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ü�1.�&���

              ü��.� �0���� �.!./0�2) �&" �.1��� �! (�)�01� ��. 2��

� ��&���� 1#���&1�  � �.1/�� 20 .��!+����"  ��/." 0��.� �

/#�.2)2�2. 0��� ��&��." .���01. 12. ���� 2�"� �2�" .�0�2#����0"

� ��&��0" �  #1�.12��)20!� 0�.3� 2&� �0�+� 2�" �!.��.2 � �0�2.�

��01. �0 2 � �! 3 !��) �)� �.� ���01. �0 2 � �!.�2)�

� �! 3 !��)" �)� " � # 3 !�." 2 # 0��.� � 3&��� �! 13�!0�
2� /#�.2)2�2. ��01�" 0��� ��&��."� ù� *� �2." ��. �)� �� ! *�0 �.

0��� #�0 �0!�11)20!0" ���! 3 !�0" )1 � .3 !� 2�� 2.#2)2�2. 2 #

 ����2�� ü��.120 10 ��1� �. �! 1/� !�1 #�0 2 �  ����2� .�) 2�� 3&��

�.� 2�� �! 3 !� 2 #� �. .�.��&!�1 #�0 2�� 2 ���� 2 # /���0�2 � 2�
/���01� 2 # �.� .!�02� ���. $.!.�2�!�12����

+0����� �� ! *�0 �. �! 1/� !�1 #�0 2 3*� 2 #  ����2�� .�) 2��

3&�� 2 # �.� 2�� �! 3 !� 2 #� +�. �.!�/0���.  � �#�.��0" �0���+"

��� *� �0 #%��)20! pitch .�) )2�  � ��/!0"� �� /�.3 !�" � # .3 ! *�
2 *% " 2 # pitch 1$02�� �2.� �0 /�.3 !�" �02.�* 2&� 3*�&� &" �! "

2�� .�.2 ��. �.� 2� 3#1� � ��. 2 # 3&��2�� * 1#12��.2 "�

12)1 � 0�2)" .�) 2 *% " 2 # pitch /0� ��&!�� #�0 � ��� �*!& .�)

2�" 3&��2���" /�.3 !�" �#�.��+� �.� .�/!+�� þ .�2�. ��. 2 )2� �0!�� �

���!&� � ��� *� �� �!�� !. � ��� � �� �0�&/��� � /�� #�

�0�.�*20!� ��3.1� 12 �)� 2 #" .�) )2� ��� � � ��� �� 3.��02.� �.
�.� !��02.� .�) �0!��.�� �2 � ��� *" �.!�� �20"� �.!� .�)

�� � ��� *"� �0 � ���" �0!��2+10�" .#2)  30��02.� 12 )2�

�! 1.!�)� #� 2 � � ��&���) 2 #" !)� )1 � .3 !� 2�� ��/#1�� 2 �
2!)� /!�1�" �.�  ����." 2 #"� ü��.� �0���� �.!./0�2) �&"  � ��/!0"

�.�  � �#�.��0" �.�� #� 0� ���0� /�.3 !02�� *" !)� #" 12�� � ��&��.�
	�2 �0" 0�0�2�10�" � �)!�0" 0��!0�� #� 2�� �.!.�&��  ����." �.� 2��

1#��0!�3 !� 2 # .2)� # �.2� 2��  ����.�

�2�� �.! *1. �0��2� �. .�.30!� *�0 10 .#2�" 2�" /�.3 !�"

 ����." .���01. 12 #" ��/!0" �.� 2�" �#�.��0" )1 � .3 !� 2�" 2���" 2&�

formants �.� 2�" �0�0��+/ #" 1#$�)2�2." F0.
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-.1�.2���" � !#3�"�

þ 3#1��)2�2. � � � �)2�2. 0�)" 3&��0�2 " �.� !��02.� .�)

2 1$��. 2�" 3&��2���"  / *� � # .� 20�0� 1#�/#.1�) ��1�" �.�

1$��.2 " 2�" ��+11." �.� 2&� $0���+�� �.�+" �.� 2�" ��1�" 2 #

 #!.��1� #� ���0 3&��0� 0��.� /#�.2)� �. �0!��!.30� &" 1#�/#.1�)"

.!�02+� .�2�$�10&� � 0���#��2+� 1#$� 2�2&�� �02!+�2." .#2�" 2�"

1#$�)2�20" � # .�.3�! �2.� &" formants, �� ! *�0 �. �0!��!�% #�0

2 � 2!)� �0 2 �  � � �$ *� 2. 3&��0�2.� � �� 1#����1��� " 2!)� "

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

formants.

	. formants  /�� #� ��. �1$#!� ��/0��� 2 # 3#1�� * $+! # 12 12)�.�
	 $.���)20! formant /��0� ��. ��/0��� 2 # �)1 %��� 12 12)�.

�!�1�02.� � ��+11. �.2� 2� /��!�0�. �.!.�&��" 2 # 3&��0�2 "� 0�+ 2 

/0*20! formant /��0� ��. ��/0��� ��. 2 �)1 0��!)"���1& �!�1�02.� �

��+11.�

�2��  ����.  � .�2�$�10�" 2�" 3&��2���"  / * � 2&�

formants �.!�� #� ���! 3 !�0" ��. 2. 3&���.2. �.� ��. 2��

�! 1&���)2�2. 2 #  ����2��
�� .�2���10�" 2&� 3&����2&� 1��.2 / 2 *�2.� �!&2.!$��� .�) 2�"

/�.3 !�" 2&� formants� �� � !#3�" 2&� 1#$� 2�2&� 2&� 2!�+�

$.���)20!&� formants �.�  � �02.� ��" 2 #" .�� �0!� / � �.� !�� #�
2�� 2.#2)2�2. 2 # 3&���.2 "� þ �.! #1�.1� 2&� formants �." /��0� ��.
1#��.�� �0!��!.3� 2 # 3.1�.2 �!.3��.2 "  ����."� û ���2 " 0�)"

.!$�� * 1#�)� # #� ��10&� ��. 2� ��&22�/��� ���� ��. �. �.� !�1 #�0

2. 0*!� �+��" 2&� IRUPDQWV� � 3.1�.2��� �0!����� #1. �� !0� �.

�0!��!.30� .�) 2�" 1#$�)2�20" 2&� 3.1�.2��+� � !#3+� �Fant 1960).
M�. .��.�� 12� 1#$�)2�2. 0�)" formant  /��0� 10 .��.��" 2 #

3.1�.2 �!.3��.2 "�

                  �� .�! .2�" .!$��� /�� #� �0�.�*20!� �! 1 $� 12�"

3.1�.2���" � !#3�" ��. �. /�.�!�� #� 2�� � �)2�2. /�.3 !02��+�

3&����2&�� ò�." �)� " ��. 2 �  � �  � 3.1�.2���" � !#3�" 0��.�

1��.�2���" 12��  ����. 0��.� )2� �� ! *�0 �. �0�02�1 #�0 � �.

.� 3.�� *�0 1$02��� �0 2 � �)!#� � # 0�/0$ ���&" �!�1�02.� 10

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

• þ �0�0��+/�" 1#$�)2�2.�

þ  #1�+/�" /�.3 !� 12��  ����. .�/!+� �.� �#�.��+� ���0�2.�

12� �0�0��+/� 1#$�)2�2.� ù�) .� #12���" �0��20" � # �$ #� ���0�

.�.3�!02.� )2� 2 pitch 0��.�  1� #/.�)20! " �.!��&� ��. �.

/�.�!�� #�0 2 � �)� �02.�* .�/!+� �.� �#�.��+�� ò$0� 0��1�"

.�.30!�0� �&" � �0�&/��)2�2. � # �.! #1���0� �*!�. � �#�.��0�.

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

ù� #12���" .�.�*10�" � # ����.� ���& 10 /0���.2. .�/!��+� �.�

�#�.��0�&�  ��/&�� 0��1��.�� #� ��. /�.3 !� 12� �0�0��+/�

1#$�)2�2. ±120 Hz, ��.�2� ±200 Hz. �2�� .���#1� .#2� /0� �!����.�

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

/�.3 !02��) � !3&2��) 0���0/ � /�.3 !02��) 0����0��.�

ú��.�. � �0�0��+/�" 1#$�)2�2. /0� 0��.� ��.�� .�) �)�� 2�"

�. �." /+10� ���! 3 !�0" ��. 2 3*� 2 #  ����2�� ü��.� � ��)� 1.3�"

)2� /0� .!�0� �. .#��1 #�0 2� �0�0��+/� 1#$�)2�2. ��. �.

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

���� � # �! 1 � �+�0� �� 120�� 2 � ��&22�/��) �.��) �. 1#�0�1�30!0

12�� �! 1 � �&1� �#�.��0�." 3&��"� .��� /0� �0&!0�2.� �.� .#2� .�)

�)�� 2�" 1��.�2��� /�.3 !��

ü�/��)20!.� 12�� .��!+����  ����. #��!$ #� 1��.�2���" �02.� ��" 12�"

2���" 2&� amplitudes �.� formants ������ 2  � � �.��0� 1��.�2��) !)� 

12 �. �.� !�1 #�0 2. $.!.�2�!�12��� 2&� /�.3 !02��+� .��!&���&�

3&�+�� 1#��0!��.��.� ����" �.� 2�" �#�.��0�." 3&��"�
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• 	. Formants.

" ��&12)�� � ��1� /��12.1� 2�" �#�.��0�." 3&��2���"  / *

0��.� ���!)20!� .�) .#2� 2 # .�/!)"� ù#2) )$� �)� .#���0� 2�"

1#$�)2�20" 2&� formants 12. 3&��0�2. �.� 12 #" �$ #" � #

�! 1 � ��� #� �0 3&��0�2.� .��� �.� .����0� 2 3.1�.2 �!�3��. 2&�

.�0!� /��+� �$&� � # �.!�� �2.� 12�� 12 �.2��� � ��)2�2.� �.�

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

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

1#12��.2 " 1#���2�  ����." ��. /0*20!� �0!� /��� ���� /���0!1�"�

+0���� �.� 12 #" ��/!0" .��� �.� 12�" �#�.��0"� 2. 3&��0�2.

�.! #1��� �2.� .�02����2. �.2� 2� /��!�0�. 2�" 0�3+��1�" �.�

 !�� �2.� .�) ��. 12.2��) 1$��. 2�" 3&��2���"  / * �.� �� ! *� �21�

�. �.!.12.� *� �0 ��. 1��0� 12 0���0/ F1-F2� þ �.!./ $� ���.�.

.#2� � # ���.�0� )2� /��./� 2. 3&��0�2. �.! #1��� �2.� .�02����2.

�.2� 2� /��!�0�. 0�3+��1�" 2 #"� 0��.� 1$02���� ù��� 10 .#2) �.

.�.30!� *�0 .!�)20!.�

�2 � ��2&�� ���.�. �.!.2�! *�0 2�" F1  F2 �.� F3 1#$�)2�20" ��.

