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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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1- ���9�  

 ��%7K"(� >5� 2������ ,��/��� 5�J ��G���� 6��  �� 2-� A�, �� ��
� <%' )�<.�� ' ���7%�� !O 2����	��i5 .� ��%7K j��/���  ��

?'�S��� � !- 5 kl��<' U��O�m���K B(�'� ' U�����K����'2 .�  ��
��i5� �B��. �� j��/����� �V�� - �-��J ?'�n�  �5 ���� U��O��

�*9'� ?'�n� �5 8��>'�� �5 �%�]O o����' ��%7K � 	"> '���	�� ."> 
��7�6 ��A��1 2  � �/ �� ��%7K"��� ' D���� �� %������ ����/�" 

�5 � ���	� � 8�. - p���A��1 <=/ ��%7K�; '���K�� ��#- ."> 
"(� � P2��� �2�� �� 8�' q���' 2��A��1��� /��� 6��  ��

 en' ���������5  -���9����  <%'�� � !O �5 �B5�I' 6�#������ 
� 	 �� ��#- .6��">  q*�5���"J! 'O �����" ��8%G���  P2���

��A��1 �V�� - � 	�J � q*�5"��� ' ��%7K �� A+%@����K ]1 �� .[
A����� @�� ��6.� 95�i�#�/� '2���R� �� MN�"> � 2��A��1��� 
/��� ��� .6�� �%.K )����6 �� MN�"> P%GK �5  �<��/ -
J7B/��� 5���8 "�<� �5�'"9 ��> �>.�"D "�%.� �� t. .6���  

��A��1 ��' ��%7Ko�� -��� ��' )�*+,�� �� �5 �%�]O �'�  	�5"> 
��	. ���J � q*�5 '�"��� � �� 9(�'�8%G��� ���	2�5� - ��%7K 

��K>'��" ��A��1 '���	 ."� �� ��u/�   2�"C ��8%G ����	�" 
�K"� � ��' ���7%���	 � K��A��1 ��">� ����	 6i�  	�5�" �K"� � 

  ���@ D���"6.�I?/ - �<��n' .��� H '2�R�  �5 ��%7K ����540  A��
��D '2�5���K ]2 .[��� v�?� P-� w�����" �5 ��� 2�G�5�  ��%7K

' ���7%��� ��	 � �5"J  2� ���7%�� �5 � %5� �� 6�� )����\/�JK�� 
,�; ��"> �\/ ���J '� ��2 . 2� ���7%�� �5 T0� -���%B �� -" P-� ��
��"> � - ���� D��� ���A��1 ����5"�%.� � ��"��� '� ��� ]3 .[  

7. /��P-� 2���� C��+� 2�G�5�  ��%7K6 يکي يفيط قيتفر    "H 
,�7� �5 !���*P-� ��"� �5 A-� %' -� �� MN�"��>� ?'�n�  2�
��A��1 en' ��%7K '���	� ."J ���� P-�� �>'"�� ��'�  �B�#2�
��V�K � � �8�����2���  ���� - 6���] 6G�4 �5[-� .P  �%G5

C#�' 	-�� �5 �� 6��� B?/�9 ��'2�-G���.� ��A��1 �5 - ��o�'
�� D���"> � 2��A��1 ��">� �5��� '��-��5 .� �"�(� �� D���"> %�5� 

K U������ ' Z���' y5�/ F�\%��>�/ zn� �� </ �C#�"� </ -��J  3��
 - ���%�O �� I' ����?'��?� �\/�J  9Q�G' �B�#2� !O8�' � ��"J P-� 

 6��]6 �7[. P-� .�%B -"� "C �# P-�">1"J �5� 7/"H ,�7� 
�5� �>.�"D ��7�6 ��A��1 ] 6�� ��%7K8. .[�%B -"� .�%B�  6��

<' �5 ����� MMSE
1 �5� 2�5"5�� ��A��1 K�� ��%7K 2� ��%7">� � ���7%�

'���	 ]9. P-� .[�%B -"� �n/�I� �%.K5. P-� 2� � 	�B% -"� 
] 6��102�G�5 P-� .[�  |��� 5 ��%7K��NK ���%�O� 

)Thresholding� (� �'2� i� ��-O5�H ) ���%�O L�� I'Threshold - (
�V���J  y5�/ F�\%�����%�O��NK� )Thresholding Function Z���' (

