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�03��.� �1

ü�ü�ü�+ù�ÿù �þ�ù	�� +ÿù ú�þ,þ�ù	ù ù��þ�

1.1   ü�1.�&��

þ �0�&1� 2�" .� �" �02!��2.� 1#���&" 1.� 2�� �02.2)��1� 2 # .� #12�� * �.2&3�� #

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

� ����0� 10 1 �.!)2�2., �.� � �.2�2.�� 2�" .� #12���" �����" �.! #1���02.� 12 � ���.�. 1.1

[ Goodman, 1965 ].

�0!�� # 7.5 % 2 # ����#1� * ��1$0� 10 ��� � �.��) .�) �0�&1� 2�" .� �", �.�

�0!�� # 1.0 % �$0� �02!�&" 1 �.!� �0�&1� [Plomp 1978].  
��!$ #� �0!�� # 28 0�. �2 �. 12�"

þ�ù � # �$ #� ��� � # �.�� * .� #12��� �����. [ü����) ÿ�12�2 *2 
�0�.", 1989].  þ

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

.� �", �.� �. &30���0� 1��.�2��� .�) 2�" �0�2�&���0" �0�)/ #" 2�" .� #12���" 0��1$#1�".  	.

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

.���01. 12 #" $!�120" 2&� .� #12��+� � �����2&� #��!$0� /��$#2� /#1.!�1�0�. �0 2��

� �)2�2. 2&� 03.!� �+� .� #12���" � ��0�." [ Kochkin, 1992 ].

ò�. .�) 2. �� � ��� �.!�� �. 0��.� )2� �  ����. 0��.� �/�.�20!. /#1�)�2� 10

� !#�+/0" �0!����� �. Parsons et al [Parsons et al., 1976] .��/0��.� )2� 10 � !#�+/0"

�0!����� � 2  � � 1#�.�2�2.� 10 �.���0!���" �.2.12�10�",  � �0!�11)20! �  ����2�"

1#�$! ��� #� 2� 3&�� 2 #" +120 �. /�.2�!0�2.� ��. .�.� ��.  ����." �! " �)!#� 12. 7 �&"

11dB.  ü�+ �2 �. �0 3#1� � ���� .� � 1#���&" �$ #� ���!� /#1� ��. 12�� �.2.�)�1� 2 #

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

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

1��.2 " �! " �)!#� (SNR) �  � �. $!0���02.� .�) ��. �2 � �0 .� #12��� ����� +120 �.

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

�1#$ �0!����� � 0��.� 1��.�2��� �0�.�*20!� .�) 2�� .�2�12 �$� SNR � # .�.�20�2.� .�) ��.

�2 � �0 3#1� � ���� .� �. [Plomp, 1978].
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

ü�+ 2. �0!�11)20!. 0�� !��� � ����.2. .� �" �.1�� �2.� .�)�� 12�" 12!.2�����"

.�.� ����" 0�0�0!�.1�." 1��.2 ", .!�02) � ���2� 2�" �!0#�." .3 !� 2�� %�3�.��

0�0�0!�.1�. 1��.2 ".  þ �!0#�. #� ���0�2.� .�) 2�� 0���#��. ��. �0�2�&��� #" .�� !��� #",

�/�.�20!. ��. 2�� .�2��02+��1� 2 # �! ����.2 " 2�" �.2.�)�1�"  ����." 10 �)!#� .

���.�." 1.1 �.2+3��. .� �", �0!��!.3�� � )! � �.� ���.�� �0� �0��. (Goodman 1965)

�0!��!.3�                                 �0�&1� .� �" (dB)                  ���.�� �0� �0��.

-#1� � ���� )!�.          -10 �&" 26

ü�.3!� �0�&1�  27-40                      û#1� �0*02.� �. .� *10�

                                                    .�#/!) � �.�!��) �)� .

��2!�. �0�&1�  40-55         �.2.�.�.��0� 1#� ����. 10

                                                                                       .�)12.1� 3-5 �)/�.

��2!�. 1 �.!� �0�&1�  55-70          þ 1#��2�1� �!��0� �.

                                                                                        0��.� /#�.2� ��. �. 0��.�

                                                                                        �.2.� �2� �.� #��!$0�

                                                                                        �0���� /#1� ��. 12��

                                                                                         �./��� �.� 2� 1#��2�1�

                                                                                        ��1. 10 2���.

� �.!� �0�&1�  70-90                       �� !0� �. .� *10�

                                                                                        /#�.2� 3&�� 10

                                                                                        .�)12.1� �0!�� #

                                                                                        1 �)/� .�) 2 .#2�,

                                                                                        .�.��&!��0�

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

                                                                                        � !*� #", �0$&!��0�

                                                                                        3&��0�2. ���. )$�

                                                                                        1*�3&�..

ú.!�� �0�&1�       > 90              �� !0� �. .� *10�

                                                                                       /#�.2 *" �$ #", /0�

                                                                                        �.1��02.� 12�� .� � 1.�

                                                                                        �!&2.!$��) ��1 

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

ü�2 *2 �",  � .�1��2�� � �.!�� �20" �0!� !�� #� 2 2� �� !0� �!.��.2��� �.

03.!� 1�0� 10 ��. �!.�2��) .� #12��) � ����..  �� �0!�11)20! � $!�120" ��� #� ��. 1#1�0#�

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

�.2� 1#���0�., .1�0�2.� �0�.�*20!� ��01� 12 #" �.2.1�0#.12�" +120 �. 2 � �02 *� .�� *"

0�0�0!�.12�" 12 ���!)20! /#�.2) �0!�����., �.!� 12 �. .�.�2*� #� 0�0�/��0#��� #"

.�� !��� #" � # .�.�2 *�2.� ��. �0�.�*20! �0!�����..  ò21�,  � �!.�2�� � 0�0�0!�.12�"

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

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

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

�0�2 #!���� ��0 �0�2��.2. 10 1$�1� �0 2. .�.� ���� +120 �. /��.� � ��1 #� 2 �0��� 2 #"

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

�¶ .#2) 2 �03��.� /��02.� ��3.1� 12 #" %�3�.� *" 0�0�0!�.12�" .�� !���&� ��.

��2!�. �0�&1� 2�" .� �" � # �$0� �! ����0� .�) ����� 12�� �0!�30!��� .� �.  �0!��!�302.�

0��1�"  .�.� ���)" 0�0�0!�.12�" 1.� ��1� ��. 1*��!�1�.  	 �03��.� �0���� �0 1#��2�1�

��. 2 $�1�� 2�" �0!�30!0�.��" .� �", ��." �.� � 1#��0!�3 !� 2 # .� #12�� * 1#12��.2 "

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

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

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

� � ���.��" �.� � �#���.��" 1#���01�".  	 0�)�0� ���. 0��.� � �0�2�&1� 2�" �.2.�)�1�"

2�"  ����." 10 �)!#� , )� # 1#��2+�2.� 2. � �� �.� � ��.��� ���!)3&�. �.2.12 ��"

� !*� #.

	 �03��.� �.2.���0� �0 ��. 1*�2 �� 1#��2�1� ��. 2. � $��.�� 0�3#20*�.2. �.� ��.

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

1.2   ù� � �.� �0�&1� 2�" .� �"

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

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

��. 2�� �0!�30!0�.�� �0�&1� 2�" .� �" 0��.� � 0�0�0!�.1�. 2 # 0�10!$ ��� # 1��.2 " �21�

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

�.� .#2+� 0�)" 3#1� � ��� * .#2� *.  þ 03.!� �� .#2 * 2 # �/.��� * 1#12��.2 " �.

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

.�2�12 �$ 1*� � �.!.�&��" ��." .�!�� *" ù� ����1�" 3#1� � ��� * .#2� *.  þ ù� ����1�

2&� �0#!��+� .� /)10&� �. �� ! *10 �02� �. .�2��.2.12.�0� .�0#�0�." �0 2� �0#!���

.�2.�)�!�1� 2 # 0�.1�0����� # .#2� *.   ü�2 *2 �", 12 1$0/�.1�) 0�)" .� #12�� *

� ����.2 ", �)� ���01. �� !0� �. 0��!0�10� �.�0�" 2� �0#!��� .�)/ 1� 2! � � �+�2." 2��

.� #12��� 0�1 / 12 .#2�.   ò21�, � �0�2 #!��. 2 # .� #12�� * � ����.2 " 0��.� ��."

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

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

1.2.1 ò�& �.� ��1 .#2�

 þ 3*1� 2�" 0�0�0!�.1�." 1��.2 ", �.� � 0�/0$)�0�� .� 20�01�.2��)2�2. 2�",

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

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

�0#!�� *" �.�� *" � # �02.3�! #� 2�� .� #12��� ���! 3 !�. 12 � 0���3.� .  	.  #1�+/�

0�.!2��.2. 2 # .#2� * 3.�� �2.� 12�� ü��)�. 1.1.

ü��)�. 1.1: �*!�. $.!.�2�!�12��� 2 # .��!+��� # .� #12�� * 1#12��.2 "
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

	 .#2� $&!��02.� 10 2!�. 2���.2., 2 ��&, ��1 �.� 01&20!��) .#2�.	 0�&20!��) .#2�

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

�20!*�� �.� 2.��/0*0� ��1& 2 # .� #12�� * �.�.�� * 12 .� #12��) 2*��.� (2#��.����

�0��!���).  	 0�&20!��) .#2� 1$��.2��0� ��. .� #12��) 1*12��. 2  � � �.!�$0� 0��1$#1�

�0!�� # 0-dB 12 2*��.� ��2& 2 # 1 kHz, .#�.�)�0� 12. 15-20 dB 0��1$#1�" )1 ���1���0�

2. 2.5 kHz, �.� ��0�2. ��32 �2." 10 ��. 1*��02� � !3� 1#��$�2��+� 10 #%��)20!0" 1#$�)2�20"

[Shaw, 1974].

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

 12�!�. 2 # ��1 # &2)" 12  ��� �.!��#! 2 # � $��..  þ ��$.���� �02.�&�� 12 .��!+��� 

��1  #" �� !0� $ �/!��� �. �! 10���1�0� �0 ��. �02.1$��.2�12� ��01�" 10 1#�/#.1�) �0 ��.

/0*20!�" 2���", #%���" /�.�0!.2)2�2." 3��2! �$ �2." ��. Q 10 0.7 �.� 1#$�)2�2. .� � ��"

350 Hz. [Lynch et al., 1982] [Kates, 1991b].

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

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

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

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

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

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

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

$0�! #!����.

1.3   ü1&20!��) .#2�

�2�� 0��)�. 1.2 3.��02.� ��. 0���!1�. 2 �� 2 # � $��..  û* 2���.2. �0��2. �0 #�!),

� � ��)2�2. Vestibuli �.� � � ��)2�2. 2 # 2#���� # $&!�� �2.� .�) 2 � � $��.�) $+! .  �

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

.�) ��2&, �  � �. �0 2� 10�!� 2�" 1$��.2��0� ��! "
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

ü��)�. 1.2 �.!.�2�!�12��� 2 # � $��.: ü���!1�. 2 �� 2 # � $��..(ù�.2*�&1�

�.2)��� ./0�." .�) [Rasmussen, 1943], © 1943, McGraw-Hill )

��. �� �0�2 �0!�" 0��)�. 2 #  !��� # 2 # Corti �.! #1���02.� 12�� 0��)�. 1.3 .�) 2 

)!�.� 2 # Corti.