3&��0�2. � # �.!�$��1.� .�) ��. /0���. ��  ����2+��

1#��0!��.��.� ���&� .�/!+�� �#�.��+� �.� �.�/�+��

-+���. ��/!0" �#�.��0" �.�/��

F1 F2 F3 F1 F2 F3 F1 F2 F3
a 730 1100 2450 850 1200 2800 1030 1350 3200
e 530 1850 2500 600 2350 3000 700 2600 3550
i 270 2300 3000 300 2800 3300 370 3200 3700
u 300 850 2250 370 950 2650 430 1150 3250
o 570 850 2400 590 900 2700 680 1050 3200
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7. .� 20��1�.2. 2. �.!.2�! *�0 12 F1-F2 0���0/ )� # .�) .#2)

�� ! *�0 �. /�.��12+1 #�0 �&"  � 2���" ��. 2�" �#�.��0" 0��.� 1.3+"

#%��)20!0" .�) )2� 12 #" ��/!0"� .��� �.� .#2�" 2&� �.�/�+�

#%��)20!0" .�) )2� 2&� �#�.��+�� ù#2)  30��02.� )�&" �! 0��.�0 12 

���!)20! 1$��. 2�" 3&��2���"  / *� õ1 ���!)20!� 0��.�� 2)1 �.�

#%��)20!0" 1#$�)2�20" �.! #1��� �2.��

�

���

����

����

����

����

����

����

� ��� ���� ����

)�

)
�

��/!0"

�#�.��0"

�.�/��
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ò�. ��� 3.��)�0� � ���.�.� � # �.! #1���02.� �.� 12 #"

��/!0" .��� �.� 12�" �#�.��0" 0��.� 2 3.��)�0� 2 # target undershoot.
�2 3.��)�0� .#2) �.! #1��� �2.� ��. 2 �/� 3+���. /�.3 !02���"

2���" 12 F1-F2 0���0/ � )2.� .#2) 2 3+���. 0�3&���0� �)� 2 # � 10

CVC 1#��.��� .��� �.� 10 /�.3 !02���" 1#��.��" � # �0!��$ #� 2 �/� 

3+���.�

�.!.2�! *�0 12 ��2&�� 1$��. 2 3+���. ©.ª )2.� 0�3&�0�2.� .�)

0�����/. �#�.��.  ����2!�. 10 CVC � !3� � )�&" ©��.��ª� ©�.�ª�
©�.�ª �.� ©�2.�2ª�
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• �+" �02!��0 2. formants;

+�. 2�� 0�.�&�� 2&� formants �0&!�1.�0 �&" .#2�

�.!.��� #� 12.�0!� �.2� 2� /��!�0�. 2�" 0�3+��1�" 2 # 3&���.2 "�
ò�. )�&" 3&��0� 0��.� 1����. 12.2��) �.� .�02����2 � þ ��+11. .���

�.� 2. $0��� ��� *�2.� �.2� 2�� �.!.�&�� 0�)" 3&��0�2 " �.!�� �2."

��.� �$ /#�.����" � �)2�2."�

�0 .#2) 2 1��0� ��. �!�1��� 0!+2�1� � # �! �*�20� �.2� 2� �0��2�

2&� 3&����2&� 0��.� 2 �!)����.: ©� * ��1. 12 $!)� �02!��0 2.

formants 2 # 3&��0�2 "; 2�� .!$�; 2� ��1�; � 2 2�� ";».

ò�." .!���)" .�) �0��20" �/0��0 �&" � .� #12��� 3*1� 2&� 3&����2&�

�.�  2!)� " �0 2 �  � �  � .�! .2�" 2. .�2��.���� �2.� �� !0� �.

�0!��!.30� �! 1�.�+�2." �. $.!.�2�!�1 #�0 .#2)� 2 � /#�.��1�)

�02!+�2." 2. formants 10 �0!�11)20!0" .�) ��. $! ����" 12����"

2 # 3&��0�2 "�

�0 �0��2� � # /�0���.�.�  � Marie Huffman �.� Elyse Tamberino 2 #
	���.2 " +�&11 � ��." 2 # �.�0��12��� # 2�" ��." 
)!��"�
/�.��12&1.� )2� � �� � .���)3&� � ù�0!���� � �!)30!.� � /�.�!�2�

��! 12��� 3&��0�2. 10 3&��2��� �0!����� �2. )�&" µEHHW¶� µELW¶�   
µEDLW¶ � µEHW¶� �.� ´bat’, 0�+  ����2�" 2 # /RQJ ,VODQG �.� 10 ���0"

�0!� $�" �.!�� #� ��. 0����� � 3&��0� �0 2� ��1� 2�" 1�.�)� " �.� 2�"

��+11." #%��)20!. )2.� �! 3�! #� 2 3&��0� 12 3&��2��)

�0!����� � µEDW¶�

ïü21� 0�+ � �� � .���)3&� �  ����2�" �.! #1�.1.� 2�� �/�. � �)2�2.

3&��0�2 " �.2� 2�� 0�3+��1� 2 # 2!�3+� # µEDW¶ �.� µEDG¶� � �� �

ñ��� �  ����2�" �.! #1�.1.� /�.3 !02��� .� #12��� � �)2�2. 10

.#2�" 2�" ���0�" 0�0�/� 2. 3&��0�2. 0�3&� *�2 12 2!�3&� µEDG¶
#%��)20!.�  ü��  �  ����2�" 2 # /RQJ ,VODQG �$ #� ��. �0�.�*20! 

.!���) 3&����2&� 0��.� �!.��.2��� /*1� � �. 0�2 ��1 #�0 2�"

.� #12���" /�.3 !�".
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	)20 �&"  �  ����2�" 2 # / QJ ,VODQG /�.2�! *� 2�� 0#/�.�!�2)2�2. 2&�
3&����2&� 2 #"� � �. 0��.� 2. .� #12��� $.!.�2�!�12��� 2&�

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

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

2 #"�  ..2��!.%.� �21�  ����2�" .�) 2 /RQJ ,VODQG � # ��� *1.� �)� 

��. ��+11. �.� � # 0�3&� *1.� ���0�" � # �0!�0�$.� 2 #" �/� #" �$ #"

1#�3+�&� .��� /�.3 !02��� 3&��0�2.�

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

/��3 !0" $! ����" 12����" ��2!�1�"�

              	 �0���) 1#���!.1�. .�) .#2�" 2�" �02!�10�" �2.� )2�

�.���� �2." #�)%�� 2�" 2���" 2&� IRUPDQWV � # #� � ��12��.� 12 ���
2�" /��!�0�." 2 # 3&��0�2 ", 2. 3&��0�2. /0� �.! #1�.�.� �.���.

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

IRUPDQW" 12 ��� 1��0� �.� 12 ��� � 2)20 �� ! *�0 1.3+" �.

�.� !�1 #�0 2�� ���� � # .� *12��0�

�2� �0��2� .#2� 2&� Marie Huffman �.� Elyse Tamberino
.�.3�!02.� �&" 2. 3&��0�2. 12� �#�.��0�. 3&�� 1.3+" ��� �2.�

�� 0#�!��� )2.�  � 2���" 2&� IRUPDQWV #� � ��12 *� .�) �� 2�2 �.

1��0�.�
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���2&"  � Fry, Abramson, Eimas �.�  Liberman #� 12�!��.� )2� )2.�

$!�1�� � � *�0 2. formants ��. 2� 1*��01� 2&� 3&����2&�� 2.

.� 20��1�.2. 0��.� 10 �0����" �!.���" ��.� � ��2���� ü����� �  �

Rakerd �.� Verbrugge �1$#!�� �2.� �&" #��!$0� 1#1$�2�1� �02.�* 2&�

2��+� 2&� formants �.� 2� ��1� 2�" ��+11."�

�#��0�!����.� 2 *% " 2�" ��+11." �.� !��0� 2�� 2��� 2 # F1, 0�+ �

��1&�0��!)" ��1� 2�" �.� !��0� 2�� 2��� 2 # F2� +0����� 2. $.����

3&��0�2. �.! #1��� #� #%��) F1� 0�+ 2. #%��� 3&��0�2. $.���) F1.
	. ��1& 3&��0�2. �$ #� ��. $.���) F2 �.� ���!� /�.3 !� F2-F1� 0�+
2. ��! 12��� 3&��0�2. �$ #� #%��)20! F2�.� �0���� /�.3 !� F2-F1.
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• 	. 0*!� �+��" 2&� formants.

	. 0*!� �+��" 2&� formants .#��� #� .��� �. �0 2 � .!���)

2 # formant.�0�!.�.2���" �0��20" �$ #� /0��0� )2� �02.���� �2." 2 

0*! " �+��" 2&� formants, #�0�1�!$02.� ���!� �02.� �� 12�� .�2���%�

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

0#.�1��2� 10 2�2 �0" �02.� ��"� ù��� �.� )2.� .�)�� � 0��22&1� 2 #

0*! #" �+��" ���0� .�1��2��  .�! .2�" �� !0� .�)�. �.� 2)20 �.

�! 1/� !�10� 2 3&��0� 2  � � .� *0�� þ �)�� /�.3 !� ���0�2.� 12 

�0� �)" �&" .1#����12. 120�) 0*! " �+��" 1#�0���02.� 20$��2)

�� #1�. 2 # 3&��0�2 "

ù�) 2�� ���� .#��� �2." #�0!� ���� 2. 0*!� �+��" 2&� formants,
0�.$�12 � �0�2.� � 0#/�.�!�2)2�2. 2&� 3&����2&�� �)�& 2&�

0���.�*%0&� 2&� formant.

2�  Dunn, White �.� Fant� #� 12�!��.� �&" 2. /* �!+2. formants
�$ #� 0*!� �+��" 2�" 2���" 2&� ������ c/s, 0�+ 2. F3 �.� F4
�.! #1��� #� 0*!� �+��" 2�" 2��0&" 2&� ������ c/s.
ù��30!.� �21� 0*!� �+��" ���!)20!. .�) .#2� 12.  � �. �.2����0  

Bogert.  ���2&"� �!)13.20" �0��20" 2&� House �.� Stevens �/0��.�
0*!� 0*! " �+��" � # �!$ �2.� ��) � �2� 12. .� 20��1�.2. 2 # Van de
Berg.
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�*!�0" /�.3 !�" 12��  ����. .�/!+���#�.��+��

	. .� #12��� $.!.�2�!�12��� 2&� 3&����2&� /�.3�! #� 10

��/!0"� �#�.��0" �.� �.�/�� �.� 0��.� 3.�0!) )2� 0�.!2+�2.� .�) 2��

�����. �.� 2 3*� 2 #  ����2�� õ�&" �! .�.3�!.�0 � 3&�� 2&�

�#�.��+� �.! #1���0� #%��)20! pitch �.2� ��.  �2��. ��.�2� 2&�

.�/!+� � �0!�� # ��� 3 !�" #%��)20! 2&� .�/!+��

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

3&��2��+� $ !/+� �Titze 1989). To ��2&�� 1$��. /0�$�0� 2 ���0� "

2�" ��&22�/." .��� �. �0 2�� �����. �.� 2 3*� �

�

�

�

�

�

� �

� �

� �

� �

� �

� � � � � � � � � � � � � � � � � � �

� � �� �. �1 0 � 2 � �

/
P

�P
P
�

� �/ ! 0"

�# �. � � 0"
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� Titze �.1�1��� " 12 ���0� " 2�" �0��!���" 2&�

3&��2��+� $ !/+� Lm , �! �0���� # �. #� � ��10� 2�" /�.3 !�" 12�

��1� �0�0��+/� 1#$�)2�2.� 2� ��1� 0�! � 2 # .�!. �.� 2��

.0! /#�.���� �1$*� $!�1�� � �0� ��.� 1#�20�012� ����.� "�   � � "

#� � ���02.� )2� 0��.� �0!�� # ���� ü����� � �!��0� �. �! 120�0� �.�

��." 1#�20�012�" ����.�." 2�" 2���" 2 # ����   � � " �.1��02.� 12 

���2 " �.� 0��.� .�.!.�2�2 " ��. �. #� � ���0� 2�" /�.3 !�" �1$* "

�02.�* 2&� .�/!��+� �.� �#�.��0�&� 3&�+��

õ�&" .�.3�!.�0 �.� 12�� 0�1.�&���  � /�.3 !�" �02.�* �#�.��+� �.�

.�/!+� �.1�� �2.� �.� 10 ��� #" �.!�� �20"� ��� � � .�) .#2 *" )1 

.�.3 !� 2� 3&�� 2&� �#�.��+�� �� !0� �. �0&!��0� )2� 0��.�

• %��#!�12�

• ./*�.��

• ��&22�/��� /�.!! � �� # 1��.��0� )2� /�.30*�0� .�!." .�) 2�
��&22�/. .�)�. �.� �.2� 2� /��!�0�. 2�"

��0�12�" 3�1�"��

• �0!�11)20! � 1#��02!�� � 3&��2�� � �.�� �

• ���!)20!�" /��!�0�." �.�� �

• #%��)20!� �0�0��+/� 1#$�)2�2.