 �� 6��P-���� 7B%\'� � 5"J ��"� ��> ] 6�� � 'O ��#- �511 .[
 �B�#2�P-���� 2�G�5� @� �� ��%7K�k�  6�� �%.K��i �#�/���'

P-���� �%�'�  5P-� EMD
2 ]12 �B�#2� .6�� [P-���� �%�'� 

� 5"J ' P-��!��/ P-� �5��� EMDF
3 ]12- [ EMDH

4 ]13 ���	� [
%�� .��- 2� ���7"K}���� ������ ��> ����� 2��" �%��� �� �� 6��� 

�5��%7K A��1�� �2�G ' )����K��- 2� ���7%�� ."K}� ������� 
� �� ~�#�*��A��1 ' D��� �� ��%7K� �� ]14 �15[ .P-���� G5���� 

��'��� ��%@�� 2� ���7%�� �5 �n5�� ���C �5� �"��� � ��%7K ����5�> �Q��� 
� 	 �] 6�16.[  

 %B�. ��K��" ��o�' �5 �I.- ��� !�E �7B%\' ����5��� ��
�A���� J��\/ �\/�J �M � 6�<i�' ����	�"  >"�� MN� - 8%G��

 ��i ���7%�� ���' ��%7K A��1��2�'�K� �. "(�  ����' ���%B�. 2�
 )�<5' J�1���' ����� �I.- 8%"��1�� ���'2 J"� ��LMS) ('��� 	�5 

�56B* ' �(B�* �/����?' p �� �K �V�� - Z����5)��� GK ��%
 ��i ���7%�� ���' �/�� >"�� MN� ��'�K�� ]17.[ 3�4�'  MN�

��"> � 2��A��1 A�� �� ��%7K��� @�� ��6.� 95�i�#�/� 	�� 6�� �%
 -P-���� G5���� � ��"J .<' �2���� 	 ��.   

P-� �������� � ��"J  ���I'"C / P-�7B�I� �%�'� 1�� 5��"8% 
2�G�5� ��%7K NNESE

5 ]18 - [C#�' �%G5  �� 6��-� 5� 
��A��1��� 2�G�5�� 	  S��/8%"��1�� Perceptual Bayesian 

Estimator  A��*�'���	 .P-��� �������� ��1�� 2�"8% ���(%5��. 
 QPSO

6]19 �20[ �5� �5���2��� ��%'����5�� �/ P-���� %�����7 
'���	� �Q��� 2� M � ."J �� MN� P-�"��>� i�5�� ��' )Residual 

Noise� �� (�A��1 2�G�5�  � 	6�� �5�?���� � ����5 �5 ��'�7�6 
��A��1 <' �5 ��%7K������ .��K A��<' �� � �5 ���I' ��%@�� ��'���"J 

6�� )���:  P-� U-� D\5 ��NNESE �� ��"��� �5�  P-�
�������� 6�� 4�/�z ' �������	�/ P-� U�� 6�Gi �� .��� 
�������� Wavelet-NNESE �5� �� D���"> i�5�� ��� .<'� '�

��	. ��  6�GiU���E ��1��"8% �������� ����"  -�B�'-��� � ��"J 
 ���I'�.<' '���	 �/ 2� ���Z 2�G�5 P-�� Bayesian Estimator 

2�G�5 P-� -� �������� Wavelet-NNESE �5� �� D���"> �56�� 
'�O" . ��  6�Gi8���  8�	 -��1��"8% �5���2��� QPSO  v�?� -

 �� !O 2� ���7%���5 ��� �5���2��� ��%'�����5���  P-��������� 
���7%�� 6�� � 	� 4�/�z  	  ���@ ����6�Gi �� . 8%7�  P-�

�������� 2�� ���' ��"5�� �%� - ���� ��i"� �'2O"D��  e	 �������@  
 	 ����� -"6 %� �5 @O 6�Gi �����K��  en''���	.  