	 )!�.� 2 # Corti

ü��)�. 1.3 �.!.�2�!�12��� 2 # � $��.: 	 )!�.� 2 # Corti .(ù�.2*�&1�

�.2)��� ./0�." .�) [Rasmussen, 1943], © 1943, McGraw-Hill )
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

þ � !2�.�� �0��!��� �!�1�02.� 12�� 0���& ��0#!� 2 #  !��� # 2 # Corti, �.� �

�.1��� �0��!��� 1$��.2��0� 2� ��1�.  û* 0�/� 2!�$ 0�/+� �#22�!&� �!�1� �2.� �.2� ��� "

2�" �.1���" �0��!���".  
��!$ #� 2!0�" 10�!�" 0�&20!��+� 2!�$0�/+� �#22�!&� �.� ��. 10�!�

.�) 01&20!��� 2!�$ 0�/� �*22.!..  	. 0�&20!��� 2!�$ 0�/� �*22.!. 1$��.2�� #� ��! " 2 #

��$.��� * 1#12��.2 " 2 # $&!�1�.2 " 2 # � $��., 0�+ 2. 01&20!��� 2!�$ 0�/� �*22.!.

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

30,000 �0#!���" ��0" 12 .��!+��� .#2�.  þ �0���� ��0� %�3�. 0��.� ��0" �! 1.�&� �  �  � �0"

�02.3�! #� 2 #" �0#!�� *" �.�� *" 2&� 01&20!��+� 2!�$ 0�/+� �#22�!&� 12 � 0���3.� , 20

�0!�� # ��0" 0��.� 1#�/0/0���0" 10 �.���. .�) 2. 1.500 2!�$0�/� 01&20!��� �*22.!..  �0!�� #

1.800 3#�)�0�2!0" ��0" �02.3�! #� �0#!�� *" �.�� *" .�) 2 � 0���3.� 12. 0�&20!���

2!�$ 0�/� �*22.!.. [Pickles, 1988]. 	 )!�.� 2 # Corti 1$��.2��0� ��. .�2�$�2��) 1*12��.

#%���" 1#$�)2�2.".

�2�� 0��)�. 1.4 3.�� �2.�  � �.��*�0" 2&� �0#!��+� 1#$� 2�2&� 2 # � $��. 2�" ��2."

[Kiang, 1980].

ü��)�. 1.4   û0���. �.��*��" 1#�2 ��1� * ��. .���" � ��/0" 2 # .� #12�� * �0*! # 2�" ��2."

[Kiang, 1980]. (ù�.2*�&1� �.2)��� ./0�." .�) [Kiang, 1980],© 1980  ù�0!��.���� ü2.�!0�.

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

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

.�2�$�2��� �0#!��� ��., �!�1� �2." 2� 1#$�)2�2. 12��  � �. .#2� � ��. �$0� ��01�

.�2.�)�!�1� �.� �.2)��� 1#�$! ��� �2." 2 0���0/ 0!0��1� * �.�+" � 1#$�)2�2. 2 # 2012

� ����0� +120 �. /�.2�!��0� � .�.� ��. 2�" �0#!���" �#! /)2�1�" 10 0���0/ �)��" ���& .�)

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

/���0!1�, �.� 2 $.���)20! 1��0� ( #!�) 2�" �.��*��" 0��.� � �0!� $� � # �0���� �0!�� #

��.  �2��. ��2& .�) 2�� � !#3� �.� 0�20��02.� 10 $.���)20!� 1#$�)2�2..  þ .�.� ��. 2�"

��2.1�" 2 # 1��.2 " � # .�.�20�2.� ��. �. �.!.$�0� .�2.�)�!�1� 12�� �0!� $� 2 #

$.���)20! # 1��0� # �0 .#2� � # .�.�20�2.� 12�� � !#3� 2�" �.��*��" 0��.� �0!�� # 60 dB.

�� ���10�" 2 # 2���.2 " #%���" 1#$�)2�2." 0��.� �0!�� # 100-300 dB/��2��..  þ .�$�� 2�"

�.��*��",  � .�)2 �0" ���10�", �.� � .�.� ��. � !#3�"-��1�", �0�+� �2.� )�. 12�"

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

ò�. �.!�/0���. ��. 2 2� �� !0� �. 1#��0� 12�" �.��*�0" 1#$� 2�2&� 10 ��. .#2� �0

�!)����. 3.��02.� 12�� 0��)�. 1.5 [Liberman & Dodds, 1984].  �� �! 0��$ #10" 2!�$0" 2&�

��& �.� �1& 2!�$ 0�/+� �#22�!&� �.2.12!�3��.� ��$.���� �.2� 2� /��!�0�. .#2 * 2 #

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

�!.��� 0�+ � �.��*�� 2 # �.2012!.���� # 0��.� �0 1#�0$� �!.���. �2�� 0��)�. 1.5 (ù) 2.

0�&20!��� 2!�$ 0�/� �*22.!. �$ #� �.2.12!.30�  � ���!&2���, �0 .� 2��01�. ��. �.��*��

1#$�)2�2." �  � �. 0��.� � �* �� 0�202.���� �.� �$0� � !#3� .�2.�)�!�1�" �02.2 ��1���� 10

$.���)20!� 1#$�)2�2..  �2�� 0��)�. 1.5 (ú) #��!$0� �0!��� �.2.12! 3� 2&� 0�&20!��+�

2!�$ 0�/+� �#22�!&�, �0 .� 2��01�. ��. �.��*�� 10 1$��. ©Wª �  � �. �$0� ��. .�$��!�

� !#3� 1#$�)2�2." �0 0#.�1��1�. �/�.�20!. �0�&����.  �2�� 0��)�. 1.5 (C) 2. 01&20!���

2!�$ 0�/� �*22.!. �$ #� �.2.12!.30� 0�+ 2. 0�&20!��� 2!�$ 0�/� �*22.!. �$ #� �0��0� 2.

�0!�11)20!. .���.3., �0 .� 2��01�. ��. �.��*�� �  � �. �$0� 1$0/)� 3#1� � ���) 1$��. 10

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

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

0�&20!��� 2!�$ 0�/� �*22.!. 2 # � $��. [Pickles, 1988] )� �. �0 .#2� � # �.! #1��� �2.�

12�� 0��)�. 1.5 (ù), �0 .� 2��01�. ��. 1*12��. 2  � � /0� 0��.� 2)1  �#���. 1#�2 ��1��� 

�.� �.!�$0� � �* ���!)20!� ��2.1�.  	. .� #12��� 3��2!., 2.  � �. /�� #� �&� �0!.2� 3��2!.

#%�� * 1#�20�012� Q .�)�!�1� 12 3#1� � ���) .#2�, �$ #� ���0� � �* �0!�11)20! 1.�
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$.��� * 0*! #" �+��" 3��2!., �0 .� 2��01�. �0�&���� .���#1� ��2.1�" �.� 1#$�)2�2.".  þ

�0�&1� 2�" .���#1�" 2�" 1#$�)2�2." �� !0� �. 1#�/�02.� �0 2�� 0�202.���� .� /��� 0����&1�

2�" ���#%�" [Egan & Hake, 1950] �  � �. �.!.2�!0�2.� 10 �.2012!.����. .#2�� [Gagne,

1988], 12.  � �.  � $.����" 1#$�)2�2." �$ � .�.�.20* �2.� �0 2�� .�2���%� 2&� #%���"

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

                       

ü��)�. 1.5 �.��*�0" 1#$� 2�2&� �0*!&� � # �! �*�2 #� .�) �.2012!.����. 2!�$ 0�/�

�*22.!. (ù�.2*�&1� .�) [Liberman and Dodds, 1984], �0 2�� �/0�. 2 # Elsvier Science-NL,

Sara Burgerhartstraat 25, 1055 KV, Amsterdam, The Netherlands).
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�� �.��*�0" 1#$�)2�2." 10 ��. #���" .#2� �.! #1��� #� 1#��0!�3 !� �0�&����"

0��1$#1�" [Rhode, 1971] [Sellick et al., 1982] [Johnstone et al., 1986].  �.�+" 2 0���0/ 2 #

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

�0�&���� ��2.1� 12�� �0!� $� 2�" � !#3�" 2�" �.��*��" 1#$�)2�2.".  þ ��2.1� 12� ��1� 2�"

�.��*��" 0��.� .�1��2� .�0��!�.12�.

þ .�.� ��. 1#���01�" �#�.��02.� 10 �0!�� # 1.5:1 10 $.����" 1#$�)2�20", �&" �0!�� #

4:1 10 #%���" 1#$�)2�20", �.� 10 �0!�� # 2.5:1 12 �0�2!��) 2���. 2 # �0/� # 1#$�)2�2." 2 #

�)� # [Cooper & Yates, 1994].  �2 �.2012!.���� .#2� � .�.� ��. 1#���01�" �0�+�02.� �.��

�0 2�� ��2.1�, �21� 2 .� #12��) 1*12��. ���02.� �0!�11)20! �!.����) �.�+" .#���02.� �

�0�&1� 2�" .� �".

	 $�1�� 2�" 1#���01�" 12 �.2012!.���� .#2� 0��.� ��. ���.�� .�2�. 2 # 3.�� ��� #

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

��2.1�" 2 # �$ #.  þ 12!.2 �)��1� 2�" .� #12)2�2." �.� !��02.� 1.� 2�� .1#����12� .*��1�

2�" .� #12)2�2." �.�� �0 ��. .*��1� 12�� ��2.1� 2 # �$ # [Moore et al., 1985] �.� 1#$��

1#� /0*02.� �0 �0*! -.�1��2�!�. .� #12��� �����.

ò�. �.!�/0���. 2�" 12!.2 �)��1�" �.! #1���02.� 12�� 0��)�. 1.6, )� # ��2����0 .�)

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

� !*� # �0!� !�1����" �+��" 10 ��. ����.�. 50 �.��+� [Kiessling, 1993].  �.�+" � �0�&1�

2�" .� �" .#���02.�, 2. �2 �. $!0��� �2.� .#������" ��2.1�" 0!0��1�.2. ��. �. 0��2*$ #�

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

.� #12��) �.2+3��.  ü�2 *2 �", 10 #%��)20!. 0���0/. 0!0��1� *, � .�.� ��. .� #12)2�2."

0��.� )� �. 10 )�0" 2�" �.���/0" �0�&1�" 2�" .� �".  ò21�, � .�.� ��. 2�" .*��1�" 2�"

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

ü����� � �0 2� �0�&1� 2�" ��2.1�", 2� �0�&1� 2�" 1#���01�" �.� 2� �0�&1� 2�"

.���#1�" 1#$�)2�2.", 2 �.2012!.���� .#2� �� !0� �. �.! #1��10� �0�&1� 2�" $! ����"

.���#1�".  �0�!��.2. 0�2 ��1� * �0� * [Fitzgibbons and Wightman, 1982], �.2� 2.  � �.

��2����0 .�) 2. �2 �. �. #� � ��1 #� .� #��!$0� ��. 1*�2 �� �.*1� 1¶ ��. �.2� 2. ���.

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

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



ü�0�0!�.1�. 1��.2 " ��. � ����.2. .� �"                                                                                                             17

�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

�2 �. �0 �.� ���� .� �.  ü�2 *2 �", � /�.3 !� 12� �0�2 #!��. 3.��02.� �. 1#�/�02.� 120�� �0

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

1#$�)2�2." 2���.2. 2 # 1��.2 " / ����" [Florentine & Buus, 1984].

õ�&" 3.��02.� 12�� ü��)�. 1.6., )2.� /� !�&� *� 2. 0���0/. �.! #1�.1�" ��. 2�

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

�0 �.� ���� .� � ��� �2.� 1$0/)� )� �..  �2�� 0��)�. � 12���� �$�2���" ��01�" 10 dB (SPL)

.�.3�!02.� 12 .�)�#2 0���0/ 1��.2 ", 0�+ 2 �$�2��) 0���0/ (SL) 10 dB (0���0/ 

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

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

.�0�� ��� �2.� 12�� 0��)�. 1.8 �&" 2�� 0��)�. 1.10 ��. ��. �! 1 � �&1� 0�)" �.� ��� * �.�

0�)" �.2012!.���� # � $��. [Kates, 1991b] [Kates, 1993a] [Kates  1995].  þ $! ���� 1#$�)2�2.

