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k� [6-8](Pitch) 3

”%�'''�	“(Duration)[9-11]3”>�''',“(Intensity)

[12-13]   � ”l #	“)Pause([14]       
��('  �M'+L #�'J_ 
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1(� ���� 
�(< S�,


�� (,3?�� ��, �-�#� [22] .
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� ���]V/u     �o� � {8�, �  ��, 	��)      f�'i ��'/ ��
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 ��� N�+:
� (�![$ |( 

 N��=����	 ��
��� �
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�ML �A�,   #�O/�MATLAB   ��/�* ��J� 

?�� ��,.

��  �'9           ��� T���'i |('  �	 ���'� ��
*	�'� �

  �� �M����� �9    ��'��� #	 
'=��8 � 
');� �uC/u   � 

uuC/u #	  ��, ��/�* �Y  �'E  
'� vuu 
',�(�] #�	 

(Epoch) >#(< ��
� W9�E 
[8 ���+    �)'< �'� �'� �

���+� .      �� .� O
  %�(�] �+�]�/�t      ��', ��':59 #�	 

?''�� . �A'',)� (   #	 �# �(''  �''1(� ���''
� 	�''A@5L

W
�          �@5= 6� ��	� P�:+J� �o� � � P�* �(:1� 
+
�) ��

Cuu�(��] ���� ��/# #�A� �@5=  (� ��H 
�9	.

 N��''= #	)V(3Root Mean Square Error)(RMSE

           ���'� �('  ����#�'� #�'J_ �� "(���Cuu     �('��] 4'@5= 

?�� ��, ?��J/.

 N��=�RMSE��, O�+� ��(  ����#�� #�J_ 

����#�� P� RMSE

P�* �(:1�ms/Frame��/�

�o� � �(:1�dB��/v

�E�� %��	ms�/��

�)$� %��	ms�/��
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 �A,� #��)* ��(  �1(� ���
� 	�A@5La1� 3 (f 3P�* . ���/ c(:1� (co� � c(:1�

)�� q8 : 3
!$�� �(:1�* :��, O�+� �(:1�(

�� !" > ?�

     %�# 3#��)* O�+� ���� �E ����	     $ �'� 
'+��� ��9  ��'L�

[52-54]   #�''�)* >�''![$ N�M''�� O''
  � [23,55-61] � 

 #�''�;
�] �
''+Z59)��(''+L �''� �''� �''E 
5��''
� �'' (5  
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     ��'� N�� ��
*#�A� /   ���('�Klatt     N�M'�� %�# �� 3

     
'� ��'J� #��'E�� >�![$ �
� ��� #	 O
  >�![$  �'�(=

[62] (��, �-�#�� �.

 ���''
� #	TTS %�# �� �''i�� HNM)  |('' 

HNM1[63] (��''�  >�''![$ N�M''�� %�# �''� O�+''� �

  ?'''�� ��''', �	�)�'''��[64-65] .# �'''�� #		�'''A��

���#(:1��	�
� ��� ��9��, ����� �:

a1� (    �#��'E�� . �'E�/ �UE��'� � P�* �
5;�MVF

Maximum Voiced Frequency)([66]

f ( ��/ � �+��	 �

!�6
 (�#�9�9[65]

g (  O
1�'' ] ���''/ �''9 ��''/ R
GM''�)''E�� ���#('':1� O

�2pCenter of gravity)  ([67]

> (����#�(59(Smoothing) ��9����#��HNM N(� 

 #��)* >�![$ N�M�� "�2 [68]

� (   �(  0&<�)   %��	 � P�* . �E�/ (   >�YG1 �

!� �

 "(��� O�+� 
 ���[69-70]

X (   ��/ � �+��	 ��	�2� �
5;�6
 (�#�9 �'9   . �'E�/ �'� 

 ���= P�*[63,64-71]

