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/�.12.*!&1�" +120 �. 0��20#$�0� ��. �.�� �0���0#1� 2�" .�)/ 1�" 2 #
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��� / " 2�" 12!.2�����" .#2�" 0��.� � .��/0��� 2�"  ����." �0 .3.�!01�
3.1��2&� >�@� �0 2� ��� / .#2� 2. $.!.�2�!�12��� �0���� 0��.�
�0!�11)20! .�2��! 1&�0#2��� 2�" �.�.!�"  ����."� .3 * � 0��/!.1� 2 #
� !*� # �.2.12���02.�� ü��1�"� 0�� 2. $.!.�2�!�12��� �0���� 0��.� 2.
FHSVWUDO /�.�*1�.2.� � .3.�!01� 2�" ��1�" 2���" >�@ �! 1�.�0� �. .3.�!�10�
2�" 0��/!�10�" 2 # �.�.�� * /��/ 1�"� ù�)�� 12�� �.20*�#�1� .#2� ��� �2.�
�! 1���0�0" 0*!01�" �.�� *!�&� $.!.�2�!�12��+� �0�0�+� � # 0��.�
0*!&12. 12 �)!#� �.� 12�" 0��/!�10�" 2 # �.�.�� * ���. �.!�/0���. 0��.�
� �!.$�&" $!)� # 2! � � ������ 1#�3&��. >�@��

þ /0*20!� 12!.2����� 12 $0*0� 12� /��� #!��. 0�)" �� 0*!&12 #
2.��� ��2� .�2�12.���� �2." 2�" �.!.� !3+10�" 12 12�/� 2.���)��1�"�

�ù�ù�	þ�ÿ�	ÿ�ù

�ü+ü,þ

ù�ù+�
�ÿý��ü�þ
	ù�ÿ���þ	þ�

��ù�þ

ü�ù+
+üù�

�ù�ù�	þ�ÿ�

�	ÿ�
�

�ü+ü,
�

ûüû��

�ü�ù
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�#���&" ��. 2�� �0!��!.3� 2&� $.!.�2�!�12��+� �0�0�+� #� �02 *�2.�
12.2�12���" �! 10���10�" �0 � �2��. ���.� 2�2&�� ù#2�" �.2.��� #� 12�
/��� #!��. 0*!&12�" .�2�12 �$�." .�) 2. /0/ ���. 0���$ # 12. /0/ ���.
0�����1�"� ��� / � )�&" 2 ���2�12 ���.� 2��) 3��2!�!�1�. �3UREDELOLVWLF
2SWLPXP )LOWHULQJ� >�@� 2 +�. #1�.�) � �2�� ù������" �*00� *DXVVLDQ
0L[WXUH 0RGHO� >�@� � �! 1.!� �� �0 �!#����. � �2��. 0DUNRY �+00�
+LGGHQ 0DUNRY 0RGHO� >�@ .��� #� 10 .#2� 2�� �.2�� !�.� �2 ���� �
0*!&120" �02!���" .�)12.1�"� )�&" 2 ,WDNXUD ��2! 3.1�.2���" /�.1� !�"
>�� ��@ �.� 2 ��2! �! � ��" >��@ .�.���02.� �.  /���1 #� 10 �0!�11)20! 
.�!��� 0��1��0�&1� 2&� /0/ ���&� 0���$ #�
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3. +�ù��ÿ�þ ���ú�ü�þ 	þ� ��ÿ�ÿù�

þ /�./��.1�. 0�.�&��" 2&� $.!.�2�!�12��+� �0�0�+� /�.�!0�2.� 10 /* 
��!�� �2 �!+2 03.!�)�02.� .���#1� �!.�����" �!)��0%�" �+�� 2�"
 ����." �.� �.!��02.� ��. 1*� � 1#�20�012+� �!)��0%�"� �2 /0*20! 
��! "  � 1#�20�012�" �!)��0%�" �02.1$��.2�� �2.� 10 /�.�*1�.2.
$.!.�2�!�12��+� �0�0�+�� �2 �03��.� .#2) �.! #1���02.� � � ����
1*�3&�. �0 2��  � �. $!�1�� � �0�2.� � .���#1� +�� /�� �2.� �0!���"
0!���0�0" �.� �.!.2��0�2.� 2. #� � ��12��� ���.2. 2�" .���#1�" +��

3.1 ù#2 �.���/! *�0� � �2�� 

�� �$ �  ����." �� ! *� �. 2.��� ��� *� 10 2!0�" /�.�!�2�"
�.2�� !�0"� 12 #" ��3&� #" �$ #"� 12 #" 2#!�+/0�" � �3&� #" �$ #" �.�
12 #" ��0�12 *" �� �!!�� #" �$ #"� þ �#�.2 � !3�  ����." 0��.� ��.
.� #12��) �*�. ��01�" � # �! �!$02.� .�) 0� *1�0" 3#1� � ����" ����10�"
.�.2 ���+� / �+�� )�&"  � 3&��2���" $ !/�"� � 3&��2���  /)"� � !�����
� ��)2�2.� � ��+11. �.� 2. $0��� >��� ��@� þ 3&��2���  /)" 1#���&"
� �20� � 0�2.� &" � 1#!!.3� .� � �)� !3&�� $&!�" .�+�0�0" �.�
�02.���2�" /�.2 ��" 1&���&�� � # .!$��0� .�) 2�" 3&��2���" $ !/�" �.�
20�0�+�0� 12. $0��� >��@� 	 �� ���. 2&� 3&��2��+� $ !/+� �.�0�2.�
��&22�/.� ü�3&� � �$ � )�&" �L� �.� �H� �.!�� �2.� ���� �2." 2 � .�!.
/�.��1 # 2�" ��&22�/."� þ 2�1� 2&� 3&��2��+� $ !/+� 2! � � �0�2.� �21�
+120 �. ���� �2.� �0 12.�0!� 2.���2&1� �.� 0� ���&" �. /�0�0�! #� 2�
3&��2���  /) �0 %0#/ �0!� /�� *" �.�� *" .�!.� �1 �0�.�*20!� 0��.� �
2�1�� 2)1 �� #%��)"  � #1��)" �$ " � � �.1��� 1#$�)2�2. 2�" 3&��"� ��
�3&� � �$ � �.!�� �2.� �!.2+�2." 0� *1�. 2�" 3&��2���" $ !/�" .� ��2�"�
1$��.2�� �2." 1*13��� �0 2� $!�1� 2 # .!�!&2� �.� ���� �2." 2 � .�!. �.
/����0� .�) 2� 1*13��� �0 .!�02� �0���� 2.$*2�2. +120 �. �.!.$�0� 2*!���
þ 3&��2���  /)" /�0�0�!02.� .�) ��. 0#!0�." �+��" ���� � !*� # �.2� 2��
�.!.�&�� 2&� �3&�&� �$&�� �� ��0�12 � �� �!!�� � �$ � �! �*�2 #� .�)
.*��1� 2�" ��01�" 2 # .�!. 12 12)�. �.� .�)2 �� .�0�0#��!&1� 2�"�

ü�. �!.����) � �2�� �.!.�&��" 2�"  ����." .�.�2*$���0 .�) 2 �
)DQW 12. 2��� 2�" /0�.02�." 2 # �� >��@� �*�3&�. �0 .#2)  ��&22�/��)"
�.��)"� � 3&��2���  /)" �.� � .�2�� �)��1� � �20� � � *�2.� 2 �.���.
�0$&!�12� &" �!.����� 3��2!.� ü�. ���!0" � �2�� �.!.�&��"  ����." 12 
$+! 2 # �02.1$��.2�1� * ] �.! #1���02.� 12 1$��. �� þ ���� 0��.� 0�20
%0#/ �0!� /��� .� � #��. �! #12��+� �.��+� ���. 2�� �0!��2&1� 2&�
��3&�&� �$&�� � ��. 2#$.�. .� � #��. � !*� # ���. 2�� �0!��2&1� 2&�
�3&�&� �$&��� �0 ��.� �.!�� �2. .� �.��" * ��. 2 � ��0�$ 2�" ��2.1�"
2�" /���0!1�"� þ 1#��!2�1� �02.3 !�" 9�]� ��. 2� 3&��2���  /) 1#1$02��0�
2�� 2.$*2�2. )�� # 12�� ���� �0 2�� 2.$*2�2. )�� # 12. $0���� ü��.� �0����
��. � �2�� � # �$0� �)� �)� #" ��. 2 #" �0!�11)20! #" �$ #" 2�"  ����."�
���0 �)� " 2 # 9�]� .�2�12 �$0� 10 ��. 3&� 1#�2 ��1�)� +�. 2 #" �!!�� #"
�.� 2 #" 2#!�+/0�" �$ #" � # .�.�2 *� �.� 1#�2 ��1� *" �.�
.�2�1#�2 ��1� *" �/��./� �.� �)� #" �.� ��/0������ 0��1�" �! 2�� *�0 ��.
� �2�� � # �$0� �)� �)� #" 0�0�/� � 0��/!.1� 0�)" ��/0��� * 12�
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1#��!2�1� �02.3 !�" �� !0� �. 0��20#$�0� 1#��0!��.���� �2."
�0!�11)20! #" �)� #" >��@� 	 � �2�� .�2�� �)��1�" 5�]� �0!��!�30� 2��
��01� 2 # .�!. 12. $0���� �  � �. �! 10����02.� .�) ��. �!+2�" 2���"
 ��1� /�.3 !�� � 1#�/#.1�)" 2 # ��&22�/�� * �.�� *� 2�" 3&��2���"  / *
�.� 2�" .�2�� �)��1�" /��0� ��. �)� 1#��!2�1� �02.3 !�" �0 �)� �)� #"
>�����@ � # /��02.� .�) 2� 1$�1�

H z G z V z R z
G

A z

G

a zi
i

i

p( ) ( ) ( ) ( )
( )

= = =
− −

=
∑1

1

(1)

�$��. �� 	 �!.����) � �2�� 3&��2���"  / * ��. 2�� �.!.�&��  ����."

�0 .#2� 2� 1#��!2�1� �02.3 !�" �.�!� #�0 ��. 0��1&1� /�.3 !+�
��. 2� 1*��01� 2&� /0����2&�  ����." 2�" � !3�"

s n a s n i Gu ni
i

p

( ) ( ) ( )= − +
=
∑

1

(2)

û��./� � �!)��0%� ��. 2 6�Q� �! 1/� !��02.� .�) 2 �!.����) 1#�/#.1�)
2&� �! �� *�0�&� S /0����2&�� ü21� 2 � �2�� �.!.�&��"  ����."
.�.3�!02.� �.� &" � �2�� �!.�����" �!)��0%�" �+�� � &"
.#2 �.���/! *�0� � �2�� �

+ü��þ	�ÿù

���
�	ÿ�
�

�ù��
� 8�=�

+ü��þ	�ÿù

,��
ú�
 ��=�

���	ü��

ù�	ÿ��ú��

�ÿù� 5�]�

���	ü��

-
�þ	ÿ�þ�

�û�
 9�]�

u(n)

S(z)

u(n)

G
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3.2 ù�.�.!�12.1� 2�" �����." �0 � �2�� 
û�.�)!3&1�"

þ 1#��!2�1� �02.3 !�" 12�� 0��1&1� ��� �� !0� �. �!.30� 12�
� !3�

H z
A z z z

r

z zi
i

i

p
i

i
i

i

p

( )
( )

= =
−

=
−−

=
−

=
∏ ∑1 1

1 11 1

(3)

)� # 2. ri .�2��! 1&�0* #� 2. #�)� ��. �.� 2. zi 2 #" �)� #" 2�" +�]�� ��

�)� � .�.�* �2.� &"

z e i pi i
j i= =σ ω , , ,..,1 2 (4)

)� # 2 ωi .�2�12 �$0� 12�� L� 12� �0�2!��� 1#$�)2�2.� 	. σ i .�.�.!�12 *�

2. ���2� 2&� �)�&� �.� � 2��� 2 #" .���0� 12 /��12��. ������ 	 0*! "
�+��" 2 # L� 12 * �)� #  !��02.� &" >��@

B
zi

i i

= =
1 1 1 1

π π σ
ln(

| |
) ln( ) (5)

ü� ���&" 2 � �2�� 2�" 3&��2���"  / * .�2�12 �$0� 12�� .�2�.2�
�! #12��� � # /��02.� .�) 2� 1$�1�

h n r z r ei i
n

i

p

i i
n j ni( ) = =

=
∑ ∑

1

σ ω (6)

�  � �. �0 2� 10�!� 2�" 0��.�  2*� " 2�"  � �0� *" �*1�" 2�" 0��1&1�" ����
�#�0�+" 2 1��.  ����." V�Q� 0��.� ��. 1��. � # .� 20�0�2.� .�)

� ���" 1#��12+10"� ü�3!��02.� &"  �!.����)" 1#�/#.1�)" 0��02��+�
1���2&� /�.� !3 ���&� �.2� ���2 " �.� �.2� 3�1�� � # �! 1/� !�� �2.�
.�) 2 .#2 �.���/! *�0� � �2�� � ù#2� 0��.� ��. 0�/��� �0!��2&1� 2 #
�0��� * � �2�� # /�.�)!3&1�" ��. 2��  ����.� 2  � � �.! #1���02.� 12�
>��@� +�. ���0 1#��12+1. 2 # 1��.2 "  ����." #��!$ #� 2!0�" �.!��02! �� 2.
ri , σ i �.� ωi � �� �.!��02! � ri �.� σ i  !�� #� 2 �.2� ���2 " /�.� !3&��� 

2���.� 0�+ 2. ωi 0��.�  � �.!��02! � ��. 2� /�.�)!3&1� �.2� 3�1�� �2.�

��." �)� " � # $.!.�2�!��02.� .�) 2�� ωi �!�1�02.� ���1� � 2 # � �./�.� #

�*�� # /��+�0� ��. 3&� 1#�2 ��1�) 12�� ωi �0 ��. 1$02��� ���!) 0*! "

�+��"�
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3.3 
� � ��12��� ,��.2.