2- *����+, NNESE  

 %��5P-����"  ��%7K A��1�� �2�G�5 - >"�� MN� ��5 ��
���7%�����'  ��i'�K��  9'�	4  �B�� �B�'�5e	  "2'� �	�5:  

1. �">�/ A��1�� �5 ���7%�� 2� P-����  ���' ��#�' STFT
7 � 

Wavelet  �EMD ��] -  

2. ��\�/ �2����(	O - A��1�� �� ��#�' >"�� 
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3. ;�<=/ �7��'��� �>"��  ��\�/����� 	 A��1�� �� 

4. �2��2�5 A��1�� ��%7K 2�G�5�� 	 

 ��P-� NNESE ]18[  A-� �B�' U���� !- 5 A��1�� �2�G�5
 )���'�K�� � RB�' m�� ��<">�/"���  )��� A��1�� �-� 5���

K�� .�7��'��� ��">� �5��, I%G'� 8�\/�J��2 '� ��	 >"�� T0� .
�\/�J��2 � 	  2��������� �� A��1�>"��  8�- � 	 ��'  �5D��� 

�7��'��� ��">� � 2���� A��1">� '� ��	. �"J P-� ��7�� 6� A��1
�I/�� ��� �' 9'�	 P-� J"� T� . ��3 B�� �B�'� 6��: 

1 .�#�' >"�� ��\�/ M�?�� J��\/ 2� ���7%�� �5 �>"�� A��1�� �� �
���<' 

2 .�� >"�� ;�<=/ 6�Gi��� ��">�  

3 .2�5"5�� ����%7K A��1 2�G�5�� 	  

2-1- ��#;� <�=  "#$%& � 5����' �� !��  >#%?&  

 ��>"�� ��%7K A��1�� �� >"�� ��\�/ ��5�7��'��� � �5 �>"�� ���7%�
 ���<' M�?�� J��\/ 2��5�,�  ���� ��\�/ 8�I%G''� ��	. �5��o�' 

 �5 �>"�� A��1�� � %5� ����<' M�?�� J��\/F�i�� 8� 2� � # �

GI/�8 �5 �'���	 ��5 .GI/�8 �5 �5 �>"�� A��1�� �F�i��# � � 

 8����@ 8� 2�] 6	��18[:  

)1(  ( ) ( )      y k y k qNq = +   

y  ��%7K A��1���%�]O� 	 - >"�� �5 q   �5!���*  ��" T �F�i  - N 
�� </ ��������  �F�i 6��. � ��"J P-� �� I' N  5�5512  o� ��
�%.K � 	 ] 6��18[.  

 d-Dimensional دي سيگنال با استفاده از تخمين گربن قابپس از 

Trimmed Estimator  (DATE) ]يازابهانحراف معيار را  توانيم ]٢١ 

تنها قادر به تخمين انحراف  DATE گرنيتخم محاسبه نمود. قابهر 

معيار سيگنال گفتاري است که به نويز سفيد گوسي آغشته شده است. 

اين محدوديت از بين رفته است و انحراف معيار هر  NNESEدر روش 

باشد،  ستانياريغلي که آغشته به هر نوع نويزِ براي سيگنا قاب

 انايستن، اين روش براي حذف نويزهاي غيربنابراي؛ است محاسبهقابل

  مناسب باشد. توانديمنويزهاي باقيمانده  خصوصبهو  گوسي/غيرگوسي
 �\/�<' M�?�� J���  P-� ��NNESE -� �B�' B��� ���� ]۱۸[:  

 �B�'1 :���'O�2�� ��������  2������A��1�� ��� ��">� �	 ��' 9
U�K���  "2] 6��18[:  

• </�� JL�� I'  A�'. 2� ���7%�� �5 ���%�O2 ]18[: 

)2(  
( ) ( )( )ε ρ

1 1 21 1            
2

log expρ ρ
ρ

= + + − −   

 �� �5���%�� �5P-� �\/�JK d-Dimensional Trimmed Estimator  
(DATE) '�� I ρ   �5 5�54 �� o� �%.K� 	 6��.  T����@� 8 6	��

]18[:  

( )ε 3.4742ρ =  

T��2�"�(�  �>"�� ��%7K A��1��F�i  �*���' � 	 � �5��(�)} �� {
 9'�	������� 2� ���������  �F�i  �>"�� ��%7K A��1��'� 	�5  ��

ZG�5 ) ��'�� "��I'HBn'� i  (A��1���5)��� ��� Z/' ���<� 
 -kY  � �'��'���	 � ��5 .F�i :6	�� 8����@ 

Y1≤ Y2 ≤Y3≤………...≤YN                                            (3)     

 �B�'2 :�\/�J <' M�?����� ��">  

�5��o�'  8����@ �� ��	 A��*� �B�� U�K ��  "�5 ���<' M�?�� J��\/
] 6	��18[:  

• ����?' min�: 

��5  ����?'min�   t.'���	  �������� �������� Z/'� 	 ����� �/ 
inm�  U��(�/�9� ��� �7��'��� ��">�  ���@ ��5. 