�! 1 � �&10 2� �0#!��� .�)�!�1� 12. 0!0��1�.2. /da/ 10 ��. 0���0/ 65 dB SPL

�.! #1���02.� ��. .) 3#1� � ���) .#2�, �) .#2� �0 ù� ����1� .� #12���" �����" 1.�

.� 2��01�. 2 # 12.�.2��.2 " 2�" �0�2 #!��." 2&� �#22�!&� 12 � � $��. � �2�� , �.� �) 2.

0!0��1�.2. � # /)���.� 10 ��2.1� 30 dB �.� �.! #1��12��.� 1.� /0/ ���. 12�� 0�� ����

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

2� $!�1� 1#���2�  ����." [Klatt, 1980].
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ü��)�. 1.6 : ü���0/. 1#�.!2�10&� .� #12)2�2." 10 ����.�. 50 �.��+�, ��.

/�.3 !02���" �.2�� !�0" �0�&1�" 2�" .� �". (ù�.2*�&1� �.2)��� ./0�." .�) [Kiessling, 1993].

© 1993, �.�./��� ü2.�!0�. �)� #, �.� � ��." 2�" +�+11." �.� ù� #12���").

ü��)�. 1.7 	. ��1. .� 20��1�.2. ���20 .2)�&� �0 � � �0!� ����� 2 # � $��.

(.�.�.!.�&�� �.2)��� ./0�." .�) [Glasberg et al., 1987].
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ü��)�. 1.8 �! 1 � �&1� 2�" �0#!���" .�)�!�1�" ��. 3#1� � ���) .#2�

ü��)�. 1.9 �! 1 � �&1� 2�" �0#!���" .�)�!�1�" ��. .#2� �0 ����� 2&� 0�&20!��+�

�#22�!&�
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þ 0��)�. /0�$�0� 2. �!+2. 25 ms 2&� �0#!��+� .�2�/!�10&� 10 ��. �! 1 � �&1�

3#1� � ��� * .#2� * �.� 0�)" �.2012!.���� # .#2� * 2 #  � � # 2. 0�&20!��� 2!�$ 0�/�

�*22.!. �$ #� .3.�!0�0�.  	 3#1� � ���) .#2� 2�" 0��)�." 1.8 /0�$�0� �0!� $�" 1#�$! ��1����"

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

3&� 1#�2 ��1� *" (500Hz, 1.6 kHz, �.� 2.8 kHz) � # /�� #� 2�" � !#3�" 2 # 3�1�.2 " 2&�

1#��.�+�.  ü����� �, #��!$ #� 0� ��+�.2. � # .�2.� �!�� �2.� 12 #" ��&22�/�� *" �.�� *"

�.� /�0�0�! #� 2� 3&��2���  /) 12� �.1��� 1#$�)2�2. 2&� 120 Hz.  ò21�, � � !3� 2�" �0#!���"

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

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

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

�2�� 0��)�. 1.9 �.! #1���02.� � 0�� ���� � !3� �#! /)2�1�" 12 �.2012!.���� .#2�

.3 * �$0� .3.�!0�0� � �0�2 #!��. 2&� 0�&20!��+� 2!�$ 0�/+� �#22�!&� .��� �0 .��!.�. 2.

01&20!��� 2!�$ 0�/� �*22.!..  þ  � ���!&2��� ����� 2&� 0�&20!��+� 2!�$ 0�/+� �#22�!&�

.�2�12 �$0� 10 ��. 1$0/)� 0���0/� �0�&1� 2�" .� �" 10 �0!�� # 55-60 dB.  þ .��.�� 12 

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

�&� �0!.2� 10 3��2!. /���0#1�" $.���+� 1#$� 2�2&�, �$0� 1.� .� 2��01�. 12 � �!+2 

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

3&� 1#�2 ��1� * �� !0� �. 0��.� 0#/���!�2� 10 ��. 0�.3!� /�0*!#�1� 2&� 0� ��&��2&� 10 ��.

�0!� $� 2&� 1.6 kHz, 0�+  2!�2 " 3&� 1#�2 ��1�)" /0� 3.��02.� �.�)� #.  ò21� ��. 1��.�2��)

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

0��1$#1�" 2 # 0�10!$)�0� # 1��.2 " 12 �.2012!.���� .#2� �.! #1��� �2.� 12�� 0��)�.

1.10.  þ .�.� ��. �0#!���" �#! /)2�1�" 0��.� 1��.�2��� .#������, .��� #��!$ #� ���0"

���! 3 !�0" .� )$� �.�)� # 0�2)" .�) .#2� � # .3 !� 2� �� 0��1$#���� /���0!1�. ò21�, �

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

�.2012!.���� # .#2� *, .��� /0� �� !0� �. .� �.2.12�10� 2� ���! 3 !�. � # �$0� $.�0� 0�

.�2�." 2&� .��.�+� 12�� .���#1� 2�" .� #12���" 1#$�)2�2.".
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ü��)�. 1.10 �! 1 � �&1� 2�" �0#!���" .�)�!�1�" ��. ��2.1� 30 dB

�!)&!� ���#%�, 12��  � �. ��." �$ " �� !0� �. .�.�.20#�0� �0 2�� .�2���%� 2&�

�$&� � # 2 � .� � #� *�, �� !0� �. 0��.� .�)�� �0�.�*20!� 10 �2 �. �0 ����� 2�" .� �".

ü�2 *2 �", .#2) 0�3.���02.� �. 0��.� .!$��� ��. 0��1 !! ��2��� .�2�/!.1� [Glasberg et al.,

1987].  	. ��1. .� 20��1�.2. ���20 .2)�&� �0 � � �0!� ����� 2 # � $��. /0�$� #� 2 

�.2+3�� .� �" �0 1��. 10-ms 1.� �0�2 #!��. 2�" $! ����" ��1�" 10 1$�1� �0 ��. ���#%� 210-

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

2�" ���#%�" 10 0�/��&1� 1��.2 ".  	. 2!�. .!�120!)20!. 1��0�. 0��.� ��. 2�� 2.#2)$! ��

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

©-#1� � ���)ª 0��.� ��. 2. �2 �. �0 3#1� � ���� .#2��, 0�+ 0�0��0" �0 2�� ��/0���

©�.2012!.����.ª 0��.� ��. 2. �.2012!.����. .#2�� 2&� �/�&� .2)�&�. [Glasberg et al., 1987].
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1.3.1 ���1� � $��.�� �.� �0�2!��� �0�&1� ù� �"

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

� # �02.3�!0� 2. �0#!��� 1��.2. 12 � 0���3.� , � .�) �! ����.2. 2 # �/� # 2 # 0��03�� #.

���1� � $��.��" �.�+10�" �)�& )��&� 12 .� #12��) �0*! �� ! *� �. �! �.��1 #�

.�+�0�. 2�" .� �" [Green & Huerta, 1994], )�&" 0��1�" 0��03.����" �.�+10�", �.�+10�" 2 #

0��03.��� * 3� � *, � 2 # ���13.�!� # [Musiek & Lamb, 1994].  ü����� �, #��!$ #� 0�/0��0�"

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

)2.� � .� #12��� �0!�3�!0�. �.! #1���0� 3#1� � ���� � 1$0/)� 3#1� � ���� �0�2 #!��. [Jerger

et al., 1989].  +�¶ .#2� 2. 0��0���.2. 2�" �0�2!���" .� #12���" �0�2 #!��." /0� �$ #�

.�.�2#$�0� 0��2#$����0" 12!.2�����" 0�0�0!�.1�." 1��.2 ", �.� $!0���02.� � �* �0!�11)20!�

�0��2� +120 �. $.!.�2�!�1�0� � .�+�0�. 2�" .� �" �.� �. .� 3.1�1�0� .�  � 12!.2�����"

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

1.3.2 �0!���%�

õ2.� 1#��2 *�2.� 2. � ����.2. .� �" 1#$�� $!�1�� � �0�2.� � .�.� ��. 2&� �#.��+�.

õ�&" )�&", �� !0� �. /�.��12+10� ��� � " .�) 2 #���) .#2 * 2 # �03.�.� #, � .�+�0�. 2�"

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

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

.� �.2�12.1� 2�" .���.�)2�2." 2 # �.2� * �. 012��10� �.2�����. 10 )�0" 2�" .� 12�10�".  þ

.�+�0�. 2�" .� �" .�) 2�� ���� �0!��, 1#��0!��.����0� �02.2 ��10�" 12 �.2+3�� .� �",

.��.��" 1#��0!�3 !�" 12 1*12��. 0�1.�&��" / 0�.�&��" ��2.1�", �.� 2�� .�+�0�. 2�"

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

.� �.2�12.1� .#2+� 2&� .��.�+� 12 �.2012!.���� .#2� 0��.� ��. 1��.�2��� �!)���1� ��.

2� ��$.����.



ü�0�0!�.1�. 1��.2 " ��. � ����.2. .� �"                                                                                                             23

�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

1.4   +!.����� ü��1$#1�

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

.�� *120! .� #12��) � ����. .� 20�0�2.� .�) ��. ���!)3&� , ��.� 0��1$#2� �.� ��. /��2�

(.�)/ 1� �02.�&��").  ü�2)" .�) 2 )2� 1#���&" 0������02.� .�) �)� 2 #, 2 �!.����)

.� #12��) � ����. .� 20�0� 2� ��1� ��. �� .�0�2#����� 1$0/�.1�.  ò21�, � ��� .�) 2.

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

�0�)/ #" )2.� 03.!� 1� *� 10 �!.�2���" 1#1�0#�". ù�2�12! 3.,  � �0�2�+10�" 12. �!.�����

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

1.4.1 �0!��!.3� 1#12��.2 "

�2�� 0��)�. 1.11 �.! #1���02.� ��. 1$��.2��) /���!.��. 0�)" 01&20!�� * 12 .#2� *

(ÿ	ü) � ����.2 " .� �" � # 1$0/��12��0 �. 03.!�)�0� ��1. 12. )!�. 2 # �20!#�� # �.� 2 #

.� #12�� * �.�.�� *.

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

(ú	ü), �0 ��. ��0�2! ���� 1#1�0#� �  � �. 03.!�)�0� 12 1+�. � 20�0�&" ��1. 12 

.� #12��) �.���� (ITC � CIC).  	. 1��.�2��)20!. 0�&20!��� $.!.�2�!�12��� 2 # .� #12�� *

� ����.2 " 0��.�  /�.�)�2�" �0�2 #!��.", 2 2���. 2�" ��.2.!�.", � !*���1� 2�" ��2.1�" �.�

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

1��. 10 $.����" 1#$�)2�20" (��. �2 �. � # �$ #� .�+�0�. .� �" #%��+� 1#$� 2�2&� �.� &"

0� 2 *2 # $!0��� �2.� 0��1$#1� �)� 12�" #%���" 1#$�)2�20"), �.� 0��1�" �.!�$0� �� 

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

���.�)2�2. �! �����2&� .�.2! 3 /)2�1�", 2.  � �. .�.3�!���.� 12 �03��.� 2�"

.�*!&1�" .�.2! 3 /)2�1�", /0� #��!$0� �� ���. .0!.�&� * 10 )�. 2. � ����.2. .� �".
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ü��)�. 1.11 ü���!1�. 2 �� 0�)" 01&20!�� * 12 .#2� � ����.2 " .� �"

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

.� #12�� * � ����.2 " ���& .�) 2 2���. 2�" ��.2.!�.", �.� � !*���1� 2�" ��2.1�" �.� 2 

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

.���01. 12 ���!)3&� �.� 2 �� ���. .0!.�&� * �.� � ��� �. �0�&� *� 2. �! ����.2.