� (���#�(59 
:��(
��  �       ��'�[ � P�'L �� �<�� ��9

           �	 N�M�� �G� #	 
)
� %(� � P�* 3��/ ���L ��

 �E��) ��9�Q9 �
1(� #	CVC � CVCC(

0 (    �#��)* >�![$ O�+�[64])      ���� ���
� ��� #	 ���1�

   ?5�$ O�+� � O
1� ]         P�'* N('� 6'� 3�O�('  ��9

           �'Y  #	 O
1� ] 
 ��� "�2  ����� �	 ��O
� �� ���Q�

�*    ���'� � ��, ��/         
��('  O�+'� � O
1�' ] T'
���

           >#('< 
A
 (�#�'9 
��('  �('Z59 O'
  �O�( 

 ?�� ��/�*[72].(

         #��8�'� �� �=(� �� 3�#��)* ��9���� �	�	 ��:���

     �E�� 	��!� � 
�#�/ ���� 
��Q9   � �9��(;59�9   �'�� �

  ����)   T
��� ���    � ���� vt��(;59 (  ��Ctw   
=�� �	 

   |(  ��CV  3Ctw      |('  �� 
=�� �	VC   � vt   ��(';59 

)   |(5Q� #	vxx   �![$  ��(+L ��  �L(5Q� 6�  (  �
AH'�

?�� ��,.

       �A� ���(
� 
+G+� 6� �� W;� ��� #	  
'[8 ��

(Piecewise linear)    ��	�''2� >��''

k� �
''
!� ���''�

      ?'�� ��', �	�)�'�� O��9 T���� P�* . �E�/)  ���H'�

��++E O�+�(Multi-Band Resynthesis OverLap Add)

MBROLA[73] .(      P�'* . �E�/ ��	�2� �

k� >�L&��

       O
  �Q9 R[� #	 %��	 � >#(< ��     ��++E O�+� �� ��� 


� N�5L�� (,:

[0 ... 100] :� �H P�* 
 ��� ��9)  �� ��'<#	 T����

#��E�� �
��  N(�(

[f1 ... fN] : P�*��	�2�)O��9 T���� () 
'@
� T���� �'
 �p (

 �� 6� �9 %��	X���9�Q9 �[ : %��	X���9� �Q9 


+�)*       >�![$ 	#(� #	 �E ?�� 
�I��   �# %��	 

               %�'�	 �'

k� P�'L � �H  �� �)< 	�L �� � �	��  �

k�

?''�� ��'', �	�)�''�� . ���#('':1� 6''� �� 0�''� �''�� #	

         �'+
J� ����* ��9��@
/ 
���� #	 �Z ] ���H� 
�H*���

  
� ��/�* #�A�  	(,[74]      �/ � ��'A� �

!� ���� 3  . �'E

     ?�� ��, �	�)��� O�+� 
 ��� >�YG1 .    #	 �'
1�� ���

               �'� �'=(� �'� �'E ?'�� O�+� "�2  	��!� 3���#(:1� ���

             �
'+Z59 � �'Q9 N('� #	 P�'* . �E�/ �
: �
� #��2�

      
'� ?��� �Y  	#(� ��Q9 %��	 �'�] .   �A',)w (  �'�

��(+L    ��Q9 � (5  /ic( /     ��)* ��(  0&<� �� ��$ �#  � #

 �] �� .�)���59 ��"(��� P�* 
+G+�  (
� ��H �9	.

��+@� ��	�2� �

k� ��A��  ��'< (Loudness)  O'
 

   ���
� #	 ��, 	��       ?�� ��, ��/�* �Y  #	 ) 
'@L  �'�#

         %��	 � P�* ��	�2� �� ����2� #	 �] ��5E ?
59� .(  �'��

  #�E��      ���'/ �o�' � ��	�2� �
Y+�        6'� ��
*#�'A� � �'9

 ���(
� 
+G+� �A�         ��	�'2� R
GM'� T���i �� 
[8 ��

      
'� >#('< �Q9 R[� #	 �o� � 	��h'� .   N�'5L� �('G 

 O
  �o� � #��2� �

k� >�L&��>#(< ��?�� ��� :

