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Abstract: Threshold de-noising inw avelet domain is an efficient algorithm to reduce thew hite noise in digital signal
In the presence of additivew hite Gaussian noise, an adaptivew avelet-based de-noising algorithm for speech enhance-
ment goplications isproposed It can adgptively select the optimal decomposition level of w avelet transformation ac-
cording to the characteristics of noisy peech The experimental results damonstrate that this proposed algorithm
outperform s the classical w avelet thresholding method and effectively mproves the practicability.

Key words Speech enhancement, W avelet de-noising; D ecomposition level; Singular gectrum analysis

13
1 (3

[4]

, : [3]
, ; [2]

: 2005-01-04; : 2005-03-28

(2977—), , , ; (1965—), , ,



218 21
(a1 ,
’ (41
j (
2 ) {a,i= 1,2, M},
(SA).
s, T m , Takens
N ; d X, d
02. ao ai am- m- )T
X = s+ d. (1) R" = ar ai+ T a- (m- 1T+ . (4)
(2) , X = Wx,W
, Am- )T A+ m- DT av
, T {ai}
, T
R" (svD)!",
, R™ x, m
\ m e = > en= 0Om
0! ~ H
S= THR(X,T). (2 S, = a/iz e,i= 1,2, ,m (5)
THR (*) T —
’ S. 1 1 1
[8,9]
[1.5] ' 1
1.3
L] y 1.2'
Lk g
Ti= ag{ 2lbgN), o= MAD,/Q 6745 (3) R S N - U
‘MAD, i N
0.9}
0.8 — - .
) 2 4 6 8 10
V isuShrink  SureShrink (Stein i
VURE) (561 .
3 6 (Symm et 8),
( T= 10m = 10), 2
) NR = 0dB, NR = 20 dB.

31



2 219
12} 12}
§ lofF——== = e S o
08— 4 6 8 10 08— 4 3 g 10
i 1
(@) Lev=l (b) Lev=2
1.2F™==x,
S 0o}
10 08— 3 5 g T0
i i
(c) Lev=3 (d) Lev=4
12 12k ___
S0k S ol el
08—y 4 6 8 10 08— 2 5 g 10
i !
(e) Lev=5 (H Lev=6
2
[&omEi=1 |
32 v
31 , WEAT NS, 4057
Rl a MELIREE 4
y -1
’ XNV R o AT AT [
K K M7 (SSA)
, K= e/en e > > en=0
A RIBERPE
K zth-K?
Ki,j
) 1 (W ﬁ&’r} i
{ .1 J\Jma\
1 KJ ma\"./ Jmu
1 AN
NR/B
K
- 10 -5 0 5 10 20 3
Lev= 110191 10309 10159 10302 1 0433 1 0995 = 10 m
Lev= 210302 10361 10612 10486 11006 1 2499 '
Lev= 3109024 12731 15079 17768 19877 2 0612 = 10 ’
Lev= 412418 13818 14901 15583 15581 15791 th-K
Lev= 511918 11509 14481 15033 1 4573 1 5067 2
- th-K = + Q 05 6
Lev= 612997 11577 13227 14804 14785 15471 1+ exp(- a*4) (6)
, 10
e = a1, & =1
1oZ1 L & J
3 , th-K



220 21
. 3 ,
(> jma) ,
Nmax jmax = 4, Nmax = 3 (9
3 NR/B
-10 -5 0 5 10 20
Q8 Q75 065 065 Q59 Q41
41
5
) T m
1 2 . ’ ’
(m = 10), (T:
3), : 1 (References)
= 1Q [1] Seok JW, Bae K S Speech Enhancement w ith Reduc-
’ m= 3), tion of Noise Components in theW avelet Domain [A ]
Proc of the ICASSP [C]. M unich, 1997, 2 1323-1326
' ' [2]LuC T, Wang H C Enhancement of Single Channel
' Speech Based onM asking Property andW avelet Trans
m = 10 form [J] Speech Canmunication, 2003, 41(2-3): 409-
42 427
TMIT [3]M edinaCA, Aleam A, Apolinario JA. W avelet De
) noising of Speech U sing N eural N etworks for Thresh-
TMIT 10 , old Selection [J] Electronics L etters, 2003, 39 (25):
5 .5 , 1869-1871
10 , [4]1M allat S G, . M 1]
SureShrink , , 2002: 340-358
5 (Mallat SG, YangL H. A W avelet Tour of Signal
) Processing [M ] Beijing: ChinaM achine Press, 2002
340-358 )
NR/B [5] DonohoD L. Denoising by Soft-thresholding [J ]
- 10 -5 0 S 10 20 IEEE Transon Inf omation T heory , 1995, 41(3): 613-
Lev=1 - 6924 - 2083 275 7 272 11 061 15 143 627
L2302 QG 4792 B2 0485 1 RT (6 gy b Dogim T. AdmtveDemisngBass on
Lev=4 - 1241 Q448 1291 1513 1810 1611 URE Risk [J] IEEE Signal Processing L etters,
Lev=5 - 0841 Q050 Q412 Q485 Q52 Q523 1998, 5(10): 265-267

- 1628 2019 4688 8329 11 131 20 000

34s

[7] V autard R, Yiou P, GhilM. Singular-gectrum A naly-
sis A Toolkit for Short Noisy Chaotic Signals [J].
PhysicaD , 1992, 58(1-4): 95-126

[8] A lexandrosL eontitsis, Tasos Bountis, Jenny Pagge
A nA deptiveW ay for Improving Noise Reduction U sing
Local Geometric Projection [J]. Chaos, 2004, 14 (1):
106-110

(9] , : [J]

, 2003, 22(4): 538-539

(LiuY F, Zhao M. An Algorithm for De-noising of

Chaotic Data [J]. M echanical Science and T echnology,

2003, 22(4): 538-539 )