.� #12���" .�.2! 3 /)2�1�".  	 01&20!��) �*��&�. 2 # .� #12�� * � ����.2 " 2  � � 

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

32�.���� �21� +120 �. 1$��.2��0� 2 .� 2*�&�. 0�)" .#2� *.  � /��2�" �!�1�02.� 12 2���.

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

�.���� ��1& 0�)" ���! * 1&���..  	 �� ���. .0!.�&� * /�.2!�$0� )�� 2�� .�)12.1� .�) 2��

�!)1 %� �&" 2 .� #12��) �.����.
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ü��)�. 1.12 �$��.2��) /���!.��. 0�)" 01&20!�� * 12 .#2� � ����.2 " .� �" � #

2 � �020�2.� ��1. 12 .� #12��) �.����

�2�� 0��)�. 1.12 �.! #1���02.� 2 /���!.��. 0�)" � ����.2 " .� �" 2  � � 

�!�1�02.� ��1. 12 .#2�.  þ 0�1 / " 2 # ���! 3+� # 0��.� � �$�2��� ��01� 12 ���� 2 #

�03.�� *. þ 2 � ��2�1� 2 # .� #12�� * � ����.2 " 12 .� #12��) �.���� �$0� �.2.12!�%0�

2 3#1� � ���) .� #12��) �20!*�� �.� 2�� .�2�$�1� 2 # .� #12�� * �.�.�� * 12. 2.5 kHz.  þ

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

3#1� � ����" .�2�$�1�" 2 # 0�&20!�� * .#2� * 0��.� 15-20 dB, 1¶ .#2�� 2�� �0!� $�

1#$�)2�2.", �.� � .�2�12 �$� ��2.1� �. �!��0� �. 0�.�0�1.$�0� 12�� 1#$�)2�2. .�2�/!.1�" 2 #

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

0��1�" ��. �� 0��1$#���� � !0�. 1��.2 " .�0#�0�." ��1& 2 # .� ���.2 " 2 # .0!.�&� *, �21�

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

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

/��3!.��. 2 # ���! 3+� # �! 1�02��� 12�� 0�10!$)�0�� �$�2��� ��01�.

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

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

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

�0 2 .� #12��) �.���� �0 ��. � �2) 1&���., 2! 3 / 20�2.� .� #12���, ��1& 2 # 1&���., 2 #
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.0!.�&� * �.� 2 # .� #12�� * �.�.�� *, �.� 2 .� #12��) �.���� 20!�.2��02.� �0 2��

0���0��0�� 0�1 / 2 # 2#���� #.

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

.�� �)��1� 2&� � �����2&� .� �". [Egolf et al., 1978] [Egolf et al., 1985] [Egolf et al., 1986]

[Kates, 1988] [Kates, 1990].

þ 0�0�0!�.1�. 1��.2 " 1¶ ��. �!.����) .� #12��) � ����. .� 20�0�2.� .�)

1#$�)2�2. .�)�!�1�" �.� 0��1$#1�.  +0����, $!�1�� � � *�2.� 3��2!. #%���" � $.����"

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

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

0��1�" /�.��1��. +120 �. /�.��2 #� 2 � .�0��!2�2 1#�$! ��1�) 2�" ��2.1�" ���0 �.�.�� *

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

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

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

1.4.2 ü*! " û#�.��� *

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

12. 1��.2. 0�1)/ # $.��� * 0����/ # �.� .�) � !01���� 0��1$#1� 12. 1��.2. #%�� *

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

20 dB SPL, 2  � � 0��.� 1#��!�1�� �0 .#2) 2 # .��!+��� # .#2� *. [Killion 1976].  þ

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

0���0/. � !*� # �02.�* 2&� 25 �.� 30 dB SPL. ��. �� 1*��02� 0�0�0!�.1�., )�&" �

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

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

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

� ����.2 ", �02� 2�� 0��1$#1�, 0��.� �0!�� # 10 dB #%��)20! .�) .#2) 2 # 3#1� � ��� *

.#2� * $&!�" � ��0�..  ù#2� 2. 0���0/. � !*� #  !�� #� 2�� ����12� ��2.1� � # �. 0�����0�  

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

���#%�" � # �! �.�0�2.� .�) ��2 �� 0�1.�&��,  $!�12�" �. �0�+10� 2�� ��2.1� +120 �.

�0�&�0� � 0�)$��1� .�) 2 �)!#� � # #��!$0� 12 ��� ".
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�2 ��� ��! , � � !01���� 0��1$#1�  !��0� 2� ����12� ��2.1� � # �� !0� �.

0��20#$�0� .�) ��. .� #12��) � ����..  ò�." 1#����1��� " 0��1$#2�" � ����.2 " .� �" �)�0�

2 1��. )2.� 2 .�+20! 0���0/ 0�1.�&��" #�0!�0� �0!�� # 2. 85 dB SPL.  ò�. 1��. � ��)�

1.� .#2) 2 # �)� # �0 0�1.�&�� 70 dB SPL 0��1$*02.� �.�.!�, .��� 10 0���0/ 80 dB SPL

�! �.�0� �0���� �.!.�)!3&1� [Preves and Newton, 1989].  þ 0�1.�&�� �)� # 12. 65 �&" 70

dB SPL 0��.� $.!.�2�!�12��� 10 3#1� � ��� * 0����/ # 1#��2�1� [Pearsons et al., 1976],

[Cornelisse et al.,1991], .��� 2 3�1�. 2&� �0� �&���&� �$&�  ����." �� !0� �. 0��.� �&" 15

dB #%��)20! )2.� �.!.� � #�0�2.� � �/�. � 3&�� 2 #  ����2� 12 .� #12��) �.����

[Medwetsky & Boothroyd, 1991].  ò21�  1#����1��� " 0��1$#2�" .� #12�� * � ����.2 " /0�

�$0� .!�02) $+! +120 �. 0��#��0� )2� � 3&�� 2 # �/� # 2 # $!�12� �. 0��1$*02.� $&!�"

�.!.�)!3&1�.

	 /�.��1�� /#�.���) 0*! " 2 # .� #12�� * � ����.2 " 0��.� �0!�� # 15 dB .�) 2�

��1� 2 # � !*� # �&" 2 �.2+3�� � !01� *.  û�.��� �2." ��.� 0��1$#2� �0 �0!�11)20!�

��2.1�, �.� $.���+� �2." 2 � �$ , �. .#��10� 2 �.2+3�� � !01� *, .��� �. .#��10� 0��1�"

�.� 2 0���0/ � !*� # 10 �1 �.��).  ò21�, ��. 1#����1��� .� #12��) � ����., �)�& 2&�

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

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

ü�2 *2 �", ���02.� ��� �. �!) / ", ��." �.� � .���2#�� 2&� 0��1$#2+� D-class ��.

� ����.2. .� �" [Carlson, 1988] �.!�$0� 10 �&" 20 dB �0!�11)20! 10 �� / � !01� * .�)

)2�  � 0��1$#2�" A-class �$ �2." �.!0�30!� ��2.1� [Fortune & Preves, 1992].  ü��1�"  � ���! �

0��1$#2�" B-Class  �  � � � .!$�� #� �. $!�1�� � � *�2.� 12. � ����.2. .� �" �0�+� #�

1��.�2��� 2. �! ����.2. � # 1$02�� �2.� �0 2 � � !01�) 2 # 0��1$#2� [Cole, 1993].

1.4.3 �.!.�)!3&1�

þ � !01���� 0��1$#1� � �* 1#$�� �.�!�0� 2� � !3� 2�" 1#��02!���" � !#3�"

%.��/�1� * (S. Armstrong, personal communication, 1989).  ù� ��. �)� ���2 � 0�/�" 0�1.$�0�

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

�0!�11)20!0" ���2 � 0�/0�", 2 .� 2��01�. �. 0��.� /�.� !3&���� �.!.�)!3&1�.  � �.��)"
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2�" �.!.�)!3&1�" 0��!0��0� 2�" �!�10�" 1$02��� �0 2�� � �)2�2. 2&� .� #12��+�

� �����2&�. �� Fortune & Preves [Fortune & Preves, 1992], ��. �.!�/0���., �!��.� )2� �

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

$.���)20! 0���0/ � !01����" 0��1$#1�" �.� ��. $.���)20! 0���0/ /#13 !�." 12� /#�.2�

3&�� (LDL).   	  LDL 0��.� 2 .�+2.2 0���0/ 12  � � ��. �2 � 0��.� �!)�#� �.

.� *10�  ����. ��. �.!.202.��� $!)� .  ù#2) 2 .� 2��01�. /0�$�0� )2�  � $!�120"

.� #12��+� � �����2&� �. /���0�.� �0�&���� ��2.1� +120 �. �0�+1 #� 2�� �.!.�)!3&1�.

�0 ���� �0��2�, � ��0� %�3�. 2&� $!�12+� #��/0��0 )2� � �.�� � �)2�2. �$ # �2.� � �� 

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

�.!�� �2." � �)2�2." �$ # [Hagerman & Gabrielsson, 1984].   ò21�, � �0�&����

�.!.�)!3&1� �. �!��0� �.  /���10� 10 �0!�11)20!� ��01� �.� ��.� � ��1� 2 # $!�12�, �.�

10 �0�2�&���� .�2���%� 2 # �)� # 10 #%��� 0���0/. �$ #.

1.4.4 ü*! " �#$� 2�2&�

	 0*! " 1#$� 2�2&� 2&� � �����2&� .� �", �. �!��0� �. 0��.� .!�02� 0#!*, �21�

+120 �. 0��2*$ #�0 �0���� �.2.�)�1� 2 # �)� # �.� .�!��� .�.�.!.�&�� ���&� �$&� � #

0�/�.3�! #� 2 � $!�12� 2 # � ����.2 ". �� French & Steinberg [French & Steinberg, 1947],

�.�)!�1.� )2� � �0!� $� 1#$� 2�2&� �02.�* 250-7000 þ], �/&10 ���!� �.2.�)�1� �)� # 10

.��!+� #" �0 3#1� � ���� .� �, 0�+ �� �!)13.20" �0��20" [Pavlovic, 1987], 0���20��.� .#2�

2� �0!� $� 10 200-8000Hz ��. 1#��.��" $&!�" �)��. � 1#�0$�"  ����.. õ1 .3 !� 12��

� #1���, � .�.�.!.�&�� 2�" �0!� $�" 1#$� 2�2&� .�) �������þ] 10 �0�!.�.2��) � ����.

.� �", 3����0 ��.� � ��2��� 10 1*��!�1� �0 ��. 0#!0�." �+��" 1*12��. �0�.3+� #,

$!�1�� � �+�2." �.� ���� .�! .2�" �0 �.� ���� .� �. [Killion, 1988]. �#�0�+", ��." � ���)"

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

	. �0!�11)20!. � ����.2. .� �" �.! #1��� #� 0�.!�� .�)�!�1� 12�" $.����"

1#$�)2�20", .��� .�0�.!�� 12�" #%���", �0 2� �0�2�&1� 2�" �.2.�)�1�" 2�"  ����." 12�"

#%���" 1#$�)2�20" �. �0�+�02.� !.�/.�. ��. 1#$�)2�20" ���& .�) ����þ]� ù#��� �2." 2��

0��1$#1� �.� 2 0*! " 1#$� 2�2&� 12�" #%���" 1#$�)2�20" 10 0!�.12�!�.�� 1#12��.2., �0����

0��2#�$��02.� �0�2�&1� 2�" �.2.�)�1�" 2 # �)� # [Skinner 1980]. �.!)�. .#2�, 2.