• /�.3 !02��) 0*! " �0�0��+/ #" 1#$�)2�2."

• �0!�11)20! " �)!#� " 12�" �0!� $�" �02.�* 2&� formants
• #%��)20!0" 1#$�)2�20" 2&� formants
• �0�.�*20!. 0*!� �+��" 2&� formants
• /�.3 !02��� 1*�0#�� � .����0��/!.1� �02.�* #� ��&22�/��+� �.�

#�0!��&22�/��+� � �� 2�2&�

• �0�.�*20!� .����0��/!.1� �02.�* ����" �.� 3��2! #

	. $.!.�2�!�12��� .#2� /0� 0��.� .�0��!2�2. �02.�* 2 #"� .���

1#1$02�1���.� ò21� 0�� �! 1�.��1 #�0 �. �.!�� #�0 2� �#�.��0�.

3&�� .�) 2�� .�/!��� .#��� �2." .��� �.� �)� 2�" 2���" 2�"

�0�0��+/ #" �.� 2&� #�)� ��&� 1#$� 2�2&�� /0� �. �$ #�0 2��

.�.�0�)�0�� 0��2#$�. �.� � 3&�� /0� �. �$0� �#�.��0�.�
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ü���� #� � #%��)20!� �0�0��+/�" 1#$�)2�2. � #

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

.���#1�� õ1 .#���02.� � �0�0��+/�" 1#$�)2�2.� 2)1 .#��� �2.� 2.

.�2�12 �$. /�.12��.2. �02.�* 2&� .!� ���+� 12 3.1�.2 �!�3��.

�.!#�����" ����"� �0 �0!��� /�.12��.2. .!� ���+� /*1� �.

/�.�!�� #�0 2� ��1� 2&� formants 12 3.1�.2 �!�3��.� 	 �!)����.

 #1�.12��� 0��.� �!)����. /0���.2 ��%�."� �.�)2� ��.20��

/�01�.!���0" .!� ����" /0� /�� #� 2�� �.2������ ���! 3 !�. ��. 2��

3.1�.2��� �0!����� #1.�

	. �!+2. 3.1�.2 �!.3��.2. �0!� !��)�2 #1.� 12�� .���#1�  ����."

�#�.��+� �0 #%��) pith �)�& 2 # )2� �2.� 03 /�.1���. �0 ��. 12.�0!)

3��2! ���Hz ��. .���#1� 0#!0�." �+��"� ù#2) 2 3��2! �2.�

.� 20�01�.2��) ��. 2�" �0!�11)20!0" .�/!���" 3&��" 0�0�/� �0!����0�0

2 #��$�12 � /* .!� ����" �.� 0� ���&" .���#0 �0!�11)20! formants
�.!� .!� ����"� ú��.�. ��. � ���" �#�.��0�0" 3&��" 2 0*! " 2 #

3��2! # .�2�12 �$ *10 10 /��12��. ���" .!� ����"� �.� .� 2��01�. 2.
3.1�.2 �!.3��.2. �/0�$�.� ��. .����0��/!.1� .!� ����" �.� formant.

ù#2) �.��12 *10 /*1� � 2�� .�.��+!�1� ��." �+��" 12 0��

�!)�0�2.� ��. .!� ���� � ��. formant. ��. �*1� �2.� �. .#���0� 2 

0*! " �+��" .���#1�"� �.� �0���)" �.�)�." 2 0*! " �+��" 2 #

3��2! # .���#1�" �. ��!0�0 �. 0��.� /* � 2!0�" 3 !�" �0�.�*20! 
.�) 2� �0�0��+/� 1#$�)2�2. 2 #  ����2�� +�. �.!�/0���. 2 0*! "

�+��" ��. ��. �#�.��. � # �$0� �0�0��+/� 1#$�)2�2. ���Hz� �. ��!0�0

�. 0��.� ��� Hz.

Y��!$ #� ��& )!�. 12 ���0� " 2 # 3��2! # � # .�.2!�� #� 2 1� �)

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

formants� ��. �! 1����1� ��. �. .�.�*1 #�0 2 � �#�.��0� �.� �.�/��)

�)� �0 12.�0! * 0*! #" 3��2!. .���#1�" 0��.� � �.���2���

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

2.$*2�2. � # $!�1�� � �����0 ��. 2�� 0��!.3�� õ2.� 2 �� .!�) 1��.

0�3.���)2.� 12 3.1�.2 �!�3��.� 2 .� 2��01�. �2.� �. .����0� 2 

0*! " 2 # 3��2! # .�.� ���� �0 2�� 2.$*2�2. 0��!.3�"�.�.�.!.�&��"�
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ò�. ��� �!�! .�.3�!0� �&" � 2��� 2�" 1#$�)2�2." 2�" �#�.��."
�!��0� �. 0��.� ��� #%��)20!� .�) .#2� 2&� .�/!+�� ü��.� ���.�.

.#2)" ��." �.�.!� 0��0�!��)" �.�)�."   � � " �!��0� �. �.����02.�

#�)%�� ��. 3&���.2. � # �.! #1��� #� �#!�&" #%���" 1#$�)2�20"�

+�. �.!�/0���. ��. 0*! " 1#$�)2�2." �kHz 2  � � �0&!0�2.�

��.� � ��2��) ��. 2�� .���#1� 2�" 2#!�+/ #" 0��!�0�." ��. 2 #"

��/!0"� �1&" �. ��� 0��.� 0�.!��" ��. 2�" �#�.��0"�

ò�." .!���)" �0�02+�  /���10 12 1#���!.1�. �&"  �

�#�.��0�0" 3&��" /�.3�! #� .�) 2�" .�/!���" &" �! " ���0" /�.12�10�"

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

1$02���" �0 2� ���2�12� .���#1� 2�" �#�.��0�."  ����."� ò�.

$.!.�2�!�12��) ��+!�1�. 2�" �#�.��0�." 3&��" 0��.� )2� 0��.� �� 

%��#!�12�" .�) )2� 2&� .�/!+��

+�. �.!�/0���.  � Henton �.� %ODGRQ� �1$#!�12��.� )2� ��. 2 #"

ú!02.� *"  ����2�" 2 ���2 " 2�" �!+2�" .!� ����" 10 1$�1� �0 2 

���2 " 2�" /0*20!�" .!� ����" �2.� �0!�� # �dB �1$#!)20! 12�"

�#�.��0" .�) )2� 12 #" ��/!0"� �� Klatt �.� Klatt .��30!.� ��. .��� ��

/�.3 !� .���01. 12 #" .���)3&� #" .�0!��.� *" ��/!0" �.� �#�.��0"�
.��� �.!.2�!�1.� )2� #��!$0� ��. 1��.�2��� /�.3 !�� ù�)

12! � 1� ����" �0��20" 2 # ��!#��. � # /�0���.�.�  � Bless, Biever
�.� Shaikh �.2����.� 12 1#���!.1�. �&"  � �#�.��0" � # �$ #�

��! 12��� ��&22�/��� 1$�1�� �.2� 2� /��!�0�. 2�" ��0�12�" �0!�)/ #

2 # �*�� # 0��.� ����1�0" 2&� .�/!+��

�� Klatt �.� Klatt .�.���#%.� 12�" �#�.��0�0" 3&��" ��. 2�1� ��.

�0�.�*20!� /���0!1� 12 F3 formant 0�.�2�." /.1+/ #" � !*� # ��.2�
2�� 0��� �� 03)1 � � �#�.��0�. 3&�� 0��.� �� %��#!�12��� �#���!.�.�
0��1�"� )2� 2 ��&22�/��) �� ���. 2&� %��#!�12+� 3&�+� �! �.�0� ��.

.*��1� 2 # 0*! #" 2 # �!+2 # formant, � # �0!���" 3 !�" 0�.3.���0�

20�0�&" 2� 3.1�.2��� � !#3� 2 # F1.
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• �.!.�2�!�12���  ����." 2&� �.�/�+��

�0 .�2�12 �$�. �0 2�" /�.3 !�" � # �.! #1���0� � �#�.��0�.

�0 2�� .�/!��� 3&��� 0��.� /#�.2)� �. ��� #� �.� ��� �0" 0��1����10�"

1$02��� �0 2. $.!.�2�!�12���  ����." 2&� �.�/�+�� ü�0�/� 2. �.�/��

�$ #� ���!)20! # ��� #" 3&��2���  /) �.� � �2*20!0" 3&��2���"

$ !/�"� �.! #1��� #� #%��)20!� 2� �0�0��+/� �.� 2�" #�)� ��0"

1#$�)2�20"� ü�0�� � # 0����� � �1$*0� 0��.� )2� 2. �.�/�� �$ #� 2. /���

2 #" $.!.�2�!�12���  ����."� þ �0�0��+/�" 1#$�)2�2. 0�� �.!./0���.2�

12. �.�/�� �0�+�02.� �.2� ��.  �2��.� �*�3&�. �0 �0��20" 2. ����.

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

3&��2���" $ !/�"�

ù� #12��� �!0#�. � # ����0 2 ���� .�) 2 #" Kent �.� Murray, �/0��0
)2� ��. 2. ����.  � 2���" 2&� formants ��. ��. ����0�2!��) 3&��0� 0��.� :

• �0�0��+/�" 1#$�)2�2.  ��� Hz.
• F1 = 1000 Hz
• F2 = 3000 Hz
• F3 = 5000 Hz

þ �0�0��+/�" �0!� / " 12. ��� Hz /0� �!��0� ���.�. �. ��3�0�

.#12�!� #�)%�� ���" �.� 2. ����. �.! #1��� #� �0���0" /�.�#���10�"

12� �0�0��+/� 1#$�)2�2.� �� ���!)20!0" 2���" �! 10���� #� 2�

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

1000Hz � �.� �0!�11)20! � 	. ����. 0��1�" �� ! *� �. �.!�� #�

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

/�.3 !�" 12. 3&��2��� $.!.�2�!�12��� 2 #"�
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�� Bauer �.� Kent .��30!.� )2� 2 3�1�. 0��!�0�." ��. 2. 2#!�+/� 12.
����. 32��0� 2. �N+] � # 0��.� 2 ��& )!� 1#$�)2�2." 0�)"

1#��.2�� * 3.1�.2 �!.3��.2 "� �.�+" 2. �.�/�� �0�.�+� #�  �

3&��2���" $ !/�" 2 #" �.�!.�� #�� �0 .� 2��01�.  � 1#$�)2�20" 2&�

formants �. 0�.22+� �2.�� ù#2) 1#��.��0� 0�0�/� �02.���� �2.� 2.

