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Abstract

Aiming at the problem of “music noise residue” existing in most speech enhancement algorithms, a
new a-priori SNR estimation algorithm is proposed. Since the accuracy of the a-priori SNR estima-
tion determines the overall performance of the speech enhancement system, the Con-
vex-Combination (CC) algorithm is the most widely used a-priori SNR estimation algorithm. Al-
though its real-time performance and distortion are small, its ability to suppress music noise is
lacking. In order to solve this defect, this paper will improve the part of the maximum likelihood
estimation in a-priori SNR estimation, and recursively smooth the a-posteriori signal-to-noise ra-
tio by incorporating smoothing parameters, instead of the a-posteriori signal-to-noise ratio in the
maximum likelihood estimation. The simulation results show that the proposed algorithm has
better music noise suppression ability than CC algorithm.

Keywords

Speech Enhancement, A-Priori Signal-to-Noise Ratio, Fusion Coupling Factor,
Maximum Likelihood Estimation

e~ by = O
BRERTEEEE

F«é:\ ﬁ) % ﬁ) gﬁ ﬁbﬁ) E?E:@En gﬁ ;ﬁ

G RY, JGHAE BRI ARR R, R ME
Email: 215302236@qg.com

WekE HiA: 201848 H11H; FHHEM: 20184F8H24H; KA HH: 20184F8H31H

=
X BHOEF RPN “FRRERE” HE, REMHFREREREAETES. BT

NES|I M BOR, mE, K0, PRESE, TRl R T OGESEI0 M LR S TR E R IR A D], RBR S R, 2018,
7(3): 75-83. DOI: 10.12677/0jcs.2018.73010


http://www.hanspub.org/journal/ojcs
https://doi.org/10.12677/ojcs.2018.73010
https://doi.org/10.12677/ojcs.2018.73010
http://www.hanspub.org

MR &%

5k L B A TR B S TR B I TR R A B AR MR RE,  TIRL SR & B 7 (CC, Convex-Combination) &5 2
IR B KISE R 5 AT B . BORFLSER MR R EN, HEMG &R AE R KRR, A RIX—
BRI, ASCRBOE SRR AR AT PR ACERETHES, B RN SECR 55 5% R AT,
REBROURM T R RERE. S RKRERIEN, it EEHEN T CCRERFTEFRESR
MR I RE S -

XK ia
EEWIE, LRERE, BMERSET, BRCURMTT

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

BEZRANG N, NSHLEZ a8 57 (ERER SN2 — . (2B a)E(E T AR Tk R
i I R SRR AT R A SR, S Mgl TR AR RSB S, )R A AR L R, B
P, PRI AESESE . IR TIX IR A O g S T, RO S N RG22, AR
PERRPEA, M Egm 7S EE RAN RS TR B, 7505 & b 2R A i i 75 30 1 &
WERFE ARSI, AWZ R H KL EMN 1], RN, EFARERENRNEE T, R sRE LN
TR SEAR, . BAHE, BT AR, FEHRDITEOR, HERILE S REIAREE2].

e BN AR L, O T TG IE SR U R, KR R I AR 3 R R D 2T
AEHSRIFR R TTIZ R . Kb BONE SRR IBREVE[3] RS TR k(4] AR RS
o HTREAEE S IEENLIEMAEFRR T, 1R 2 BEAE S N IS T RO 252 BIBHAG, DR F s TE
T B R A T I A AR AR B R . A2 A, SRR I LT BT BE S R A S Y A
SUBAEDG, TG a5 T OB SR IR M LU R S 3R 5 R LU — e R B[ 6], 1 TR A5 M thfE BV 2 S
0, R — N AERR 0 Je 3045 e LU AG VAR G s 45 S rh i S S BEE B A 0 LR IR I S B A e L o
HIEA HAZH (DD, Decision-Directed) 5% [4], P #5787 FR(TSNR, Two-Step Noise Reduction)&i%[7].
ot P B 749 (MDD, Modified Decision Directed)&.74[8], fill & #5 & K F(CC, Convex-Combination)&
VE[0]%%,