��0 �0�2��.2. 2 # .#�.� ��� # 0*! #" 1#$� 2�2&� �! �*�2 #� 10 � ����.2. .� �" �)� �
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0��  0��1$#2�" �� !0� �. .�20�0����0� 12�" .#�.�)�0�0" 0�0!�0�.��" .�.�2�10�", $&!�" �.

0�1��0� �.!.� !3+10�" �.� 03)1 � 2 1*12��. �.!.���0� 12.�0!), 0�)1 #��!$ #�

.#�.�)�0�. 0���0/. .� #12���" �.� ��$.����" .�.2! 3 /)2�1�". ò21�, � .*��1� 2 # 0*! #"

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

���&� �! �����2&�.

1.5    ù�*!&1� �0 .�.2! 3 /)2�1�

�2. �0!�11)20!. .� #12��� � ����.2., � .� #12��� �.� ��$.���� .�.2! 3 /)2�1�

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

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

.�.2! 3 /)2�1�, �0!���" 3 !�" /�.�!��02.� &" ��." 1#�0$�" 2)� " #%���" 1#$�)2�2." �

13*!���. �! 0!$)�0� .�) 2 .� #12��) � ����.. �� !0� �.�0�" �. �0!����0� 2�� .*��1� 2�"

�.!.�)!3&1�" 10 ��. )!�.� , 12�� �0!� $� � �2� 12�� .!$� 2�" .12��0�." .3 *  �

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

/�.��1���" 0��1$#1�". �� ��$.����" / ��10�" .�) 2 /��2� 10 ��. � ����. .� �" �0����"

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

/�./ $���, �21� +120 �. .�#!&�0� 2 �! �.�)�0� 3.��)�0� . �0 .#2) 2 2!)� , �� !0� �.

0��20#$�0� .�) 2�� .!$� 2&� 2.�.�2+10&� 0���!)1�02 ��!/ " ��$!� �.� 10 dB.  õ�&" 12.

�0!�11)20!. )!�.�., 2 �� ���. 2 # BTE (behind the ear) 0��.�0� # � 2 # ÿ	ü (inside the ear)

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

0��1$#1� �.2� 40dB [Kates, 1988] � .�)�. ���)20! )2.� �!)�0�2.� ��. ���!)20!0"  ��". 	.

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

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

.� 20�01�.2��� 1#���01� .�.2! 3 /)2�1�" �. �� ! *10 �. 0��.� � .*��1� 2�" ����12�"

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

�0!����� �2 ".

þ 1#����" /�./��.1�. ��. 2�� .*��1� 2�" 0#12��0�." 2 # � ����.2 " .� �" 0��.� �

�0�&1� 2 # ��!/ #" 12�" #%���" 1#$�)2�20" [Ammitzboll 1982]. O ��0�$ " 2�"

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

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

3��2!. �02.2)��1�" 2�" 1#$�)2�2." �.� notch 3��2!. [üJROI 1982], .��� )�&" .� /0�$2��0 /0�

�2.� �/�.�20!. .� 20�01�.2���. ��. �� .� 20�01�.2��� 20$���� 0��.� � .�*!&1� �0

.�.2! 3 /)2�1�, 12��  � �. 0�2���2.� 2 1��. 2�" .��/!.1�" �.� �.2)��� .3.�!0�2.� .�) 2��

0�1 / 2 # ���! 3+� #.  ü� � �+10�" �.� %�3�.�� �!&2)2#�. 10 1#12��.2. .�*!&1�" �0

.�.2! 3 /)2�1� [Bustamante et al., 1989] [Engebretson et al., 1990] [Kates, 1991a] [Dyrlund

and Bisgaard, 1991] [Engebretson and French-St.George, 1993] [French-George et al., 1993],

�/0��.�, )2� �� ! *� �. 0��20#$� *� .#��10�" 12�� 0��1$#1� �02.�* 6 �.� 17 dB �! 2 * .!$�10�

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

�0�!��.2., .� #12��+� � �����2&�, [French and George et al., 1993], ��.  ��/. �.!�� &�

.��!+�&� $!�1�� � ��10 ��. 0���!)1�02� 0��1$#1� 2&� 4dB, )2.� 03.!�)12��0 .�*!&1� 2 #

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

�0!����� � �0  ����. $.��� * 2)� #.

ü��)�. 1.13 û���!.��. 0�)" � ����.2 " .� �" � # 0�1&�.2+�0� 2�� 0�0�0!�.1�. 1��.2 "

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

�0 .�.2! 3 /)2�1� � # �.1�12��0 10 ú	ü � ����. .� �", �/0��0 �0�2�&1� 8-10db 12��

0��1$#1� )2.� $!�1�� � �����0 .�) 1 �.!� �.!��  #" .��!+� #"[Bisgaard,1993].

ò�. �.!�/0���. 1#12��.2 " .�*!&1�" �0 .�.2! 3 /)2�1� /��02.� 12 1$��. 1.13.

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

�21� +120 �. �0�02�1 #�0 ��.  /) .�.2! 3 /)2�1�" [Kates, 1991a] [Engebretson and French-

St. George, 1993] [Bisgaard, 1993]. 7. $.!.�2�!�12��� 2�"  / * .�.2! 3 /)2�1�"

�.� !�� �2.� .�) 2� 1#1$�2�1� 2 # 1��.2 " � !*� # p(n) �0 ��. 1��. 13���.2 " e(n). ù#2� �

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

 / * .�.2! 3 /)2�1�" �.� 2�" .�)�!�1� 2 # ���! 3+� #. 	 1��. 13���.2 " e(n)

0�.$�12 � �0�2.� �0 2 � �! 1.!� 12��) .��)!��� 0�.$�12 # 202!.�&��� * 13���.2 " (least

mean square LMS) [Widrow et al., 1975].

�0 �0!��� 1#12��.2.  �)!#� " 0�1��02.� 1#�0$+" 10 ��. $.���) 0���0/ [Engebretson

and French - St. George, 1993][úLVJDDUG 1993], �.� 2. ��!� 2 # �! 1.!� 12� * .��)!��� #

LMS #� � ��� �2.� 10 1#�0$� ��1�. ù#2� � �! 1����1� �$0� &" .� 2��01�. ��. �0�&��� �)� 

1��.2 " �! " �)!#� (SNR) ��. 2 $!�12�, �)�& 2�" 0�1.�&��" 2 # � !*� #. ü���!)1�02., �

��.�)2�2. 2 # 1#12��.2 " .�*!&1�" .�.2! 3 /)2�1�" �� !0� �. �0!� !�120�, �)�& 2�"

�.! #1�." 2 # 1��.2 "  ����." )1 2 1*12��. .�)�. �! 1.!�)�02.� [Kates, 1991a] [Maxwell

and Zurek, 1995]. �.�*20!� 0�2���1� 2�" /�./! ��" .�.2! 3 /)2�1�", �� !0� �. 1#��0� 0��

2 0�0�0!�.1��� 1��. 2 # � ����.2 " .� �" g(n) .� � �0� �.2� 2� /��!�0�. 0�)" ���! *

$! ��� * /�.12��.2 " (50ms) 0�+ /�.!�0� � �! 1.!� �� [Kates, 1991a]. +�. 12.2���" 1#����0"

��$!� 7db, �.!.2�!0�2.� 0���!)1�02� .�*!&1� .�.2! 3 /)2�1�" 10 1*��!�1� �0 ��. 1#�0$+"

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

�.!.� � *��1� 0�)" /�.!�+" 0�.��.11)�0� # .� #12�� * �0!����� �2 " [Maxwell and Zurek,

1995], .�) 2� 12���� � # 2. �! 1.!� 1���. ��!� 0���0!+� �2.� �)� )2.� 2 �0�.�+10� ��."

.��)!��� " .�)3.1�". ñ��� �! 1����1�, 0��.�  �0!� !�1�)" 2�" �! 1.!� ��" 2 # 1#12��.2 "

�)� 12. $! ���� /�.12��.2., )� # �  ����. �0�+�02.� 10 ��2.1�.  ù#2� � 20$���� 0��1�"

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

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

0�1.�)�0� # � !*� # [Maxwell and Zurek, 1995].
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1.6   ü��1$#1� 2�" 1#���01�"

þ 1#���01� /#�.����" ����.�.",  !�1���� 0��1�" �.� 1.� .#2)�.2 " ��0�$ " ��!/ #"

(automatic gain control AGC) 12. � ����.2. .� �", $!�1�� � �0�2.� ��. /* /�.3 !02�� *"

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

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

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

� ���" 3 !�"  !��02.� 1.� 0��12!.20#���� .� ����&1�, 0��.� � 1*��2&1� 2�" /#�.����"

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

2�" .� �" 2 # $!�12�. ù#2�"  � /* $!�10�" �! (� ��2 #� /�.3 !02��� �.�

.���� 1#��! #)�0�. �!�2�!�. ��. 2 �  !�1�) 2&� �.!.��2!&� 1#���01�".

� �� � ��)" 2!)� " 1#���01�" 12. � ����.2. .� �", 0��.� ��. � � ���.� 1*12��.,

� # $!�1�� � �0�2.� ��. 2� �0�&1� 2�" #�0!3)!2&1�" 2 # 0��1$#2�.  +�. .#2� 2�� 03.!� ��,

.�.�20�2.� ��." �!�� ! " $!)� " /!�1�", +120 �. 0��2*$ #�0 ��. �!�� !� .�2�/!.1� 10 ��.

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

�0���� ����.�. 1#���01�", 0�+ ��. �. ��� �0!� !�12 *�  � �$ � � # 10 ���� �0!��2&1� �.

0��1$#� *� $&!�" �.!.�)!3&1� $!0���02.� �.� ��. #%��) �.2+3�� 1#���01�".

ù�) 2�� ���� �0!��, ��. 2�� 0��12!.20#���� .� ����&1�, 0��.� 0���#��2 � �.�

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

1#��2+�.2. � # �� !0� �. �! �*% #� .�) 2� 1#���01�" 2�"  ����." [Plomp 1988] [Boothroyd

et al., 1988] � /�.� !3+� �2." 2 � �$ 2 # �0!����� �2 " [Cole 1993] [Neuman et al. 1995].

�#$�� 0����� �2.� $.���� � 1 12� 1#���01�" � # 2.�!��� #� 2�� /#�.���� ����.�. 2 #

�.2012!.���� # .#2� * 10 .#2� 0�)" 3#1� � ��� *. ü��1�", 1#$�� 0�����02.� ��. $.���)

�.2+3�� 1#���01�", +120  � �$ �  ����." 10 )� � 0��0/ �� .� 0�3.��� �2.� �. ��� �2.�

.�2����2 � ���& .�) 2 .� #12��) �.2+3�� 2 # �.2012!.���� # .#2� * [Waldhauer and

Villchur, 1988] [Killion, 1993].
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1.6.1 � � ���.�� 1#���01�

þ 1$�1� 0�1)/ #-0�)/ # 12� 12.�0!� �.2�12.1� 0�)" 1#���012� .� #12�� *

� ����.2 ", 3.��02.� 12 1$��. 1.14. 	 1*12��. 0��.� �!.����) ��. 1��.2. 0�1)/ #

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

�0�+�02.�, �21� +120 � �� / " �. .#���02.� �! " 1/CR Gú ��. ���0 .*��1� Gú 2�" 0�1)/ #,

)� # CR 1��.��0� � 1 12) 1#���01�" (Compresion Ratio).

