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Abstract

To reduce the noise content in noisy speech signals, this paper proposes an improved wavelet
threshold function and a new threshold named “newshrink” for speech signal denoising. Four sets
of noisy speech with distinct signal-to-noise ratios are established on MATLAB, and diverse wavelet
basis functions, thresholds, and threshold functions are employed to denoise the speech signal. The
signal-to-noise ratio (SNR) and the mean square error (MSE) are utilized to assess the effectiveness
of wavelet denoising. The experimental results demonstrate that the denoising combination of a 9-
level wavelet decomposition level, the db6 wavelet basis function, the newshrink threshold and the
improved threshold function as the parameters of wavelet transformation enhances the SNR of the
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speech signal, reduces the MSE, and enhances the noise reduction effect.
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Figure 1. Flow chart of wavelet threshold function denoising method
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Figure 2. The image theory of four threshold functions
& 2. MihEER B ES

DOI: 10.12677/aam.2025.143095 96 I3RS


https://doi.org/10.12677/aam.2025.143095

3.46 =====:Tmproved threshold function(A=0.5) K
remnne Literature threshold function(a=0.5,y=0.3 "
Soft threshold function /2 .“"
3.44 Hard threshold function 7’ "."

342

»
S

3.38 |

3.36 |

3.34 |

The wavelet coefficient after threshold processing

bt
w
)

3.32 3.34 3.36 3.38 3.4 3.42 3.44 3.46
Wavelet coefficient

Figure 3. The zoomed image of the four threshold functions located at the top right

3. MMBIEER A EAMAER

3.2. BMERHAR S REHIERE

L5 /)N U0 AL B 450 2 M AR R ) — A B TR 3 IR R JE % AR [0 PR R0 LI 38 A [ ) 25 MR Ak 2R
NP RS 5 () B B AE /INBEAR T AE — SR /N R E e, TR S () RE B A A0 AT T AN IR A [16]
GNP RIG, ST BN RBUORAE R TR 75 (0 KBRS . — RO IRE BRI/ NE REGEE S, T
TERME LB REGEME S . T2, RABREN AT DRGSR, Ko s Rk 2%, &)
TE SIS R BT AN, B — AN BIE, RS T BE RN RECE N 0, = T A I/
WRBEE SRR E, B AN R a A H#E[17]. BT E 2 visushrink BI{E . heursure B{E. rigrsure
BI{E . sqtwolog BIE . minimaxi [B{H%5[18].

ARAE /N FRAFAE AU, B R ZEN RN, & — 2 /N R B 2, o SR ) s AT
SRIEE B, WA MR KIRZE, FrCAZEgy H— AN RGO RE,  RE 2 e )2 50
BTN o

visushrink [ A /N B E 22 it — AN e BB, A SON:

A=68#/2*In(N) (13)
median(a)j,k)

Hf, NAESHKE, 6= 06745 AT 5 2, median Jy R eR AL, (a)j,k)?'\j%likﬁj\
FRACTR S IR/ BB ] RIEE, 0.6745 AN s by v 22 1 38 230
7E visushrink BRI{E 3G B, ASCRH —FHT I RIME, FRAE newshrink BI{E, HAxRN
1
A=———"— 5% 2%In(N 14
2ﬂqﬁ+g "(N) =
MAZRIE A AT LB B 250 38 in, B A BEZ 0N, X R &N R BOZ 2 I 4
TR P BRELAE S B N HR 5 I B & N 1
KESLIGRWE, RFEMGES . AFEME BN # A — S 22 8O B b B el S WP i o R 2 8. 2