DD HyEH TR A 558, i S ot & i s it Bk . T EE P Al &
T 55 0 P A ELIEAS AN G BARA,  DAACR S R AL ARG T SRR AR T 22 11 il 2 B0 A5 Mk U A i R R R S
B A5 e LU IS 9] S — M I R, A5 A B AR A ROR . AR AL, R EEE NIRH — RSO E
Hig 47 SRR AR 2 RS AR & R 5. X BEVEAE DD BAMAERS B 5] AP SIS S HOUE
FeRAE MR LA, BN — MRS SHEHAT IR, FESCERAE T SRR R L b @ ST AR R ECR AR A 2
BOESE, AR RIS e LAl T E . 2R ROkE G 1IN ZE ) R, R A SIS R RS T LG ) P
A4, TR 2R LR S ROR PR . (E2 BT EAE DD SR Al v Hh R FH S R ARV X 5 B8 A5 M L A 1
DLSLARES 24 A Ml (1 S 505 Mg LUl o o IXAEASAE B B G s X P AR ORI 5, i Hh 1095 515 5 Bk B A g
EEZ, kM= “HREEAEY o N TRk BRAE, ASCK LSRG T RIEE AT SO, IS I
P T F G IRAE R L, ARE AL S R BRI 5 5045 M b iy NSRS v, A 0D TE S s,
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R % S MR P B 0 BT
RSCE AR T BT RBR AR IOSEAE G, JRXS 2 AR & 8 2 D T IR 0 5 M LU A S e 47 T
BRI FR, RSO B R AR S U, ] Matlab #E47 ST 0T, AMHT SR04 5
WAFE Y, R AL
2. BEREHEZNERIER
TEE 15 5 ORI PR T LS AR S0V B4 5 5 M (5 B R ARG, A (10]:
y(1)=x()+d (1) (M
Hof, () RRRIEE RS, p(1) 5 d(0) SRR ET 5 R,
AR 43 BT STET AHe, RS BBUR
Ym,k = m,k + Dm,k (2)
o, Y, X, D, A BIRRRE S A AR . m A ko AR
ATV B R 0 T DA A 2 I T 5 W TR, B
Xm,k = Gm,k : Ym,k (3)
B TR R A IR s B T T PUA s S o 2 B TR 2 S SR, (5%
WofEWR b e, N T IE B KR, — R A g I R R R R A T
_ b
"I,
R A R AR 0 5 AT ISTFT A5 DA B 1 A0 2455
S {5 LA LR SR T DD 0%, HoE SUA:
buk =260, +(1=2) &% ©)
Horb 2 FOR T SH, WUETEETE 0 3 1 2. &, FoRM—WURI SR T, 0 R R
VI ARTMUE R AR, Fom 0 & = max{n,, —1.0}» 7, FIRHAEHR L
iR AT L, AT P RO bR (MR LA T, 5 R A AT R £
ME RO L, P SR BT o P AR SR M S T 1B, AT A S SR e,
SHPNUERBL S, HFHRE ™ EIES R TR 0 I, A0 3 3 s R SR I (i1
g, BERTERHE X BEIRIZL, b5 R RS,
BIIEAT L, 5% DD SULTHSER M, AERSIRAFIERR T S . (EE TR ML SE(EE R R R
e PR 22— UK, RN A B SRR, ST R . b, AR A
WO TR R E R LA S0, BV P SO R ME R DR 4 &, B MR A S HORIE SIS

“

A 1 R A o
P R BUE 2 8 a B b (a > b)Y DD HEANTH B JE 505 b 433 -
érln,k =a Am—l,k + (1 - a) ériﬁ (7
érfl,k = bém—l,k + (1 _b)gryi ®)

ot &) LT DD SO AT IR R (5 R e AT, £, AT T 55 K AUR T A A 24 A
WAG MR LA THEL. 7R P S B0E E I — S BUEEREIE (0,1 ] 2 M IR & R, F iz AR M THE
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BTG, ) CC Syde LR
& =n  +(1-p)&ry = (na—ub+b)E, |, +(1-pa+ub—-b)EN ©)
B A IE NG SE, 18RS G L Se 50 A e PO AN THE 2 TR 1 B /N3 it ZE 1 U R A S —
VISR E
s=Ef(&s-6.) | (10)