$.!.�2�!�12��� 2 # �! 1+� # 2 #" �0 �!�� !)20! !#��) .�) )2� 10

�0���� �����.�

þ �����. 12��  � �. 2. ����. .!$�� #� �. �.!�� #� ���0�" � ����0�

�02.�* 2&� �.�/�+�� .��� � �.� ��� � ��1� 3!�10&� 0�3.���02.�

�02.�* � �.� �� ���+�� �0 1$�1� �0 2 #" 0�����0" 2. �.�/�� �$ #�

.!�)20! #" !#�� *"  ����." �.� �0�.�*20!� �02.���2)2�2. )2.�

�! 3�! #� ��2�� �.�+" .� �2 *� 0��/0��)2�2. � 0�2��01� ���02.�

�!�� !)20!� �.� �.2.� �2��
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• �����2�" ��/!0" �.� �#�.��0" /�.3)!&� ��&11+��

	. 3&��0�2. 2.  � �. 0�3&� *�2.� .�) /�.3 !02�� *"

 ����2�" �$ #� /�.3 !02��� IRUPDQWV� ü�� ��� � " ���0� �. 1#��!��0�

2�� � �)2�2. 2&� 3&����2&� � # 0�3&� *�2.� .�) 3#1�� *"  ����2�"

/�.3)!&� ��&11+� �02!+�2." 2�" 1#$�)2�20" 2&� IRUPDQWV 2&�

3&����2&� �. �! �*% #�  � .�)� #�0" 0!&2�10�"�

• � ��" .� #12���" �02!�10�" .�2.�.�� *� ���1�0" 3&��2���"

/�.3 !�" �02.�* 2&� /* ��&11+��

• � ��" .�)%0�" .�2.�.�� *� 1��.1� � ����" /�.3 !�"  �  � �0"

�� ! *� �. 0��.2&� *��

• �.� 03)1 �  � 1��.1� � ����" /�.3 !�" 0��.2&� *� � ��" 0��.�

�0&!�2���  � /�.3 !�" � # �.!.��� #��

+ ./#�.��. �. .�.�2�1 #�0 12�" /* �!+20" 0!&2�10�" �.��12�

./*�.2 � �. 1#��!�� #�0 2. 3&��2��� $.!.�2�!�12��� 2&� 3&����2&�

�02.�* /*  ����2+� /�.3 !02��+� ��&11+��

þ .���2�1� .#2+� 2&� 0!&2�10&� .�.�20� �. /�.��+1 #�0 2�" ����"

/�.3 ! � ��1�" 2 #  ����2�� þ /�.3 ! � ��1� 2 #  ����2� ���0�2.�

�.2� �!+2 � 10 ��&11 � ��� *" �.!�� �20" )�&" 0��.� � /���0�2 " �.�

 � � ��&����" /�.3 !�" �.� �.2� /0*20! � 10 �� ��&11 � ��� *"

�.!�� �20" )�&" 0��.� � 3#1��� .�.2 ��. � � �����. �.� 1#�.�1���.2���

�.2�12.1� 2 #  ����2��

�� 0��/!�10�" 2&� �� ��&11 � ���+� $.!.�2�!�12��+� 12��  ����.

�� ! *� �. 0�.�0�3� *� �0 �.2�����0" �02.2! ��"�
�� �)" 2�" 0���0�%�" 2&� �� ��&11 � ���+� �.!.�)�2&� .�) 2��

 ����. 0��.�  .� #12��)" �! 1/� !�1�)" 0�)" 3&��0�2 " 10 ��.

/0/ ���� ��+11.� þ /�./��.1�. .#2�  � ���02.� �.� ��� � ��1�

(normalization).
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�� �! 2�10�" ��. �.� ��� � ��1� 2�"  ����." 0��.�

.� #12�� * �.� .!�!&2 * 2*� #� �� /* ��� / � 0���0�2!+� �2.� 12��

�02.2! �� 2&� /0/ ���&� $!�1�� � �+�2." � �.!������ ����.�. 2 #

0*! #" �+��" �����.�. Bark, Koenig). M�1& �.2�����&� �02.2! �+�

� # 0��2#�$�� �2.� �0 2�� �.� ��� � ��1� 0��.� /#�.2)� �.

�.2 !�+1 #�0 �. �$ #�0 2�" �0���0#���0" 2���" 2&� formants, �$ �2."
0�.�0�%0� 2�" �.!.���& /�.3 !�"�

ü��/�+� �2." ��. ��&11 � ���� 1*��!�1� 2&� 3&����2&� �.

.�.3�! #�0 2!0�" �� ��&11 � ����" /�.3 !�" � # �.�� #� !)� 10 .#2�

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

3&��2���"  / * �.� � .�.� ��. ï��! " � ��)2�2. µ �! " µ��1&
� ��)2�2.ï�

�.2� �!+2 �� � .�.� ��. /)��1�" 2�" 3&��2���"  / * �.� #12���

)� 0*! "� 0��.� .�2�12!)3&" .��� �� �0 2�� ���. �.� 2 ���0� " 2�"

3&��2���"  / * �.� .��� �� �0 2 2��2&�. 2&� $ !/+��

� �HJXV .�.3�!0� )2� 2 ��� " 2�" 3&��2���" $ !/�" �#�.��02.� �.2�

��1 � )! .�) ���� ��$!� �� PP 12�" 0�����0" �#�.��0" �.� .�) ��
��$!� �� PP 12 #" ��/!0"�

� ��1 " )! " �.�����" /)��1�" 2&� .�/!��+� $ !/+� 0��.� �0!�� #

��� +] 0�+ 2&� �#�.��0�&� �#�.��02.� �0!�� # 12. ��� +]�
(��1�", � �0�0��+/�" 1#$�)2�2. �02.����02.� �.�+" �02.���� �2.�

.30�)" 2 2��2&�. 2&� �.!#����+� �#+� 2 #  ����2� �.� .302�! # &"

��� � �1��) � #� ��&2�/��� ��01��
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� úRRWKUR\G ������ �.!.2�!�10 )2� � �0�0��+/�" 1#$�)2�2. � ����0�

�02.�*

• �� �.� ��� þ] ��. 2 #" ��/!0",
• ������� þ] ��. 2�" �#�.��0" �.�

• ������� þ] ��. 2. �.�/���

2���" � # 1#�3&� *� 10 �0����" �!.���" �0 )1. �! 0��.�0 �.!.���&

��. 2 #" ��/!0"� 2�" �#�.��0" �.� 2. �.�/���

ü����� �, )�&" �$ #�0 .�.3�!0��  � 1#$�)2�20" 2&� formants
1$02�� �2.� �0 2 ��� " 2�" 3&��2���"  / * 2 #  ����2� 2  � � 

� �����0� .��� �. �0 2�� �����. �.� 2 3*� �
	 1#� ���) ��� " 2�" 3&��2���"  / * �� !0� �. #� � ��1�0� .�)

�02!�10�" 2&� IRUPDQWV�

�!�1�� � �+�2." 2�� 0��1&1� 2 # Fant

                               5 • C
             L   =                               ( 1 )

4 •  F3

)� # C=34,000cm/sec,  (/��./� 2�� 2.$*2�2. �$ # 2 # .�!.��

 � .�.� ��0" 2�" 3&��2���"  / * �#�.��." �! " ��/!. 10 2!0�"

ü#!&�.���"  ��+110" �!����.� �. 0��.� ���� ��. � #�/ #" � ���� ��.

û.� *" �.� ���� ��. ñ��� #"�
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ù#2�"  � �02!�10�" �/0��.� )2� � �#�.��0�. 3&��2���  /)" 0��.� �����%
� �2*20!� .�) .#2�� 2 # .�/!)"�

�� 1RUGVWURP �.� /LQGORP ������ �!)20��.� ��. ��� / ��. 2��

�.� ��� � ��1� 2 # 3*� #� þ ��� /)" 2 #" �.1��)2.� 12 � #� � ��1�)

2 # 1#� ��� * ��� #" 2�" 3&��2���"  / * 2 # .2)� # .�) 2 � ��1 )! 

2 # )� 12. 3&��0�2., �0 2�� �! #�)�01� 2 )� �. 0��.� �0�.�*20! 2&�

��� þ]�

	)20  �)� " N � # /��0� 2�� .�.� ��. 2�" ��1�" .�/!���" 3&��2���"

 / * �/P� �! " 2�� ��1� �#�.��0�. 3&��2���  /) �/I� �.� !��02.� .�)�

                                           F3m.av
                              k =                            ( 2 )
                                           F3f.av

)� # )�P�DY� )�I�DY /0�$� #� 2 ��1 )! 2 # 2!�2 # IRUPDQW 12 #"
��/!0" �.� 12�" �#�.��0" .�2�12 �$.�

þ 1#$�)2�2. 2 # �� 12 * �#�.��0� # IRUPDQW /��02.� .�) 2 � 2*� �

                Fnf.sc  = k  •  Fnf                   ( 3 )

	0���� � ��� / " 2&� 1RUGVWURP �.� /LQGEORP �.��12.2.� ��. .�) 2�"

.�� *120!0" /�./��.1�0" � # �.!�$ #� ��.� � ��2��) .� 2��01�.

�.� ��� � ��1�1�"�
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ïü�." 2!�2 " �� ��&11 � ���)" �.!�� �2." � # /�.3 ! � �0� 2��  ����.

0��.� � .�.� ��. ��� #" 3�!#��. �! " 12 �.2��� � ��)2�2.�
�.!.2�!����0 )2� 2 ��� " 2�" 12 �.2���" � ��)2�2." 0�)"

 �2�$! � # � !�21� * �2.� ��� � �2*20! .�) .#2) 0�)" ��/!.

0�����.� 0�+ 2 ��� " 2 # 3�!#��. 2 # � !�21� * �2.� ��� � �2*20! 

.� .#2) 2 # ��/!.�

	 ��� " 2 # 3�!#��. �.� 2�" 12 �.2���" � ��)2�2." �� !0� �.

#� � ��1�0� .�) 2�" 1#$�)2�20" 2 # 3&��0�2 " >i].
�0 ��. .�� � ����� � �2�� ��. 2 >L@ 2 )� 0�.!2�2.� .�) 2�� ��1&

� ��)2�2. � 2 � 3�!#��. �.� 2 )� .�) 2�� ��! 12��� � .�) 2��

12 �.2��� � ��)2�2.�

	 ��� " 2�" ��1& � ��)2�2." �/%� �.� 2�" ��! 12���" �/)�
/��02.� �! 10���12��� &" 0��"

                     C
LB =        , C =2.$*2�2. �$ # � � �

                 2 •  F2

                     C
LF =        , C =2.$*2�2. �$ # � � �

                 2 •  F3

+�. 2 #" � #�/ *"  ����2�"�1*�3&�. �0 2 #" �.!.���& 2*� #"�  )DQW�
.��30!0,  )2�  � �#�.��0�0" �!)1��0" �.� ��1& � ��)2�20" �2.�

.�2�12 �$. ���FP �.� ����FP � �2*20!0" 2&� .�/!��+� �
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ù�) 2�� �0��2� 2 # Byunggon Yang� # .3 !� 2�� 0*!01� 2&�

formants 10 1$�1� �0 2� �0�0��+/� 1#$�)2�2.� �02.�* .�/!+��
�#�.��+� �.� .���)3&�&� .�0!��.�+� �.� � !0.2+�� � # ����0 10 ��
�2 �. ��� ��/!0"� �� �#�.��0" ��. ���0 ��+11.�� �.!.2�! *�0 2.