Y1≤ Y2 ≤Y3≤………...≤Ykmin                                        (4) 

 H�,�-�G'�� Markov-Chebyshev-Bienayme �5�  ����?'min� 
���@�� 8] 6	�18[:  

)5(  

  

min          
2

N
k hN= −   

�=i �5�5�� �" �-�G'�� �Bienayme-Chebyshev-Markov  J��=/'�
 ��  �.��u/ ����� � �� ��I/"k��  J�1���' �("�>� �� "��I' �'��/

.��5  ����@ K�  8����\5�5��, i��H/ 8�"��� !��5 '�!��/  �� 67K
 !��5 �5�5�� J"�'� �� :�� w�� �  y"2�/ � �� �� �"��I''� ���/ 

 2� D�5K � 	�5 �%	�� �B��. J�1���' �5 ���<' M�?�� 5�5�

� .6�� 
�� I'� #��R �,��!�� )Confidence Degree (�5��, ��Dt. �5 5�5  

95/0  o� ���%.K� 	 �] 6�18[.  

)6(  

( )
1

         
4 1

h
N Q

=
−
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•  �� I' C" �"O �(�"� j	 ���5k  )� ∈ {���� … … , �}  (
� h � "2 j	 �� �� ���� ��#- �]18[: 

)7(  
( )ε 1         1 1

k
Yi

iY Yk kk

ρ

λ

∑
=≤ ≤− +

� �
  

|| .||  A�'. �� ��#�'7 !���� ���  ��5 ���"� �� �� 6�� �� �Bi� U�
) �I�I� A��1��Real !��� (� iHBn' '� 	�5  �� I' -λ  A�'. H�,

"2  �'�K y5�/ S��/ -95�i����?' 6�� ]18[:  

)8(  ( ) ( )2 1  0.5 0.7979        λ = √ Γ Γ =∕   
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 � %5� �� 6�� )���5 -� �>"�� ��%7K A��1�� �C#�' �%G5 � A��*
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 ��	 P2��� 8�. T0� ��1��" 8%  NNESE-� 5� � 2� C" 2" �� ��5 
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�� o� �%.K � 	 �6� .5. �� I' ρ �5 ���%�� �5 P-� DATE ]21[  ��
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. 	�5 �%	�� 6G/ �B�' ��  2� T�A��1�� �">�/ 6G/ ��� �52 "
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C#�'�� ������@ C#�' 2� ��#�' �Daubechies "�<� db10  ���7%��

6�� � 	 ��������� P-� �� .�5�2��  �2"  ��5 ��� �%'����5� #- ��
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4-  :����� ������ ��� �����?#) ����  *��#'

Bayesian-Wavelet-NNESE  

�2�G�5 P-� Perceptually-Motivated Bayesian Estimator "(� 
2� P-���� �%@��	 ��/� i - � 	 �� �2�� D��� ��"> - ����5 

��%7K 6�� .)�*+,� 9'��/ - H�i�/ �� �n5�� �5 �"J P-� �� '���I 
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!�'��� �������� Wavelet-NNESE ��  D\5 ��3 �5��, u7' 9
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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); 

 G3H3 :��H�� ��  ����� )#����?� Bayesian-Wavelet-NNESE

5-  *����+,��#����' �QPSO  

 � U��7' �2-'����5�2�� ���� DI��  �� ���� ��' - U�B* �" �7
�' �� .����5�2�� ���5���� 2"��� �B�#2� u\/ ��� �y5��' �

!�'2� �5�� �8��u/��K�� - ��] ����. P-� ���7B%\'� �5� 

����5�2��  .���� ��#-�B�#2� �" J8%"��1���� �'!��/  �5����5��2� 

�%�� )��X �'�%���� ��%.� �5 )QPSO( ]19[ .���� ���	� @�� k� 
 8���7'��('�C '�%�����  9Q�G' ���5���2�� ����7%�����' i ��'�

K��. �"J ��1��"8% '� ���/ �� J%.�" 9� �5��� �� �=.� G#��% 

@�B� ��'  	�5.  ���5 ����5 �� I' J%.�" 8%"��1�� J"� M �*θ  6��

�5���K��  �� I' ��f(θ) ) M � y5�/ �"Objective function ( ����5

 ���5 ����I' J"� �� .��	θ  P-� ���%'����5� �*���'Wavelet-

NNESE  M � y5�/ - 6��f(θ)  ������<'PESQ  -SegSNR 6�� 
 P-� S��/  "�5 ��QPSO .��	 ����5  P-�QPSO 5 ���'� 

�/��� 2� P-� 9
PSO �5 ���i�J ��('�C '�%����� ��� �' �� - 5� 

A '�2�� )��X PSO �� ����� �U�%���� 6i� - )� i ��%G#� 

)��X �� 6�G� �5 P-� PSO �>.�"D �'  ��يکي  PSOروش  ].20[

 يسازنهيبهمبتني بر  يهاکيتکندر دسته  هاتميالگور نيتريميقداز 

برپايه توجه به حرکت  ۱۹۹۵روش اولين بار در سال  نيا آماري است.

