
 91	���� �����                                                                                                                  ۱۳۹۹بهار  ،۱شماره  ،۵۰جلد ز، مهندسي برق دانشگاه تبري مجله

 

Tabriz Journal of Electrical Engineering, vol. 50, no. 1 , spring 2020                                                                                                               Serial no. 91 

 ��� ���� �	
��
�  �
�� ������ ������ ������ �� ����� ���

���� ���
��
 ����  � � �����
�  !��  "#$%&��#����'� 

 ��(���
��)��
 *����+,
 �� �-) ���� 
�� /
�0 ��'�QPSO( 

��
�� ����� ����1 �	�� ����	��� ��������  !�"���� ������#  ��2� ��"��%�� 

 

1- � ��' � (����� )�*+,� ��-��. - 
/��0'�� -  ��1�����2�� - �����'
� - �"!�
 – e1372.sahebi@yahoo.com 

2- � ��' � (����� )�*+,� ��-��. - 
/��0'�� - �2�� ��1���� - �����'
� - �"!�
 – kabudian@razi.ac.ir  

2#3:5� 3�4�' ����5 6�7�� � � �2-
'� �5 �(" 2� )�*�4�' 8�' - ����� 2-� 9" �/ � 	 .6�� ;�<=/ >"�� �5��?��� ��+%@� �� A��1�� �B�� 

�5��#- ��-���� C" D��E 8�' ��
5 ����5 � � F�G?' �'��	.  H�I?/ 3�4�' J"�  ���I' ���
5 ���%7K LA��1�� �� ��#�' >"�� MN�  D��� �" -
!O � 2��>"��L��%7K A��1� 6��  .�� J"� ���I' C" P-� �B�
'-��� " # �Q��� �>"�� ��%7K A��1�� �� ��#�' >"�� D��� ��
5  6�� � 	�� . J"�

P-�� �� �A-� RB�
' ��A��1  ������ P-� S��/ �>"�� ��%7KJ">�5  ���� ����5'���	 T0� - -� 
5�  ����5 A��1������� 	 C#�' �%G5  A��*�
'���	  �5 �� A��1�� -2"
 �� ��5�  9" �/ 8� 2� �>�''� ���� .  �B�
'U-� -� 
5�  
�2"
  ��5 P-� �2�G�5 NNESE  A��*�'���	.  J��V��

 P-� ���
%'����
5�NNESE ) �'�%���� )��X �%�� ���(%5��
. 8%"��1�� S��/ �� ��5
"2 �'��/ ��QPSO ����5 ('���	.  
� Z�/
/ J" 52"
  ��5 
�5��,  ���� ����5 ���K� #'���	 .�����"6  A��1��2�G�5�	�   �5Z��
/ 2"
 �� ��5 9��� '���	. P-� �������� 6�G� P-� �5���  !�
1"�

[�?�2� ������<' PESQ - SegmentalSNR -� 
5�  2� ��\5���� ��1"�� TIMIT �%�]O� 	  ���>"�� �5Noisex-92 
%�5 9�* �' �� - 
��' �5 

D���  
%��5>"�� 2� A��1�� �'�
K�.  

56
��(� �	#�� : P2��
�>"�� MN� ���%7K� ����5 6�7��  ���%7KC#�' �%G5����5 8%"��1�� ��2�� �%�� �'�%���� )��X �QPSO.  

A new two-stage method for speech enhancement based on 

perceptual enhancement, wavelet packet and nonstationary 

noise detection and QPSO-based optimization of its 

hyperparameters 
 

E. Sahebi Hamrah1, MSc student; S J. Kabudian2, Assistant Professor 
 

1- Faculty of Computer Engineering and Information Technology, Razi University, Kermanshah, Iran, e1372.sahebi@yahoo.com 
2- Faculty of Computer Engineering and Information Technology, Razi University, Kermanshah, Iran, kabudian@razi.ac.ir 

Abstract: Nowadays, speech enhancement has become one of the most important issues in signal processing. Noise reduction such 

that it does not disturb the original signal is an important challenge in speech enhancement. In this paper, we have proposed a new 
hybrid two-stage method for speech enhancement. In the proposed method, noisy speech signal is enhanced using perceptually-
motivated Bayesian approach in the first stage. Then, the signal is decomposed into sub-bands using wavelet packet decomposition. In 
the second stage, each sub-band signal is enhanced using NNESE method. Hyperparameters of NNESE is optimized using QPSO 
metaheuristic. Finally, all enhanced sub-band signals are combined together using wavelet packet reconstruction. Proposed method is 
better than others in terms of PESQ and Segmental SNR criteria over a subset of TIMIT speech database polluted by Noisex-92 noise 
database. 
Keywords: Speech processing, noise reduction, speech enhancement, wavelet transform, QPSO optimization algorithm. 
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% Bayesian-Wavelet_NNESE 

% x is input Noisy Speech Signal 

% z is output enhanced Speech Signal with Proposed Method 

Input: x , L (Wavelet level), θ (total hyperparameter vector ={wk , Qk , ρk  , αk  , βk }, k=1,2,…,2L ) 

Output: z 

y = Bayesian Speech Enhancement (x) ;% Loizou  ̓s Perceptual Bayesian Estimator 

SubBand Signals = Wavelet Packet Decomposition ( y , L ); 

for k =1 to 2L 

Enhanced SubBand Signals (k) = NNESE (SubBand signals (k) , wk , Qk , ρk  , αk  , βk); 

end 

z = Wavelet Packet Reconstruction ( Enhanced SubBand Signals); 
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