ST XA B R 5 B B ARIRLOR A 17 1275 30 ) 24 AT ST 1 S0 305 068 b A AR 5 SR B A5 MR L
ESE, BEZEASH12):
P G w1} —b(&,, -&mY o
(a=0)| (6 —E22) +(& 1) |
PR A T T E XAR(9), FIEE] CC BRI MR LT, bR T, GgiEs
WAH TR 5 FEHEAT IDFT 25 # B ] 4B 00 8 i (0 0 503 2 . Sl [ 3 it 45 & WA L A [T
WSMIUERY DD Bk, AR TR, BAT S BRI RS . (TR AR T B 2 A S5 B
EMELLAf T, R XBEhEIR, S E i R,
3. BUHSCIEMREL R BB
ST IR B, T ALE S A T AR A U B M LR AR S ML BRI B B S M L .
T BB T B T 5 S5 MR LR, A T W B 0 0 05 M A DML HE AT 32609 P98 B
Pus =B Py +(1=B)-min[ 7,,,20] (12)
Hip, pREZTHEHE, BUEA 0.6, 7, ,, ToRil—WIKEREWRILAGTHE, , , FoRBH SR
b, B A MR 5 T % 0 0 P 1 LARR AT M BR B A T PR S04 M LA M2 ey PR,
BRARERELT 13 dB (=101g(20)), [RIEEEG(E 5 10 k[ 13]. I LSRGt 7O R0, 5 5015 M LL 1) °F
VEULIR T G T A T TS W 2 R 2 R SR A T3],
TR LD 5 56 15 P A ML 05 BB AR RIS) i E .

& =aé,  +(1-a)Pih (13)
& =bé,  +(1-0)7 (14)

Horr it =max {7, , — 1,0} ABANIRAG 71545 20 10 24 B WG 005 e LA B

4. TEGSRER

N T P E B SO B T AR S A U, @i Matlab SZE 05 FAF RE S AN E W bR
TR AT X Ll o v B ok B 13 3 POk B 6 BOE 5 3 BES A 3 BON L), 5 PR (White,
Pink, Buccaneer2, F16, M109)3K F| T Noisex-92 M &, i A\fEWELL5r 7125 0 dB, 5dB, 10dB, 15dB.
St A S R R B AT N > WAL TR, SRAESAER 8kHz, Wiy 256, ESE 50%, 4 HL 0.98, a F1 b 55l
50.99 A1 0.60.

1 @) R () NAFEEE S, WHIESES, DD Bk, CC Bkl UG H I s &
B MBS EIXTT, s 5e s M109 M, {F1E /KA 10 dB.

XL B HAB S EAKMEE th: = ANFIEEREA ROH R RS, (H)2 DD FEAE T BR1T 5eRS 1)
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Figure 1. The spectrum of speech signal of different algorithms under M109 noise (SNR = 10 dB)
1. M109 IgE T AR EARE S5 S1EIEE(SNR = 10 dB)
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el BABE RO E, JUHRAEE M P RARII S TR B3 . CC BIkE & R HAE I BN
2 DD FEA PRI, (HRRAREASGEFEEE . FR, =R SR R E S RO AR
Bifi, MBS, SOHE S R AR A S 5 e, B ek R A B R A . B
SO SRR R e AR, RIUREGE T B A B AT

NT BV E BT =R EE R YRR, 0 =R R G S 1 S R R K AR R T R A A
FRUEREAT AR, & B SR bR e 2 BUS 1 L (SegSNR) [14], IS &0 AT FE(STOI) [15]A14} Hit P 55
(LSD) [16]5F . 4 BUAZME L K /NRAE L BRI 75 (RE 77, BE B Ut I SRR R 1 AR e /> . STOI
FE 5 NIIWT IR B A T PPN AR e, R BR K 3 B 1 90 o bk A . LSD 2R B S a5 A1 S AR 4l
BRI, BUEER /N R AR )N, B SRR R G . 55 1~38 3 RN = AN AE DU AR e L
IR FFP Y S 7S T A WA EUE 1