ü��)�. 1.14 �$�1� 0�1)/ #-0�)/ # ��. ��. 2#���) 0��1$#2� 1#���01�" � ����.2 " .� �"

ò�. ��� � /���!.��. 0�)" 2#��� * � ����.2 " .� �" AGC 3.��02.� 12 1$��. 1.15

[Cole, 1993]. To 1*12��. #� 2��02.� )2� �0�2 #!�0� 1.� �0!� !�12�" #%�� * 0����/ #. �

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

2�" ��2.1�". ���0 0��� ��, )�&" 3.��02.� .�) 2. .� 20��1�.2. ��. 2�" ��10�" ù, ú, C 12 

1$��., /��0� ��. /�.3 !02���  �� ���0�. �.��#�+� 0�1)/ #-0�)/ #, �.�+" � ��2.1� !#����02.�

.�) 2 $!�12�. 	 1��0� 0���$ # ú, /��0� 0�1 / AGC , 12��  � �. 2 ��!/ " �.� 2 ����12 
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0���0/ 0�)/ #, !#���� �2.� 1#�$!)�&" .�) 2 !#���12��) ��2.1�", .��� 2 �.2+3�� 1#���01�"

� # .�.3�!02.� 12�� 0�1 / /0� 0��!0��02.�. ��. �0$&!�12� !*���1� �! 13�!02.� ��. 2 

�.2+3�� 1#���01�". 	 1��0� 0���$ # ù ��. 2 !#���12��) ��2.1�" /��0� ��. /0���. 0�)/ #

AGC, 12  � � 2 !#���12��) ��2.1�" !#����0� 2.#2)$! �. 2 ��!/ " �.� 2 �.2+3��

1#���01�" �.� ��. �0$&!�12) � 20�1�)�02! $!�1�� � �0�2.� ��. �. 0��20#$�0� 2 ����12 

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

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

0��1$#2� .��� �. �0 2 1��. 0���$ # �� !0� �. $!�1�� � ���0� ��. �. �0�&�0� � #�0!*%&1�

(overshoot)12�� .�)�!�1� 2 # �*��&�.2 " 1#���01�" [Verschuure and Dreschler, 1993].

ü��)�. 1.15 û���!.��. � ����.2 " .� �" �0 .�.2! 3 /)2�1� 1#���01�". �� 1#�.!2�10�"

0�1)/ #-0�)/ # �0 0�.1����1� 3.�� �2.� 12. 1$��.2. ù,ú �.� C. (.�) 2 � Cole, 1993)

(.�.2*�&1� �.2)��� ./0�." .�) [Cole, 1993], �.�./��� ü2.�!�. �.� � ��." �)� #-�����." �.�

ù� #12���").

þ 0��� �� 2&� �.!.��2!&� ��. ���2�12� 1#���01�, �21� +120 �. �0��12 � �0�2.� �

�.2.�)�1� 2 # �)� # � � � �)2�2. 2�"  ����.", 0��.� .�)�� .� �$2� ��. 1#��2�1�. �2.�0!�"
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���! * $!)� # /!�1�" (���!)20! 2&� 5ms) 0��.� .� /0�2�" 2)1 12�� �� ��$.��. )1 �.� .�)

0!0#��2�" �! �0���� # �. .� 3*� #� �02.��10�" .�) 2 1��0� � !01� * 2 # 0��1$#2� �1$* "

2�" 0�)/ #. �� .�)%0�" � # 12�!�� #� 2�� 03.!� �� �!�� ! # $!)� # 0�0#��!&1�" (���!)20! 

2&� 20 ms) � # �.�0�2.� �.� "1#���01� 1#��.�+�", �.1�� �2.� 12 �0� �)" )2�  � 1#��.��"

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

2�"  ����." 10 1$0/)� .�.!�.�. ��1� [Vilchur, 1973], ù�) 2�� ����  � .�)%0�" � #

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

/ ��" � # 0��0!��$02.� 12��  ����. [Plomp, 1988] �.� 12�� .� 3#�� .�0���*��2&�

.#� �0�+10&� 2 # 0����/ # .�2���%�" 2 # � !*� # 2 # �0!����� �2 " (�0�+� 12��  ����.,

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

1#���01�" [Cole, 1993].

þ �.1��� �/�. ��1& .�) 2� 1#���01� 1#��.�+�, 0��.� )2� /�.3 !02�� � �$ �  ����."

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

2 �)� 1#�3+�&�-3&����2&� CV (Consonat-Vowel ) 12��  ����. [Gordon-Salant, 1986] [

Gordon- Salan, 1987] [Montgomery and Edge, 1988] [Kennedy et al., 1996]. �2. �0�!��.2.

.*��1�" 2 # �)� # CV  2 # Kennedy et al., ��. �.!�/0���., � 0��1$#1� 2&� 1#�3+�&� 10

1$�1� �0 2. 3&��0�2. 10 1#��.��" 1#�3+�&�-3&����2&�, !#���12��0 �0$&!�12� ��. ���0

1#��.��, �0 2�" 2! � � �����0" 1#��.��" �. �.! #1��� �2.� 10 �2 �. �0 �! ����.2. .� �"

10 .�0�2� 0���0/.. 	. .� 20��1�.2. �/0��.�, )2� � .�.��+!�1� 1#��0�!����&� 1#�3+�&�

�0�2�+���0 1��.�2��� /0/ ��� # ��� � # 0����/ # �.! #1�.1�", 0�+ 10 ��� �. ���. 1*�3&�.

2 � 1 12) .�.��+!�1�" ��0��0 .�0��!�.12 �.� 10 �0!���" �0!��2+10�" �0�+���0. � �.��)"

0��1$#1�" 2&� 1#�3+�&� � # 0�$0 &" .� 2��01�. 2 ����12 � 1 12) .�.��+!�1�",  /��30!0

1��.�2��� .��� �. �0 2 � 2*� 2 # 1#�3+� #, 2 3&��2�� * �0!����� � �.� 2 1$��. 2 #

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

.2)�&� � # ��!.� ��! " 12� �0��2�.

�!)13.2., �0�02����0 � 0��/!.1� 2 # $!)� # 0�0#��!&1�" 12� � �)2�2. 2�"  ����."

� # �.!.2�!0�2.� [Neuman et al., 1995]. 	!�. � 1 12� 1#���01�",  1.5:1, 2:1 �.� 3:1,

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

$!)� #" 0�0#��!&1�" 2&� 60, 200 �.� 1000ms.  � $!)� " /!�1�" �2.� 5ms �.� 2 �.2+3��

1#���01�" 12�� 0�1 / �.� !�12��0 �. 0��.� 2. 20dB ��2& .�) 2 RMS 0���0/ 2�"  ����.".

ý�2����0 .�) 0�� 1� �2 �. �0 .�+�0�. .� �" �)�& �! ����.2��+� �0#! .�1��2�!�&�, �.

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

/�.3 !02��� 1#12��.2.. 	. .� 20��1�.2. �/0��.� ��. 1��.�2��� 12.2�12��� .����0��/!.1�

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

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

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

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

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

�0�.�*20!� ��.� � ��1� ��. 2 $!�12� .�) )2� �. 0�$0, .� $!�1�� � � *10 ��. 1#��0�!���� 

�! �.� !�1��� $!)� 0�0#��!&1�".

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

.�) �.!)� �. 0!�.12�!�.�� �0�!��.2. [Neuman et al., 1994]. ü!0#�����.� � 1 12� 1#���01�"

10 ��. �0!� $� .�) 1.5:1  0+" 10:1 �0 2.#2)$! �� �!.����� 0��1$#1�. � $!)� " 0�0#��!&1�"

/�.2�!����0 12.�0!)" 12. 200ms. þ .���#1� 2&� /0/ ���&�, � # �! ��#%.� .�) 2�� .��

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

�! 2���1� 12. $.���� � 1 12� 1#���01�", �0 2. � 1 12� � # #�0!��.��.� 2 3:1 �.

�! 2��+�2.� ���)20! . þ ��0� %�3�. 2&� .�! .2+� �! 2���1.� ��. �!.����) � ����. .� �",

)2.� 2 0���0/ 2 # � !*� # �2.� #%��). 	. � 1 12� � �)2�2." [A. Neuman, personal

communication, 1995], �/0��.� )2� 2. 0� � �&���. � ����.2. .� �" �0 2. $.���)20!.

� 1 12� 1#���01�" �!����.� &" �� 0#$�!�12. �.� ���)20! 0��)!#�.. ù�! .2�" �0 �0�&��� 

/#�.���) �0/� (���!)20! 2&� 30dB), 0���0�.� 1#���01� �0 1��.�2��� �0�.�*20! �.��)

��.�2� 2&� .�! .2+� �0 0#!*20! /#�.���) �0/� (�0�.�*20! 2&� 30 dB).

	. �0�!.�.2��� .� 20��1�.2. � # �.! #1��� �2.� �.!.���& ��. 2 � 1 12)

1#���01�", 1#�2�11 �2.� �0 .�)%0�" .�) 2�� .� #12��� 3#1� � ��.. �0 ��.� #��� � $��.,  

0�0!�)" ��$.��1�)" 2&� 0�+2.2&� 2!�$ 0�/+� �#22�!&� �.!�$0� �0!�� # 50-60dB ��!/ " ��.

��. ���2 � 0�/� 1#��!2�1� 12 .� #12��) �.2+3�� [Kiang, 1980]. ù*��1� 2 # 0����/ # 2 #

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

.� #12��+� 3��2!&� [Johnstone et al., 1986], 0&" )2 # 12. #%��� 0���0/. 2 ��!/ " �. �0�&�0�

�0!�� # 10 0-10dB. �0 � $��. �0 0�20�� ����� 2&� 0�+2.2&� 2!�$ 0�/+� �#22�!&�,  2 1$��.

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

� $��. 12�" #%���" 1#$�)2�20" [Harrison et al., 1981]. �.� ��. �! 1����1� ��. 2�" 1#$�)2�20"

2�"  ����.", #� ��2 #�0 )2� 10 ��. #��� � $��. ��. 0�1 / " 2&� 0dB  SPL .�.�20� 0��1$#1� 2�"

2���" 2&� 60 dB, 0�+ ��. 0�1 / " 2&� 100 dB SPL .�.�20� 0��1$#1� 0 dB, /�� �2." �)� 
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1#���01�" 2.5:1. ò�." 1 �.!� �.2012!.���� " � $��." .�) 2�� ���� ��0#!�, �$0� 0��1$#1� 0

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

� ��)�, �. �� ! *10 �. #� 12�!��0� )2� 2 ����12 � 1 12) 1#���01�" � # .�.�20�2.� ��.

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

�.2.12! 3� 2&� 0�+2.2&� 2!�$ 0�/+� �#22�!&�, 0��.� 2.5:1. �.�+" 0��1�" )2� ���!)20!.

� 1 12� �����" �. .�.�2 *� .�2�12 �$. ���!)20! #" �)� #" 1#���01�".

þ  � ���!&2��� �.2.12! 3� 2&� 0�+2.2&� 2!�$ 0�/+� �#22�!&�, �$0� 1.� .� 2��01�.

��. �02.� �� 2 # �.2&3�� # )$� �0�.�*20!� 2&� 60 dB, .3 * .#2) 0��.� 2 ����12 ��!/ " � #

�.!�$02.� .�) 2 #" ��$.��1� *" 2 # � $��.. ù� #12���" .�+�0�0" �0�.�*20!0" 2&� 60 dB, �.

�!��0� � ��)�, �. 1#� /0* �2.� .�) �.2.12! 3� 12 ��$.��1�) 2&� �0*!&� �02�/ 1�" 12.

