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A New Method for Speech Enhancement Based on
Incoherent Model Learning in
Wavelet Transform Domain

Samira Mavaddati
Electrical Department, Faculty of Technology and Engineering,
University of Mazandaran, Babolsar, Iran

Abstract

Quality of speech signal significantly reduces in the presence of environmental noise signals and leads to the
imperfect performance of hearing aid devices, automatic speech recognition systems, and mobile phones. In
this paper, the single channel speech enhancement of the corrupted signals by the additive noise signals is
considered. A dictionary-based algorithm is proposed to train the specch and noisc models for cach subband
of wavelet decomposition level based on the coherence criterion. Using the presented learning method, the
self-coherence measure between different atoms of each dictionary and mutual coherence between the atoms
of speech and noise dictionaries are minimized and lower sparse reconstruction error is vielded. In order to
reduce the computation time, a composite dictionary is utilized including only the speech dictionary and one
of the noise dictionaries selected corresponding to the noise condition in the test environment. The speech
enhancement algorithm is introduced in two scenarios, supervised and semi-supervised situations. In each
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scenario, a voice activity detector (VAD) scheme is employed based on the energy of sparse cocfficient
matrices when the observed data is coded over the related dictionary.

The presented VAD algorithms are based on the energy of the coefficient matrices in the sparse
representation of the observation data over the specified dictionaries. These speech enhancement schemes
are different in the mentioned scenarios. In the proposed supervised scenario, domain adaptation technique
is cmployed to transform a learned noise dictionary into an adapted dictionary according to the noise
conditions of the test environment. Using this step, the observed data is sparsely coded with low sparse
approximation error based on the current situation of the noisy environment. This technique has a
prominent role to obtain better enhancement results particularly when the noise signal has non-stationary
charactcristics. In the proposcd semi-supervised scenario, adaptive thresholding of wavcelet cocfficients is
carried out based on the variance of the estimated noise for each frame in different subbands. These
implementations are carried out in two different conditions, the training and test steps, as speaker
dependent and speaker independent scenarios.

Also, different measures are applied to evaluate the performance of the presented enhancement procedures.
Morcover, a statistical test is used to have a more precise performance evaluation for different considered
methods in the various noisy conditions. The experimental results using different measures show that the
presented supervised enhancement scheme leads to much better results in comparison with the baseline
enhancement methods, learning-based approaches, and earlier wavelet-based algorithms. These results have
been obtained for an extensive range of noise types including the structured, unstructured, and periodic
noise signals in diffcrent SNR values.

Keywords: Speech enhancement, Dictionary learning, Sparse representation, Domain adaptation, Voice
activity detector, Wavelet transform
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(Figurc-1): The block diagram of the proposed specch enhancement method based on dictionary learning technique in wavelet
transform domain included: a) Training step in the supervised scenario. b) Training step in the semi supervised scenario. c)
Enhancement procedure in the supervised scenario. d) Enhancement procedure in the semi supervised scenario.
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(Figure-3): Training process of speech and noise signals in
different subbands of wavelet transform.
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(Figure-4): The procedure of label detection in the proposed energy-based VAD algorithm in different
subbands of wavelet decomposition.
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(Tablc -1): The atom coherence and SNR values in signal reconstruction for speech and noise dictionarics using different methods.
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(Table -2): The mutual coherence between speech and each of noise dictionary atoms using different methods.
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(Tablc -3): The abbreviation name used for cach comparison
method in Figures and Tables.
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(Figure -5): Performance evaluation of different methods using PESQ score in speaker independent case (SI). a) SNR = -5dB, b) SNR =
0dB and ¢) SNR = +5dB.
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(Figure-6): Performance evaluation of different methods using frequency weighted segmental SNR value in speaker independent case
(SI). a) SNR =-5dB, b) SNR = 0dB and c) SNR =+5dB.

sl b gladds 5o 0 5 polie (nyie hewse
L @ioml @l ol 5 asgen ady wile pin
sbgiloans ¢ Jlasl gb o s s Cwsy
4 aly Sonds 50 Sl Sl Jol @l waelianse
3 oS le sadobel Sligae clea sansS
el @l ) e sl 5 Hjsel e

Ogs JQ‘P m‘\.«u; )l J.E...u..«o WS

sy Llpd (wled (59, p ol (aSlie puizmen

e 90 pl sl (Giliee GSNR § (cladgs sl JuSiw)

Jshz )3 wiFa oasS I Jiws g atly balpl o
el oad 3155 (A5 M)

ol sy sl by 5l ol i b

plae o g g sle e g LSl gl slaads

by oo sl a5 sblen ol ssalin LB oS SNR

Wyl 5 S a3g5 jea> 50 0l I (Gilety sl L

9 UL Camsg 5o (golduin ) gl SI (592 3baw 5o Bl gl g 0 ySlo dnslio jglidods PESQ jliro g b3 :(F- Jgu)
Ll ouds 4l ((Proposed_Semi)) g ((Proposed_Sup)) g Lass! dloi b ol 4y oudves y s

(Table-4): The results of PESQ measure values for performance evaluation of different methods in the presence of the mentioned noise
signals in SI scenario. The proposed method is introduced using ((Proposed_Sup)) and ((Proposed Semi)) in supervised and semi
supervised situations, respectively.
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(Table-5): The results of frequency weighted segmental SNR values for performance evaluation of different methods in the presence of
the mentioned noise signals in SI scenario. The proposed method is introduced using ((Proposed_Sup)) and ((Proposcd_Semi)) in
supervised and semi supervised situations, respectively.
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(Table-6): The results of PESQ mecasure values for performance cvaluation of different methods in the presence of the mentioned noise
signals in SD scenario. The proposed method is introduced using ((Proposcd_Sup)) and ((Proposcd_Scmi)) in supervised and semi
supervised situations, respectively.
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(Table-7): The results of frequency weighted segmental SNR values for performance evaluation of different methods in the presence of
the mentioned noise signals in SD scenario. The proposed method is introduced using ((Proposed_Sup)) and ((Proposed_Semi)) in
supervised and semi supervised situations, respectively.
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(Table-8): The average results of PESQ score of the proposed method in SI and SD scenarios in the presence
of the mentioned noise signals.
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(Table-9): The average results of frequency weighted segmental SNR values of the proposed method in SI and SD scenarios in the
presence of the mentioned noise signals.
GSS | MBSS | MDL | GDL. | Proposed_Semi | Proposed_Sup | BWT | AWPT
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(Table-10): The results of PESQ and frequency weighted segmental SNR measures in Sl scenario for performance evaluation of the

proposcd scmi supervised method, the proposed semi supervised method without VAD step, and the proposed semi supervised method
without domain adaptation technique.
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(Table-11): The results of the statistical Friedman and Holm’s post hoc test for PESQ score
over different methods and conditions.
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(Table-12): The results of the statistical Friedman and Holm’s post hoc test for of frequency weighted segmental
SNR values over different methods and conditions.
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