.� 20��1�.2. � # /�� �2.� 12 #" �.!.��2& ���.�0":

• .���)3&� � .�0!���� �

ñ�/!0" +#�.��0"

3+���. F0 F1 F2 F3 F0 F1 F2 F3
a 125 638 1051 2318 205 782 1287 2563
e 128 469 2082 2636 209 521 2536 2991
i 136 286 2317 3033 221 390 2826 3416
o 129 498 1127 2375 207 528 1206 2824
u 135 333 1393 2282 228 417 1511 2796

• � !0�20"

ñ�/!0" +#�.��0"

3+���. F0 F1 F2 F3 F0 F1 F2 F3
a 162 738 1372 2573 264 986 1794 2957
e 167 490 1968 2644 263 650 2377 3068
i 172 341 2219 3047 271 344 2814 3471
o 170 453 945 2674 269 499 1029 3068
u 174 369 981 2565 278 422 1021 3024
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þ � 1 12�.�. /�.3 !� 12� �0�0��+/� 1#$�)2�2.� �.�+" �.� 12�" ���0"
1#$�)2�20"� �02.�* .�/!+� �.� �#�.��+� � # #� � ���02.�

$!�1�� � �+�2." 2 � 2*� :

                      Fnf – Fnm
Diff%  =    x  100
                          Fnm

�!����0 )2� 0��.�:

-  ��. 2 #" ���� #"  ����2�" ��/!0" �.� �#�.��0" �.� 2�� F0   63%

� ��. 2 #" � !0�20"  ����2�" ��/!0" �.� �#�.��0" �.� 2�� F0  59%

• ��. 2 #" ���� #"  ����2�" � � 1 12�.�. /�.3 !� �02.�* .�/!+��
�#�.��+�

- F1 =  18%
- F2 =  16%
- F3 =  15%

• ��. 2 #" � !0�20"  ����2�" � � 1 12�.�. /�.3 !� �02.�* .�/!+��
�#�.��+�

- F1 = 18%
- F2 = 20%
- F3 = 17%
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ü�� $!�1�� � ��1 #�0 2� /�./��.1�. �.� ��� � ��1�" � #

�! 20��02.� .�) 2 � Fant� 2)20 �0�+� �2." 0�� �.!./0���.2� 2�� 2���
2 # F2 �.2� ��� ��. 2�" �#�.��0" .�0!��.��/0"� 2)20 � 2��� 2 # F2 �.
1#���10� �0 .#2� 2 # .�/!)"� 0�+ 2 F1 �. �.! #1��10� ��.

.�)���1� �� �.� 2 F3��. .�)���1� ���

� %\XQJJRQ <DQJ 03.!�)� �2." 12. �.!.���& /0/ ���. 2 #" 2!0�"

�� ��&11 � ��� *" �.!�� �20"� /�0��12&10 )2� � ��1� �0�0��+/�

1#$�)2�2. /�.� !3+�02.� &" 0��":

• +�. 2 #" .���)3&� #" ù�0!��.� *"

� ��/!0" ��� þ]

� �#�.��0" ��� þ]

• +�. 2 #" � !0�20"  ����2�"

� ��/!0" ��� þ]
� �#�.��0" ��� þ]

+�. .� �$2� 3&��0�2. �0 #%��) )� � �0�0��+/�" 1#$�)2�2. �2.�

$.���+20!��

� �LOOHU #� 12�!��0 )2� � �0�0��+/�" 1#$�)2�2. �� !0� �.

.� 20��10� 1��.�2��) �.!�� �2. ��. �. 0��2*$ #�0 2�� �.� ��� � ��1�

�.� 2 0#/���!�2 2&� 3&����2&�� �2.2�12���, 2. /0/ ���. �/0��.� )2�

#��!$0� ��. �1$#!� .!��2��� 1#1$�2�1� �02.�# 2�" )� �.� 2�" )� 12 #"
��/!0"�

�2 U  ����� ��. 2 #" ù�0!���� #" �.� U  ����� ��. 2 #" � !0�20"��
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þ 1#1$�2�1� .#2� ��. 2�" �#�.��0" 0��.� .1�0��120!� �U  
���� ��. 2�" ù�0!����0" �.� U  ����� ��. 2�" � !0�2�10"�� ò21� 2 )�
�1&" �� !0� �. $!�1�� � ���0� ��. 2 � #� � ��1�) 2 # )� �0

���.�)2�2.  !�)2�2." 2�" 2���" 2 #  70-84%. ù��� � 1#1$�2�1� .#2�

0��.� /0� 0��.� ��.� � ��2��� ��. �. �! *�0 2. F2 � F3� 10 1$�1� �0 2 

F0.

                 2 /0*20! " �.!�� �2." 0��.� 2 ��� " 2�" 3&��2���"  / *�
�!�1�� � �+�2." 2�� 0��1&1� ��� 2 1#� ���) ��� " 2�" 3&��2���"

 / * #� � ��12��0 .�) 2 )� 2 # 3&��0�2 " 12� ���� KXGG ��. 2 #"

ù�0!��.� *" �.� .�) 2 )� 2 # 3&��0�2 "  ��. 2 #" � !0�20"�
	 ��1 ��� " 2�" 3&��2���"  / * �2.� ���� FP ��. 2 #" $�0!���� #"
��/!0"   �.� ���� FP ��. 2�" �#�.��0"�   0�+   ��.   2 #"   � !0�20"   �2.�
15.9 FP �.� ���� FP ��. ��/!0" �.� �#�.��0" .�2�12 �$.�

ü21� 2. JURXSV �0 2. /�.3 !02��� ��&11��� $.!.�2�!�12��� /��30!.�

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

0��1&1�  (1)  /��0� 10 ��� þ] /�.3 !� 12� 1#$�)2�2. )�� +�.

�.!�/0���. � )� 0��.� ���� þ] ��. ��. 3&��2���  /) ��FP .� 2��

1#��!�� #�0 �0 ���� þ] ��. ��. 3&��2���  /) ��� #" �� FP�

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

/�.3 !� �0��� #" 2�" 3&��2���"  / * 0��.� .�)�#2 ��1�� .

þ 2!�2 " �.!�� �2."  ���0�2.� 12� /�.3 !� �0��� #" 2�" 12 �.2���" �.�

3.!#�����" � ��)2�2.". 	. �0���� 2&� )��1�0� �.� �!)1��&�

� �� 2�2&� #� � ��1���.� ��. 2 ©�ª ��. ñ��� #" �.� � !0�20"

 ����2�" $!�1�� � �+�2." 2�" 0��1+10�" ��� �.� ���.

	 /) �2.� ��� FP �.� ��� FP ��. .�0!���� #" �.� � !0�20" ��/!0"

.�2�12 �$.  �.�  6.0 cm  �.�  6.0cm   ��. 2�"  �#�.��0"   .�2�12 �$.�
	 ��1 /% �2.� ��� FP �.� ��� FP ��. ù�0!����0" �.� � !0�2�110"
.�2�12 �$. �.� ��� FP ��. .�0!���� #" �.� � !0�20" ��/!0"�
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 ñ�/!0" �.� �#�.��0"  ����2�" �$ #� 2�� )��1�0� � ��)2�2. �.�!*20!�

.�) 2�� �!)1��., .��� � /�.3 !� /0� 0��.� �0���� ��. 2�" �#�.��0"�
�.!.2�!0�2.� )2� � ��1� /�.3 !� �0��� #" 2�" �!)1��." � ��)2�2."

0��.� ���!� �.� 12. /* 3*�.� 10 .�2��01� �0 2�� )��1�0� � ��)2�2.�
)� # � /�.3 !� �0��� #" 2�" 0��.� /����1�. .�) 2� /�.3 !� �0��� #"

2�" �!)1��." � ��)2�2."�

ü��1�", � ��1� /�.3 !� ��. 2 3&��0� ^�` 2  � � 0�3&�����0 .�)

2 #" � !0�20"  ����2�" 0��.� 2�" 2���" 2 �� ��. 2 IRUPDQW )� � 0�+
��. 2 )� 0��.� �0!�� # ����

ò�. ��� 1��0� � # �.!.2�! *�0 0��.� )2� 2 1#� ���) ���0� " 2&�

LB  �.� /) 0��.� 0��$�12. �0�.�*20! ��. 2 #" � !0�20" ��/!0" 10

1*��!�1� �0 2 #" ù�0!���� #" ��/!0", 0�+ �1$*0� 2 .�2��02 ��. 2. 2.

JURXSV 2&� �#�.��+�� ù�) .#2) 1#��0!.�� #�0 )2� � 3&��2���  /)" ��.

2 #" ù�0!��.� *" ��/!0" 0��.� �0�.�*20!� .�) .#2� 2&� � !0.2+��

�.!.2�!+�2." 2�" �0���0" /�.3 !�" 12� 3&��2���  /) /�.3)!&�

 ��/&� .2)�&�,  #� �02����0 2 � �2�� 2&� 1RUGVWURP �.� /LQGEORP.

	. .������ 3&��0�2. ��. 2 #" ��/!0" .�02��01.� 2�� �*!�. ����

.�.3 !�" ��. 2�� �.� ��� � ��1�� �.2ï .!$�� 2. /0/ ���. ��. 2�"

�#�.��0" �0 .������ �.� � !0�2��� �.2.�&�� /0� �2.�

�.� ��� � �����. 10 1$�1� �0 .#2� 2&� .�/!+��

�.2� /0*20! � 2. /0/ ���. � # .3 ! *1.� ��/!0" �.� �#�.��0"

� !0.2���" �.2.�&��"  /0� �2.� �.� ��� � �����. 10 1$�1� �0 .#2�

2&� .�0!��.�+��

	 )� ��. .� �$2� 3&��0�2. �0 )� �0�.�*20! 2&� ��� þ], ��. 2 #"
.���)3&� #" ù�0!���� #" �)�P$(� �.� 2 �1 /*�.� ��. 2. �#�.��0�.

/0/ ���. �)�I$(� #� � ��� �2.� &" 0��"
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F3mAE   =    (2318+2527+2497+2548) / 4 = 2472.5

F3fAE     =    (2968 +2901+2895+2563 + 2928+2877) / 6 =2855.3

7)20  1#�20�012�" ����.� " N �.� !��02.� &" 0��"

                      f3mAE                        2472.5
       k  =      =       =    0.86593
                      f3fAE                         2855.3

2 1#�20�012�" ����.� " 03.!�)�02.� .� � �)� !3. 12. ùü �$PHULFDQ
(QJOLVK� �#�.��0�. /0/ ���.� õ�&" /��+� #�  � 1#�20�012�" ����.� " ,
.�.���02.� �. �$ #�0 ��. �0�&1� 12�" 2���" 2&� �#�.��0�&� 3&����2&��
ò�." 1#�20�012�" ����.�." ��. 2. � !0�2��.� .�/!��� �.� �#�.��0�.

/0/ ���. #� � ��12��0 )2� 0��.� 2�" 2���" 2 # �������

�&" )�&" � XQLIRUP VFDOLQJ PHWKRG �0�+�0� 2. �� ��&11 � ����
$.!.�2�!�12����

�02!�10�" 12. .#�0�2��� /0/ ���. �/0��.� �.� 12�" /* ��+110" ��.

2�1� 2&� �#�.��0�&� IRUPDQWV �. 0��.� #%��)20!.�

�.!.2�!+�2." )2�  � 1#�20�012�" ����.� " �1.� ������� ��. ñ��� #"

�.� ������ ��. � !0�20" #� � ��� #�0 )2�  � �#�.��0�0" 3&��2�� �  / �

�1.� �0!�� # ��%  � �2*20! � 2&� .�/!��+��
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ú!����0 )2� �0!��� �#�.��0�. 3&��0�2. ��32 #� .�.3 !��� �0 2.

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

.�/!+� �.� �#�.��+� 0��.��

 �� þ] )1 .�.3 !� 2   F1 ,  �0 2#���� .�)���1�   15 Hz ,
*   64 Hz )1 .�.3 !� 2  F2 ,    �0 2#���� .�)���1� �� +] �.�

 �� +] ��. 2   F3,                     �0 2#���� .�����1� 39 Hz.

(���� # � ��1� /�.3 !� �02.�* .�/!+� �.� �#�.��+� � !0.2���"

�.2.�&��" �#�.��)2.��

• ��þ]   ��. 2 )� �0 2#���� .�)���1� 39 Hz ,
• ���+] ��. 2  F2  �0 2#���� .�)���1� ��Hz,
• 62 +] ��. 2 )� �0 2#���� .�)���1� 49Hz.