01&20!��� 2!�$ 0�/� �*22.!., �.� 2. /0/ ���. � # �.! #1��12��.� .�) 2 #" Liberman �.�

Dodds [Liberman and Dodds, 1984], /0�$� #� )2� � ����� 2&� 01&20!��+� 2!�$ 0�/+� �#22�!&�

�$0� &" .� 2��01�. ��. �02.2)��1� 2 # �.2&3�� #, .��� )$� 0�3.�� .��.�� 12� ��$.����

1#��0!�3 !� 2 # � $��.. ò21�, � ����� 2&� 0�&20!��+� 2!�$ 0�/+� �#22�!&� 10 .#2) 2 

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

12 � 1 12) 1#���01�", 0�+ � �.2.12! 3� 2&� 01&20!��+� 2!�$ 0�/+� �#22�!&� �! �.�0� ��.

�!.����� �02.� �� 2�" 0#.�1��1�." .#2�". ò21� � ��)�, �  �� ���0�. 2&� �.��#�+� 12.

� ����.2. .� �" ��. 2�" 0�1)/ #"-0�)/ #" �. 0��.� )�&" �.! #1��� �2.� 12 1$��. 1.16, )� #

 �)� " 1#���01�" .#���02.� )1 .#���02.� � .�+�0�. .� �" ��$!� 2. 60 dB. ù�) .#2) 2 

1��0� �.� �02�  �)� " 1#���01�" �.!.���0� 12.�0!)" �.� � 0��1$#1� .#���02.�.

þ 0��� �� 2 # � 1 12 * 1#���01�" �.� 2&� $!)�&� /!�1�" �.� 0�0#��!&1�", �. �$0�

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

3�1�.2 " 1#���01�, )� # 2 1��. 0��.� 1$0/)� ���2. ���& .�) 2 �.2+3�� 1#���01�". þ

�.!.�)!3&1� 12� 1#���01� 0�)" 0� � �&��� # � ����.2 " .� �", �0�02����0 .�) 2 � Kates

[Kates, 1993b] ��. ��. .� #12��) � ����. 2  � � �$0� �/.���� .�)�!�1� 12.�0!�" 1#$�)2�2."

.�) ��������þ]� �!�1�� � �����0 ��. 0�1 / " � !*� # � # � ���0� �0  ����., 12. 70 dB

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

(Signal-to-Distortion ratio, SDR) 12. 1000 Hz, #� � ��1��� " .�) ��. .�0!)���2� 1#��!2�1�

1#� $�" [Kates, 1992]. 	. .� 20��1�.2. � 1 12 * 1#���01�" 2:1 �0 �.2+3�� 1#���01�" 12.

50 dB SPL, 0��.� �0!�� # 30 dB ��. ���0 1#�/#.1�) $!)� # /!�1�" �0�.�*20! # 2&� 2 ms �.�

$!)� # 0�0#��!&1�" �0�.�*20! # 2&� 50 ms [ANSI, 1987].
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ü��)�. 1.16 �.��*�0" 0�1)/ #-0�)/ # 0��1$#2� 1#���01�" � # �! �*�2 #� .�) ��.

.�� � ����� � �2�� .�+�0�." .� �".

 � ANSI $!)� " /!�1�"  !��02.� &"  $!)� " � # $!0���02.� ��. 2�� #�0!*%&1� �0

���. .*��1�" .�) 50 &" 80 dB SPL,0�+ 2 0���0/ 2 # 1��.2 " �. /�.3�!0� �.2� 2 dB .�) 2�

12.�0!� �.2�12.1�. � $!)� " 0�0#��!&1�"  !��02.� &"  $!)� " � # $!0���02.� 2 1��. �.

0�.����0� 10 2��� 2 dB ��2& .�) 2� 12.�0!� �.2�12.1�, .3 * 2. / ���.12��� 1��.2.

0��12!�% #� 12 0���0/ 2&� 55 dB SPL. ò21�, � �.!.�)!3&1� /0� .�.���02.� �. �0�+10� 2��

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

��1. 10 .#2� 2. 0���0/. [ Kates and Kozma-Spytek, 1994]. ù#��� �2." 2 � 1 12) 1#���01�"

12 8:1, 2 SDR �0�+�02.� �.2� 5 dB, 0�+ �.� ���� /0� .�.���02.� �. 0��!0�10� 1��.�2��� 2��

� �)2�2. 2�" �.2.�)�1�" 2 # �)� #.
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1.6.2 �#���01� /* �.�.��+�

ù!�02� /�.3 !02��� 1#12��.2. �$ #� �! 2.�0� ��. 1#���01� /#�.��� * 3�1�.2 " /* 

�.�.��+�. þ �� 1#����1���� �! 1����1� 0��.� � .�0��!2�2� �0�2 #!��. 2&� /* �.�.��+� [

Villchur, 1993]. ü�� !��� �! ')�2. � # 0�1&�.2+� #� �02.���2� 0��1$#1�, /�.3 !02���

� 1 12� 1#���01�" �.� �02.���2� 1#�/02��� 1#$�)2�2. /�.$&!�1� * (crossover) �02.�* 2&�

/* �.�.��+�, �$ #� #� �02��0� .�) /��3 ! #" �.2.1�0#.12�" [þRGJVRQ and Lade, 1988]

[Johnson and Schnier, 1988] [Pluvinage and Benson, 1988]. ù�)��, 0��.� /�.��1��. 1#12��.2.,

� # �! 13�! #� �0!� !�1�) 12� 1#���01� 0� .�2���10� �0 2. 0#!�&" /#�.��� * 3�1�.2 "

1#���01�" [Branderbit, 1991]. ù#2� 2. 1#12��.2. 0��.� �! �!.��.2��)�0�. �! �0���� # �.

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

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

ü����� �, 0��.� /�.��1��0", /��3 !0" �.!.��.��" � # .3 ! *� 12. 1#12��.2.

1#���01�". �0 ��. �! 1���0�. �. �0�&�0� � .#�.�)�0�� /�.1� !� 2�" 0�����#%�", � # �� !0�

�. �! ����0� .�) ��2 � �)!#� $.����" 1#$�)2�2.", �$0� $!�1�� � ���0� 1#���01� 12 

�.���� $.����" 1#$�)2�2." 10 1#�/#.1�) �0 ��. �!.����) �.���� 12�" #%���" 1#$�)2�20"[Ono

et al., 1983] [Kates, 1986]. 	�2 �. 1#12��.2. �� ! *� 0��1�" �. #� � ��� *� $!�1�� � �+�2."

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

1��.2 " $.����" 1#$�)2�2.". þ .�)/ 1� .#2+� 2&� 1#12���2&�, 1#��20�2.� 12 2���. 2 #

�0!� !�1� * 2 # � !*� # 10 ��. �)� ���!)3&� . ü�.��.�2���, �$0� �! 2.�0� 1#���01� 12 

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

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

�! ')� � # 0��.� 0��1�" /�.��1�� 12 0��)!� [Killion, 1993].


��!$ #� 0�/0��0�", )2� � 1#���01� /* �.�.��+� �� !0� �. �! 13�!0� ���!�"

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

[Villchur, 1973][Moore, 1987]. �0�02����0 .�) 2 � Moore ��. 1*12��. /# �.�.��+�

[Lawrence et al., 1983][Moore, 1987], � # $!�1�� � � *10 1*12��. 1#���01�" /* 

�.2.12�10&� 1#������ �2." ��.� 1#���012� �!)1�� # �02+� # �0 $!)� /!�1�" 5ms �.�

$!)� 0�0#��!&1�" 300ms, .� � #� *�0� .�) ��.� 1#��.���) 1#���012� /* �.�.��+�. �

AGC �!)1�� # �02+� # $!�1��0#0 12 �. �!.2�0� 2��  ����. ��1. 10 ��. 1$02��� 120�)

/#�.���) 3�1�., 0�+  1#��.���)" 1#���012�" 0�$0 1$0/�.120� ��. �. �02.����0� 2 3�1�. 2�"

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

� !*� # �!.2����.� 10 ��. 12.�0!) 0���0/ �.� 2 0���0/ 2�"  ����." !#���12��0 �21� +120

�. /�.2�!0� 12.�0!) � 1 12) 1&12�" .�.��+!�1�"  ����.", �/0��0 )2� 2 1*12��. 1#���01�"

/* �.�.��+� 0��2!0�0 12 #" .�! .2�" �. .� *� �.2� 2-3 dB $0�!)20! SNR , 0�+ � .�)/ 1�

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

0�)" 1#12��.2 " 1#���01�" 0�)" �.�.�� *.

1.6.3. � �#���.�� 1#���01�

þ � �#���.�� 1#���01� $&!��0� 2 3�1�. 2�"  ����." 10 /��3 !0" �+�0" 1#$� 2�2&�,

�.� �! 13�!0� ��.� 0��1$#2� 1#���01�" ��. ���0 �+��. þ 1#���01� �� !0� �. 0��.� .�0��!2�2�

10 ���0 �+�� �.� � 2. 1��.2. 0���$ # 1#���01�" �/�.� 2 ��!/ " �. 0��.� 1#�/0)�0�.. þ

.�0��!2�2� 1#��.���� 1#���01� /0� �$0� /0��0� �. �! 13�!0� �.���. 12.�0!) ��0 ���2��.

��.�2� 2�" �!.�����" 0��1$#1�" [Braida et al., 1979] [Lippmann et al., 1981] [Walker et al.,

1984]. ò�. .�) 2 �! ����.2. 12. 1#12��.2. � �#���.��" 1#���01�" 0��.�  � .�0���*��20"

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

��. 2�� .���#1�/1*��01� 2�" 1#$�)2�2." [Walker et al., 1984] �.� 2.  � �. �� !0� �. /+1 #�

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

.����0� 10 ���0 �.����. 	 �!)����. 2&� .����0��/!�10&� 2&� 3��2!&�, �� !0� �.

.�2��02&��120� �0 %�3�.�� 3��2!. �!.�����" 3�1�" (linear phase), .��� � �.2.�)�1� 2�"

 ����." 10 ��. � �#���.� %�3�.�) 1*12��. /0� 0��.� �/�.�20!. 0��.!!#�2��� ��.�2� 0�)"

.�2�12 �$ # .�.� ��� * 1#12��.2 ". [Kollmeier et al., 1993]

ò$0� 0��1�" �0�02��0� � �#���.� 1*12��. 1#���01�", � # $!�1�� � �0� �0�.�*20!0"

12.�0!�" $!)� # [van Dijkhuizen et al., 1991]. ù#2) 2 .!�� �02.�.��)�0� 1*12��.

1#���01�", �/&10 1��.�2��� �.�*20!� .�.��+!�1� �)� # 10 1$�1� �0 2 � � ���.� 1*12��.

1#���01�" ��. 0��)!#��  ����., )2.�  �)!#� " �0!�0�$0 1#��12+1. ��2 �. 120��" �+��"

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

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

Dijkhuizen et al., 1987] [van Dijkhuizen et al., 1989]. �#�0�+", �� !0� �.�0�" �. 1#��0!��0�, )2�

� 0��2#$�. 2 # 1#12��.2 " �.1��02.� �!&2�12&" 12� �0�&1� 2�" /�.1� !�" 0�����#%�", � #

 30��02.� 10 � !*� ��2 �. 120��" �+��".
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	. �� � �*�� �. � �#���.�. 1#12��.2. 1#���01�" $!�1�� � � *� 20$����" 1*�/01�"

2&� 1���2&� 0���$ # 1#���01�" �/�.� ��!/ #" ��1& 2&� �.�.��+�. 	. 1#12��.2. .#2�, �$ #�

1� �) �. �02.���� #� /#�.���� 2 3�1�. 1#$� 2�2&� 2)1 � �*, +120 �. �0��12 � ��1 #� 2 

� 1) 2 # 1��.2 "  ����." � # �!�1�02.� 12�� �0!� $� .� #12)2�2." 2 # �.2012!.���� #

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

0��1$*10�" 2&� �#!�&� 2����2&� 2 # 3�1�.2 " �0!� !�1��� # $!)� # [Bustamante and Braida,

1987], 0�+ ��. ��� 1*12��. /�.3 ! � �0� 2 #" 1#�20�012�" ��." 10�!�" � �#&�*�&�, �21�

+120 �. 2.�!��� #� �0 2 3�1�. �0!� !�1��� # $!)� # [Levitt and Neuman, 1991]. ù#2� 2.