I = AR, TR AN R S50 R PR A A5 0 L 2 AR oS0 B2 1Y) SegSNR A STOT 45 % s »
CC HikIR2Z., DD HykRIBUERAG. Vi Sodh Sy n] LS KRR ) Hh 0 15 ehe s, 3R 3 it 5 B 10 1S
W LK, SE9RJE TE S AT R S S . fE LSD b b, SO SRR L AR AN EE SR E T N, B
G SR I i VR S A S R, R AE S R S R & . g8 LRTR, Mol sEEL o &

Table 1. The SegSNR data comparison table of the four algorithms
= 1. UFPEER SegSNR HiExTtL &

5y BAE e 6 (SegSNR)
WEFEEA AN ELL

DDH % CCHE BT RTS
0dB 4.3907 5.8005 7.1560
5dB 5.8434 6.6359 7.8063
White
10 dB 7.0984 7.7320 8.6589
15dB 9.1980 10.811 11.2345
0dB 5.1565 5.2808 6.6384
5dB 6.1975 6.2242 7.4263
Pink
10 dB 7.5781 7.6449 8.6095
15dB 10.2558 10.7721 11.338
0dB 4.1343 49211 6.1662
5dB 5.2256 5.7149 6.8133
Buccaneer2
10 dB 6.8214 7.7139 8.5504
15dB 8.7949 10.4505 10.8979
0dB 5.2623 5.3991 6.7674
5dB 6.4201 6.5044 7.7754
Fl16
10 dB 7.8656 7.9391 9.0580
15dB 10.5363 10.9798 11.6437
0dB 6.2730 6.8603 8.6496
5dB 7.4082 79176 9.3838
M109
10 dB 8.9422 9.4135 10.6136
15dB 11.4692 12.5741 13.3508
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Table 2. The STOI data comparison table of the four algorithms
2. UMESER) STOI HiERT L3R

SN 2 W T 1 £ (STOI)
MEFEZRA A NEMELL - - -
DD#.i% CCH.% BieiiAzerS
0dB 72.2350 75.9131 77.5240
5dB 79.8583 81.7923 82.8082
White
10 dB 85.4420 85.7764 86.5817
15dB 89.7984 89.6146 90.4553
0dB 73.0863 76.5339 77.2854
5dB 79.3534 82.4027 83.0000
Pink
10dB 85.9826 87.1785 87.8651
15dB 90.3885 90.4289 91.0242
0dB 70.8405 75.0766 75.7672
5dB 76.9853 80.9993 81.5867
Buccaneer2
10 dB 83.5680 85.1948 85.3056
15dB 88.4355 88.8371 88.8654
0dB 76.2078 79.5544 80.7624
5dB 82.5660 85.0770 86.1478
F16
10 dB 88.1948 89.2560 90.5462
15dB 91.7398 92.1378 93.2722
0dB 76.2916 79.1938 79.9584
5dB 82.0582 84.7726 85.9888
M109
10 dB 87.9739 88.0564 89.5696
15dB 90.3163 90.3722 91.5371
Table 3. The LSD data comparison table of the four algorithms
% 3. MFEER LSD BuExftE®R
X Hi B 25(LSD)
Mg i S Y LN L34
DD CCHIE ot ik
0dB 6.1261 5.7423 5.0706
5dB 5.5611 5.3879 4.8288
White
10 dB 5.4087 5.1224 4.6612
15dB 5.0679 4.3266 4.0306
0dB 5.2437 5.1120 4.4945
Pink 5dB 4.9327 4.9294 4.3898
10 dB 4.8238 4.4972 4.0886
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Continued
15dB 4.4760 3.7501 3.5135
0dB 5.9493 54718 4.8267
5dB 5.6324 5.2619 4.6566
Buccaneer2
10 dB 5.3918 4.6995 4.2640
15dB 5.0920 4.0812 3.8244
0dB 4.9231 4.8705 4.3207
5dB 4.7659 4.6650 4.2287
Fl16
10 dB 46171 4.3696 4.0078
15dB 42148 3.6763 3.4605
0dB 4.3395 3.4064 3.1264
5dB 4.1441 3.4095 3.1283
M109
10 dB 4.1441 3.0336 2.8718
15dB 3.6170 2.5228 2.4159
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