+�. 2. � !0�2��. ��! 12��� 3&��0�2. 2. )� �.� )� �.! #1��� #�

1#12��.2��� �02.� ��� õ2.� 2 )� .#���02.�, 2)20 � 2��� 2 # )�
�0�+�02.�.

	0����� �.!.2�! *�0 �&" � .�)12.1� �02.�* .�/!+� �.� �#�.��+�

0��.� 1$0/)� �/�. 12�" /�.12�10�" F1/F2 �.� F1/F3.
�� �0�.�*20!0" .� 12�10�" 12�� /��12.1� F1/F2 �!����.� 12 “u” �.�
12 “a” � 0�+ 12�� F1/F3 /��12.1� � ���!)20!� .�)12.1� �.!.2�!����0

��. 2 3&��0� ©ª�
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�� �!.���� � 1#1$02�1� � �02.�* F0 �.� 2&� $.���)20!&� formants.

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

�02.2!��02.� ��1& 2&� / ��10&� 2�" 3&��2���"  / *�
ò21� ��. ���0 3+���. 2 �$�2��) �*�. � # �.!��02.� .�0�� ���0� 2.

IRUPDQWV 2 # 3&���.2 "�

�0�!.�.2���� /0� �!����0 �.���. 1#1$�2�1� .���01. 12 3+���. �.�

12 IRUPDQW� �*�3&�. �0 12.2�12��� .�.3 !� 2&� 3HWHUVRQ �.� úDUQH\
�.!.2�! *�2.� /* 0�/� �02.� �+� 12. IRUPDQWV�

1)  � 1#$�)2�20" 2&� IRUPDQWV � ����� #� .��� �. �0 2.

$.!.�2�!�12��� 2 #  ����2�

2) ��. 3&��0�2. 2.  � �. /0�$� #� �0���0" 3.1�.2 � ����" /�.3 !�" ,
 � 1#$�)2�20" 2 #" 0�.!2+�2.� .�) 2�� 1#��!�!&1��

ü� ���&" �! �0���� # �. �0�02��0� � 1$�1� .���01. 12 3+���. �.�

2. 3#1��� $.!.�2�!�12��� 2 # 1��.2 " �!��0� �. ��3� *� #�)%�� /* 

/�.3 !02���" �0&!�2���" �! 10���10�".

þ �!+2� �! 1����1� .3 !� 2 �!)����. �.� ��� � ��1�" 2&� formants
��. ��. 3&��0�, 0�+ � /0*20!� �! 1����1� .3 !� 2�� /#�.����

�0!��!.3� 2&� �$&��

�.���. .�) 2�" /* �! 10���10�" /0� /��0� .���2�10�" ��. 2 0*! " 2&�

3.1�.2 � ���+� $.!.�2�!�12��+� 2&� 3&����2&��
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�0� / � ���� �! ����.2. #� � ��1� * 2&� formants


� 12�!��02.� )2� 0��.� /*1� � �. �.� !�1 #�0 2�" 1#$�)2�20"

2&� IRUPDQWV )2.� � �0�0��+/�" 1#$�)2�2. �#�.��02.� 12 ��1) 2�"

1#$�)2�2." 2 # �!+2 # IRUPDQW�

12)1 10 12.2�12��� .�.3 !� ��. �� � #�/��� 3&��0�2. � 1#$�)2�2.

2 # �!+2 # IRUPDQW ��. �#�.��0" /�.��12+���0 )2� 0��.� � ��� þz .
�*�3&�. �0 .#2)  #� � ��1�)" 2�" 1#$�)2�2." 2&� formants
�.��12.2.� �! ����.2��)" )2.� � �0�0��+/�" 1#$�)2�2. 0��.�

�0�.�*20!� 2&� ��� þ]� ü����� �, )2.� � )� 0��.� �0�.�*20!� 2&� ���
þ] /0� �� !0� �. / �0� ��� � " �.�)�." ��10� 2 #  � � # 0�$&! *�2.�

 � 2���" 12. IRUPDQWV, .� �.� �� !0� �. .� /0�$�0� )2� 2. 3&��0�2.

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

��� þ]�

��. ���� �0��2� ��. 2 #" +0!�.� *" ��/!0"� �#�.��0" �.� �.�/��

 ����2�"� � # /�0��$�� .�) 2 #" ùQGUHDV �OLQNHUW �.� Dieter Maurer,
/0�$�0� 2. 2� 1$�1� 2&� formants �0 2� �0�0��+/� 1#$�)2�2.� �2�
�0��2� .#2� ����.� ����� 0��!.3�" .�) �� ��/!0"� �� �#�.��0" �.� ��
�.�/��� � # 0�3+��1.� CVC 1#��.��" � # �0!�0�$.� 2. 3&��0�2. i, y,
e, o, �.� u� þ �0�0��+/�" 1#$�)2�2. �.2� 2� �0��2� .#2� �#������0

.�) ��+] ��$!� ���+] �.� �0 2!0�" /�.3 !02���" 0�2�10�"� +�. 2��

%�3� � ��1� 2 # �$ # $!�1�� � �����0 � 1#$�)2�2. /0���.2 ��%�."

22050 Hz�.� ��bits .���#1� ��2.1�"�

	. .� 20��1�.2. 2�" �0��2�" .#2�"� �/0��.� 2� �02.2)��1� 2&�

IRUPDQWV )� �.� )�  < 1.5kHz� 10 1#�/#.1�) �0 2�� .*��1� 2�" F0.
12)1 , 2 .!����2��) ���0� " 2�2 �&� �02.2 ��10&� /0� #�)�0�2.�

.�.��.12��� 10 ��. 2�2 � �0!� !�1�)� ù�) �0��20" 0$0� .� /0�$�0� )2�

�.�+" .#���02.� � )� �$ #�0 �0�.�*20!0" �02.2 ��10�" 1#$� 2�2&��
ü�/��)20!. �)� 2. IRUPDQWV � ��� ± ��� N+] 1#1$02�� �2.� �0 2�� )�
0�+ � �02.2)��1� 2�" )� � ���" 3 !�" #�0!�.��0� 2�� �02.2)��1� 2�"

F0. ü��1�" �0���0" �02.� ��" 12�� )� /��� #!� *� �!)����. 12 �

#� � ��1�) 2&� IRUPDQWV�
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ù� /0�$���0 �&"  1#1$02�1�)" �02.�* 2�" F0 �.� 2&� $.���)20!&�

formants 0��.� �� �!.����)" �.� �� � � 2 ���)"�

• �� �02.2 ��10�" �2.� ����!.�����". +�. �.!�/0���. /0� �2.�

.�� 1��0�&20" ��. )� � ���+], .��� ��� �0" 3 !�" �2.� �/�.�20!.

0�3.�0�" ��.      )� ! ��� +]� �!���. � # �� !0� �. 0����10� ��.2�

10 �! �� *�0�0"  �0��20" � # ����.� ��. $.���+20!� )� /0� ���)2.�

.�2����2� � 1$�1�   �0�0��+/ #" 1#$�)2�2." �.� IRUPDQWV�

• �� �02.2 ��10�" /0� �2.� � � 2 ����"� +�. �.!�/0���. ��.

/�.3 !02��� 3&��0�2. �!����.� /�.3 !02���" �02.2 ��10�"�

�2. �.!.��2& 1$��.2. �.!.2�! *�0 2�" �02.2 ��10�" 2&� formants F1
�.� F2 ��. /�.3 !02���" �0�0��+/0�" 1#$�)2�20" 2&� ���Hz �.� ���+]
��. 2 #" ��/!0" �.� ���Hz �.� 300Hz ��. 2�" �#�.��0"�
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õ2.� � �0�0��+/�" 1#$�)2�2. F0 �2.� ���!)20!� 2&� 200Hz� 2)20 �

�02.2)��1� 2&� $.���+� 1#$� 2�2&� 2&� formants �2.� ���!�� 0�+ ��.

F0 �0�.�*20!� 2&� ���+]� � �02.2)��1� �2.� 1.3+" �0�.�*20!� ��. 2.

3&��0�2. © ª �.� ©0ª� .�) )2� ��. 2 ©�ª�

ú��.�. � .*��1� 2�" F0 /0� �� !0� �. #�0!�0� ��� � ��& 3!���.� +�.
�.!�/0���.� � 1#��0�!����� �0��2� 12��  � �. .�.30!)�.120 �/0��0

�&" ��. .*��1� 2�" F0 12. 0���0/. 2&� 728Hz, � 0�3+��1� ����0

�.2.� �2� .�) 2 ��� 2&� .�! .2+�� 0�+ ��. �0�0��+/� 1#$�)2�2. 2�"

2���" 2&� 843Hz, ����0 �.2.� �2� .�) 2 ���� 2&� .�! .2+� �)� 

)�&" ��. 2. 3&��0�2. ©u» �.� ©i».
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ü����� �� �!����0 )2� 2 ��& )!� 2�" )� ��. 2 #"  ����2�" �2.�

�0�.�*20! .�) .#2) 2&� 2!.� #/�12+��

ü��.� 0#!�&" ��&12)� )2� .#��� �2." 2�� F0,  #� � ��1�)" 2&�

1#$� 2�2&� 2&� IRUPDQWV �.��12.2.� �! ����.2��)"� +�. F0 >300 Hz
/0� �� ! *�0 �. 0�$&!�1 #�0 1#$�)2�20" 12. formants� �.!¶ )� � #

2. 3&��0�2. �! 1/� !�� �2.� �.�.!��


� 12�!��02.� )2� ��. )��1�0� 3&��0�  �� !0� �. $.!.�2�!�120�

��.� � ��2��� .�) ��. IRUPDQW� )�&" 0��1�" ��. �!)1�� 3&��0�

�� !0� �. �! 1/� !�120� ��.� � ��2��� .�) 2�" 2���" /* IRUPDQWV�

�0 0!�.12�!�.  ����." )�&" �.!.2�!0�2.� 1#$�� )2� $�� �2.� formants.
þ .�+�0�. 2&� IRUPDQWV 0!���0*02.� 1.� 1#�$+�0#1� 2&� IRUPDQWV�

ü!0#�+�2." 2. 3&��0�2. 12� �0!�.���� ��+11. �!�1� #�0

�.!./0���.2. 3&����2&� �0 ��. � /* 2 � �* IRUPDQWV �.� �!. /0�

�� ! *�0 �. �$ #�0 0��0!�12.2&���� �� %� ��. 2�� 3.1�.2���

0�1&��2&1��
�#���02.� � ��)� )2�  .!���)" 2&� IRUPDQWV � # �! 1/� !�� #� ��.

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

2. )�� )� �.� )�;  	�2 �0"  � �)2�20" �!����.� 1*�3&�. �0 �!0#�. �.�

��. �!)1��. �.� ��. )��1�0� 3&��0�2. �.� .� /0�$���0 )2� ��. 2�2 �.

.1.3 � ��1� .� /0���*0� )2� /0� #��!$0� ��. .�!���" � �! 10���12���

1$�1� �02.�* 3&����2&� �.� IRUPDQWV� 	)20 )�&" /0� �1$*0� �

1#��!�!&1��

ü�0�/� � F0 �.� 2. $.���)20!. formants 1#1$02�� �2.�� 0�0�/�  �

1#$�)2�20" 2&� #%��)20!&� formants�02.���� �2.� ��. ��. 3&��0�

�.� 0�0�/�  � 0�2�10�" 2&� formant 0��!0�� #� 2 3&��0� � # .� *�0�
2)20 )� �0" 1#$�)2�20" ��. 2. formants /0� �." /0�$� #� �0���.!. 2�"

/�.3 !�" �02.�* 2&� 3&����2&�� +�. �.!�/0���.� ��. 2. ��1& 3&��0�2.