م الگوريت نيا ا نهاده شد.و غيره بن حشرات چون پرندگان، ييهاگروه

ا گروهي الهام بگيرد ت که از فرآيند طبيعي کار و زندگي کنديمسعي 

�� .]۲۳کند [به يک مکان بهينه دست پيدا  ���� )� i �l�5 K���� 

P-� QPSO 6�G� �5 ��" P-���� ����5�2�� �� �'!��/ 2� 

6">'��� �"1 J"� P-�  #"  !���* ��. �� ����� %����#�/ �5 U� �

�5 9�� U *<ni�6 ��"���>� </ !�('��� J8�!�'2  - 6*�
<i�'� ��X 6!�('�"N� ��6G .�V�O � ��" A��%�� 6�� en' ���

��=� C"��X  ��"�=. 2� �nI� C�  F��#6�� ' �5 �#�/ �5 ���  !� 

G��%��B� >�' �5"6 &�,'(() </" ;�'.��	  8%"��1�� ��QPSO  C"
 y5�/ A��%�� ���1E�()�,'(( + 1))  ����?''���	  A��%�� ��

6�<i�' �� ��X C" ��=� )�,'(( + 1)  �� !�'2t+1  !��� ��'� �� 
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 9�i 2� ���<' C" �5)  �5 �"�1�� �5 �/</";� 	.(  

6-  ��#����'��(�����)�� � �����?#) ��� 

Bayesian-Wavelet-NNESE  *����+, ��QPSO   

!�����,  �� ��6�Gi���  � 	 �%7K 9�i�� P-�   "���
Bayesian-Wavelet-NNESE �!�'���  �2�G�5NNESE  � �-� 5

 2� C"2" �� ��5�  A��*� C#�''���	 .!�'��� NNESE  ��5
 2� C"�2"�� ��5�  ����� C#�'5  %'����5�{α,β,ρ,w,Q} 6�� .

 � �� ��%7K A��1�� - >"�� ���'O - �7�, )����u@ �� 6�� z4�-
 J"� 2� C"2"�� ��5 6�� )-�7%'�  J"�5��5���%'����5� ���I' J"� �� 
 2� C" �2" �� ��5  t. )-�7%''���	 e�n� �� </ K� .C#�' 

L  �� </ ��1�O � 	�52"�� ��5 L2  2� C" � ���%'����5� .��5  ���@
2"�� ��5  ��i 8� ���� �� ����'���	  ��%'����5� 2� �B� ���5 C" �/

 �B� %'����5� ���5 U�� �5θ )Total Hyperparameters Vector �5 (
 ��<5�L5*2  ���5 .��	 9�(�/ �B�%'����5�) ��θ (�5)���  "2
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)16(  
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      �5!���*A�w' e�n� �� </ K� �C#�' 3  � 	�58 2" ��5  8����@
 ��%'����5� �B� ���5 J"�5��5 - 6	�����  بود. اين40   ���@ � <55

40  S��/ � <5 8%"��1��QPSO  ����5'���	  �� I' J"%��5 �/
PESQ  -SegSNR �56�� . "O P-�  ��������Bayesian-

Wavelet-NNESE  �<��//P2�'O �B�' -� �����
)Train/Development) 6G/ - (Test ('� 	�5. �5���J  9���

 ���%7K !�K������7%��� 	  - �<��//P2�'O !�K��� R%�� -� �5 >��
!�K���  6G/GI/�8 �5� '���K. t. '���K  !�K��� �� ��

 ��<��//P2�'O�5�2��  �/ ���� ��#- >�� !O >��/ 9"�. ��>"�� 9"�. �
!��%5  ������<'PESQ  -SegSNR �� ����?' �����  !�K��� �� ��-