�� 1#�20�012�" 2 # �! ����2� { }ai � # �0!��!�3 #� 2 

.#2 �.���/! *�0� � �2�� �!��0� �. #� � ��12 *� .�) 2 1��.  ����."�
��&" �  ����. 0��.� $! ���� �02.�.��)�0� 1��.� .3 * � � !3� 2�"
3&��2���"  / * .����0� �0 2 $!)� � ü21� 12�� �!��� ��. .�!���" 1*� � 
2&� 1#�20�012+� 2 # �! ����2� �.� !��02.� �! 1.!� 12��� ��. ���!�
$! ���� /�.12��.2. �2#����" 2���" ��PV &" ��PV�� 2.  � �.  � ��� �2.�
��.�1�.� �.2� 2� /��!�0�. 0�)" ��.�1� # #� ��2 #�0 )2� /0� �$ #�0 $! ����
�02.� ��� þ .� �.�� * 1#���&" .�� 0�2.� ��. �. �02*$ #�0
�.!.�02! � ��1� .�0��!2�2� 2�" ��2.1�" 2 # 1��.2 "�

þ ��� / " 2�" .#2 1#1$�2�1�" �.� � ��� / " 2�" /�.1� !�" 0��.�  �
/* 2#� � �����0" ��� / � 0���#1�" 2 # �! ����.2 " #� � ��1� * 2&�
1#�20�012+� 2 # �! ����2� >��� ��@� �.�  � /* �! 10���10�" �.1�� �2.�
12�� 0�.$�12 � ��1� 2�" ��1�" 202!.�&����" 2���" 2 # 13���.2 " H�Q� � #
/��02.� .�) 2� 1$�1�

e n s n a s n ii
i

p

( ) ( ) ( )= − −
=
∑

1

(7)

�� ��� / � /�.3�! #� &" �! " 2�" �0�2 ��!0�0" 2�" #� � ��1�"� þ
��� / " 2�" .#2 1#1$�2�1�" 0��.� #� � ��12��� �� .��� .�) 2� ��� / 
/�.1� !�" �.� .�2��02. .�) .#2� �0&!0� )2� )� �  � �)� � 2�" +�]� �!�1� �2.�
0�2)" 2 # � �./�.� # �*�� #�

�2� 1#��$0�. 0�02�� #�0 2� ��� / .#2 1#1$�2�1�"� ù" �0&!�1 #�0
)2� 2 ��1 202!.�&���) 13���. 0�.$�12 � �0�2.� 10 ��. ��.�1� � /0����2&�
�.� 0����� � )2� 2. /0���.2.  ����." 0��.� 0� 2.#2)2�2 " ��/�� 0�2)" 2 #
��.�1� # � # �." 0�/�.3�!0�� þ .#2 1#1$�2�1� 2 # 1��.2 " V�Q�  !��02.� &"

r k s n s n ki
n

N k

( ) ( ) ( )= +
−

− −

∑
0

1

(8)

ù� /0���*02.� 2)20 )2�  � 1#�20�012�" ai 2 # �! ����2� �! �*�2 #�

.�) 2�� 0���#1� 2&� �.!.��2& 0��1+10&�

r r r p

r r r p

r p r p r

a

a

a

r

r

r p

s s s

s s s

s s s p

s

s

s

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( )

( )

( )

0 1 1

1 0 2

1 2 0

1

2
1

2

�

�

� � � �

�

� �

−
−

− −





































=



















(9)

ù"  � ��1 #�0 RS 2 � pxp Toeplitz ���.�. .#2 1#1$�2�1�" 12 

.!�120!) ��� " 2�" ���� . 2 /���#1�. 2&� 1#�20�012+� 2 # �! ����2� �.�
rS 2 /���#1�. 2&� 1#�20�012+� .#2 1#1$�2�1�" 12 /0��) ��� " 2�" ����

	)20 � ��� �!�302.�
R a rS S= (10)
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�.� .�  RS 0��.� .�2�12!�%�� " �! �*�20� � �*1� 2�"

a R rS S= −1 (11)

ü�0�/�  ���.�." RS 0��.� 7RHSOLW]� � 0���#1� 2 # 1#12��.2 " �� !0�

�. ���0� �0 2 � .� / 2��) #� � ��12��� .��)!��� 2&� /HYLQVRQ � 'XUELQ >��@�
�2� 1#��$0�. .3 * �! 1/� !�1 #�0 2� 1#��!2�1� �02.3 !�" +�]�� 2 

���2 " 2�" .�)�!�1�" | ( )|H ejω .�.�.!�12� 2� 3.1�.2��� �0!����� #1. 2�"

 ����."�
þ �*1� � # �! �*�20� ��. 2�� ���! 3 !�. 2�" 3&��2���"  / * � #

�0!��$02.� 12�� +�]� �!��0� �. 0��.� 0*!&12� 0�20 �  ����. 0��.� �.�.!� 0�20
0��.� .�� �&���� .�) 2 �)!#� ���.� 2�" 0��/!�10�" 2 # �.�.�� *� �!��0�
/��./�  � 1#�20�012�" 2 # �! ����2� �. �.!.��� #� 0�20 .�02����2 � 0�20
�. �.! #1��� #� � �* ���!� �02.� �� )2.� �  ����. 0��.� .�� �&����� �.2�
1#���0�. 2. $.!.�2�!�12��� �0���� �. 0��.� 0*!&12.� �2� >��@ �.! #1���02.�
��. 1#��!�2��� �0��2� 2&� /�.3)!&� �0� / � ��+� ��. 2 � �! 1/� !�1�) 2&�
1#�20�012+� 2 # �! ����2� � # �.1��02.� 12�� 0�.$�12 � ��1� /�.3)!&�
.�2��0��0���+� 1#�.!2�10&�� ��!. 2&� 2#� � �����&� �0�)/&� +��� 2�"
.#2 1#1$�2�1�" �.� 2�" /�.1� !�" 0�02�� �2.� ��� / � � # �.1�� �2.� 12 
�!�2�!� 0��$�12�" .�)�#2�" 2���"� 12 �!�2�!� .�./! ���+� �.!+�
0�.$�12&� 202!.�+�&� �.� 2 �!�2�!�  ���+� 0�.$�12&� 202!.�+�&��
ú!����0 )2� � �.�*20!� ��� / " 0�.!2�2.� .�) 2 0�/ " 2 # #��!$ �2 "
� !*� # �.� 0� ���&" ��. �0���� .� /0�2� �*1� /0� 0��.� ��&12� >��@�

��. ���� �! 1���0�. .�.�.!�12.1�" 2 # 3�1�.2 "  ����."
1#��12.2.� 12�� .�)/ 1� �0�.�*20!�" ��3.1�" 10 0�0��0" 2�" 1#$�)2�20"
� # �.! #1��� #� �0�.�*20!� .� #12��� 0#.�1��1�.� ù#2� � �0+!�1� 0��.�
��&12� &" ù�1��2� +!.����� �!)��0%� �ù+�� >��@� 	 �!.��.2��) 3�1�.
2�"  ����." �� # �.����02.� .�) 2 ')7 2&� /0����2&� 2�"  ����."�
2! � � �0�2.� �0 ��1� 2�" .!$�" 2�" �!�1���" �+��" .� #12���" .�)�!#%�"
�.� 2�" ���1�" 0#.�1��1�." 2�" .��!+����" .� �" 12�" /�.3 !02���"
1#$�)2�20" >��@� 	 2! � � ����� 3�1�. �! 10����02.� .�) ��.
.#2 �.���/! *�0� � �2�� ��. �. #� � ��120� 2 +�]�� �� 2���"
.#2 1#1$�2�1�" �.���� �2.� .�) 2 � .�2�12! 3 ')7 2 # 2! � � ����� #
3�1�.2 "� �� 1#�20�012�" 2 # �! ����2� #� � ��� �2.� .�) 2�� 0���#1�
2�" 0��1&1�" ����� ü$0� /0�$�0� �!)13.2. )2� � 20$���� 2�" ù+� 0��.�
�0!�11)20! 0*!&12� 10 �0!��� �� 2.�!�.12� �0!����� �2. .�) )2� �
2#� � ������ ��� / " ��. .�.��+!�1�  ����." �0��� # �0��� �� #� �2��
�.! *1. 0!�.1�.� $!�1�� � � *�0 2�� 2#� � ������ ��� / 
.#2 1#1$�2�1�" +� ��. 2 � �! 1/� !�1�) 2&� 1#�20�012+� 2 # �! ����2��
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4. ü
�
�	þ CEPSTRAL ù�ù�
�þ

	 0�)�0� ���. 0��.� � �02.2! �� 2&� 1#�20�012+� 2 # �! ����2�
10 /�.�*1�.2. $.!.�2�!�12��+� �0�0�+�� �.!./0���.2. 2�2 �&�
/�.�#1��2&� �0!��.���� #� >��@ .#2 *" 2 #" �/� #" 2 #" 1#�20�012�" 2 #
�! ����2�� 2 #" FHSVWUDO 1#�20�012�" �.� 2�" �.!.�+� #" 2 #"� �0*��
3.1�.2��+� �!.��+� �/63�� 2 #" � ��!��� #" �)�&� �0!� $+� �/$5�� 2�"
1#�.!2�10�" �0!� $+� 2�" 3&��2���"  / * �.� 2�� �! #12��� .�)�!�1� K�Q�
2 # 3��2! # +�]�� 	. �0!�11)20!. .�) 2. �.!.���& /�.�*1�.2.
$.!.�2�!�12��+� �$ #� �.2� �.�! *" �0�02��0� /�0� /���� ü$0� �!0�0� )2�  �
FHSVWUDO 1#�20�012�" /�� #� 2. �.�*20!. .� 20��1�.2. >��@� ü��1�"  �
�.!��&� � 2&� FHSVWUDO 1#�20�012+� �0!��$ #� 2�� ���! 3 !�. 2�"  ����."
� # 0��.� �.1��� ��. 03.!� ��" 0�.!2+�0�0" .�) �0��0� � �!)13.2. �
$!�1�� � ��1� 2&� �0#�+� 3.1�.2��+� �!.��+� �3�10 #� 1$�10�" >��@�
�2�� �.! *1. 0!�.1�. � ��3.1� /��02.� 12. $.!.�2�!�12��� �0���� � #
1$02�� �2.� �0 2 FHSVWUXP� ��. 2. $.!.�2�!�12��� �0���� � # 1$02�� �2.� �0
FHSVWUXP �.���� �2.� �02� 2�� .���#1� +!.�����" �!)��0%�"� ü�.�!01�
.� 20�0� 2 PHO�ZDUSHG FHSVWUXP � # �.����02.� .�) .���#1� ��."
2!��0�." 3��2!&� >��@� �.� �.! #1���02.� 12�� ����

4.1 Cepstrum

ù" �0&!�1 #�0 ��. �)$� .�.!.�2�2. .�2�.2)� 1��. $�Q� 2 #  � � #  ]�
�02.1$��.2�1�)" ;�]� #��!$0� �.� �$0� �0!� $� 1*����1�" 12��  � �.
1#��0!��.����02.�  � �./�.� " �*�� "� ù" #� ��1 #�0 )2�  
C z X z( ) log ( )= .�.�2*1102.� 10 1#����� #1. /#�.� 10�!� 2�"  � �."