 �! 1/� !�1�)" 2 #" 0��2#�$��02.� .�) formants �0 1#$�)2�20"

���!)20!0" 2&� �N+]� 0�+ 2. 0��!)1��. 3&��0�2. �! 1/� !�� �2.� .�)

2�" 1#$�)2�20" 2&� 2!�+� $.���)20!&� formants.
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	. formants 12 #" ��/!0"��#�.��0" 2!.� #/�12�".

�2 � �.!.��2& ���.�. �� ! *�0 �. / *�0 2�" 2���" 2&� /* �!+2&�

formants � * �/&10 � �0��2� ��. 2 #" tenor, alto, bass, countertenor �.�

soprano

Tenor F1 F2 Alto F1 F2
a 650 1080 a 800 1150
e 400 1700 e 400 1600
i 290 1870 i 350 1700

o 400 800 o 450 800
u 350 600 u 325 700

Bass F1 F2 Countertenor F1 F2
a 600 1040 a 660 1120
e 400 1420 e 440 1800
i 250 1750 i 270 1850

o 400 750 o 430 820
u 350 600 u 370 630

Soprano F1 F2
a 800 1150
e 350 2000
i 270 2140

o 450 800
u 325 700

�� ! *�0 �21� �. /�.��12+1 #�0 �.� 12 #" 2!.� #/�12�" 2�" /�.3 !�"

12. formants �02.�* .�/!+� �.� �#�.��+�� �#��0�!����.� 12 1$��.

2�" 0�)�0��" 10��/."� $!�1�� � �+�2." 2�" 2���" 2&� F1-F2� �� ! *�0
�. / *�0 2�" �02.2 ��10�" .#2�"� û+1.�0 �/�.�20!� ��3.1� 12�" soprano
�.� 12 #" EDVV� � # �0&! *�2.�  � .�!.�0" �0!��2+10�" �.� 0�+1.�0 2�"

2���" 2 #" �0 0#�*�!.��. 2���.2. ��. �. ��� #� �� 0#�!��0�"  �

�02.2 ��10�" .#2�"�



39

�

���

����

����

����

����

� ��� ��� ��� ��� ��� ��� ��� ��� ���)�

)
�

VRSUDQR

DOWR

FRXQWHUWHQRU

WHQRU

EDVV



40

ù��� �.� 1*�3&�. �0 2� �0��2� 2 # Sundburg� 2. .� 20��1�.2. 2�"

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

2 # �!+2 # formant 12�" VRSUDQR� 0��.� #%��)20!� .�) 2�� .�2�12 �$�

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

�#�.��0" soprano 0��.� #%��)20!� .�) 2�� 2��� 2 # �!+2 # formant, �0
1#���0�. �. #� �.����02.� � � �)2�2. 2�" 3&��" �.� �. ��� 0��.�

0#/���!�2�� 12)1 �  �/� " �.!.2�!�10 �&"  � �#�.��0" soprano 0�$.�
��. 20$���� ��. �. .�2��02&��1 #� 2 �!)����.� û�0#!*� �2." 2 

�� ���. 2�" 1�.�)�." )2.� � �0�0��+/�" 1#$�)2�2. .#���02.�� 2)20
.#���02.� .�2�12 �$. �.� � 1#$�)2�2. 2 # �!+2 # formant� �.�+"

0��1�" �.!.2�!0�2.� �.� �02.2)��1� �.� 2&� #� � ��&� formant.

��/!0" soprano

3+���. F1 F2 F3 F1 F2 F3
a 609 1000 2450 650 1100 2860
e 400 1700 2300 500 1750 2450
o 325 700 2550 400 840 2800
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�#��0!�1�.2. ± 	0����" 2���" 12�� �.! *1. 0!�.1�.

�2)$ " 2�" �.! *1." 0!�.1�." �2.� �. �02.���� *�  � 2���" 2 #

1#���2�  ����." 2 # �.�0��12��� # ù���+� 2 # 	���.2 "

���! 3 !���" 2 # 	 ��. ü��� ��&��+� �.� ü�0�0!�.1�." ���.2 "� �21�
+120 �. �! 1 � �&�0� �  ����. 2 # �0 �#�.��0�. 3&��� ù#2) �.

�� ! *10 �. ���0� 03��2) �02.���� �2." 2�" ��10" 2���" .�.3 !�" 2&�

�.!.��2!&� 2 # Klatt. 12)1 � �02.���� �2." 2�" �.!.��2! #" Klatt,
2 .� 2��01�. /0� �� !0� �. 0��.� .�)�#2. ��.� � ��2��)� ���" �.� �

�! 1 � �&1� �#�.��0�."  ����."� .�.�20� �.� ��. ���� " ���&�

�.!.��2!&� )�&" �! .�.3�!.�0 � �.� 0�/0$ ���&" �. .�.�2 *10 ��.

��� � �2�� � ���2&"� � �! 1���0�. 0���0�2!+���0 12�� )1 2 

/#�.2)� 0*12 $� �02.� �� 2&� 2!�+� �!+2&� formants �.� 2&�

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

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

� # /0� 0��.� 1.3+" .!�02 � ��. �. �.!.$�0� 2 0���#��2) .� 2��01�.�

ú.1��)�0� � 12�" ��10" 2���" 2&� formants 2&� 3&����2&� ��. 2�"

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

ÿ&���� � �2.���� 12�� 3.1�.2 �!.3��� �0��2� 2&� 3&����2&�

D�H�L� �u, 2�" 0�������" ��+11." �.� 12�" #��!$ #10" 2���" �latt 2 #
1#���2� o����."� $!�1�� � ��1.�0 2�� ��2&�� .�.� ��.� ��. �.

#� � ��1 #�0 2�" 2���" 2&� formants ��. 2. 2 � *�0�. 3&��0�2. 2�"

0�����/."  ����2!�.":

��.�2� • 0���.�

0���2�      ,
��.�.�

)� # 0���2� :              0�����/." �#�.��." 2 � *�0� 3&��0�
                0���.� � 0�����/." �#�.��." �2 � 3&��0�

��.�2� � 2 � *�0� 3&��0� 1#���2� Klatt
��.�.� � �2 � 3&��0� 1#���2� Klatt
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+�. 2. 0*!� �+��" ú�� ú�� ú� $!�1�� � ��1.�0 2 � 2*� 

                      Bn = 50 + 0.05 Fn  ,

)� # �." /��0� 2 Bn /��./� 2 n- 12) 0*! " �+��" 10 1$�1� �0 2 Fn
2�� 2��� /��./� 2 # n� 12 * formant.

 � 2���" 2 # 1#���2� Klatt ��. 2. .�/!��� 3&��0�2. /�� �2.� 12 �

�.!.��2& ���.�.:

3+���. F1 F2 F3 B1 B2 B3
a 715 1290 2397 102 83 203
e 544 1645 2474 76 87 159
i 350 1941 2584 56 101 172
o 565 900 2392 79 68 178
u 400 989 2584 82 85 145

a' 765 1340 2397 102 83 203
e' 594 1695 2474 76 87 159
i' 400 1991 2584 56 101 172
o' 615 1068 2392 79 68 178
U 450 1039 2584 82 85 145

 � 2���" ��. 2. �#�.��0�. 3&��0�2. � # #� �)��10  ÿ&����"

� �2.����" 0��.�:

3+���. F1 F2 F3 B1 B2 B3
a 857 1648 2678 71 101 183
e 665 2089 2811 84 114 161
i 525 2351 2942 61 161 144
o 639 1152 2783 140 139 141
u 500 1007 2645 45 87 144
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ò21� �0 2. 12 �$0�. .#2� �.� 2�� �.!.���& �0� / � ��. �!��.�0 �&"

2. 2 � *�0�. 3&��0�2. 2�" 0�����/."  ����2!�." �. 0��.�:

                 F1       F2      F3      B1     B2     B3
a' 916.93 1711.9 2678 95.85 135.59 183.9
e' 726.12 2152.5 2811 86.31 157.62 190.55
i' 600 2411.6 2942 80 170.58 197.1
o' 695.55 1367 2783 84.78 118.35 189.15
U 562.5 1057.9 2645 78.13 102.9 182.25

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

• 2 F1   �.2� ���,
• 2 F2   �.2� ��� �.�

• 2 F3 �.2� ����

+�. 2 0*! " �+��" $!�1�� � ��1.�0 2�� �/�. 20$����� �2�" �0!��2+10�"
� # �!��.�0 ���!)20!. 0*!� �+��" ��. ��� �. formant, .3�1.�0 .#2�
2 # 1#���2� Klatt.

ò21�� 0�+  1#���2�" Klatt 0�$0 ��. 2. 1*�3&�. 2�" �.!.��2& 2���":

3+���. F1 F2 F3 B1 B2 B3
v 220 1100 2080 180 90 120
g 260 2070 3020 40 250 500
d 270 1290 2540 500 500 40
z 240 1390 2530 70 60 180
th 320 1290 2540 200 90 200
k 300 1990 2850 300 250 300
l 310 1050 2880 40 40 40

m 480 1270 2130 40 200 200
n 480 1340 2470 40 300 300
p 400 1300 2350 300 150 280
r 310 1060 1380 70 100 120
s 320 1390 2530 200 80 200
2 400 1600 2600 300 120 250
f 340 1100 2080 200 120 150
x 350 1941 2584 356 101 172

gk 300 1990 2850 300 250 300
b 400 1300 2350 300 150 280
c 240 1390 2530 70 60 180
j 240 1390 2530 70 60 180
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$!�1�� � �+�2." 2�� 20$���� � # �0!��!�%.�0 �.2.���.�0 �&"  � 2���"

��. 2. 1*�3&�. 12�� 0�����/.  ����2!�. �. �!��0� �. 0��.�:

3+���. F1 F2 F3 B1 B2 B3
v 259.6 1320 2433.6 180 116 171.68
g 306.8 2484 3533.4 65.34 250 500
d 318.6 1548 2971.8 500 500 198.59
z 283.2 1668 2960.1 70 133.4 198.005
th 377.6 1548 2971.8 200 127.4 198.59
k 354 2388 3334.5 300 250 300
l 365.8 1260 3369.6 68.29 113 218.48

m 566.4 1524 2492.1 78.32 200 200
n 566.4 1608 2889.9 78.32 300 300
p 472 1560 2749.5 300 150 280
r 365.8 1272 1614.6 68.29 113.6 130.73
s 377.6 1668 2960.1 200 133.4 198.005
t 472 1920 3042 300 146 250
f 401.2 1320 2433.6 200 120 171.68
x 413 2329.2 3023.28 356 166.46 201.164

gk 354 2388 3334.5 300 250 300
b 472 1560 2749.5 300 150           280
c 283.2 1668 2960.1 70 133.4 198.005
j 283.2 1668 2960.1 70 133.4 198.005
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+�. 2�" 12.�0!�" 2���" $!�1�� � ��1.�0:

�0�0��+/�" 1#$�)2�2. F0=230Hz

1#$�)2�2. �
 #  formant   F5=3750Hz

1#$�)2�2. �
 #  formant   F6=4900Hz

0*! " �+��" �
 #  formant  B4=250Hz

0*! " �+��" �
 #  fromant  B5=200Hz

0*! " �+��" �
 #  formant  B6=1000Hz

.!���)" 10�!�.�+� formants                    NFC=5

1#$�)2�2. �!!�� # �)� # FNP=200Hz

0*! " �+��" �!!�� # ��/0��� * BNZ=200Hz
0*! " �+��" �!!�� # �)� # BNP=150Hz

1#$�)2�2. �
 #

��&22�/�� * �$0� # FGP=600Hz
0*! " �+��" �

 #

��&22�/�� * �$0� # BGP=500Hz

1#$�)2�2. ��&22�/�� * ��/0��� * FGZ=1500Hz
0*! " �+��" ��&22�/�� * ��/0��� * BGZ=6000Hz