DOI: 10.12677/aam.2025.143095 97 I3RS


https://doi.org/10.12677/aam.2025.143095

HOH T ORI R AR, iR 2 A0 2 sl D E TR E B e R . RIZEGE 2, K& 2N
23 1) (1) R B3 AT BB AL 2 3 B A5 5 1OME B R T, VMRS 1A e LE T 2 BRAIG, s R KR,
AFIF TREFHE[19]. 153 fifE 50 0 0 25 S 3023 MU R AN AR o /INRAR B 7E o0 A5 5 IR A vh o o 7
BT L 2 RREE, BRI R I R B E BN RSk I =y 2 —, Ay Bl RN 1 it
ANREF . — S, B5KEREEMERET, B0/ RZ SRR HTIE 2 . ARSI T
FIESE TR K E N 21,801, LA 14 I FRAE. 22 XELMHEIRK S, EOoRZH 13
14 (SR Be  FEp R I, Zr fRJEHTE 9 2 IS BUR A HR T HARLSS, 1 HAT BT KR . #leAR e
(13 iR 2 HE N 9.
4. EEES XML
4.1. BEES YA PERITN 5 PR

SN T U6 S0 B B B B A, AR SCIE T MATLAB R2020a 1 & #EAT 15 & 15 5 17 2L P MR S 56
ZSEI % PE NOIZEUS 13 £l FE AR R4l & (5 5 SRR, 76 NOIZEUS i ik £ sp06.wav i &
ERNARSEIGIREATE & 4, HEWEKE N 21,801, HUEIE, SREEAIECH 16 bit, REFIE )y 8000 Hz.

PR MR LR IR, I P S R LE (SNR) 5 34 75 15 22 (MSE) K HIWT[20] . 1% x (i) REAE S, X(i)
REEGTHES, FHERMERITEA .

(1) 15"tk

i=n_2 /.
SNR =10+Ig E;ZE?X 9?_ 5 (15)
Yol x(1)=%(i)]

(2) Bz

1 i=n . — /-
MSE =« 3 x(1)-% (i) (16)

SNR K. MSE #UN, Ui BIfliHE S BB ARE S 22 Bk, 220 UR R

RSB S ES LaIME I AR, K iE &5 S YIS L4 5182 N 10dB. 5dB. 0dB. -5
dB b, SRJGHRFEMIRAE R AR B . S R /0N 35 bR AT & i 35 {5 5 PR AL B, ST L
15 W LU RIS 7 45 22 I SR 4 BT AN R 7 VR B M ORI 55
4.2. REVNEEEBFHES(ESERE

X055 5 AT /N 3 AR B 36 P /DN 35 bR B TR A AR EE L — N IR, 23R bior2.2. bior2.4,
syml. sym5. dbd. db6 ixX NNy EE R HO & R (S S AT R AL, fEAE S S A
MR, S S HIRIEA S M LL 2> B E#E 10 dB. 5dB. 0 dB. —5dB, SZE&TS H % H A5 e L AN sy T i 22
TR RS AL 1A 2 R,

Table 1. Output SNR after noise reduction by different wavelet basis functions

1 ARVVEE R R RV fEIREE

WILRIE 4 b bior2.2 bior2.4 symi sym5 db4 db6
10dB 9.9602 dB 10.464 dB 9.7031 dB 11.074 dB 10.9902 dB 11.2121 dB
5dB 7.3282 dB 7.779 dB 7.0954 dB 8.2614 dB 8.2133dB 8.3418 dB
0dB 4.807 dB 5.1027 dB 4.6383 dB 5.4875 dB 5.4835 dB 5.5662 dB
-5dB 2.3412 dB 2.5919 dB 2.3808 dB 2.8629 dB 2.8487 dB 2.8958 dB
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Table 2. The MSE after noise reduction by distinct wavelet basis functions
2. TNEVNVEERHIERFENIIFRE

I EL S bior2.2 bior2.4 sym1 syms db4 db6
10dB 0.00021311 0.00018977 0.00022611 0.0001649 0.00016812 0.00015974
5dB 0.00039067 0.00035215 0.00041218 0.00031513 0.00031864 0.00030935
0dB 0.00069812 0.00065217 0.0007257 0.00059688 0.00059743 0.00058616
-5dB 0.0012317 0.0011626 0.0012205 0.0010923 0.0010959 0.0010841
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Table 3. Output SNR after noise reduction by different thresholds (White Gaussian Noise)
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10dB —0.00099926 dB 1.1562 dB —0.00099927dB  —-0.00099891dB  10.1418dB 11.2121dB
5dB —0.0031309 dB 1.0833 dB —0.0031309 dB —0.0031305 dB 7.2502 dB 8.3418 dB
0dB —0.0098445 dB 0.93232 dB —0.0098445 dB —0.0098442 dB 4.5477 dB 5.5662 dB
-5dB —0.030971 dB 0.69642 dB —0.030971 dB —0.030971 dB 2.2275dB 2.8958 dB