0��1�" � �0!� $� 1*����1�" �0!��.����0� 2 � �./�.� �*�� � 	 cepstrum
 !��02.� &"  .�2�12! 3 " ]��02.1$��.2�1�)" 2 # &�]� >��@� /��./�

C z c n zn

n

( ) ( )= −∑ (12)

ù" 1��0�&�0� )2� 2 F�Q� 0��1�" /0� 0��.� .�.!.�2�2. .�2�.2)�
�#�0$�� #�0 #� ��2 �2." )2�  ;�]� 0��.� ��. !�2� 1#��!2�1� 2 # ]� /��./�
�0!��!�302.� ���!&" .�) 2 #" �)� #"� 2. ��/0���� �.� 2�� .� �.��� 	)20
2 FHSVWUXP &�]� �$0� 2�" .�)� #�0" �/�)2�20"�
1. 	 /0���. F��� 0��.�  3#1��)" � ��!��� " 2�" .� �.��"�
2. �� �)� � �.� 2. ��/0���� 2 # ;�]� 0�2)" 2 # � �./�.� # �*�� #
1#�0�13�! #� �)� 12 .�2�.2) ��! " 2 # F�Q� � # .!$��0� .�) Q ��

3. �� �)� � �.� 2. ��/0���� 2 # ;�]� 0�2)" 2 # � �./�.� # �*�� #
1#�0�13�! #� �)� 12 �� .�2�.2) ��! " 2 # F�Q��

4. 	 FHSVWUXP 0��.� .�2�.2) .� �.� �)� .�  ;�]� 0��.� 0��$�12�" 3�1�"�
5. 	 FHSVWUXP 0��.� �� .�2�.2) .� �.� �)� .�  ;�]� 0��.� ����12�" 3�1�"�

6. 	 FHSVWUXP F�Q� .� 1�.��0� �0 !#��) 1
| |n )2.� 2 Q 20��0� 12 ∞ � − ∞ .

7. 	 FHSVWUXP �$0� ��0�!� /��!�0�. 0�20 2 $�Q� 0��.� �0�0!.1����" 0�20 0��.�
��0�!�" /��!�0�."�
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8. ù� 2 [�Q� 0��.� �!.��.2��)" .!���)"� 2)20 �.� 2 F�Q� 0��.� �!.��.2��)"
.!���)"�


" 0�/��� �0!��2&1� 2 # �� �0��� * ;�]� ." �0&!�1 #�0 2 3��2! 
+� +�]� � # 0��.� 0��$�12�" 3�1�"� �$0� /��./� �)� �)� #" �.� �! �*�20�
.�) 2� ��� / .#2 1#1$�2�1�"� û0/ ��� # )2� )� �  � �)� � z zi= 0��.� 0�2)"

2 # � �./�.� # �*�� # �.� � .� �.�� 0��.� �� 2 .�2�.2) FHSVWUXP +� c nlp ( )

2�" +�]� 0��.� >��� ��� ��@

c n n
z n

n
lp

i
n

i

p

( )
,

,
= >

≤






=
∑1

0

0 0
1

(13)

��. .�./! ���� 1$�1� �02.�* 2 # FHSVWUXP +� �.� 2&� 1#�20�012+�
2 # �! ����2� /��02.� .�) 2� 1$�1� >��@

c n a
i

n
c i alp n lp n i

i

n

( ) ( ) ( )= + −
=

−

∑
1

1

(14)

þ $!�1� .#2�" 2�" .�./! ����" 1$�1�" 0��2!��0� 2 � .� / 2��)
#� � ��1�) 2 # c nlp ( ) $&!�" 2� $!�1� �.�0�)" 0�/ #" � �#&�#����"

�.!.� �2 � ��1�"� ü3)1 � 2 c nlp ( ) 0��.� ��0�!�" /��!�0�."� 2 /���#1�.

$.!.�2�!�12��+� �0�0�+� /��12.1�" S .� 20�0�2.� .�) 2. 12 �$0�. clp ( )1

��$!� c plp ( ) � �� S .#2�" 2���" 0��.�  � �� 1��.�2���" �)�& 2�" .�)1�01�" 2�"

.� � #��." �0 2�� .*��1� 2 # Q� ü21� �.!)� � # /0 �.���� #�0 #�)%�
12 #" #� � ��1� *" 2. 0����� � 2&� S /0���.2.� � ��1� 202!.�&����
/�.3 !� �02.�* /* FHSVWUDO /�.�#1��2&� +� 0��.� �! 10���12��� �1� �0 2�
��1� 202!.�&���� /�.3 !� �02.�* 2 # � �.!����� * 3�1�.2 " 2&�
.�2�12 �$&� 3��2!&� +� � # �$ #� �)� �)� #" >��@� �#�0�+"�
0��2#�$�� #�0 ��. �.�) ��2! 2�" /�.3 !�" 12�� �0!����� #1. 2 #
3�1�.2 " 2&� ��.�1�&�  ����." .�) 2.  � �. 0��$��1.� 2. FHSVWUDO
/�.�*1�.2.�

4.2 Cepstral �.!��&� �

	 FHSVWUXP +� .�2��! 1&�0*0� 2�" 2 ����" 3.1�.2���" �/�)2�20" 0�)"
/0/ ��� # ��.�1� #  ����."� ��&" /0� $.!.�2�!��0� 2�" $! ����" �
�02.�.2���" ���! 3 !�0" 10 ��. .� � #��. ��.�1�&�  ����."� �0 03.!� ��"
1$02���" �0 �0��0� � )�&" � .�.��+!�1�  ����." �.� � 0�.!2+�0�� .�)
�0��0� .�.��+!�1�  ����2�� �$0� /�.��12&�0� �0�2�&���� .�)/ 1� �0 2��
0�1.�&�� 2&� FHSVWUDO �.!.�+�&� 12 $+! 2&� $.!.�2�!�12��+� �0�0�+��
�� .#2) ��.2�  � FHSVWUDO �.!��&� � 1#��.���� #� 2�" �02.�.2���"
���! 3 !�0" 2�"  ����."� þ �!+2� �.!��&� " 2 # FHSWUVXP ���&12� �.� &"
/��2. FHSWUVXP�  !��02.� &" >��@
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∂
∂

µ
c n t

t
c n t kc n t k

lp

lp lp
k K

K( , )
( , ) ( , )= ≈ +

=−
∑∆ (15)

)� # 2. c n tlp ( , ) 1#�� ��� #� 2 #" Q� 12 *" FHSVWUDO 1#�20�012�" +� 2�

$! ���� 12���� W� � 0��.� ��. �.2������ 12.�0!� �.� ��� � ��1�" �.� ��.���
0��.� 2 ���� " 2&� ��.�1�&� ��. 2.  � �. 0�20� *�2.�  � #� � ��1� �� 	 
FHSWUVXP +� �.� 2 /��2. FHSWUVXP �.�� �$ #� $!�1�� � ���0� ��. 2�
�0�2�&1� 2�" .�)/ 1�" 2�" .�.��+!�1�"  ����2� >��@�

4.3 Cepstral �2����1�

þ �.1��� �/�. 12��  � �. �.1��02.� � FHSVWUDO 12����1� 0��.� �
0����2!�1� 2�" 0#.�1��1�." 2&� $.���)20!�" 2���" FHSVWUDO 1#�20�012+�
12��  ���� 3.1�.2��� ���1� �.�+" �.� 2�" 0#.�1��1�." 2&� #%��)20!�"
2���" FHSVWUDO 1#�20�012+� 12 �)!#� >��@� þ 12����1� #� � �0�2.�
� ��.��.1��� �2." 2. c nlp ( ) �0 ��. �.!��#! Z�Q� �.� $!�1�� � �+�2." 2.

12.���1���. FHSVWUXP &" 2 /���#1�. 2&� $.!.�2�!�12��+� �0�0�+�� ù#2�
� /�./��.1�. .�)/ 1�" �.!+� 0��.� 0��1�" ��&12� �.� &" �0�.�1�� þ �!+2�
1#���0�. 2�" �0�.�1�" 0��.� � 0�.�&�� 0�)" /�.�*1�.2 " $.!.�2�!�12��+�
�0�0�+� �0�0!.1����" /��12.1�" .�) 2 c nlp ( ) � # 0��.� ��0�!�" /��!�0�."�

ü��1�" � �! 10�2��� 0��� �� 2 # Z�Q�  /��0� 10 0*!&12. .� 20��1�.2.�

��!$ #� /��3 !. 1$��.2. 12����1�" � # /�.3�! #� &" �! " 2 �

2*� 2 # $!�1�� � � *�0� # FHSVWUDO �.!.�*! #� 	 .�� *120! 0��.� 2 
 !� �+�� �.!��#! � # /��02.� .�) 2�� 1$�1�

w n
n L

( )
, , , ,

,
=

=



1 1 2

0

�

αλλου (16)

)� # / 0��.� 2 ���0� " 2 # �.!.�*! #� 	  !� �+�� �.!��#! /�.2�!0� 2.
�!+2. / /0���.2. � # 0��.� 2. �� 1��.�2��� �)�& 2�" 3��� #1." �/�)2�2."�
ù��0" � !3�" 2 # Z�Q� 0��.� � �!.����� 12����1� �� .���+" TXHIUHQF\
�0�.�1��� )� #

w n
n n L

( )
, , , ,

,
=

=



1 2

0

�

αλλου (17)

�.� � �&� �0!.2� �0�.�1� �ý��� >�����@ )� #

w n
L n

L
n L( ) sin( ) , , ,= + =





1

2
1 2

0

π

αλλου
� (18)

þ �!.����� 12����1� .� /�/0� &" ��! " 10 ���0 �0$&!�12) FHSVWUDO
)! 2 /0��2� 2 #� ü� ���&" #� �.����0� 2 !)� 2&� )!&� $.���)20!�"
2���"� þ ý�� 12.����0� ��. FHSVWUDO .� � #��. �0 ��. ���2 ���� 1#��!2�1��
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�21� +120 �. #� �.����02.�  !)� " 2&� )!&� $.���)20!�" �.� #%��)20!�"
2���"� ù" 1��0�&�0� )2� 2. 1$��.2. 12����1�" � # �0!��!�%.�0 0��.�
12.�0!� �0 2�� ��� �. )2� 2. ��!� 0��.� 1#��!2�1� �)� 2 # FHSVWUDO /0��2��
û0� �$ #� �.���. !�2� 0��!2�1� .�) 2�" 12����.�0" �02.� ��" 2 # FHSVWUXP�
 �  � �0" 0�1�� �2.� .�) /��3 !0" 1#����0" 2 # �0!����� �2 " �)�&"  
�)!#� " �.� � 0��/!.1� 2 # �.�.�� *��

4.4 ù3.�!01� 2�" Cepstral ��1�" 	���"

ü�. 1��.  ����." � # 0�����02.� ��1& 0�)" 2��03&��� * /��2* #
#3�12.2.� �!.����� �.!.�)!3&1� � #  30��02.� 12�� 0��/!.1� 2 #
�.�.�� *� ù#2) .��� 0�3!��02.� &" 7�]� 6�]�*�]�� )� #  )! " 6�]�
.�2�12 �$0� 12�� .!$��� �.�.!�  ����.�  )! " *�]� .�2�12 �$0� 12 
2��03&���) �.���� �.�  )! " 7�]� .�2�12 �$0� 12� 3��2!.!�1����  ����.�
� �.!����� �2." �.�!� #�0

log ( ) log ( ) log ( )T z S z G z= + (19)

ù" #� ��1 #�0 )2� 2 3�1�. 2�"  ����." �.� 2 # �.�.�� *
�! 10���� �2.� �.�� .�) � �2�� +� � # �$0� �)� �)� #"� 	)20 �
0��/!.1� 2 # �.�.�� * 12��  ����. �! �.�0� ��.� �! 1�02��) )! 12 
FHSVWUXP +� 2�" �.�.!�"  ����."� ù� #� ��1 #�0 )2� 2 FHSVWUXP +� 2�"
�.�.!�"  ����." 0��.� ��/��� 2)20 � 0�2���1� 2 # FHSVWUXP 2 # �.�.�� * 0��.�
.��� �.� �)� � ��1� 2��� FHSVWUXP +� 2�" 3��2!.!�1����"  ����." 7�]�� ü21�
��. �. .�2�12.���1 #�0 2�� 0��/!.1� 2 # �.�.�� * .!�0� �. .� �.�!*� #�0
2�� 0�2���1� 2 # .3.�!+�2." 2�� FHSVWUDO ��1� 2��� �&06� >�� ��� ��@� 	)20
2 /���#1�. $.!.�2�!�12��+� �0�0�+� �!�302.��

c n c n E c ncms lp lp( ) ( ) [ ( )]= − (20)

)� # � ��1� 2��� �.����02.� 10 ��. ���� " ��.�1�&�  ����." � # �$ #�
#� 120� 2�� 0��/!.1� 2 # �.�.�� *� ù" 1��0�&�0� )2� �$ #�0 1�&��!�
#� �02�10� 2��  !� �+��. 12����1� �1$�1� ����

þ .3.�!01� 2�" ��1�" 2���" �0�2�+�0� 1��.�2��� 2�� .�)/ 1� 0�)"
1#12��.2 " 12  � � � 0�����1� ���02.� #�)  !�1���0" 1#����0" ��. 2 
�.����� 0�+  ��0�$ " ��2& .�) ���0" /�.3 !02���" 1#����0"� 
12)1 �
.�!��0�. 2�" .�.��+!�1�" #3�12.2.� 1��.�2���" .�+�0�0" )2.� � &06
$!�1�� � �0�2.� ��. 2�� .�.��+!�1�  ����2� 12�� �0!��2&1� � # �
0�����1� �.�  ��0�$ " ��� �2.� 12 �/� �.����� ù#2)  30��02.� 12��
#�)�01� )2� � .1#��2&2��� FHSVWUDO ��1� 2��� 2�" �.�.!�"  ����." 0��.�
��/0����� þ #�)�01� ����0 +120 2 3�1�. 2 # �.�.�� * �. .�.�.!�12.2.�
.�) 2�� .1#��2&2��� FHSVWUDO ��1� 2��� 2�"  ����." � # 0����0 .�) 2 
�.����� þ #�)�01� .#2� .���0*0� �)� )2.� 2 2���. 2�"  ����." 3&��2���
�1 !! �0�� /��./� 1#��0!��.����0� 2�� �/�. � 1)2�2. 0�3+�&�� .3+�&�
�.� ��0�12+� �� �!!��&� �$&�� ù#2) ��.2�  � 2! $��" 2&� FHSVWUDO
1#�20�012+� ��. /�.3 !02�� *" �$ #" .� ���� #� �02.�* 2 #" 1��.�2����
&12)1 1#��0!�3�! �2.� �.!)� �. �0 �$ #" 2�" �/�." �.2�� !�."� 	 
3.��)�0� �.!.2�!0�2.� 12 �$��. �� ���2&" �� ! *�0 �. #� � ��1 #�0
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.�!���120!. 2 FHSVWUXP 2 # �.�.�� *� 0�� � ��1� 2��� 2 # FHSVWUXP �  � �.
 30��02.� .� ��0�12��� 12�� �.�.!�  ����.� �� ! *10 �.2� ����12 � 1) �.
�0�&�0� �!�� .�) 2 1#��0!.1�) 2�"  ����." �0 2 �.�����

 
�$��. �� 	 FHSVWUDO /���#1�. �.� 2 # ��3&� # �$ # �.� ��� 2 # ��3&� #

�$ # �X� ��� 2 # �3&� # �$ # �VK� �.� �/� 2 # ��0�12 * �� �!!�� #
�$ # �S�

4.5 ù3.�!01� 2�" &HSVWUDO ��1�" 	���"
-��2!.!�1���&� �)�&�

þ �/�. 2�" .3.�!01�" 2�" FHSVWUDO ��1�" 2���" �.1��02.� 12�� #�)�01�
)2� ��. 0�2���1� 2 # �.�.�� * /��02.� .�) 2� ��1� 2��� ü>c nlp ( ) @� �� �)� � 2�"

+� �0 120�) 0*! " �+��" � # �!�1� �2.� ���1� � 2 # � �./�.� # �*�� #
1#���&" .�.�.!�12 *� 2 #" 3&� 1#�2 ��1� *" �.� 0��.� ���)20! 0#.�1��2 �
12�" 0��/!�10�" �.�.�� * �.� � !*� #� ü� ���&" .#2 �  � �)� � /0
1#�0�13�! #� 12�� 0�2���1� 2 # �.�.�� * 0�0�/� �0!��$ #� �0!�11)20!�
���! 3 !�.  ����."� ù�2��02.  � �0��� # 0*! #" �+��" �)� � � �20� � � *�
2� 3.1�.2��� ���%�� 2�� #� ��&22�/��� /�.�*�.�1� �.� 2�" 0��/!�10�" 2 #
�.�.�� *� ù#2 �  � �)� � �! 13�! #� ��. �.�*20!� 0�2���1� 2 # �.�.�� *�
��. �.�� *!�. �/�. ��&12� &" 3��2!�!�1�. �)�&� 2! � � �0� 2 #" �)� #"
2�" +� �21� +120 �. /�0#!*�0� 2 0*! " �+��" 2&� �)�&� 2&�
3&� 1#�2 ��1�+� >��@� þ /�0*!#�1� 2 # 0*! #" �+��" 0��2#�$��02.� �0 2��
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.�2����� �02.3 !� 2&� �)�&� 2&� 3&� 1#�2 ��1�+� �.�!�� .�) 2 
� �./�.� �*�� � þ 1#$�)2�2. 2&� �)�&� .3��02.� �����2�� 	 1$��. �
�.! #1���0� 2�� �/�. 2 # 3��2!.!�1�.2 " 2&� �)�&�� 	 FHSVWUXP � #

�$��. �� þ �/�. 2 # 3��2!.!�1�.2 " �)�&�

.�2�12 �$0� 10 .#2 *" 2 #" 3��2!.!�1��� #" �� 2! � � ����� #"� �)� #"
�1#�� ���02.� &" c nmlp ( ) � �$0� ���)20!� ���! 3 !�.  ����." �.� �0!�11)20!�

���! 3 !�. ��. 2 �.���� .�) )2� �$0� 2 c nlp ( ) � .�!��+" �)�& 2�"

#� �����1�" 2&� �)�&� 2&� 3&� 1#�2 ��1�+�� þ 0�2���1� 2 # �.�.�� *
/��02.� .�) 2�� ü>c nmlp ( ) @  �)20 2 /���#1�. $.!.�2�!�12��+� �0�0�+� 0��.�

c n c n E c npflcms lp mlp( ) ( ) [ ( )]= − (21)

ù" 1��0�&�0� )2� �$ #�0 1�&��!� #� �02�10� 2�� #�)�01� 2�"  !� �+��."
12����1�" �1$�1� ������

þ �.!.���& 20$���� 1$��.2�1� * 2 # /�.�*1�.2 " $.!.�2�!�12��+�
�0�0�+� 0��.� ��&12� &" .3.�!01� 2�" FHSVWUDO ��1�" 2���" 3��2!.!�1���&�
�)�&� �3)&06�� þ #� � ��1� 2�" �0!��.����0� 2. .�)� #�. ���.2.�

• ü��� �� 2�" .�2��." �.2&3�� # rth

• +�. ���0 ��.�1�  ����."

− 
� � ��1�)" �)�&� +� z i pi , , , ,∀ = 1 2�

− +�. ���0 �)� zi :
ü�� | |z ri th> � 2! � � ��1� zi �21� +120 2 ���2 " 2 # �. ���0�

rth �.� � 3�1� 2 # �. �.!.�0��0� .�02����2��

− 
� � ��1�)" c nmlp ( ) �.1�1���&� 12 #" 2! � � ����� #" �

3��2!.!�1��� #" �)� #"�

• 
� � ��1�)" 2�" 0�2���1�" �.�.�� * ü> c nmlp ( ) @ ��. )�. 2. ��.�1�.

 ����."�
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• 
� � ��1�)" c nplcms( )

ü$0� /0�$�0� )2� � 3)&06 #�0!�1$*0� 12. �0�!��.2. 2.#2 � ��1�"
 ����2� >��@� ù" 1��0�&�0� )2� .3 * � ü> c nmlp ( ) @ 0��.� ��. �.�� 0�2���1� 2 #

�.�.�� *� �� !0� �. �02.2!.�0� 10 ��. 3��2! �0 �)� �)� #" � #
.�.�.!�12� 2 �.����� ü� ���&" �� !0� �. �02.2!.�0� 10 ��. .�2�12! 3 
3��2! �0�0!.1����" �! #12���" .�)�!�1�" �),5�� �2.� .#2) 2 ),5 3��2! 
03.!�)�02.� 12��  ����.� �  ����. .�./0���*02.� �.�+" � 0��/!.1� 2 #
�.�.�� * .�.�*�02.�� ù#2� � .��/0��� 2�"  ����." �!�� .�) 2�� 0�.�&�� 2&�
$.!.�2�!�12��+� �0�0�+� �0�2�+�0� 2�� .�)/ 1� 2�" 2.#2 � ��1�" 2 #
 ����2� >��@� 	 1$��. � �.! #1���0� 2 ��� � /���!.��. 2�" /�./��.1�."�

�$��. �� ù�2�12! 3 3��2!�!�1�. 2�" 0��/!.1�" �.�.�� *

4.6 �! 1.!� 12��� �2����1� 2&� Cepstral �!&�

�� 20$����" 2�" &06 �.� 3)&06 0��.� �.!./0���.2. 20$���+�
0�0�0!�.1�." �02.�* ��.�1�&� �0 2�� ��� �. )2� ��. 2 � �! 1/� !�1�) 2 #
/�.�*1�.2 " $.!.�2�!�12��+� �0�0�+� $!�1�� � �0�2.� ���! 3 !�. .�)
�0!�11)20!. 2 # 0�)" ��.�1�.� �0 .#2�� �.� 2�� 0�)�0�� 0�)2�2.
�0!��!�3 �2.� /* 0�/ ��.�1�.��" ��� / �� /��./� ��� / � 12�"  � �0" �
���! 3 !�. �.����02.� �)� .�) 2 2!�$ � ��.�1� � þ �!+2� 0��.� ��&12�
&" �! 1.!� 12��� 12����1� )!&� (ACW) [30].

ù" �0&!�1 #�0 )2� � 1#��!2�1� �02.3 !�" +� þ�]�
�.!.�02! � �0�2.� .�) 2. #�)� ��. rk �.� 2 #" �)� #" zk �  �  � � � �0 2�

10�!� 2 #" �0!��!�3 �2.� .�) 2. σ k �.� ωk �1$�10�" ��� �.� ����� ü21�

�� ! *�0 �. �!�% #�0 2�� �! #12��� .�)�!�1� K�Q� &"

h

h

h p

e e e

e e e

e e e

r

r

r

j j
p

j

j j
p

j

p jp p jp
p
p jp

p

p

p

p

( )

( )

( )

1

2
1 2

1
2 2

2
2 2 2 2

1 2

1

2

1 2

1 2

1 2

�

�

�

� � � �

�

�



















=





































σ σ σ
σ σ σ

σ σ σ

ω ω ω

ω ω ω

ω ω ω

(22)

Cepstrum
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�� 3&� 1#�2 ��1� � 2 # 1��.2 "  ����." 12.���� �2.� .�) 2.
#�)� ��. ri � ü$0� �.!.2�!��0� >��@ )2� 2. #�)� ��. �.! #1��� #� .��)� ��

/�.�*�.�1� )2.� �  ����. /��!$02.� .�) 2 �.����� ù#2) �1 /*�.�. 1��.��0�
)2� 2. ���2� rk 2&� /�.�!�2+� 2!)�&� 2 # � �2�� # /�.�)!3&1�" �0��1&1�

���� /�.2.!�11 �2.� .�) 2 �.���� �0!�11)20! .�) )�2� /�.2.!�11 �2.�  �
���0" /* �.!��02! � σ k �.� ωk � 	 $&: FHSVWUXP .� �.�!*�0� 2�"

/�.�#���10�" � # �! �.� *�2.� .�) 2� �02.���2)2�2. 2 # �.�.�� *
�.� ��� � �+�2." 2. #�)� ��.� ü21� /��02.� ��3.1� 12 #" )! #" 120��"
�+��" � # .�2�12 �$ *� 12 #" 3&� 1#�2 ��1� *" �.� �.2.12��� �2.�  � )! �
0#!0�." �+��"� �#�0�+" �.2.��� #�0 10 ��. 1#��!2�1� �02.3 !�" 2�"
� !3�"

H z
N z

A z z zacw
kk

p

( )
( )

( )
= =

− −
=

∑ 1

1 1
1

(23)

)� #

N z z zi
i k

p

k

p

( ) ( )= − −

= ≠=
∏∑ 1 1

11

(24)

� .!����2�" ��]� �� !0� �. �!.30� �.� &"

N z p b zk
k

p

( ) ( )= − −

=

−

∑1 1

1

1

(25)

ù� /0���*02.� )2� 2 1�]� 0��.� 0��$�12�" 3�1�" >��@� ü� ���&" 2 $&:
FHSWUXP 0��.� .�2�.2) �.� /��02.� .�) 2 c pacw( ) log0 = �.� 2� 1$�1�

c n c n c n nacw lp nn( ) ( ) ( )= − >για 0 (26)

)� #  � )! � c nnn( ) �� ! *� �. �!0� *� .�) ��. .�./! ���� 1$�1� � #

1#��0!��.����0� 2 #" 1#�20�012�" bk ��/� # 2*� # .�./! ���� 1$�1� )�&"

� 0��1&1� ���� ü����� �� .3 * 2. bk .��� 0�3!�� �2.� &" >��@

b
p k

p
a k pk k=

−
≤ ≤ −για 1 1 (27)

 #� � ��1�)" 2 # $&: VSHFWUXP 0��.� � �* .��)"� � )! " c nnn( )
.�2�12 �$0� 12�� 0�2���1� 2 # �.�.�� *� ù�2��02. .�) 2. &06 �.� 3)&06� �
��� / " 0��.� �! 1.!� 12��� 10 ��.�1� ��! "���.�1� ��1�� �2�� �!����
03.!�)�02.� �  !� �+��. 12����1� �21� +120 2 /���#1�. $.!.�2�!�12��+�
�0�0�+� �. .� 20�0�2.� .�) 2 #" )! #" 2 # c nacw( ) ��. Q � �&" S� þ

