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Abstract
Speech enhancement is an important proceeding which it can be achieved by estimate

the clean speech from noisy speech. The clean speech is corrupted by white Gaussian noise.

In this paper, thresholding the wavelet coefficients, that can be done by standard
deviation method for each frame by level dependent thresholding using semisoft threshold and
soft threshold. The results in this work indicate that using wavelet transform in speech
enhancement application provides a good quality(measured in object SNR test ) as well as
provides other advantages which make it more suitable for some applications such as a split of
frequencies and enhancement the speech in real time applications.
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1- Introduction

In many speech processing applications,
speech has to be processed in the presence of
undesirable background noise like white
Gaussian noise. one of the most important
branches of speech processing is speech
enhancement which focuses on finding an
optimal estimate of clean speech from noisy
speech signal [1].

Speech noise reduction or speech
enhancement has always been a non —trivial
problem for communication engineers.The
total removal of background noise is
practically impossible and distortion of the
speech content is inevitable [1] .

In this paper speech enhancement
algorithms are designed relying on the
wavelet based denoising techniaque with
level dependent threshold.

The wavelet transform distinguishes
itself in the analysis of non-stationary signals
such as speech.The wavelet shrinkageis a
powerful tool in denoising signal corrupted
by different types of noise .Recent efforts
made for speech enhancement using wavelet
shrinkage include different types of threshold
[1].

2- Discrete Wavelet Transform (DWT
A set function d’(t)andy//_‘(t) is

constructed that could span all of I’(R),so
the general statement of the expansion
function f(r) € I’ (R) can be given by [2] :

§i0) :Zc,(k)z'/z -k +yd®) & w2 t-k..0
G T

Let the function f(r)be a discretely
sampled function .The decompostion of f(¢)
in the wavelet basis is done by recursive
filtering with H and G with down —sampling
of factor of two in each set .A lower
resolution signal is delivered by low pass
filtering with half-band low pass filter H
followed by down-sampling by two.The
higher resolution (or detail) is computed by a
high pass filtered followed by down-
sampling by two [3].
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The coefficients h (n) and g (n)
,used to construct the set of scaling and
wavelet basis, are low pass (H) and high pass
(G) FIR filter coefficients respectively.
Where H= (h (n)} and G {g
(n)}.According to the equation (2), G is the
reverse of H [3, 4].

g =(=1)"h (N=-n)..(2)

Figure (1) shows filter band of
discrete wavelet transform .The symbol |2 is
down-sampler (decimator) that it takes a
signal x(n) as input and produces an output
of y(n) = x(2n) ,which mean that is discarded

[51.

The inverse discrete  wavelet
transform is illustrated in figuer (2),
Wavlete reconstruction process of up-

sampling and filtering up-sampling process
of lengthening signal component by inserting
zeros between samples. In other words ,the
input signal is streched twice its original
length and zeros are inserted in the even
numbered samples [6,7].

V’—Hﬂ*
*[ﬂ*%/}

Figure (2) Two stage two -band tree
cianal eunthacic frea of TNWT
The j scale coefficients seguence
¢, is up-sampled by doubling its length, then
convoluting it with the scaling coefficients
h(n),the same is done to the j level wavelet
coefficient d; sequence and the results are

added to give the (j+1)level scaling
function coefficients [5].
3-Wavelet Families

There are different types of wavelet
families whose qualities vary according to
several criteria. The main criteria are the
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supported of y,7(andg,§). The speed of
convergence to 0 of these functions
@(ory(w) when the time t or the
frequency goes to infinity, which quantifies
both time and frequency localizations

The symmetry, which is useful in avoiding
dephasing in image processing

* The number of vanishing moments for y
or for @(if it exists), which is useful for
compression purposes

* The regularity, which is useful for getting
nice features, like smoothness of the
reconstructed signal or image, and for the
estimated function in nonlinear regression
analysis These are associated with two
properties that allow fast algorithm and
space-saving coding:

* The existence of a scaling function ¢

* The orthogonality or the biorthogonality of
the resulting analysis They may also be
associated with these less important
properties

* The existence of an explicit expression

* The ease of tabulating

* The familiarity with use

Ingrid Daubechies, one of the brightest stars
in the world of wavelet research, invented
what are called compactly supported
orthonormal wavelets -- thus making discrete
wavelet analysis practicable [6] .

The names of the Daubechies family
wavelets are written dbN, where N is the
order, and db the "surname" of the
wavelet.Figure(3) shows ifferent types of
wavelet family.

db10

Figuer(3) show the wavelet families db4 —db6

36

Speech Enhancement Using Wavelet Transform

4- Speech Enhancement Techniques

Proposed a powerful approach for noise
reduction.
It is based on the thresholding of the wavelet
coefficients. Let y be a finite length
observation sequence of the signal x that is
corrupted by zero-mean white Gaussian
noise m with variance o2 [10] .
y=xtm ....(3)
In the wavelet domain, this gives :
W, =W, +W,....(4)
The clean signal can be estimated in the
following way :
= X imion =W Ve (9)

where:” “Y_.., represents  the

coeficients after thresholding.
w! denotes the inverse wavelet
transform .