0*! " �+��" �
 #

��&22�/�� * �$0� # BGS=100Hz

!#��)" /0���.2 ��%�." SR=17500
.!���)" /0����2&� .�� ��.�1� NWS=25

!#���12��) 1#� ����" .� �.��" G0=35dB
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�2 � ��2&�� ���.�. �.! #1��� �2.� 1#� ����  � 2���" 2&� formants F1,
F2, F3 �.� 2. .�2�12 �$. 0*!� �+��" B1, B2, B3 � #

$!�1�� � �����.� �.� ��. 3&��0�2. �.� ��. 1*�3&�.�

3+���. F1 F2 F3 B1 B2 B3
v 259.6 1320 2433.6 180 116 171.68
g 306.8 2484 3533.4 65.34 250 500
d 318.6 1548 2971.8 500 500 198.59
z 283.2 1668 2960.1 70 133.4 198.005
th 377.6 1548 2971.8 200 127.4 198.59
k 354 2388 3334.5 300 250 300
l 365.8 1260 3369.6 68.29 113 218.48

m 566.4 1524 2492.1 78.32 200 200
n 566.4 1608 2889.9 78.32 300 300
p 472 1560 2749.5 300 150 280
r 365.8 1272 1614.6 68.29 113.6 130.73
s 377.6 1668 2960.1 200 133.4 198.005
t 472 1920 3042 300 146 250
f 401.2 1320 2433.6 200 120 171.68
x 413 2329.2 3023.28 356 166.46 201.164

gk 354 2388 3334.5 300 250 300
b 472 1560 2749.5 300 150           280
c 283.2 1668 2960.1 70 133.4 198.005
j 283.2 1668 2960.1 70 133.4 198.005
a 857 1648 2678 71 101 183
e 665 2089 2811 84 114 161
i 525 2351 2942 61 161 144
o 639 1152 2783 140 139 141
u 500 1007 2645 45 87 144
a' 916.93 1711.9 2678 95.85 135.59 183.9
e' 726.12 2152.5 2811 86.31 157.62 190.55
i' 600 2411.6 2942 80 170.58 197.1
o' 695.55 1367 2783 84.78 118.35 189.15
U 562.5 1057.9 2645 78.13 102.9 182.25
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                                           � � 2��� ��2!�1�

ò���0 2 0��" �0�!.�.�

�0 �� .�! .2�" � ��/!0" �.� � �#�.��0" �����." ����� 02+�� ���.�0 �.
.� *1 #� �� �! 2�10�" � # 1#�02���1.� �0 �#�.��0�. 3&�� �.#2�
2 #��$�12 � � # �! 1�.��1.�0 �. �! 1 � ��1 #�0� �.� �. �."

�!�% #� .�.�#2��� 2� 3!�1� � # �� #1.�� 	�" 3!�10�" .#2�" 2�"

�� #1.� ��. �.� �)�� 3 !��

	. .� 20��1�.2. � # 0�$.�0 3.�� �2.� 12 � ��2&�� ���.�.�

-!�1���!)1&� .� .� .� .� .� �� �� �� �� ��

1 v v v v v v v v v 90%
2 v v v v v v v v v v 100%
3 v v v v v v v v 80%
4 v v v v v v v v v 90%
5 v v v v v v v v v v 100%
6 v v v v v v v v v v 100%
7 v v v v v v v v v v 100%
8 v v v v v v v v v v 100%
9 v v v v v v v v v v 100%

10 v v v v v v v v v v 100%
100% 90% 80% 100% 100% 100% 100% 100% 90% 100%

)� # .��.��.��.��.� 0��.�  � ��/!0" �.�

�������������� 0��.�  � �#�.��0"

�0 1#� ���� 0��2#$�. �.2.�)�1�" ���
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�2� 1#��$0�. �� #1.� �� �! 2�10�" 0� 2&�  � �&� � �2.� �0 2�
�#�.��0�. 3&�� �.� � �0 2�� .�/!��� �0 2#$.�. )�&" 10�!��

�� .�! .2�" 0!&2���1.� 0.�   ����2�" � 1#���2�"� � # �� #1.� �2.�

��/!." � �#�.��.�

þ 0��2#$�. 12�� /���!�1� 2 # 3*� # �2.� ���� 0.� �.� ��� � � .�)

2 #" .�! .2�" �2.� 0��3#�.�2�� � 12 � 0�� �!)�0�2.� ��. �#�.��0�. �

�.�/��� 3&��� �!���. � # 1��.��0 0��22&1� 2�" �0�0��+/�"

1#$�)2�2."�
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� � 2��� .���#1� 2 # 1#���2�  ����." 2 # 	���.2 " ���! 3 !���" 2 #

�.�0��12��� # ù���+� �0 �! 1����1� �#�.��0�." 3&��"�

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

�#�.��0�. 3&�� �� 3!�10�" �.� 2�" �.2��!.%.�� þ �.2.�)�1� 2 # 1#���2� .��!$02.�
12 ������

�2� 1#��$0�.� �� #1.� �� 3!�10�" 2 # 1#���2�  ����."� 0� 2&�  � �&�

 � � �0 .�/!��� �.�  � #�)� ��0" � �0 �#�.��0�. 3&��� �0 2#$.�. 10�!�� ý�2����0 �.
�.2.�!�% #� 0�� ���0 3!�1� � # .� #�)2.� �! 0!$)2.� .�) �#�.��0�. � .�/!���

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

	�� "� .� *12��.� /* 0�/ $�" 2�" �#�.��0�." 3&��"  �  � �0" 12 �)� � #
/��30!.� �2.� 12�� ,0�0��+/� 1#$�)2�2. ����+] �.� ���+]� �.� ��2����0 0�� 2 #"

��.� � �0� � �#�.��0�. 3&�� � )$� �.� 0�� � .���2�1� 2 #" 0��.� �.2.3.2��� 10 � ��
.�) 2�" /* �0!��2+10�"� 	 ��� ��0��0 ��.� � ����� .�) 2�� � �)2�2. 2�"

�#�.��0�." 3&��" �.� .�) .#2 *" 2 ��� �! 2���10 2� �#�.��0�. 3&�� �0
F0=230Hz.

�.2.�)�1� 3!�1�"
��

�.2.� �2�

���

/�.$&!�1�)" 3*� #
�����

0��2#$�"

������

�! 2���1� )�

)� ���

��� )� ���

���

�.2.�)�1� 3!�1�" �� �.2.�)�1�

95,50% 4,50%

/�.$&!�1�)" 3*� #

0��2#$�" .�0��2#$�"

99,54% 0,46%

�! 2���1� )�

F0= 230Hz F0=300Hz
70% 30%
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ú���� �!.3�.-���0�+10�"��0��20"�

• �.���.2. ü�0�0!�.1�." �����."

+0+!�� " ,� � #! #��2! �� #
ü����) �.� /�12!�.�) �.�0��12��� ù���+��
	���. ���! 3 !���"�

• -.1�.2 �!.3��� �0��2� $.!.�2�!�12��+� �.!.��2!&� 2&�

3&����2&� 2�" 0�������" ��+11."

�2#$�.�� 0!�.1�. ÿ&���� � �2����

�ü������&� �.����2�" +0+!�� " ,� � #! #��2! �� #�

• ù���2#�� �#12��.2 " �02.2! ��" �0���� # 10  ����. ��10� �.�)�&�

ü3.!� �� 12�� 0������� ��+11.

�2#$�.�� 0!�.1�. +0!�1�� # �#/�

�ü������&� �.����2�" +0+!�� " ,� � #! #��2! �� #�

• Acoustic theory of speech production
G.Fant  Mouton 1970

• The acoustic analysis of speech
Ray D. Kent & Charles Read

• Acoustics of American English Speech
A dynamic approach
Joseph P. Olive &  Alice Greenwood &  John Coleman

• Compute Music
C. Dodge &  T. Jezse

     1985/Schirmer Books
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û�0#�*�10�" 12 û�./��2# 

• Vocal Analysis and synthesis

http://debussy.music.ubc.ca/~courses/Notes/VocalSynthesis.html

• Voice of computer

http://isw3.aist-nara.ac.jp/IS/Shikano-ia...voice_of_computer/e-voice_of_computer

• Bell Labs Text-to-Speech Synthesis

http://www.bell-labs.com/project/tts/voices.html

• Text-toAudiovisual-speech
• Face model

http://ophale.icp.grenet.fr/2.1.html

• Festival: pre-synthesized demos

http://www.cstr.ed.ac.uk/projects/festival/demos.html

• Model of speech

http://svr-www.eng.cam.ac.uk/~ajr/SA95

• Swedish vowels

http://www.ling.su.se/STAFF/hartmut/svok.html

• Voices – singing voices – formants

http://www.cs.ust.hk/faculty/layers/subpage/342notes/soprano2.html
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• Acoustic Phonetics (Dieter Maurer)

http://www.neurol.unizh.ch/psychologie/associates/maurer/formants

• Manipulations in speaker age and sex

http://www.ling.su.se/staff/hartmut/

• The perception of speech under adverse acoustic conditions

http://www.cs.indiana.edu/hyplan/pkienzle/greenburg/Chapter5.html

• Long Island Vowels

http://www.acoustics.org/134th/huffman.htm

• Fundamental of experimental phonetics

http://sp.cis.iwate-u.ac.jp/sp/jp/phonetics

• The role F0 in vowel perception

http://www.ling.su.se/staff/hartmut/i.htm

• Table of formant vowel sounds in Chant

http://www.computermusic.ch/files/misc/Table-of-formant-values

• Low level synthesis interface

http://www.asel.udel.edu/speech/tutorials/synthesis/Klatt.html

• A comparative study of American English and Korean vowels
produced by male and female speakers

http://hyomin.dongeui.ac.kr/~bgyang/96jp.htm
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û�� 1�0*10�"

• The role of formant synchrony in the coherence of vowels

         Peter C. Gordon
         Erika Manning
         Dept. of Psych., Univ. of North Carolina

• Effects of speaking rate and stress on vowel durations and formant
structures

          Janet W. Stack
          Dept. of Psychol., Univ. of South Florida

• Variability of vowel formant frequencies and speaker normalization:
the cases of Mandarin and Taiwanese

Kuo-You Huang
Psych. Dept. Natl. Chung-Cheng Univ. Taiwan

     Chin-Hsing Tseng
     Natl. Kaohsiung Normal Univ. Taiwan

• vocal tract length and formant frequency dispersion correlate with
body size in rhesus macaques

W. Tecumseh Fitch

• A comparison between the acoustics of vowel and consonant
reduction

  R.JJ.H. van Son and Louis C.W. Pols
  Institute of Phonetic Sciences
  University of Amsterdam
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• Is babbling language-specific? A listening test using vocalizations
produced by Swedish and American 12-18 month olds

    Karen Williams and Francisco Lacerda
    Department of Linguistics, Stockholm Univ.

• Speaker Database Test and Fundamentl Frequency in Speech

    Tuija Niemi-Laitinen and Poivikki Eskelinen
    Department of Phonetics Finland

• Acoustic Phonetics

Dieter Maurer
Neurology, University Hospital Zurich

• The perception of speech under adverse acoustic conditions

     Peter Assmann and Quentin Summerfield

• Long Island Vowels

     Marie K. Huffman
     Elyse Tamberino
     Department of Linguistics
     State University of New York

• A comparative study of American English and Korean vowels
produced by male and female speakers

     Byunggon Yang
     Department of English, College of Humanities, Dongeui University
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