.�)/ 1� 2&� 1#12���2&� 2.#2 � ��1�"  ����2� 0��.�  �&1/�� 20
�.�*20!� .� $!�1�� � �0�2.� 2 $&: FHSVWUXP .�2� ��. 2�� .��� �0!��2&1�
2 # FHSVWUXP +� >��� ��@�
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4.7 �02.3��2!.!�1��� Cepstrum

þ �/�. 0�)" �02.3��2! # �SRVWILOWHU� 0�1�$�0� 12� >��@ ��. 2�� .��/0���
2�"  ����." )2.� 0��.� .�� �&���� �0 �)!#� � þ 3�� 1 3�. 2�" .���2#��"
0�)" �02.3��2! # �.1��02.� 12 �0� �)" )2�  �)!#� " �� !0� �. 0��.�
�0!�11)20! " .�0�2)" .�) 2�" .��!+���0" .�1��10�" )2.� �!�1�02.� 12�"
�0!� $�" 2&� 3&� 1#�2 ��1�+� �3.1�.2���" � !#3�"� �.� ���)20! .�0�2)"
)2.� �!�1�02.� 12�" 3.1�.2���" � ���/0"� 	 �02.3��2! �.����02.� .�) 2 
ù�]� �.� � 1#��!2�1� �02.3 !�" 2 # /��02.� .�) 2� 1$�1�

H z
A z

A z
opfl ( )

( / )

( / )
= < < ≤

β
α

β α 1 (28)

ü�� 2 ù�]� 0��.� 0��$�12�" 3�1�"� 2)20 2 H zpfl ( ) 0��.� 0��$�12�"

3�1�"� ü� ���&" 2 �02.3��2!.!�1��� FHSVWUXP �� # .�.3�!02.� 10
1#�2 ��. �.� &" 3)/ FHSVWUXP� >��@ 0��.� .�2�.2) �.� /��02.� .�) 2 cpfl ( )0 0=
�.� 2� 1$�1�

c n c n npfl lp
n n( ) ( )[ ]= − >α β για 0 (29)

	 3)/ FHSVWUXP 0��.� .��� ��. 12����1� � �0�.�1� 2 # FHSVWUXP +�
�.� 0��.� � �* 0*!&12 12�" 0��/!�10�" �.�.�� * �.� � !*� # >��@� ��&" �.�
12�" ���0" �0�)/ #" �0�.�1�" 2 # FHSVWUXP +�� /��./� 2�" �0�.�1�" �+��"
>��@� 2�" TXHIUHQ\ �0�.�1�" >��@ �.� 2�" .�2�12! 3�" �0�.�1�" /�.�#���10&�
>��@�  � FHSVWUDO 1#�20�012�" �0 2 #" ���!)20! #" /0��20" #� �.���� �2.��

�2�� �0!��2&1� � # . �� 2)20 c n c n c npfl lp
n

lp( ) ( ) ( )= − β � 
��!$0� /��./�

��." .3.�!02��)" )! " � # 0�#��!020� &" 0�2���1� �.�.�� * �.� � # 0��.�
�! 1.!� 12��)" 10 ��1� ��.�1� ��! "���.�1� � �2�� �!��� 03.!�)�02.�
 !� �+��. 12����1� �21� +120 2 /���#1�. $.!.�2�!�12��+� �0�0�+�
.� 20�0�2.� .�) 2 #" )! #" 2 # c npfl ( ) .�) Q � �&" S�

	 1$��. � �.! #1���0� 2�" .� �!�10�" ���2 #" 2&� +�]�� H zacw( ) �.�

H zpfl ( ) ��. ��. ��.�1� �.�.!�"  ����." �.� ��. 2 �/� ��.�1�  ����."

.�� �&��� .�) 2 &RQWLQHQW 0LG 9RLFH �&09� �.���� >��@� 	 &09 �.����
0��.� ��. 2#���) �&� �0!.2) �.���� � # 1#�.�2�2.� 12. 2��03&���� /��2#.�
�)�& 2�" 0��/!.1�" 2 # 3��2!.!�1�.2 " .�) 2 �.����� #��!$0� 1��.�2���
/�.3 !� 12 3�1�. 2 # ��ù�]�� )�&" .� �.�*�20� 2 1$��. ��.�� ù#2� �
/�.3 ! � ��1� .�.�*�02.� 1��.�2��� �0 2�� 0�1.�&�� 2&� H zacw( ) �.�

H zpfl ( ) � ��&" 3.��02.� �.� .�) 2. 1$��.2. ���� �.� ����� � /�.3 !� 12 

���2 " 2 # 3�1�.2 " ��. 2�" �0�)/ #" $&: �.� 3)/ �0�+�02.� &" �! " .#2)
2 # ��ù�]�� 	. $&: �.� 3)/ 3�1�.2. 0��.� �.!)� �. .3 * �.� 2. /* /�� #�
��3.1� 12�" � !#3�" 2&� 3&� 1#�2 ��1�+� � # 0��.� �� �!�1��0" ��. 2��
2.#2 � ��1�  ����2�� ü��1�" /0� #��!$0� 3.�0!� 3.1�.2��� ���1�� 
12)1 
2 3)/ 3�1�. 0��.� 0#.�1��2 12�" �02.� ��" 2&� �.!.��2!&� . �.� ��
�0�&1� 2 # . �! �.�0� /�0*!#�1� 2 # 3&� 1#�2 ��1� *� 0�+  � �02.� ��"
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12 � 0��/! *� 12� 3.1�.2��� ���1�� �.�+" 2 � �0�+�02.�� � 3.1�.2���
���1� ���02.� �0!�11)20! 3.�0!��

�$��. �� ���2� /�.3)!&� 3.1��2&�  ����." .�� �&����" .�) 2 &09
�.���� ��.�.!�  ����. 1#�0$)�0�� �!.3��  ����. .�� �&���� .�)
2 �.���� 012������ �!.���� �.� ù�)�!�1� ���2 #" 2 # ��ù�]�� ���
ù�)�!�1� ���2 #" 2 # H zacw( ) ��� ù�)�!�1� ���2 #" 2 # H zpfl ( )

�. �� � ����

�$��. �� û��3 !. FHSVWUDO 3�1�.2.  ����." .�� �&����" .�) 2 &09 �.����
��.�.!�  ����. 1#�0$)�0�� �!.����  ����. .�� �&���� .�) 2 
�.���� 012������ �!.����� �.� FHSVWUXP +� Flp�Q� ��� $&: FHSVWUXP
cacw�Q�� ��� 3)/ FHSVWUXP Fpfl�Q� �. �� � ����

	 1$��. � /0�$�0� 2 #" .�2�12! 3 #" FHSVWUDO 1#�20�012�" 2&� c nlp ( ) ,

c nacw( ) �.� c npfl ( ) ��. ��. ��.�1� �.�.!�"  ����." �.� ��. 2 �/� ��.�1� 

 ����." .�� �&��� .�) 2 &09 �.���� >��@� 
��!$0� � �* ���)20! ��
2.�!�.1�. 12. c nacw( ) �.� c npfl ( ) 10 1*��!�1� �0 2 c nlp ( ) .
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4.8 Mel-warped Cepstrum

	 PHO�ZDUSHG FHSVWUXP /�.3�!0� .�) 2 FHSVWUXP +� 12 )2� 2 PHO�
ZDUSHG FHSVWUXP #� � ���02.� �0 2� $!�1� 2!��0�." 3��2!&� 12��  � �. 2 
1*� � 2&� 3��2!&� �$0� 2 �/� 0*! " �+��" &" �! " 2� PHO ����.�.
1#$� 2�2&��

þ .��!+���� .�2���%� 2&� 1#$� 2�2&� 2&� �$&� /0� .� � #�0�
�!.����� ����.�.� ù�2��02.� 0��.� �! 10���12��� �!.����� �0 � �.!������
1#$�)2�2. ���& .�) 2. ����+]� �#��0�!����. � �!�1��� �+�� 0��.� 12.�0!�
)2.� � � �.!������ 1#$�)2�2. 0��.� ��2& .�) 2. ����þ] �.� �!.����� &"
�! " 2� � �.!������ 1#$�)2�2. ��!. 2&� ����+]� þ �!�1��� �+��
.�.3�!02.� 0�2)" 2 # 0*! #" �+��" 12  � �  � #� �0��0����" .� �!�10�"�
)�&" � .� #12)2�2.� �.!.��� #� 12.�0!�" ��$!� 2 0*! " �+��" 2 #
� !*� # �. #�0!�0� 2 0*! " 2�" �!�1���" �+��"� þ ����.�. PHO  !��02.�
�.2� 2�2 � 2!)� +120 2. ����+] 12 $+! 2�" �!.�����" 1#$�)2�2." �.
0��.� ����PHOV� �� #�)� ��0" 2���" �.���� �2.� �0 2�� 2! � � ��1� 2�"
1#$�)2�2." 0�)" 2)� # �21� +120 � .��!+���. .�2����2� 1#$�)2�2. �. 0��.�
� ��1� � � /����1�. 2�" .�2����2�" 1#$�)2�2." 0�)" 1��0� # .�.3 !�" �0
��&12� 1#$�)2�2. PHO� 	 3�1�. 2�" ����.�." PHO �! 1 �R�+�02.� �0 2�
$!�1� 2!��0�." 3��2!&�  � �)� !3. �.2.�0�����&� 12�� ����.�. PHO�
)� # � 0��!�0�. 0�)/ # .�) ���0 �+�� 3��2! # �! 10����0� 2 
2! � � ����� 3�1�.� ü�� 1#�� ��1 #�0 2�� 0��!�0�. 0�)/ # 2 # ��12 *

3��2! # �0
~
Sk � 2 PHO�ZDUSHG FHSVWUXP c nmel( ) �.����02.� .�) 2 �

 ��1����� /�.�!�2) �02.1$��.2�1�) 1#����2)� # �'&7� 2 # 3�1�.2 " 2�"
����.�." PHO�

c n S n k
Kmel k

k

K

( ) log(
~

) cos( ( . ) )= −
=

∑ 05
1

π
(30)

4.9 ù��0" ü*!&120" Cepstral 	0$����"

	. 20�0#2.�. $!)��. �$ #� �! 2.�0� ��� / � )�&" 2. ���!)3&�.
.�*!&1�" � !*� #�  � �! 0�0�0!�.12�" �.2.12 ��" � !*� # �.� �
01&20!��� 2! � � ��1� 2&� .�� !���&� 0�0�0!�.1�." +120 !�2� �.
.�2�12.���� #� 2�� .�� �&1� 2 # 1��.2 " �.� �. �0�+� #� 2 �)!#� 12��
.� #12��� �0!� $��

þ �.2.12 �� 2 # � !*� # >��@ �0 2� $!�1� 3.1�.2���"
�.� ��� � ��1�" .�./0���*0� 2�� .� #12��� � �)2�2. 2�"  ����."� 
12)1 �
1����. �0�2�+�0� 2�� .�)/ 1� 0�)" 1#12��.2 " .�.��+!�1�"� 	 $50$
� �2�� � # $!�1�� � �0�2.� ��. 2�� 0*!&12� 0�2���1� 2 # �!.���� *
�! ����2� �.����0� #�)%� 2�� 0��/!.1� .1#1$�2�12 # �! 1�02�� *
� !*� # �.� �! 1��20� ��/0���� 12 � �2�� 2�" 3&��2���"  / *� ��&" /0�
0��.� #� � ��1�� ��.2� � #� � ��12��� � �#�� �)2�2. 2 # 0��.� �0���� �.� �
�*1� /0� 0��.� 0��#���� )2� 1#�����0� 12  ���) 0��$�12 2�" �1$#!� ��
�!.�����" 1#��!2�1�" �)12 #"�

