T
Pf=-28, pm="EE  pc=_Lh (32)
T T T

Horp, TAHREWKEE, T, HOR AT 1 &0
KR, Ty RISRE S IS . A EERE L4
PR BT 5 A DU RG2S R TE A 2R 40 )
*2~K 4 TR,

M2 2~ 4 WA, X1 4 MERR ARG R A
S ST B A AR PERE , Bk SNR=5 dB FIl SNR=10 dB
T BFS 1) Pf FRFRB&AL T A4 1¥) FSF 772

Ab, HRASCHTE FSF N ik PEREFabr il 2240 T
X LSRG, MR 1~3 4 WIAF, AEIFVERF
B E R PERE IR 5 B

F2 ARIERILFHTHESENIRGE

Ky SNR=—5dB SNR=0dB SNR=5dB  SNR=10dB
BFS 0.206 4 0.197 2 0.162 1 0.118 3
SCS 0.219 4 0.198 4 0.165 3 0.153 8
FSF 0.194 1 0.1858 0.175 1 0.1222

x3 TRIERILFHTHESENREE

% SNR=-5dB  SNR=0dB SNR=5dB SNR=10dB
BFS 0.194 7 0.1759 0.186 7 0.193 6
SCS 0.127 6 0.116 9 0.110 6 0.106 1
FSF 0.094 0 0.0573 0.0329 0.028 1

x4 FRIBERIEFGTHESGENERR

il 753k SNR=—5dB  SNR=0dB SNR=5dB  SNR=10dB
BFS 0.598 9 0.626 9 0.6512 0.688 1
SCS 0.6530 0.684 7 0.724 1 0.740 1
FSF 0.711 9 0.756 8 0.792 0 0.849 7

=5 AR ZEBTEFE SN
LRI UWIREN Pf Pm Pc
BFS 0.171 050 0.187 725 0.641 275
SCS 0.184 225 0.115 300 0.700 475
FSF 0.169 300 0.053 0475 0.777 600

XI5 5 AT al %0, AHXT BFS, FSF (1) Pf. Pm,
Pc PPN FRFR A A T 1.023%. 71.73%- 21.26%;
FIXFT SCS, FSF #J Pf. Pm. Pc PEMNFEFR 2 MR
T 8.10%. 53.97%. 11.01%.

T S T R R AN [ S R 0 R AE AN T
AW LA PE T AR BE, A 4 NASTRI A e L A
DR BRIEAS [F) S A4 T M R PTRRAL RE7, 2dil)
i 2~El 5 k.

ti&l 2 A%, 24 SNR=-5dB I}, 1535584 1
PP s, T2 NI A ] T R 5% AR S (R
Wk . fEBE4tE N, BFS. SCS. FSF #FHiEL T
ANFREBE R4S, Horb SCS i R i K, Hikje
SCS, BFS Wizt /b, WA 7T, FSF RS
2, 5RARNRSE b FSF iR R AR 4518
P 225, {H FSF RN EAf % KT BFS Al SCS 1)
S TEAf 2R o b T P RS (R B2 2 M, B T FSF
XPAN T AU () VS A U 1k BEAIC T~ BFS 8 SCS 11
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HIEPIERE ), 53—y It s I 5 2
i, [ 2 BFS R S Al 4h S DL AN 7 5] (1)
TEAX L, X BEAS 8 Sl T AR, A
V8 5 B T S i B (AT R g R AR
HMEBE ARG AL ). KT SCS B A,  HAS I 45
BRI LTI, (HAE KL =14 s Abth H I
TR S CFBCE RS 4D, 1 FSF O
FTHAT T R B B B R TR AR BE,  LRAE T A0 H
VB Bk Sk .

tls
" (b) W3 A
= 1
S %W%M %MWM

-1 . L A .
Jn 0 5 10 15 20 25
) tls
(c) FEiEH

t/s

(d) BESH )%
M2 . J—
1 i P -
s L @r——amwm 0w
& 0 5 10 15 20 25
t/s
(e) SCSHIJ5 %
-5 (. 13
€ o 5 © 10 15 20 25
tls
(f) FSFA&: 5 1%

B2 ANIF)E &R I 5 VETE SNR==5 dB I ¥k il 7k g

P 2 56 3 xFLhnTn, FEf e LR i A
T, BFS. SCS. FSF [l ge#i1e 204w, *F
il & FSF iz A ior Kl FE P AIG, {2 BFS AT SCS
5SROI 22 (Ao IR Ah, 704 I LA i R I 40
T, SCS Al iy v o BOE TUEAS B4R HGE (=14 s
AbD, AEXST BFS Al g R A .

K 4 fiIE 5 275 T BFS. SCS. FSF fEME T
PLEREE SNR=5 dB A1l SNR=10 dB INf I8 &5 ko
fit. MIE 4 741, BFS. SCS H1 FSF 18R 1710 4

t/s
" (b) HFMEIE IR
= 1
3 of bbbt et
o0 5 10 15 20 25
t/s
(c) FEEE
g 2
= 1

0 5 0 5 20 25

t/s
() SCSHM 2%
@2
=/ 1
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