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Abstract—We consider the task of increasing the quality of speech signal cleaning from additive noise by
means of double-density dual-tree complex wavelet transform (DDCWT) as compared to the standard
method of wavelet filtration based on a multiscale analysis using discrete wavelet transform (DWT) with real
basis set functions such as Daubechies wavelets. It is shown that the use of DDCWT instead of DWT provides
a significant increase in the mean opinion score (MOS) rating at a high additive noise and makes it possible
to reduce the number of expansion levels for the subsequent correction of wavelet coefficients.
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Wavelet filtration of noisy signals and images is a
widely used method of communicated data cleaning
from random fluctuations [1–3]. Traditional schemes
of filtration based on a multiscale analysis using dis-
crete wavelet transform (DWT) are characterized by
high speed and have relatively simple program imple-
mentation [4]. However, they have some limitations
that can be eliminated by methods of complex wavelet
transform [5–9] employing basis set functions with
real and imaginary parts related through Hilbert trans-
form. A number of works in this field are based on the
method of dual-tree complex wavelet transform
(DTCWT) [5–7], which demonstrated high-effi-
ciency filtration of noisy images. This method
employs orthonormalized basis sets, which provides
high speed and the absence of excess expansion proce-
dures. At the same time, the use of critical sampling
makes DTCWT dependent on the correction of infor-
mative wavelet coefficients, which may be accompa-
nied by distortion of the reconstructed informative
signals. For this reason, filtration of a signal trans-
ferred via communication channel is frequently per-
formed using frames representing nonorthonormal-
ized (excess) basis sets. At the expense of some
increase in the time of data processing (which can,
nevertheless, be performed online), this method offers
the possibility of retaining the necessary signal infor-
mation in the case of removal of “essential” wavelet
coefficients or when the direct expansion is performed
with insufficient accuracy because of the presence of
fluctuations.

At present, much research effort is being devoted to
the creation of combined algorithms for cleaning
informative communications from noise and random
distortions, which are based on various methods of
wavelet filtration. In recent years, promising solutions
have been proposed based on double-density DTCWT
(DDCWT) [8, 9]. This approach employs a much
more complicated algorithm, representing in fact a
qualitatively new level of solving tasks of digital filtra-
tion of signals and images. The present work is devoted
to studying the possibilities of using DDCWT for
speech signal filtration. It is shown that this method
reduces the number of expansion levels in the basis set
of wavelet functions as compared to traditional DWT
so as to reach maximum quality of cleaning informa-
tive communications from noise.

The DDCWT method stipulates signal expansion
using a single complex scaling function and two com-
plex wavelet functions with real and imaginary parts
related through Hilbert transform. These functions
obey the same conditions as those for Daubechies
wavelets used in the framework of traditional DWT
[10–12]. In particular, the real parts of these functions
obey the following relations:

ϕ = ϕ −∑ 0( ) 2 ( ) (2 ),
n

t h n t n

ψ = ψ − = −∑1, 2 1, 2 1, 2 2 1( ) 2 ( ) ( 2 ), ( ) ( 1) .
n

t h n t n h n h n



866

TECHNICAL PHYSICS LETTERS  Vol. 42  No. 8  2016

YASIN et al.

Analogous relations are written for the imaginary
parts. With this choice of ψi filters, a new level of res-
olution is used for gapping of only the approximating
coefficients (i.e., coefficients of expansion in scaling
functions ϕ), whereas the refining coefficients (coeffi-
cients of expansion in wavelet functions ψi) are com-
pletely retained.

Figure 1 shows the general scheme of signal expan-
sion in the framework of DDCWT method. In the
present work, we have employed filters developed by
Selesnick [8] and compared the quality of noisy
speech signal filtration achieved using DWT and
DDCWT methods.

Quantitative assessment of the quality of speech
signal filtration was based on the mean opinion score
(MOS) rating [13], which uses a five-point grading
scale to characterize the operation of a communica-
tion system used for perception of conversation or spo-
ken material. By definition, an MOS stipulates the
presence of a large number of subjective estimates of
the system quality, followed by their averaging. In
practice, MOS data are approximated using the PESO
(perceptual evaluation of speech quality) model devel-
oped for obtaining objective MOS ratings in accor-
dance with commonly accepted standards of the Inter-
national Telecommunication Union (ITU) [14, 15].

To compare the efficiency of speech signal filtra-
tion by DWT and DDCWT, we have used samples of

spoken communications (Fig. 2a) with imposed adap-
tive noise of varying intensity and statistics. Each sam-
ple was first subjected to multiscale analysis based on
DWT, and the corresponding MOS estimates were
obtained for several Daubechies wavelet families (from
D4 to D20) and two variants (hard and soft) of threshold
function setting for the subsequent correction of wave-
let coefficients. Calculations were performed with
wavelet coefficients corrected on various levels of
expansion. As a result, the optimum level of expansion
and the wavelet basis set were determined that pro-
vided the best quality of spoken communication filter-
ing from additive noise.

It was established that the soft variant of threshold
function setting for the correction of wavelet coeffi-
cients provides for a significantly higher MOS rating
(increased by up to 50% as compared to the hard
threshold setting at a signal-to-noise ratio of 0 dB).
This is related to the fact that discontinuities of thresh-
old function in the hard variant lead to more signifi-
cant distortions of the reconstructed signal. The
choice of optimum basis set depends on the signal
analyzed, but it expedient (for obtaining higher MOS
ratings) to use relatively smooth wavelets with greater
domains (D10–D20). In addition, the quality of filtra-
tion depends on the number of expansion levels. For
the example presented in Fig. 2a, the MOS value
obtained using two to three levels of expansion exceeds

Fig. 1. General scheme of signal expansion in the framework of DDCWT method (three levels of expansion are presented).
Filters h0 and g0 correspond to real and imaginary parts of the scaling function; filters h1, 2 and g1, 2 correspond to real and imag-
inary parts of wavelet functions.
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the value obtained with a single level (Fig. 2b, black
circles). Similar results were obtained with other
examples of experimental data. It should be noted that
the maximum MOS value for the DWT method in
Fig. 2b is about 1.9, which is indicative of a low quality
of speech signal filtration at the given noise intensity.

Analogous calculations were performed for
DDCWT method. In the given case, a single variant of
wavelet basis set [8] was used and the quality of filtra-
tion was determined for various numbers of expansion
levels of the noisy speech signal. Figure 2b (open cir-
cles) shows a typical plot of the MOS value versus
number of expansion levels. In contrast to the case of
DWT filtration, the maximum MOS value achieved
with DDCWT amounts to 3.1, which is indicative of
significant increase in this characteristic of filtration
quality. In other examples, the increase in MOS rating
was also significant and showed evidence of unambig-
uous advantage of the DDCWT method. An import-
ant circumstance is that, in the given example, the
MOS maximum is already attained on the first level of
expansion, rather than for two to three levels as in the

case of DWT. This circumstance was also confirmed
in other examples. The number of the level on which
the maximum MOS rating was achieved varied
depending on the noise intensity, but in all cases the
maximum for DDCWT method was achieved for a
lower expansion level as compared to that in the case
of DWT. This circumstance allows the number of
expansion levels for wavelet filtration to be reduced,
thus partly compensating for increased time con-
sumed at the stage of information cleaning from noise
with the aid of excessive basis sets and complex wavelet
functions.
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Fig. 2. (a) Example of the analyzed noisy spoken test signal
(short phrase “Hello, how do you do”) and (b) results of
the wavelet filtration of added noise by methods using
DWT (black circles) and DDCWT (open circles).
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