þ 20$���� 1$02�� * 3�1�.2 " �5$67$� >��@ ��0 �0�20� 0�.�2�." 2 #
�0� �)2 " )2�  !#��)" �02.� ��" 2&� �� ��&11��+� )!&� 12��  ����.
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1#$�� �!�1�02.� 0�2)" 2 # 2#��� * !#�� * �02.� ��" 2 # 1$��.2 " 2�"
3&��2���"  / *� ü� ���&"� �.2.12��0� 2 #" 3.1�.2�� *" )! #" � #
�02.���� �2.� �0!�11)20! .!�� � �0!�11)20! �!�� !. .�) 2 � 2#���)
!#��) �02.� ��" 2�"  ����."� þ 5$67$ �! 1����1� �� !0� �. 1#�/#.120�
�0 2�� ��� / 2�" ù�1��2�" +!.�����" �!)��0%�" ��. �. /+1 #� 2�
1#��!2�1� �02.3 !�" +� +�]� >��@� 	 3�1�. 2�" �!�1���" �+��" 2�"  ����."
�!�1�02.� .�!��+" )�&" 12� ��� / ù�1��2�" +!.�����" �!)��0%�"� ��
2! $��" 12 $!)� 2&� 3.1�.2��+� )!&� 3��2!�! �2.� +120 �. �.2.12.� *�
 � �� ��&11�� � )! � 12 3�1�.� 	 3��2!.!�1��� 3�1�. �! 10����02.� .�)
��. .#2 �.���/! *�0� � �2�� � ü$0� /0�$�0� )2� 2 /��2. FHSVWUXP� 2  � � 
0��1�" .�2.�.��� 2�" 3.1�.2���" �02.� ��"� 0��.� ��. 0�/��� �0!��2&1� 2�"
5$67$ 0�0�0!�.1�." >��@� ü��1�"� .�2��02. .�) 2�� .3.�!01� 2�" FHSVWUDO
��1�" 2���" �  � �. .� �.�!*�0� 2� 1#�0$� 1#��12+1. 2 # � �.!����� *
3�1�.2 "� � 0�0�0!�.1�. 5$67$ 0��/!� 12 3�1�. 2�"  ����." �0 ��. �� 
1*��02 2!)� �.� /��0� ��3.1� 12�" 3.1�.2���" �02.��10�"� þ $!�1� 2�"
0�0�0!�.1�." 5$67$ �0�2�+�0� 2�� .�)/ 1� 2�" .�.��+!�1�"  ����." 10 ��
2.�!�.12�" 1#����0" >��@�

ü�.��.�2���� � 0�0�0!�.1�. 5$67$ �� !0� �. 03.!� 120� �.20#�0�.�
12 #" FHSVWUDO 1#�20�012�" 2�" 1#��!2�1�" �02.3 !�" +� � # #� � ���02.�
�0 2� 1#��.2��� ��� / .#2 1#1$�2�1�"� ü�. �&� �0!.2) 3��2! 2�"
� !3�" >��@

B z
a a z a z a z

b z z
( )

( )
=

+ + +
−

− − −

− −
0 1

1
3

3
4

4

1
1 41

(31)

03.!�)�02.� 12 #" FHSVWUDO 1#�20�012�"� ù#2) 2 �&� �0!.2) 3��2! �
1#�/#.�)�0� �0 %3/ 3��2!�!�1�.� �$0� /0�$�0� )2� �0�2�+�0� 2�� .�)/ 1�
.�.��+!�1�"  ����2� ��2& .�) �� 2.�!�.12�" 1#����0" >��@�

�2�" >�� ��� ��@ �� ! *� �. �!0� *� �.� ���0" 20$����" � # 0��$0�! *�
2�� 01&20!��� 2! � � ��1� 2&� .�� !���&� ��. �. �! 1.!�)1 #� 2 
� �2�� 2 #" .�) ��. �0!����� � $&!�" �)!#� 12�" .����0" 0�)"
�0!����� �2 " �0 �)!#� �
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5. ûÿ��,
�þ �ù�ù���-
�þ� �ü 	þ ��þ�þ
AFFINE �ü	ù��þ�ù	ÿ��
�

�2.� 2 1��.  ����." �.!.� !3+�02.� .�) 2 �.���� �02�/ 1�" �
.�� �+�02.� .�) 2 �)!#� � .� /0���*02.� )2� 2. FHSVWUDO /�.�*1�.2.
�0!�12!�3 �2.�� �02.3�! �2.� �.��� .���� #� ����.�.� ù#2) 3.��02.� 12 
1$��. ��

�$��. �� þ .��.�� ����.�."� � �0!�12! 3� �.� � �02.3 !� 2&� FHSVWUDO
/�.�#1��2&� �)�& 2&� 0��/!�10&� 2 # � !*� # �.� 2 # �.�.�� *�
�.� þ �.2.� �� 12 $+! 2&� �.�.!+� FHSVWUDO /�.�#1��2&� ��� þ
�.2.� �� 12 $+! 2&� FHSVWUDO /�.�#1��2&� 2�"  ����." �0
�)!#� �.�� � �.!.�)!3&1��

ü$0� �!0�0� )2� 12�� �!���� � .3.�!01� 2�" FHSVWUDO ��1�" 2���"� �
FHSVWUDO �0�.�1� �.�  � ���0" 20$����" � # .�.�*1.�0 12 �! �� *�0� 
�03��.� �! 13�! #� 0#!&12�. 12. 1#12��.2. .�.��+!�1�"  ����2��
�#��0�!����.� 0�� �0&!�1 #�0 2�� 03.!� �� 2�" &06 ��. 2��
�.� ��� � ��1� 2 # �.�.�� * �.� 2�" FHSVWUDO �0�.�1�" ��. 2� �0�&1� 2�"
0��/!.1�" 2 # � !*� #� 2)20  � /� !�&��� � FHSVWUDO 1#�20�012�" �ci

�� ! *� �. .�.�.!.12.� *� &"

�c w c c1 1 1 1= ′ − * (32)

)� # 2. ′ci 0��.�  � FHSVWUDO 1#�20�012�" 2�" �.�.!�"  ����."� þ �0���0#1� 2�"

0��1&1�" ���� .� 20�0� ��. 1#1$02�1��� �DIILQH� �02.1$��.2�1�) � #
/��02.� .�) 2� 1$�1�

′ = +c Ac b (33)

)� # F¶ 0��.� 2 FHSVWUXP 2�" #� �.���1����"  ����." �.� F 0��.� 2 FHSVWUXP
2�" .!$���" �.�.!�"  ����."� �2.�  ���.�." ù 0��.� /�.�+�� " �.� 2 
/���#1�. E ��/0���)� � 1$�1� ���� .� 20�0� ��. �02.1$��.2�1�)  � �)2�2."�

þ �/�. 2�" $!�1�" 0�)" DIILQH �02.1$��.2�1� * ��. 2� /�)!�&1� 2&�
�.!.� !3+10&� 2&� FHSVWUDO 1#�20�012+� � #  30�� �2.� 12�" 0��/!�10�"
2 # �.�.�� * �.� 2 # � !*� # �! 20��02.� 12�� >��@� þ �.1��� �/�. 0��.� )2�  �
1#�20�012�" 2 # �! ����2� #3�12.�2.� 1#1$02�1��� �DIILQH�
�02.1$��.2�1�)� )2.� 2 1��.  ����." .�� �+�02.� .�) �0!��.�� �2 � ����"
.��.��"� ù� 2��01�. 2 # �02.1$��.2�1� * .#2 * 0��.�  1#1$02�1��� "
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�DIILQH� �02.1$��.2�1�)" 2&� FHSVWUDO 1#�20�012+�� �� �02.1$��.2�1� �
0�.!2+�2.� .�) 2�" 3.1�.2���" �/�)2�20" 2&� �$&�� ü21� ��. 3.1�.2���
�.!)� � 1*� � FHSVWUDO /�.�#1��2&� #3�12.2.� 2 � �/� �02.1$��.2�1�)�

�2� 1#��$0�. �.! #1��� #�0 10 1#�2 ��. 2�� .���#1� 2�" �0�)/ #
�.� 0�02�� #�0 2�" 0��/!�10�" 2 # �! 1�02�� * � !*� # �.� 2 # �!.���� *
�.�.�� * �0$&!�12�� +�. 2�� .���#1� $!�1�� � � *�0 2� �*1� 2&�
1#�20�012+� 2 # �! ����2� � # �! �*�20� .�) 2�� 03.!� �� 2�" �0�)/ #

2�" .#2 1#1$�2�1�" �.� /��02.� .�) 2� 1$�1� a R rS S= −1 .

5.1 �! 1�02��)" �)!#� "

� 2#$.� " �)!#� " � # �! �!$02.� .�) 2 #�)�.�! �.�  �
/�.�#���10�" 2 # �.�.�� * �02�/ 1�" #� ��2 #�0 �0���� )2� .��� #� 12��
�.2�� !�. 2 # �! 1�02�� * �0#� * � !*� # �$:1�� ü21� � �.!.2�!�1� 2 #
.!$�� * 1��.2 "  ����." � # �$0� .�� �&�0� .�) 2 �)!#� /��02.� .�) 2�
1$�1�

′ = +s n s n q n( ) ( ) ( ) (34)

� �)!#� " T�Q� 0��.� 2�2 � " +120

E q n[ ( )] = 0 �.� E q n[ ( )]2 2= σ (35)

ù� /0���*02.� >��@ )2�  � 1#�20�012�" 2 # �! ����2� 2�"  ����." � # �$0�
.�� �&�0� .�) �)!#� � 1*�3&�. �0 2�� 0��1&1� ���� 0��.�

a R r R I r R I R aS S S S S S' ( ) ( )' '= = + = +− − −1 2 1 2 1σ σ (36)

�#��!�� �2." �0 2�� 0��1&1� ���� 1#��0!.�� #�0 )2� � �!)1�01� 2 #
�0#� * � !*� # 12��  ����. 0��.� �1 /*�.�� �0 2 �!.����) �02.1$��.2�1�)
2&� 1#�20�012+� 2 # �! ����2�� � �!.����)" �02.1$��.2�1�)" 0�.!2�2.�
.�) 2�� .#2 1#1$�2�1� 2�"  ����."� ü� ���&" 10 ��. 3.1�.2��) � �2�� �
)� �  � 3.1�.2��� �.!)� � � �! ����20" .�2�12 �$ *� 10 ��. �.!)� � 
�!.����) �02.1$��.2�1�)�

	 0�)�0� ���. 0��.� � 69' .���#1� 2 # �02.1$��.2�1� * 2�"
0��1&1�" ����� þ .���#1� .#2� �." 0��2!��0� �. 0��.�*� #�0 �.� �.
�.2.��� #�0 �.�*20!. 2�� .����0��/!.1� 2 # � !*� # �.� 2&�
1#�20�012+� 2 # �! ����2�� ù" #� ��1 #�0 )2�  7RHSOLW] ���.�."
.#2 1#1$�2�1�" 2 # .!$�� * 1��.2 "  ����." RS .�.�*02.� �0 69' 12�

� !3�

R U US = Λ Τ (37)

)� # 8 0��.� ��." � �./�.� " ���.�." �.� � 0��.� ��." /�.�+�� " ���.�." 2 #
 � � # 2. /�.�+��. 12 �$0�. 0��.�  � �/� 2���" 2 # ���.�. RS � ù� /0��*02.�

>��@ 2)20 )2� � 0��1&1� ���� �!�302.� 12� � !3�
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a U I U U U a U I U a
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r r r
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' [ ( ) ] ( ) [( ) , ( )= + = +

=

+

+

+



























−Λ Λ Λσ σ

λ
λ σ

λ
λ σ

λ
λ σ

2 1 2

1
2

1
2 2

2
2

2
2 2

2

2 2
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�

ù�) 2�� 0��1&1� .#2� /�.��12+� #�0 )2� � �)!�. 2&� 1#�20�012+�
2 # �! ����2� �0�+�02.� )2.� �  ����. /�.2.!�1102.� .�) �0#�) �)!#� �
�#�0�+" )2.� �  ����. .�� �+�02.� .�) �! 1�02��) �0#�) �)!#� � 2 
/���#1�. 1#�20�012+� 2 # �! ����2� /�.2�!0� 2 �0���) 2 #
�! 1.�.2 ��1�) .��� #3�12.2.� 1#!!���&1� � # 2 �02.���0� ���1��120!.
12�� .!$� 2&� .�)�&��

5.2 +!.����) �.����

�2.� ��. .� � #��. /0����2&� 6�Q� /��!$02.� .�) ��. 1#��0!.12��)
�.���� �0 �! #12��� .�)�!�1� S�Q�� 2 1��. � # �.����02.� 12�� �� / 2 #
�.�.�� * 0��.�  1#��0!.1�)"

s n p n s n' ( ) ( ) ( )= ⊗ (39)

ù� 2 3�1�. �1$* " 2&� 1���2&� V�Q� �.� V¶�Q� 1#�� ���02.� �0 SS( )ω �.�

SS' ( )ω .�2�12 �$.� 2)20 �1$*0�

S P SS S' ( ) | ( )| ( )ω ω ω= 2 (40)

�02.2!�� �2." 2�� �! �� *�0�� 0��1&1� 12 �0/� 2 # $!)� # �$ #�0

r k p n p n r k r k r kS S p S' ( ) [ ( ) ( )] ( ) ( ) ( )= ⊗ − ⊗ = ⊗ (41)

)� # r kS( ) �.� r kS' ( ) 0��.� � .#2 1#1$�2�1� 2 # 1��.2 " 0�1)/ # �.� 2 #

1��.2 " 0�)/ #� .�2�12 �$. �.� ⊗  1#��0!.12��)" 20�012�"� �0 2� $!�1�

.#2+� 2&� 1$�10&�� .� /0���*02.� )2�  � 1#�20�012�" 2 # �! ����2� 2 #
1��.2 " 0�)/ # V¶�Q� /�� �2. >��@ .�) 2� 1$�1�

a AaS' = (42)

ü� ���&"  � 1#�20�012�" 2 # �! ����2� 2 # 1��.2 "  ����." � #
3��2!�!02.� .�) ��. 1#��0!.12��) �.���� �.���� �2.� .�) ��. �!.����)
�02.1$��.2�1�) 2&� 1#�20�012+� 2 # �! ����2� 2 # 1��.2 "  ����."
0�1)/ #� �.!.2�! *�0 )2� /0� �! �*�20� �.���. �02.3 !� 2&� 1#�20�012+�
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2 # �! ����2�� 	�� " 1��0�+� #�0 )2�  �02.1$��.2�1�)" 12�� 0��1&1�
���� 0�.!2�2.� .�) 2��  ����.� �.�+"  � 0�2���10�" 2&� �����&�
.#2 1#1$�2�1�" #� ��2 #� 12.2��)2�2.�

5.3 ü�/ �.�.���� �.!0�� ��

þ 0�/ �.�.���� �.!0�� �� � #  30��02.� 10 ��. /0*20!  ����2�
�� !0� 0��1�" �. 0!���0#�0� &" ��." 1#1$02�1��� " �02.1$��.2�1�)"� �2��
�0!��2&1� .#2� 2�" �.!0�� ��" 0�)" ��� #  ����2� � # ���� 12 �/� 
�.����� 2 �.!.2�! *�0� 1��. sT 0��.�

s s sT = +1 2 (43)

)� # s s1 2, 2. /* 1��.2.  ����."� �.2� 1#���0�.