Table 4. The MSE after noise reduction for distinct thresholds (White Gaussian Noise)
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IR b heursure rigrsure sgtwolog minimaxi visushrink newshrink
10dB 0.0021122 0.0016181 0.0021122 0.0021122 0.00020438 0.00015974
5dB 0.0021132 0.0016455 0.0021132 0.0021132 0.00039775 0.00030935
0dB 0.0021165 0.0017037 0.0021165 0.0021165 0.00074108 0.00058616
-5dB 0.0021268 0.0017988 0.0021268 0.0021268 0.0012644 0.0010841
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Figure 4. Waveform of speech signal denoising at different thresholds. (a) Raw signal. (b) Signal with initial SNR of 5 dB. (c)
Waveform of denoising with heursure threshold. (d) Waveform of denoising with rigrsure threshold. (e) Waveform of de-
noising with sqtwolog threshold. (f) Waveform of denoising with minimaxi threshold. (g) Waveform of denoising with
visushrink threshold. (h) Waveform of denoising with newshrink threshold
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Table 5. Output SNR after noise reduction by different thresholds (Pink Noise)
% 5. TN HERERRE 04t (ERREL (T )

WL b heursure rigrsure sqtwolog minimaxi visushrink newshrink
10dB —-0.13877 dB 1.0481 dB —-0.13877 dB —-0.13877 dB 10.0996 dB 10.5076 dB
5dB —-0.42451 dB 0.6164 dB —-0.42451 dB -0.42451 dB 6.4303 dB 6.4477 dB

Table 6. The MSE after noise reduction for distinct thresholds (Pink Noise)
% 6. T AR GG IRE (ML)

IR b heursure rigrsure sgtwolog minimaxi visushrink newshrink
10dB 0.0021803 0.0016589 0.0021803 0.0021803 0.00020638 0.00018787
5dB 0.0023285 0.0018323 0.0023285 0.0023285 0.0004804 0.00047848

MR 5 F3 6 143, 4% A{ZM L4504 10 dB. 5 dB B, newshrink {8 AH T heursure (18

rigrsure B{H . sqtwolog FRI{E . minimaxi BRI{E . visushrink BI{E B J5 115 515 Mk EL O 2 e 1Y), 197 1%
FEHE R AR, X2 9] newshrink 18 1 7] A R4 b BB 2116 75

4.4. NEEMERBIESESHERLE

W NFFE R ECBCAN db6, R BMEBE Y newshrink, SR 9 E/NE T RIZEL ARG BN RS,
T AT S S LA S MR L 2 Sl B8 2 10 dBL 5. dB. 0 dB. —5 dB, X AN [l {5 M b Iy s S 5 34T 1Y
ol R L B 5 R AR B

Table 7. Output SNR after noise reduction by different threshold functions (White Gaussian Noise)
= 7. TESERHFEREMEERIL(SETBRS)

WIHE(EMEEE  Hard threshold function  Soft threshold function thera;ﬂrr]ittir;r:shold Improf\ai(lttir;rsshold
10dB 9.7994 dB 6.3699 dB 9.7226 dB 11.2121 dB
5dB 7.013dB 4.1629 dB 7.2187 dB 8.3418 dB
0dB 4.0946 dB 2.2519 dB 4.7709 dB 5.5662 dB
-5dB 1.3218 dB 0.85796 dB 2.3949 dB 2.8958 dB

Table 8. The MSE after noise reduction for distinct threshold functions (White Gaussian Noise)
% 8. NEIHER YR EISIRE ST EERRE)