��%�� �>"�� 9"�. �5 SI. �6G/ ���� ��#-. ��  P2�'O �B�'
'����5� �B� ���5 �8%G��) ��%θ 8%"��1�� S��/ (QPSO �5���K�� 

 ����5'���	  P-� ��Bayesian-Wavelet-NNESE  6�7�� J"%�5
 �� I' J"%��5 �"PESQ  -SegSNR  ���5�2��  !�K��� �	2�'O

�56��  8%"��1�� ��#� 2� T� .��-OQPSO  - �.�� ��(/ �� </ �5
%'����5� ����5 �� I' �5 ! ��� - !O �"�1��) ��*θ �� I' �(*θ  65��

 �%	�� ��1�'���	  -!O2�T�  ���7%�� 6G/ !�K��� �2�G�5 ��5
B5 . 	  ���@ 6G/ - P2�'O �B�' U�K�"� p��5//�Z  ��

9(	��� 4  -5  !������� � 	 ��. �B�' G�� P2�'O�5 H5�n' 8% 
 9(	4 �5)���  ��5 %'����5� ���5 � %5� :6�� "22� �(" =*� ��

�#< 6�QPSO  �� I' �50θ  ���-� ����� I''���	  ��=*� ��I5 -
 ���� U- �� "��I' 6�<�#���-� �� I' J"� . 0θ  D\5 ��3 �X � 	 

 .6���5�2��  �������� �2�G�5 P-� ��� I' J"�Bayesian-

Wavelet-NNESE  U��/ �-� 5�."9��� �>"�� ���%7K 2�  !�K���
 A��*� �	2�'O'���	  - 6�7��!O��  ����5'�" 5� �	2�'O !�K��� .
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��B                                                                                       ۱۳۹۹بهار  ،۱شماره  ،۵۰جلد مهندسي برق دانشگاه تبريز،  مجله/  ۲۷۷'-� P-� C". . .  " # ��                                                 

 

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

  
 G3H5K�& �	
�� I����� J�	� : ����� C��+#' ������ ��� �����?#) ��#��& ���  

 

 ����5 2� T��."9��  �5 - �������� P-� �5 ��B<. %'����5� �� I'
 �'��/ S��%' 6�7���."9�� �	2�'O �2�G�5�� 	  ���<' �5PESQ 

 M � y5�/)1f ���<' - (SegSNR  M � y5�/)2f (�56�� '�O"  �5 .
 M � y5��/ �5 �#�/1f  -2f  6�<�# ��=*� 2� C" � ��5 ��QPSO 

�56��� 'O  "��I' �6��Mbest �Pbest  -Gbest ��1�� �� 8%"QPSO 
�56�� '�O"   �5 6�<�# ��=*� 2� C" � ��5 %'����5� ���5 -

) A�'.15 � �� ���/ ('� ��  ��5 � " # "��I' -θ �56�� '�
O" ) �IB� C" �� ��� J"� .Loop (!O� i  ��(/'���K  8%"��1�� ��

6�<�# ��=*� �� </ . �5 w�� � ��(/ �� </ �5 �" - ��	 �1�� 
QPSO  5�520  5�5 ��(/ �� </ w�� � -200  o� ���%.K � 	 
 .6��95�i�#�/  8%"��1�� �� �� 6�� !OQPSO ���7%��� 	 �

�5���2���  M � -� �5U���� � 	 ) 6��Bi-Objective 

Optimization �� ��<' J" 5 .(2� o�  8%"��1��QPSO  �%'����5�
 �� 6�� %�5�5��, 8�!�'2 �8�� I' PESQ  �� I' 8� -SegSNR 
. �� ����5 �� T�  8%"��1�� !�"�� 2�QPSO �� I' J"@O �Gbest 

)Global Best (�5!���*  ����5 �� I'*θ  o� �� ��%'����5� ���5 ��5
 �%.K'���	  -!O2�T�  �2�G�5 ��5 - � 	  t. 65�� !O �� I'

�."9�� 9(	 H�, 6G/ �B�' �� �>"�� �5  ���7%��'���	.  