R R R Rs s s s sT
= + +

1 1 2 2
2 (44)

�.�

r r r rs s s s sT
= + +

1 1 2 2
2 (45)

ü� ���&"  � 1#�20�012�" �!.�����" �!)��0%�" ��. 2 1��. sT 0��.�
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=
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1
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1

2 2
1 2 2 1 1 1 2 2

( ) ( ) (46)

)� #

A R R R Rs s s s s= + + −( )
1 1 2 2 1

2 1 (47)

�.�

b R R R R r rs s s s s s s s= + + +−( ) ( )
1 1 2 2 1 1 2 2

2 21 (48)
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a Aa b'= + (49)

5.4 Affine �02.1$��.2�1�)" 2 # Cepstrum

ü��0�!��� �$0� �!0�0� )2� 2. FHSVWUDO $.!.�2�!�12��� �0���� 0��.� 2.
�� 0*!&12. 12�" /��3 !0" ����" #� �����1�"� �0 .#2�� 2�� �.!��!.3 �.
/ *�0 ��. 2 FHSVWUXP +� )2� � 0��/!.1� 2 # �.�.�� * �.� 2 # � !*� #
�� !0� 0��1�" �. � �20� � ���0� &" ��." 1#1$02�1��� " �02.1$��.2�1�)"�
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i
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−
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=∑
1 1

1

1

1
(50)
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)� # K�Q� 0��.� � .�2�.2� �.� 0#12.��" �! #12��� .�)�!�1� � # 1$02��02.� �0
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dc Hda= (52)
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=
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

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


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�

(53)
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�.!)� �&� FHSVWUDO /�.�#1��2&�� þ 1$�1� �02.�* 0�)" /�.3 !�� * FHSVWUDO
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1*� � 3.1�.2��� �.!)� �&� FHSVWUDO /�.�#1��2&��  �/� "
�02.1$��.2�1�)" �� !0� �. �!.30� &"

dc H da' ' '= (54)

ù3 *� )2.� #��!$0� �.!0�� ��  � 1#�20�012�" 2 # �! ����2� #3�12.�2.�
1#1$02�1��� �02.1$��.2�1�) #�) 2�� ��� �. )2� a Aa b'= + � /�.3 !�� �2."
�.� 2. /* ���� �.�!� #�0
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'
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'
)(

'
)( ) '= = −1 (56)
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c H AH c b' '= +−1 (57)
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þ 1$�1� ���� .�.�2*1102.� 12��

′

′

















=
































+
















=
c

c

a a

a a

c

c

b

b

i N
i

ip

p

p pp

i

ip p

1 11 1

1

1 1

1�

�

� � �

�

� � για εως (59)



 32

���0 �!.��� 2 # ���.�. ù �2. 12 �$0�. a jk ��. N � �&" S� �.� 2 .�2�12 �$ 

12 �$0� 2 # /�.�*1�.2 " E �/��./� 2 bj � �.� !�� �2.� �0$&!�12�� +�. 2 �

�.� !�1�) 2�" M� 12�" �!.���" 2 # ù �.� 2 # bj 1#���� #�0 2 M� 12) )! 

�.�0�)" .�) 2. FHSVWUDO /�.�*1�.2. 2&� 1#����+� 0���$ # �.� �.2.��� #�0
12 .�)� #� 1*12��. 0��1+10&�

′

′

















=


































=


































=
c

c

c c

c c

a

a

b

c

c

a

a

b

i p
ij

Nj

p

N Np

j

jp

j
N

j

jp

j

�

�

� � �

�

�
�

� �
�

11 1

1

1

1

11

1

1

1

1για εως    (60)

ù#2) 0��.� 1$0/)� ���2. ��. #�0!�.� !�1��� 1*12��. 0��1+10&� �.�
0� ���&" �.���� #�0 ��. �*1� 0�.$�12&� 202!.�+�&� >��@ 2�" � !3�"

( )

a

a

b

c c c

c N
c c

c

c

i N

j

jp

j

i i
T

i

N

ii

N

ii

N T N

j

Nj

1

1 1

1

1

1

1 1
�

� �



















=












′

′

















== =

=

∑ ∑
∑( )

για εως   (61)

�0 2 � 1#1$02�1��� �02.1$��.2�1�)� )�&" �.!.2�! *�0
�.!.���&� 2. /�.�*1�.2. 2&� 1#����+� 0�����1�" �� ! *� �.
.�2�12 �$�� *� 12 $+! 2&� /�.�#1��2&� 2&� 1#����+� 0���$ #� þ
.��12! 3� .�2�12 �$�1� 0��.� 0��1�" /#�.2� .� 0���*1 #�0 &" �! " 2.
/�.�*1�.2. 2&� 1#����+� 0�����1�" .�2� ��. 2. /�.�*1�.2. 2&� 1#����+�
0���$ #�

5.6 +0&�02!��� ü!���0�. 2&� Affine
�02.1$��.2�1�+�

� 1#1$02�1��� " �02.1$��.2�1�)" �� !0� �. 1#��0!����0� ��.
�0���� � �����. �� 2.�!�.12+� 1#����+� �.� �. �0!��!�%0� &"
#� �0!��2+10�" 2 # ���0" 0*!&120" 20$����"� ù" �0�02�1 #�0 2. 0�)�0�.
�.!./0���.2.�
1. ü��  � 1#����0" 0�����1�" 2.�!��� #� �0 2�" 1#����0" 0���$ #� �0 2��

��� �. )2� 2. .�2�12 �$. FHSVWUDO /�.�*1�.2. 0��.� 2.#2)1��.�  �
�.!��02! � 2 # 1#1$02�1��� # �02.1$��.2�1� * 0��.� A I= �.� b = 0 .

2. þ �.!.�)!3&1� .�) 2 �.����  /��0� 10 ���.�. ù � �* � �2� 12 
� �./�.� ���.�. �.� 2 /���#1�. E �. �.!�12��0� �02.3 !� � # 0��.�
�1 /*�.�� �0 2�" 20$����" 2�" &06 �.� 2�" 3)&06� �� 20$����" .#2�"
.�./0���* �2.� &" #� �0!��2+10�" 2 # 1#1$02�1��� # �02.1$��.2�1� *�

3. þ �0�.�1�� �  � �. �! 13�!0� 0#!&12�. >��@� 0��.� �.� .#2�
#� �0!��2&1�� .3 *  ù 0��.� /�.�+�� " �.� b = 0 .

4. � �! 1�02��)" �)!#� " �! �.�0� 2� �0�&1� 2 # �0��� #" 2&� FHSVUWDO
/�.�#1��2&� $&!�" �. .����0� 1��.�2��� 2 � �! 1.�.2 ��1�) 2 #" >��@�
ù#2)"  2*� " �.!.�)!3&1�" �� !0� �. �0!��!.30� .�) ��. /�.�+�� ù
2 #  � � # 2. /�.�+��. 12 �$0�. 0��.� �0���� /��3 !. �02.�* 2 #" �.� �$ #�



 33

���0� " ���!)20! .�) 2� � ��/.� ü��1�" b = 0� ù" 1��0�&�0� )2� .#2�
0��.� 0��1�" ��. 0�/��� �0!��2&1� �0�.�1�"�

5. �*��020" 0��/!�10�" .�) 2 �.���� �.� 2 �)!#� 0��1�" � �20� � � *�2.�
&" ��." 1#1$02�1��� " �02.1$��.2�1�)" �0 2 � ù �*!�. #�0*�#� ��. 2��
�.!.�)!3&1� .�) 2 �)!#� �.� 2 E �*!�. #�0*�#� ��. 2��
�.!.�)!3&1� .�) 2 �.����� 	 1$��. � /0�$�0� 2�� .��.�� 2�"
2.���)��1�" 12 $+! 2&� FHSVWUDO 1#�20�012+� � #  30��02.� 12�"
0��/!�10�" 2 # �!.���� * �.�.�� *� 2 # �0#� * � !*� # �.� 2 #
1#�/#.1� * �.� 2&� /* �

�$��. �� þ $&!��� �.2.� �� 2&� FHSVWUDO 1#�20�012+� 10 /��3 !0"

1#����0"� µ∗¶ ��. 2 3&��0� �.�� µ ¶ ��. 2 � ��!�� �$ �Q�� �.� µ�¶ ��.
2 � �$ �VK� �.� &HSVWUXP �.�.!�"  ����." ��� &HSVWUXP 2&�
1���2&� 3��2!.!�1���&� .�) 2 ��0�!&2��) �.���� 3&��" &09
2&� þ�ù ��� &HSVWUXP 2&� 1���2&� �0 ��G% 615� � �)!#� " 0��.�
�! 1�02��)" �0#�)" *DXVVLDQ �$:*�� �/� &HSVWUXP 2�"  ����."
.�� �&��� .�) 2 &09 �.���� �.� 2 � $:* �)!#� 2&� ��G%
SNR.

	0�0�+� �2." 0��1��.�� #�0 )2� � $!�1� 2 # 1#1$02�1��� #
�02.1$��.2�1� * .� /0���*02.� )2� �0�2�+�0� /!.12��� 2�� .�)/ 1�
1#12���2&� .�.��+!�1�"  ����2� 0�.!2&���&� .�) �0��0� >��@�



 34

6. �
��ü�ù��ù	ù

þ �.! *1. 0!�.1�. �.! #1�.10 ��. .�.1�)��1� �0!��+� .�) 2�"
$!�1�� � � *�0�0" 20$����" ��. 2�� 0*!&12� .�.��+!�1�  ����2� �0 ��3.1�
12. ���.2. .��/0���" �.� 0�.�&��" 2&� $.!.�2�!�12��+� �0�0�+�� 	.
�0!�11)20!. .�) 2. $.!.�2�!�12��� �0���� � # �0!��!�3 �2.� �.1�� �2.�
12 � �2�� �!.�����" �!)��0%�" 2�"  ����."� þ ��.11��� ��� / "
.#2 1#1$�2�1�" ��. 2 � #� � ��1�) 2&� 1#�20�012+� �!.�����" �!)��0%�"
/0� 0��.� .�) �)�� 2�" � �* 0*!&12� 10 ��. � �* 0#!0�. ����.
/�.3 !02��+� �0!��.�� �2��+� 1#����+�� ü21� 0��.� .�.!.�2�2 �.
.�.��2��0� 12 ���� � ��. �.�*20! � �2�� � # �. 0��.� 0*!&12 �.�
#� � ��12��� #� � ��1�� �

�� 1#�20�012�" �!.�����" �!)��0%�" �02.2!�� �2.� 10 /��3 ! #"
2*� #" FHSVWUDO $.!.�2�!�12��+� 1#�20�012+�� ü�/���  � ��� / � 2�"
�! 1.!� 12���" 12����1�" �.� 2 # �02.3��2!.!�1��� # FHSVWUXP 0��.�
.!�02� 0*!&120" 12�" 0��/!�10�" 2 # �.�.�� * �.� 2 # � !*� #� ��&"
$!0���02.� �0!�11)20!� �! 1���0�. ��. 2�� 0*!01� $.!.�2�!�12��+�
�0�0�+� � # 0��2#�$�� #� � �* #%��� .�)/ 1� .�.��+!�1�"� 0�/��� 12�"
�0!��2+10�" � # �$ #�0 �1$#!�" �.!.� !3+10�" .�) 2 �.���� �.� � �*
$.���� 615V�

� 1#1$02�1��� " �DIILQH� �02.1$��.2�1�)" 0��.� ��. � �* �!)13.2�
�.� � ��� #� 1$)�0�� 20$����� ù�2�12 �$��0� 12 $+! 2&� $.!.�2�!�12��+�
�0�0�+� ��. �0!� $� 10 ��.� ����� �0 1� �) 2� /�)!�&1� 2&� .� ���10&�
� # �! �.� *�2.� .�) 2�� .�� �&1� 2 # 1��.2 "  ����." .�) 2 �.���� �.�
2 �)!#� � �0 2 1#1$02�1��� �02.1$��.2�1�) 0��2#�$��02.� 1$02���
�.�*20!� .�)/ 1� 10 $.���� 615V ��2� � # 0��.!!*�0� 2�� �0!.�2�!&
�!0#�. 12�� �.20*��1� .#2��



 35

úÿú�ÿ�+�ù-ÿù � ù�ù-��ü�

1. A.E. Rosenberg, F.K. Soong. ‘’Recent Research in Automatic Speaker
Recognition.’’ In S. Furui and M. M. Sondhi, editors, Advances in Speech
Signal Processing, 701-738, Marcel Dekker, 1991.

