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1. Introduction
During the past decade, the Wavelet Transforms (WT) have 
been applied to various research areas. Their applications 
include signal and image denoising, compression, detection, 
and pattern recognition.

To our knowledge, denoising methods based on the wavelet 
thresholding have not been successfully applied to speech 
enhancement. However, wavelet transform combined with 
other signal processing tools has been proposed.

In this paper, we pass in review the principal wavelet 
denoising methods published in the literature. Then, we 
expose the speech enhancement techniques using wavelet 
transform. Next, we point out the difficulties encountered in 
the wavelet thresholding methods and finely we propose some 
solutions.

2. Noise reduction by wavelets

2.1 Principe

Two basic approaches are proposed to remove noise by 
wavelet transform. The first is based on the singularity 
information analysis [1], whereas the second is based on the 
thresholding of the wavelet coefficients [2],

Mallat et al. [1] proved that modulus maxima of the wavelet 
coefficients give the complete representation o f the signal and 
they proposed an iterative algorithm to remove noise. In the 
singularity analysis context, Xu et al. [3] developed a noise 
filtration method based on the spatial correlation between the 
wavelet coefficients over adjacent scales. An improved 
version is proposed by Pan et al. [4], The thresholding method 
will be described in the next section.

2.2 W avelet shrinkage

Donoho [2] proposed a powerful approach for noise 
reduction. It is based on the thresholding o f the wavelet 
coefficients:
® Transform the noisy signal y  into wavelet coefficients w,
•  Apply a soft or hard threshold X at each scale,
•  Transform back the resulting coefficients, and get the 

estimated signal.

Donoho and Johnstone [5,6] define the soft threshold by

sgn{w)(M>- X )  i f  |wj > X 

0  i f  |vv| <  À.

The authors proposed a universal threshold X for the WT

X = o J 2 log(TV) (2)

with a=MAD/0.6745, where N  is the length o f y  and a  is the 
noise level. MAD  represent the absolute median estimated on 
the first scale. In the Wavelet Packets Transform (WPT) case, 
the threshold becomes:

X = a  A/2 1 o g (7 '/ lo g 2 N ) (3)

Johnstone and Silverman [7] studied the correlated noise 
situation and proposed a “ level-dependent” threshold

h =CTjV21°g(^;) (4)
with Ci=MADj /0.6745, and Nj is the number o f samples in 
scale j .

The discriminatory threshold is also defined using other 
criterion like Minimax and SURE (Stain's Unbiased Risk 
Estimate) [6,7],

The time-adaptation o f  the threshold that takes into 
consideration the time behaviour o f the noisy signal 
constitutes an interesting approach [10],

3. Application to speech enhancement
The wavelet transforms are successfully applied to improve 
the performance of speech enhancement methods. 
Unfortunately, the wavelet thresholding technique can not be 
applied directly because the simple threshold can not 
discriminate very efficiently the speech components from the 
noise ones. In this section we summarize the principal speech 
enhancement technique's using wavelet.

3.1 W avelet  thresholding

An algorithm based on the wavelet thresholding is proposed 
for speech enhancement algorithm [11], To prevent the speech 
quality deterioration during the thresholding process, the 
unvoiced regions are classified first and then thresholding is 
applied in different ways.

The problem is not completely resolved, but this approach 
constitutes an interesting step to avoid the speech degradation.

3.2 W iener filtering in the wavelet domain

The wavelet transform based Wiener filtering is a special 
application o f  the Wiener filtering. This idea arises from the 
fact that wavelet transforms tend to decorrelate data.

A multi-microphone system is proposed for speech 
enhancement [12]. The Wiener filtering performances in the 
wavelet domain are better than those obtained in the Fourier 
domain. Another version that combines Wiener and coherence 
in the wavelet domain is also proposed [13].

3.3 W avelet filter bank

Most o f the speech enhancement systems are conceived 
around filter banks. This tendency is justified by the behavior 
o f the cochlea, which operates like a filter bank. In addition, it 
is recognized that the frequency-bands o f the cochlear filters 
are not uniformly distributed. Several transformations (scales) 
are proposed to take into account the perceptive aspect o f 
hearing (Mel, Bark, etc...). The wavelet transform is used as a 
bank o f filters (not uniformly distributed) to improve 
performance of the speech enhancement method based on the 
spectral subtraction [14],

A modified version o f the speech enhancement method based 
on the coherence function is proposed [15]. The wavelet 
transform is also used as a filter bank.
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Fig. 1. Speech enhancement results: a) noisy speech recorded in a 
aircraft plane, b) enhancement using WT with an universal threshold, 
c) enhancement using WT with level-dependent threshold, and d) 
enhancement using WPT with level-dependent threshold.

Fig. 2. Speech enhancement results: a) clean signal, b) noisy version 
(SNR=0dB), c) enhancement using WPT with level-dependent 
threshold, d) enhancement using WPT with level-dependent and time- 
adapted threshold.

4. Proposed approach
The wavelet thresholding technique is a simple method to 
remove noise from corrupted signal. As pointed out 
previously, it was not successfully applied in speech 
enhancement. These difficulties are simultaneously associated 
to the speech signal complexity and to the nature of the noise.

To improve the wavelet thresholding enhancement, we then 
propose:
® The use of the WPT instead of the WT,
• To extend the concept of the level-dependent threshold 

(Equation4) to the WPT,
* The use of time-adapted threshold based on the speech 

waveform energy.

5 . Results
The proposed approach is tested using speech sound 
corrupted by white noise and speech recorded in real 
environments (in a sawmill, in a car, and aircraft cockpit).

The speech signal of Fig. 1-a is corrupted by a narrow-band 
noise. The standard threshold (the same value for al! scales) 
o f the WT (Fig. 1-b) is inefficient to remove noise (the same 
result is obtained by the standard threshold of the WPT). 
However, the filtered results using the level-dependent 
thresholding of the WPT are better when obtained by using 
the WT (respectively represented on Fig. 1-d and 1-c).

The time-adapting effect is carried out using speech from the 
TIMIT database (Fig. 2-a) that is corrupted by white noise 
(Fig. 2-b). It can be seen that the enhanced speech using the 
time-adapted threshold becomes very close to the original 
clean speech (Fig. 2-d).

5. Conclusion
The proposed method constitutes a successful application of 
the wavelet thresholding for speech enhancement. The level- 
dependent threshold using WPT permits to remove various 
environmental noises (narrow or large frequency-band). 
Whereas, the time-adapting of the threshold avoids the speech 
degradation quality during the thresholding process.
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