[0 ... 100] :� �H  �o� � 
 ��� ��9) ��<#	 T����

�Q9 N(� ��   (

[k1 ... kN] : �o�'' � T��''i) a
!~''� ?''��p T���''i

1k0 i ≤≤  (

% &�� ��+3@� �
�.���

 �''� �''=(� �''� ��'', 
''���� ���''
� 	�''A@5L 
��''��#�

 	#�� ����P.85 �� ITU-T ?�� ��, P�Q � [75] .
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k� z���  /ic(/a1� 3 (f 3�(  �

k� �� ��$ (g 3�(  �

k� �� .� (
+G+�
�&<� P�* 

I&��9     ��'
2� �'� �'�/# #�'A� 
��'��#� �MOS

(Mean Opinion Score)�� �+�#��L :
@E �Y (Overall 

impression))  ��'< ?'
)
E �#��#	(  �#��
+', %&'� 3

(Listening effort))P�''
� I#	 ���''�(I#	 ��O''
� 3

(Comprehension))>�5@E �J/ #	 �AH�( �	� �('G  3

(Articulation) )�9��< �
� O��5� ��O
�( b')@� ?
)
E 3

(Pronunciation)��+��,(8 3(Pleasantness) ��'< . ��

vu   �� (+, )   �
+� ��C�   �� V� N��  (    #	 �Y #�'J^� ����

  	#(�vV   �@5= ) %��	 �$��� ��Cu   ��', �	�)�'�� �
 �p 

     	�!� �
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 N��=�
����#� z���  ���
� 	�A@5L FTTS � �
 �J= � (5  ���
� 

���
� P� 
����#� I&�

ELLTAKRSSSATTFTTS
K@� �Y ��/���/���/���/���/���/���/�

c#��
+, %&���/���/���/���/���/���/���/�

I#	 ��O
���/���/���/���/���/���/���/�

�	� S(G ��/���/���/���/���/���/���/�

b)@� ?
)
E��/���/���/���/���/���/���/�

��< ��+��,(8��/���/���/���/���/���/���/�


@E 	#�]��)I&� �
: �
��(/ ��9(��/���/���/���/���/���/���/�

               #	 � N�� I&'� �'� 	#(� #	 N�� #�� #	 �� ��, W;�

&� �� 	#(� #	 P�	 #��	(, �Y #�J^� P�	 I.

              �# �] �'E �'i�� ���'
� 	#('� #	 #('�O� z��� 

Farsi TTS)(FTTS��
��    ���'
� W, O
  � ���TTS

 �#�''''''�)Elan Informatique(EL3(Lucent

echnology)LT 3)Aculab(AK 3(Real Speak)RS 3

(Speechworks Speechify)SS� (AT&T Next

Generation)ATT��'', #	 �''E 	#(''� 
J��H''� m����''  q�

�''�/�* #��''$ 
��''��#� �'' �[76]3 N��''= #	 )� (��'', �	#�]

?��.

 � ���1�  ���'8 �      �
'� >��')�  ��'�� �'9 #	 FTTS � 

   ���
� W,  ��', 	��   ?'�� �'A5�       �('/ ��'��2� �'� 

    
� 
1� 3�,�� 	#�� N�A,�  �� �E ?/�* �# �Q
�  ��� ��(�

      ���
� 6� 	(�  �� �=(�TTS    / ���� ���� s��=   
'�#�

    �i�� 41�2� %#�:  ���� ��[77]   	�A@5L 3FTTS   �'��$ 

         3�	('�  
'�#�/ ��'�� #	 ��:�	 ���H� ���
� �� ����2�

     ���
� S��� #	 �] 	�A@5L ���       #	 ����'�� F'/(� ��'9


� �+
�� ����,��.

A� #����"

 
�#�/ ���� ���� 
!
�� #��)* �� ��� ����� ���
� 6�

I(@� T1�$ #	�� �#�E ��9�	�
� � 
���� ��, ����:

a1� (    
!
�� ���� �:,��	��)    
=��8 �	 ��"��,#  ��'9


=�� "� "��� >�5@E �(G  >�L&��("

f (    #��)* ��(  �1(�)���� W
�       . �'E�/ �(':1� 
'+
�

             #	 �')$� � %�'�	 >�'L&�� 3�o�' � �(':1� 3P�*

�O=� � �Q9 R[�c�] (

g (  #�''�)* ��++EO�+''�) %�# �''�HNM �''� �''��1� � 

�(  �

k� �+
�� #	 
���&<�(

           ���'� P�n >�'L&�� #�'E	(8 � s��� �
J� ����

         %�# O'
  #�'�)* ��(  �1(� 
�ML �A�, %�(�]  ��'9

             �'� �#�'�)* >�'![$ �#�h':��  � s'
[2� ���� �#�A���
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: �
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