7- ���-�F�( Q���  �  

7-1- 5�� 5�+��)  

P2�'O �*���' -� 2� �������� P-� �5�"2�� ��5�<��//  6G/ -
���7%�� � 	  �<��//�	2�'O !�K��� �*���' .6�� 9'�	10 

�� A��1��%7K  9'�	)5 �� - !2 A��15 ��(�' A��1  !�K �"�K 2�
���� ��1"�� TIMIT ]24[  9'�	 6G/ !�K��� �*���' -10  �����

��A��1 1"� )-�7%'  9'�	)5 �� - !2 A��15 ��(�' A��1  2�
 ��1"��TIMIT  )-�7%' k+'�� 6G/ - P2�'O !�K��� !�K �"�K .6��

A��1�� . �%G���� ���N'  �5 ��7  3����" >f16, white, factory2, 

pink, volvo, babble, buccaneer2 �� 2�" ���� ��1Noisex-92 ]25[ 
��� ����O.8"� ) >"�� �5 A��1�� 6�G�SNR"��I' �5 5�5 �( 10-� 0 �

10� +20 +���5 95 �5 �������� P-� .6�� ���P-����  1"�

 !�V��NNESE ]18[�EMDH  ]13[� Perceptually Motivated 

Bayesian Estimator  ]22 � [10SMPR-MSS ]62[  �Spectral 

tractionSub ]72[ � 11LSA-MMSE]82[� 12SA-MMSE ]92[   �

Geometric Approach to Spectral Subtraction   ]30[  �
Modulation Spectral Subtraction ]31[� Teager Energy 

Operated Perceptual Wavelet Packet ]32[  �Audio De-Noising 

Using MATLAB Wavelets Toolbox  ]33[ �I' ���'" �%.K��i �G
6��.  2� C"�P-����"  �5 6�� �%.K ��i �G"�I' ���' �� J"�

  � � %5� �� ���5 )��������2���  J"� 2� C"� � 	P-��� ��I' 2� �
���I' !�K �G"�� S��/ P-�� T0� - 6�� � 	 �%.K !O y#' 

�5  ���� ��1"��.<'�� 	   �"�%�  T0� - 6�� � 	 D"�'2O - �#�
.6�� � 	 6�� !O  

7-2- ;�#�(��� ������  
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 >"��Segmental SNR   ��%7K 6�7�� ������ ���<' -PESQ ]34[ 
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 ��i ���5'� ��  !�>�' �E�PESQ   	�5 %��5!���� ���  J"�
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 �� - ��� � �� D��� �>"�� A��1�� �� ��#�' >"�� !�>�' �� 6��
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 A�'. �� ��17 56 7  �>��/ A��1��   58  6 7 A��1��2�G�5�� 	 �
N A�, � F�i� M �� </ 9� F�i��� ' A��1��� 	�5.  ����?' ��

SegSNR 6�Gi���  A��1�� )�(����7%�� � ��  2� SI. - 6��

F�i���"   ���� ��i )�(��] - ���%7K ����� �� �����7%�� 	�  

6��  ��K �2� ��)SegSNR  �5 ��>5� ��<# VoiceBox  �� � 	 U����

�(� ��\�/ ��5 8%"��1�� 2� )Sohn  ���7%��'� �� 6��� J"� .(
 �G"�I' ��5P-��� ���7u�'/ .6��  8� h�. ������<' ����?' ��

 >��/ A��1�� 8� - �>"�� A��1��6	�� ���%@���  "�5 �� .IE��  

 ������<' �� I'h�.�N��  !��� � 	�5 %��5'� ��  �� A��1��

2�G�5�� 	 �5 >��/) �B�� A��1�� (�>�"C/ .6��  

7-3-  ����9� � ����������(  

 �D"�'2O J��-� ������5 9���� 	  ��,�;��%7K  P-� S��/
 ���������5)���  !��� �u56�� � 	 ���� . �������� P-� ��

 �� A��1�� �<�#>"�� 2� ��� I' J">�5 P-� A-� �B�' �� ����/

 MN�'����" .  >"��i�5�� ��' %�� �5 A��1�� �� S��/ �%��5 j��

 P-�NNESE  ����5 C#�' �%G5 2�  ��5"2 � �� !O ���%'���� ��

'���	  ;�<=/'���K. ��  yi�-!�����,  9(	 �� ��6  ���� !���
 P-� 6�� � 	NNESE  >"��i�5�� ��'  ;�<=/ %��5 �� A��1�� ��

'� ��  ����O ��%7K �(���'��� ��%@�� �5 9(	 H�, �� ���� ��

�- ����� ��. ��  9(	6 ) >��/ ��%7K A��1�� C"6- A��1�� - (;��

) !O �5 ���%' �>"�� ��%7K6- >"�� �5 A��1�� 6�G� �5) (F10DB  �5

 >"��white !��� (���� � 	  P-� S��/ �� 6��Bayesian 

Estimator )6- �������� P-� - (~Bayesian-Wavelet-NNESE 
)6- .6�� � 	 �2�G�5 (�!����,�  � "� ��'���	  P-�

 � �/ �� 6�� �%G���/ ���������  � ����i�5 ���>"��P-��� 

Bayesian  -  "��� MN� ���-+*5  ;�, %��5 e�4- q*�5 J"�

 2� �@5 - � 	 A��1����'����C���  �� ��%7K A��1��z4�-/   ��

)Clarify)  "��� �5�"2�5 - (Restore .(9(	��� )6-) - (�6-�� (- >

�5//�Z  A��1�� ;�,2�G�5�� 	  �5P-���� MSS_SMPR  -
MMSE-LSA  !��� ��'� �� .!�����,  �o�+' ��'���K  ;�,

 �5 6�G� �������� P-�P-���.6�� %�5 1"� � !�����,  ��

 8%"��1�� 2� ���7%�� �5 � %5� � 	 �%7K �������� P-� z�4�/ ��

�5���2��� QPSO��%'����5� � P-� �Bayesian-Wavelet-

NNESE  -  "�K 8�o�/ (�<��/) P2�'O !�K��� �*���' �-� 5

 ���<' -� �5 8%G�� �"���� T0�PESQ  -SegSNR  �*���' �-� 5
. "�K ����?' 6G/ !�K��� A- # 1  J�1���' ������<'PESQ  -

SegSNR  ���5�2��  U��/�."9�� 2� ��>"�� 3���� U��/ - 6G/ �/�� �

� ���� ��1"�Noisex  U��/ -SNR  !���'� �� . A- # ��1 �-+*5 

 ������<' ����?'en'� 	  �� I'Real Time Factor) RTF >�� (

.6�� � 	 ����?' 8%"��1�� � ��5RTF  � ��#� !�'2 ) '

 8%"��1���5�2��  ��%7K 2� ����� C"'� 	�5  ���� ��i A- # J"� �� ��

.6�� � 	 �'2O"�)�  8%G�� C" S��/64  )���('� �5 �%�5Core 

i7-5500U 2.4GHz  �o.�� J%	�� ���%@��� -8GB  U� J��V�� -

 �\G� ZB%' ��>.�2012a .6�� � 	 U����  

  
 G3H6 ����9� � ������ :����( )��+��3� ��6- C��+#' (R,

)�!#$& �����6- C��+#' (@)��!��  �����6- C��+#' (S������

5�H T'�&  ���Bayesian Estimator)�6- C��+#' (�������5�H 

 �����?#) ��� T'�&Bayesian-Wavelet-NNESE)�6- C��+#' (5

������5�H  ��� T'�& MSS-SMPR 

  

!��� A- # �� �� ��,1  � ���''���	  �5 �' �������� P-�
P-� "�� �5 �G"�I' �5 �� - o����' ������<' �%�5 �(B�* ��

�� �%	���� %��5 6�7�� D"�>.� - %�5 >"�� MN� �5 ��' - 6 
.6�� � 	 �>"�� ��%7K A��1�� �5�  A- # %�5 p��1  "��I'

�5)���  8�� ������6�� � 	. ������ 1  9(	 ��7  ���<' J�1���'
PESQ  ���5�2��  U��/SNR  !��� ��>"�� U��/ -'� ��. !�����, 

 ������ 2� ��1 � P-� 6�� �\�' "�� �5 6�G� �' �������
P-��� %�5 �2�G�5 �5 ��' - 6�� ��� 9�* %�5 �5�"2�� ���' �

 ������ .6�� � 	2  9(	 ��8  ���<' J�1���'Segmental SNR  ��
�5�2��  U��/SNR  !��� ��>"�� U��/ -'� ��.  
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C��� 1������ � ����9� : PESQ � segSNR  �� �����?#) ���

���' ����( �� I�$& ��SNR  5�� 5�+��)) �(!��  �Noisex(  

Mean Performance for all noises and 

all SNRs 

RTF(xRT) SegSNR PESQ 

0.070 2.325 2.561 Hybrid Bayesian-Wavelet-

NNESE (Proposed) 

0.019 2.059 2.507 Perceptually Motivated 

Bayesian Estimator [22] 

0.017 1.550 2.505 MSS-SMPR [26] 

0.010 1.356 2.505 Spectral Subtraction [27] 

0.045 0.952 2.465 MMSE-LSA [28] 

0.020 -0.509 2.368 MMSE-SA [29] 

0.030 1.665 2.351 Geometric Approach to Spectral 

Subtraction [30] 
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