2. J.H.L. Hansen, R.J. Mammone, S. Young, editors, IEEE Transactions on
Speech and Audio Processing, October, 1994

3. S.F. Boll. ‘’Suppression of Acoustic Noise in Speech Using Spectral
Subtraction,’’ IEEE Trans. Acoust., Speech, Signal Processing, 27:113-
120, April, 1979.

4. S. Furui. ‘’Cepstral Analysis Techniques for Automatic Speaker
Verification,’’ IEEE Trans. Acoust. Speech, Signal Processing, 29:254-272,
April, 1981.

5. D. Mansour and B.H. Juang. ‘’The short-time modified coherence
representation and noisy speech recognition,’’ IEEE Trans. Acoust.
Speech, Signal Processing, 37: 795-804, June, 1989.

6. L. Neweyer and M. Weintraub. ‘’Probabilistic Optimum Filtering for Robust
Speech Recognition,’’ Proc. IEEE Int. Conf. Acoust. Speech, Signal
Processing, 1:417-420, 1994.

7. D.A. Reynolds and R.C. Rose. ‘’Robust Text-indepedent Speaker
Identification Using Gaussian Mixture Speaker Models,’’ Trans. Speech,
Audio Processing, January, 1995.

8. J.A. Nolazco Flores, S.J. Young. ‘’Continuous Speech Recognition in Noise
Using Spectral Subtraction and HMM Adaptation,’’ Proc IEEE Int. Conf.
Acoust. Speech Signal Processing, 1 409:412, 1994.

9. F. Itakura, Minimum Prediction residual principle applied to speech
redognition, IEEE Trans Acoust., Speech, Signal Processing, 23:67-72,
Feb., 1975.

10. F.K. Soong, M.M. Sondhi. «A Frequency-weighted Itakura Spectral
Distortion Measure and its Application to Speech Recognition in Noise,’’
IEEE Trans. Acoust. Speech, Signal Processing, 36: 41-48, Jan, 1988.

11. D. Mansour, B.H. Juang. ‘’A Family of Distortion Measures Based Upon
Preojection Operation for Robust Speech Recognition,’’ IEEE Trans.
Acoust. Speech, Signal Processing, 37: 1659-1671, November, 1989.

12. J.D. Markel, A.H. Gray  Jr. Linear Prediction of Speech, Springer-Verlag,
Berlin Heidelberg New York, 1976.

13. L.R. Rabiner, R.W. Schafer. Digital Processing Of Speech Signals,
Prentice Hall, Englewood Cliffs, NJ, 1978.

14. G. Fant, Acoustic Theory of Speech Production, Mouton and Co.,
Gravenhage, The Netherland, 1960.

15. J.R Deller, J.G. Proakis, J.H. Hansen, Discrete-time Processing of Speech
Signals, Macmillan, New York NY, 1993.

16. K.T. Assaleh, R. J. Mammome, M.G. Rahim, J.L. Flanagan. ‘’Speech
Recognition Using The Modulation Model.’’ Proc. IEEE Int. Conf. Acoust.
Speech, Signal processing, 2, 664-667, April, 1993.

17. L.R. Rabiner, B.H. Juang. Fundamentals of Speech recognition, Prentice
Hall, Englewood Cliffs, NJ, 1993.

18. R.P. Ramachandran, M.S. Zilovic, R.J. Mammone. ‘’A Comparative Study
Of Robust Linear Predictive Analysi+s Methods with Applications to



 36

Speaker Identification,’’ IEEE Trans. Speech, Audio Processing, 3: 117-
125, March, 1995.

19. H. Hermansky. ‘’Perceptual Linear Predictive (PLP) Analysis of Speech,’’
Journal of the Acoust. Society of Amer., 87:1738-1752, April, 1990.

20. P.C. Woodland, M.J.F. Gales, D. Pye, V. Valtchev. ‘’The HTK Large
Vocabulary Recognition System for the 1995 ARPA H3 Task.’’ ARPA
Speech Recognition Workshop, Februaray, 1996.

21. B.S. Atal. ‘’Effectiveness of Linear Prediction Characteristics of the
Speech Wave for Automatic Speaker Identification and Verification,’’ J.
Acoust. Soc. Am., 55:1304-1312, 1974.

22. C.-S. Liu, M.-T. Lin, W. -J. Wang, H.-C. Wang. ‘’Study of Line Spectrum
Pair Frequencies for Speaker Recognition,’’ Proc. IEEE Int. Conf. Acoust.,
Speech, Signal Processing, 277-280, 1990.

23. A.V. Oppenheim, R.W. Schafer, Discrete-Time Signal Processing,
Prentice Hall, Englewood Cliffs, NJ, 1989.

24. M.R. Schroeder. ‘’Direct (Nonrecursive) Relations Between Cepstrum and
Predictor Coefficients,’’ IEEE Trans. Acoust., Speech, Signal Processing,
29:297-301, April, 1981.

25. F.K. Soong, A.E. Rosenberg ‘’On the Use of Instantaneous and
Transitional Spectral Information in Speaker Recognition,’’ IEEE Trans.
Acoust., Speech, Signal Processing, 36:871-879, June 1988.

26. B.H. Juang, L.R. Rabiner. J.G. Wilpon, ‘’On the Use of Bandpass Liftering
in Speech Recognition,’’ IEEE Trans. Acoust., Speech, Signal Processing,
35:947-954, July, 1987.

27. B.S. Atal. ‘’Automatic Recognition of Speakers from their Voices,’’ Proc.
IEEE, 64:460-475, April, 1976.

28. D.Naik. ‘’Pole-filtered Cepstral Mean Subtraction,’’ Proc. IEEE Int Conf.
Acoust., Speech, Signal Processing, 1:157-160, 1995.

29. D. Naik, K.T. Assaleh, R.J. Mammone. ‘’Robust Speaker Identification
Using Pole Filtering,’’ ESCA Workshop on Automatic Speaker
Recognition, Identification and Verification, 1994.

30. K.T. Assaleh and R.J. Mammone, New LP-derived features for speaker
identification, IEEE Trans. Speech, Audio Processing, 2:630-638,
October, 1994.

31. M.S. Zilovic, R.P. Ramachandran, R.J. Mammone. ‘’A Fast Algorithm for
Finding the Adaptive Component Weighted Cepstrum for Speaker
Recognition,’’ Submitted to IEEE Trans. Speech, Audio Processing,
March, 1995.

32. M.S. Zilovic, R.P. Ramachandran, R.J. Mammone, ‘’ Speaker
Identification Based on the Use of Robust Cepstral Features Obtained
from Pole-zero Transfer Functions,’’ Submitted to IEEE Trans. Speech,
Audio Processing, March, 1995.

33. V. Ramamoorthy, N.S. Jayant, R.V. Cox, M.M. Sondhi. ‘’Enchancement of
ADPCM Speech Coding with Backward Adaptive Algorithms for Post-
filtering and Noise Feeddback,’’ IEEE Jour, on Select. Areas in Commun,
6:364-382, February, 1988.

34. K.K. Paliwal. ‘’On the Performance of the Frequency-weighted Cepstral
Coefficients in Vowel Recognition,’’ Speech Communication, 1:151-154,
May, 1982.



 37

35. Y. Tohkura. ‘’A Weighted Cepstrtal Distance Measure for Speech
Recognition,’’ IEEE Trans. Acoust., Speech, Signal Processing, 35:1414-
1422, Oct., 1987.

36. J. Kupin. ‘’A Wireless Simulator (Software),’’ CCR-P, April, 1993.
37. H. Hermansky, N. Morgan. ‘’RASTA Processing of Speech,’’ IEEE Trans.

Speech, Audio Processing, 2:578-589, October, 1994.
38. J.S. Baras, P.K. Rajasekaran. ‘’Robustness Study of Free-text Speaker

Identification and Verification,’’ Proc. IEEE Int. Conf. Acoust., Speech
Signal Processing, 2:379-382, 1993.

39. A. Nadas, D. Nahamoo, M.A. Picheny, ‘’Adaptive Labeling: Normalization
of Speech by Adaptive Transformation Based on Vector Quantization,’’ ’’
Proc. IEEE Int. Conf. Acoust., Speech Signal Processing, 521-524, 1988.

40. H. Gish, K. Ng and J.R. Rohlicek. ‘’Robust Mapping of Noisy Speech
Parameters for HMM Word Spotting,’’ ’’ Proc. IEEE Int. Conf. Acoust.,
Speech Signal Processing, 2:109-112, 1992.

41. Xiaoyu Zhang, R.J. Mammone. ‘’The Affine Transformed Cepstrum for
Robust Speaker Identification,’’ Submitted to IEEE Trans. Speech, Audio
Processing, May, 1995.

42. Rj. Mammone, Xiaoyu Zhang, R.P. Ramachandran, “Robust Speaker
Recognition: A Feature - based Approach’’, IEEE Signal Processing
Magazine, Sept. 1996, pp. 58-71



 38

�ù�ù�	þ�ù

�ÿ�ù�ù� ù++�ÿ�
� ��
�

adaptive �! 1.!� 12��)"

affine transform 1#1$02�1��� " �02.1$��.2�1�)"

autoregressive model .#2 �.���/! *�0� � �2�� ���� $5

classifier 2.��� ��2�"

coherence 1#�3&��.

contextual 1#�3!.�)�0�.

covariance 1#�/�.1� !�� 1#�/�.�*�.�1��
1#��02.���2)2�2.

feature $.!.�2�!�12��� �0�����
$.!.�2�!�12���" � 1)2�20"

feature extractor 0�.�&��." $.!.�2�!�12��+�
�0�0�+�

frame ��.�1� 

gain .� �.��� ��!/ "

identification 2.#2 � ��1�

implementation stage 12�/� #� � ��1�" ���� SDWWHUQ UHFRJQLWLRQ

impulse response �! #12��� .�)�!�1�

interference �.!0�� ��

likelihood ���.� 3��0�.

mean-square error ��1 202!.�&���) 13���.

minimum phase 0��$�12�" 3�1�" ü$0� )� #" 2 #" �)� #" �.� 2. ��/0���� 0�2)"
2 # � �./�.� # �*�� # 12 ]�0���0/ �

mismatched conditions �� 2.�!�.12�" 1#����0"

modulation /�.�)!3&1� �$� ù� �.� )0

pattern recognition .�.��+!�1� �! 2*�&��
.�.��+!�1� � !3+�

�0!��.���0� � 12�/�.� 2 12�/� 0�����1�"� 2 
12�/� 0���$ # �.� 2 12�/� #� � ��1�"

pole filtering 3��2!�!�1�. �)�&�

postfilter �02.3��2! 

radiation .�2�� �)��1�� .�2�� � ��.

residue #�)� �� 

spectrum 3�1�.

speaker  identification 2.#2 � ��1�  ����2�

speech frame ��.�1�  ����."

testing stage 12�/� 0���$ # ���� SDWWHUQ UHFRJQLWLRQ

time-varying $! ���� �02.�.��)�0� 

training stage 12�/� 0�����1�" ���� SDWWHUQ UHFRJQLWLRQ

transfer function 1#��!2�1� �02.3 !�"

vocabulary �0���)�� 

weighting 12����1�



 39

�ÿ�ù�ù� �
�	�þ�ü
�

ACW Adaptive Component Weighting

AR AutoRegressive model s n a s n i e ni

i

p

( ) ( ) ( )= − +
=

∑
1

ARMA AutoRegressive Moving Average model
AWG Additive White Gaussian
AWN Additive White Noise
BPL BandPass Liftering
CMS Cepstral Mean Subtraction
CMV Continental Mid Voice
DCT Discrete Cosine Transform
FIR Finite Impulse Response
GMM Gaussian Mixture Model
LAR Log Area Ratios
LP Linear Prediction ���� $5

LSP Line Spectra Pairs
PFCMS Pole-Filtered CMS
PFL PostFiLter
PLP Perceptual Linear Prediction
SVD Singular Value Decomposition