The wavelet transform projects the signal
onto the transformed domain where the
signal energy is concentrated in small
number of coefficients, while the noise is
evenly distributed across the transformed
domain [1] .

wavelet

5- Wavelet Thresholding

Generally ,thresholding process has
many types as will be shown below.
Thresholding operations are applied to the
coefficients of the wavelet .

5-1 Soft Thresholding

Soft thresholding can be stated
mathematically as .[9,10 ]
THR )
sign Mx(P] -2) Y >4
= (6)
0 M £ 4
l:o’,«ZIOgNI ...... (7)
MAD(D,
with o, =# 2uss(8)
0.6745
where  MAD(D,)is median  absolute

deviation of coefficients for each level, and
N, is the data length for each level .
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-1 if y<0
sign (y) =40 if y=0 .09
1 if y>0
Figure ~ (4) shows input /output

characteristics of the ramp signal for soft
thresholding with 4, = 0.2

4 Figure (4) Input - output
soft of thresholding
characteristics A =0.2.

il
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5-2 Semi soft —Thresholding
The semisoft threshold function is

given by [ 11, 12]
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Figure  (5) shows input /output
characteristics of the ramp signal for
semisoft thresholding with 2, =0.2 and

4,=2.8

a6

Y

Figure (5) Input - output characteristics
of semisoft -thresholding with 4, =0.2
and 4,=2.8

LEVEI UEPelUcHt UEsuIg 15 vaseu
on thresholding detail coefficients for each
level. Figure (6) shows the block digram of
speech denoising using level dependent

6-
w

THR (%) threshold.
0 lyls 4 Noisy y v
Spees Fra Windo Wavel
— —>
Sgn(y)jﬂ(;m A) A< |y| €A " min ing et
y [y>2%
P ¥
Level
Where THR (y) represents the output valu ip;ech ore ::ver Depende
after thresholding the wavelet coefficients A::?c YNB| ovmve [ SRE° Threshol
4 and 2, denote lower and upper E") windov cctang] 2 _Iow
n).

hreshold respectively. Thresholding value
Zis determined by equation(7) and 4,is
given by :

B =22 (1))
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Y=oy .(13)

Where w"denotes L- stage wavelet
transform .

4- Filtering the wavelet transform

coefficients using differet types of
threshold.

5- Inversing wavelet transform is applied to
the threshold coefficients  to get the
enhancement speech.

6- Repeating the steps (1-5) for all frames.

Figure (7) show the software implementation

of speech enhancement using level
dependent threshold .
7 — Results of Speech Enhancement

Techniques
Speech enhancement algorithm is

tested with a white Gaussian noise of
different level (-10 dB to 10 dB) which is
added to clean speech signal. In this
algorithm DWT is used with different types
of wavelet (4db,6db, 10db).

Table (1) shows the SNR
enhancement results using DWT based semi-
soft thresholding and soft thresholding in
additive  white  Gaussian noise.  All
duabechies types have the same results and
minimum SNR enhancement exceed 6 db.

8 - Conclusions
The following points are concluded

from the simulation result.
1- Level dependent threshold using semisoft
threshold gives higher SNR enhancement
compared with soft threshold .
2- Duabechies db4 gives higher SNR
enhancement compared with db6 anddb10.
3- 6db gives higher SNR enhancement than
db10 from(-3.6 to 18.3) dB.
4- Semi soft threshold is more omplexity
compared with soft threshold because of the
semi soft require two threshold.
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Initialization and extracting speech signal from wave file

Yes

Detection if

speech signal
No

Reading the sneech signal frame hv frame

Applying wavelet transform

Calculate median absolute deviation of detail coefficients for

e B e W,

Finding level dependent threshold value depending on the
output of wavelet transform by standard deviation method

C Ly R

l

Applying different type of threshold

— ¥
Applying inverse wavelet transform

Check end of
frames ?

Save the results

Figure (7) Flowchart of speech enhancement using level dependent threshold
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Table (1) SNR enhancement results using DWT based
semi soft and soft thresholding in WGN

SNR (dB) | SNR (dB)
output output

semi soft soft
thresholding | thresholding
-3.65 -3.5

0.6 0.5

2.4 2.3

6.9 6.7

12.5 12,5

15.2 15

18.5 18

-10 -3.6

-6 0.4

-4 2.3

0 6.7 g

4 12:3 12.3
6 14.9 14.8
10 18.3 18.5
-10 -3.6 -3.7
-6 0.2 0.3
-4 1.8 2.2
0 6.2 6.6
4 12 12.2
6 14.3 14.7
10 13.6 18.4
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