YIEE(EMEEL  Hard threshold function  Soft threshold function thera;lljlr']ittifz)rr?shold Improf\:jitittircl)rsshold
10dB 0.00022115 0.00048712 0.0002251 0.00015974
5dB 0.00042007 0.00080973 0.00040065 0.00030935
0dB 0.00082257 0.0012573 0.00070394 0.00058616
-5dB 0.0015576 0.0017331 0.0012166 0.0010841
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EMEﬁt%IK%%HB& H*tF 10dB. 5dB. 0dB. —5dB ¥JiHfEHE ok, HAEMEL AT T 1.2121
dB. 3.3418dB. 5.5662dB. 7.8958 dB, Xl W] " ek BRI {H pR ALE e o 1 AT T B U T AT R I
RO, BT AEARGERIESES, 10 HA T 225 S0k R 5% 4 5 015 8 e 4 AT T 1.4895 dB.
1.1231dB. 0.7953dB. 0.5009 dB, X &Mk ciodt i {H ok £ P e UR B T 225 SRR . 72 8 b 2
VUAHAS IR 4615 Wt b S WA 5, 400 S [) R0 o 5 B e J A0S 5 I35 iR 22, oSl R A o 37 DO 4 2
(RI3TTR S B AR, IR 5 Ah—AN A1 10 B 5 R R P P e 0 R 12 o

AU AR E 5 R .
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Figure 5. Waveform of speech signal denoising at different threshold functions. (a) Raw signal. (b) Signal with initial SNR of
5 dB. (c) Waveform of denoising with hard threshold function. (d) Waveform of denoising with soft threshold function. (e)
Waveform of denoising with literature threshold function. (f) Waveform of denoising with improved threshold function
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FEALIE T LR 2L, RS IR A5 S TG (SR L 0 A BOEAE 10dB. 5dB, B A HI DU o 4L B
HOHEAT REMRALBE o Kt A5 R BU AN D7 1R 22 3 D SRAE 3 9 AR 10 e

Table 9. Output SNR after noise reduction by different threshold functions (Pink Noise)
= 9. TREIFE R E PR R ERREL (B LIR )

N - Hard threshold . Literature threshold Improved threshold
L (2 (15

WILHIE L function Soft threshold function function function
10dB 9.137dB 6.8149 dB 9.4132 dB 10.5076 dB
5dB 5.3485 dB 4.0323 dB 5.9123 dB 6.4477 dB

Table 10. The MSE after noise reduction for distinct threshold functions (Pink Noise)
= 10, T[] H0ME & B EE S B H 75 1R 2 (R AT IR )

N - Hard threshold . Literature threshold Improved threshold
YL

WILR1E B function Soft threshold function function function
10dB 0.00025759 0.00043969 0.00024172 0.00018787
5dB 0.00061629 0.00083444 0.00054126 0.00047848

MRAEE 9 A5 10 W3, MHNEMELL /)y 10 dBy 5dB B, ek A s {1 ek R LL T (i . 3
HRRE. 2225 SCHR B R pR KPR i 15 5 (S MR LU B R i s Y, SO IR ZERME R S AR, X R et 7Y
IR PR KR A5 £ R 75 ) Mg ORI ALY

5. &g

ARSCHR T P G R /NI A R BT S S R TV, O VRO T R A R B AE (R R AT
BT MATLAB V& AT 07 B IEM S, %%, XA RNEEE R0 L2 A R B, db6 1Y A 2 A8UR fe e o
ok, 1B visushrink BIE R AGIGE, $2H T newshrink BI{E, F@itxf LhsLI8I0IE T 1ZBIE KT R
Mo BeJa, AR PR A pR A BB R 2 SR U7 V2 AN MGk R A e O3 AT T RS T PR S
XA A, 53k T B R BT R i NS M LT I R A M L R e 1, YT IR ZE A RN T
FL Y IR BOR JE I, B0 IE 1 S0 BN R R 5B (R PR R AR

e HE

AR FAS B E R B AR FIE SR B S: 62071411).
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