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

.*��1� 2 # �0��� #" 2&� 1#�20�012+� $.����" 2���", �0� �)" � # �1 /#�.�0� �0 2�

� � ���.�� 1#���01�. +0����, � .*��1� 2 # �0��� #" 2�" /�.�*�.�1�" 12 3�1�. #%���"

2���" /0 3.��02.� �.  /��0� 10 �0�2�&1� 2�" �.2.�)�1�" 2 # �)� # [Hagaard et a;., 1987] [

Stone and Moore, 1992].

ù�)��, �$ #� .�.�2#$�0� 1#12��.2. 1#���01�", � # �.1�� �2.� 12�� .!$� 2�"

1*��2&1�" 2�" 0�2�� *�0��" .� #12)2�2." 2 # �.2012!.���� # .#2� * �0 2�� .� #12)2�2.

2 # #�� *" .#2� * [Yund et al., 1987] [Dilier et al., 1993] [Kollmeier et al., 1993]. �2 1*12��.

2 # Dilier et al. [Dilier et al., 1993], � .� #12)2�2. 0�)" 0���0/ # 3�1�.2 " �0!� !�1��� #

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

2���. 0�����02.� �21� +120, �. /+10� 2�� �/�. .� #12)2�2. 12 �.2012!.���� .#2�, �0 .#2�

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

2����2&� �.� �.!��02.� ��." 1#�20�012�" /�)!�&1�", �21� +120 �. .� 2!.�0� � 1*��01� 0�)"

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

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

$.����" 1#$�)2�20", 0�+ 2 )30� " 2�" 0�0�0!�.1�." 1��.2 " �0�+�02.� 1��.�2��� �0 2��

�0�&1� 2 # � !*� #.

� Kollmeier et al., [Kollmeier et al., 1993] $!�1�� � ��10 ��. �.!)� �. �! 1����1�

12 � #� � ��1�) 2�" 0��1$#1�" 10 ���0 2���. 2 # 3�1�.2 " 1#$�)2�2.", �21� +120 �.

/��� #!��10� 12 �.2012!.���� .#2�, ��. 0���0/ .� #12)2�2." � # �. 0�3.���)2.� �.� ����

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

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

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

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

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

�0�2�+���0 .!�02�.

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

/0#20!0* #1. .�+�0�. .� �" 0��.� � 0�0�0!�.1�. 2 # 1��.2 " 0�1)/ #, �21� +120 �.

�.���� #�0 2 �.�*20! /#�.2) 2.�!�.1�. �02.�* 2&� /0����2&� �0#!���" �#! /)2�1�" 10 ��.

�.2012!.���� .#2� 10 1$�1� �0 ��. #���".  � Kates [kates, 1993d] �!)20��0 ��. 1*12��. � #

�.1��02.� 12 0��$�12 ��1 202!.�&���) 13���. 1*��2&1�" �02.�* 2&� � �2��&� 2�"

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

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

.� �", $!�1�� � �+�2." 2�� /�./��.1�. � # �0!��!�302.� 12 1$��. 13. 	 1*12��. .#2),

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

12 )2�, 2. 1��.2. 0���$ # 1#���01�" 0��.� 2 ����12 0���0/ 2 # 3�1�.2 " � # �02!�2.� 10

��. �0!� $�, � # 0�20��02.� .�) ��.  �2��. ��2& &" ��. �.� ��1�  �2��. 0���& .�) ���0

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

$.!.�2�!�12��� �.2.12 ��" /* 2)�&� [Sachs and Kiang, 1968] � # �.!.2�!0�2.� 3#1� � ����

12 #" .��!+� #" [Duifhuis, 1980], 12��  � �. 2  ���) � 1 12) �0#!���" �#! /)2�1�" 10 ��.

�� 0#.�1��2� �0!� $� 10 / �0�1. 1#$�)2�2., �� !0� �. �0�&�0� �0 2�� �! 1���� 0�)" /0*20! #

2)� # 10 /�.3 !02��� 1#$�)2�2.. 	 �!.�2��) .� 2��01�. .#2 * 2 # �.�)�. 1#���01�" 0��.�,

)2�  � ��2 � � �$ �,  )�&" 0��.�  � 3&� 1#�2 ��1� � (formants) 2&� 3&����2&� 0���$ #� 2 

��!/ " 2&� �0!��.�� #1+� �0!� $+� 1#$�)2�2.". õ1 2 3�1�. 2 # 1��.2 " .����0�, 2.

1��.2. 0���$ # �.�  � �0!� $�"  ��1�.�� #� &" �! " 2�� 1#$�)2�2.. �2�" �0!�11)20!0"

�0!��2+10�" #��!$ #� /* � 2!0�" �0!� $�" 1#$� 2�2&�, )� # 2 ��!/ " 10 ���0 �0!� $�

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

�$0� .�)�� / ���.120� �0 .�! .2�" �0 �! ����.2. .� �".

1.7 �.2.12 �� � !*� # �0 � �) ���!)3&� 

þ �0�2�&1� 2�" �.2.�)�1�" 2 # �)� # 10 0��)!#� �0!����� �, 0��.� ��." 1��.�2��)"

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

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

�! .�.3�!���0, �� !0� �. �0�&�0� 2 0���0/ 2 # � !*� # 10 � 1 12) � �* �0�.�*20! .�)

)2� �  ����. [Weiss and Aschkenasy, 1975].  ò�. .�)�� �0�.�*20! �!)����. 0��.� � �0�2�&1�

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

���! 3+� # � # �$ #� .�.�2#$�0� �.1�� �2.� 12�� #�)�01� )2�, ��. �0�2�&1� 2 # SNR �. �$0�

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

.� /0�$�0� 1&12).

1.7.1   �! 1.!� 12��� .�.� ���� 3��2!.

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

0�)" .� #12�� * � ����.2 " �.! #1�. � !*� #, 0��.� /�.��1��. 0/+ �.� .!�02� $!)��. [Ono et

al., 1986]. ü�+ ��� �. )!�.�. �$ #� �.1�120� 12�� �! 1����1� 2&� /* �.�.��+�, �$ �2." 2�

1#���01� 12 �.���� 2&� $.���+� 1#$� 2�2&� �0 1� �) 2 � �0!� !�1�) 2�" ��2.1�" 2 #

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

#%��0!.2) 3��2! �0 ���1� 6 � 12 dB/ �2��. � # �$0� .#2)�.2. !#����)�0�� 1#$�)2�2.

.� � ��". 	 �! 1.!� �)�0� #%��0!.2) 3��2! 0�.22+�0� 2 0*! " 1#$� 2�2&� 12�" $.����"

1#$�)2�20" 2 # � ����.2 " .� �" )1 .#���02.� 2 0���0/ � !*� # 10 .#2�" 2�" 1#$�)2�20".

û ����" 10 2�2 �. 1#12��.2. �/0��.� )2�, /0� #��!$0� �0�2�&1� 12�� �.2.�)�1� 2�"  ����.",

)2.�  ��0�$ " 2�" ��2.1�" 2 # �$ # /�.2�!��0� 10 12.�0!� ��1� [Kuk et al., 1989] [Fabry and

Tasell, 1990], 0�2 *2 �" �$0� .�.30!�0� 1��.�2��� �0�2�&1� )2.�  � ���!&� � � # ��!.� ��! "

12�" / ����" �� ! *1.� �. 0����� #� 2�� ��2.1� 2 # �$ # [Sigelman and Prves, 1987]. ù#2� �

0��!2�1� 12� !*���1� 2�" ��2.1�" #� /0���*0� )2� � 1��.�2��� 0��/!.1� 12� �.2.�)�1� 2�"

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

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

�! 2 *  0��1$#2�" 0�1���0� 12 �)! [Fabry, 1991].

ù�2� 2 # SNR 1.� �!�2�!� 2�" .�)/ 1�" 2�" .� � ��" � !*� # �� !0� 0�.��.�2��� �.

$!�1�� � ���0� � �0��12 � ��1� 2 # Articulation Index (AI) /0��2�" /��!�!&1�", � #

#� � ���02.� .�) 2 1*12��.. � ùÿ �.1��02.� 12�� ��! �1� .��� �. �0 2� 1� #/.�)2�2. 2&�

2��+� SNR 12� 12.�0!� �.2�12.1�, 10 �0!� $�" 1#$� 2�2&� .�) 200 &" ����þ] >)UHQFK DQG
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Steinberg, 1947] [Kryter, 1962] �.� �0!��.����0� 2� /�.1� !� 2�" 0�����#%�" 12� �*!�.

1#$�)2�2.. �0�+� �2." 2 ��!/ " 10 ��. �+�� �&2���" 1��.1�.", /0� �. 0��!0.120� 2 SNR 10

.#2� 2� �+��, .��� �� !0� �. .#���0� 2 ùÿ .�  �)!#� " 12� �+�� .#2�, 12 .!$��) 0���0/ 

��!/ #", �2.� .!�02� ��2 � " +120 �. 0���.�*�20� 2��  ����. 10 � �2��� �+��. �� 1#���0�0" 2�"

0�����#%�" 0�20�� �2.� �#!�&" .#��� �2." 2� 1#$�)2�2.[ Egan and Hake, 1950]. ò21�, 0��  �

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

2 0���0/ � !*� # 12� �+�� #%���" 1#$�)2�2.", 2 ��!/ " 10 .#2� 2� �+�� �. �!��0� �.

�0�&�0� �.� � �0�&1� .#2� �. 0��.� 2)1�, +120 �. 0��1&�0� � 0�����#%� � # �.!.2�!0�2.� 0�2)"

�+��" �.�  �)!#� " ��1. 12� �+�� [Kates, 19889]. -��2!�! �2." ��!.� 2 # � 1 * � #

.�.�20�2.� ��. 2� �0��12 � ��1� 2 # ùÿ, /0� �. �0�2�+10� �0!.�2�!& 2�� �.2.�)�1� 2�"  ����."

[Fabry and Tasell, 1990]. ù#2� � �� %� 1#�3&�0� �0 2. .� 20��1�.2. 2&� Dillon and

Lovegrove [Dillon and Lovegrove, 1993]  �  � � � /�.��12&1.� ��� � )30� " .�) 2��

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

1#$�)2�2.", .��� �.��. �0�2�&1� 12��  ����. $.���+� 2)�&� (� #!� *!�1�.).  ù�)��, 0��.�

1*�3&� �0 2. 0#!��.2. 2 # Kuk et al. [Kuk et al., 1989], )� # 2. �2 �. � # ��!.� ��! " 12.

�0�!��.2., �! 2���1.� ��. �! 1.!� 12��) 3��2! �0 ���1� 6dB/ �2��., ��.�2� 0�)" 3��2! #

���1�" 12dB/ �2��. 10 �.���0!��� $!�1�, .3 * 2 �!+2 .�0/0�$�� .�0�.!��" 12�� .3.�!01�

2�" 0�����#%�" 12� �*!�. 1#$�)2�2. 12 #" �0!�11)20! #" �.���0!�� *" � !*� #" [Kates,

1993b].

1.7.2   ù3.�!01� 3�1�.2 "

�2�� .3.�!01� 3�1�.2 ", .3.�!0�2.� ��. 0�2���1� 2 # ��1 # ���2 #" 2 # 3�1�.2 "

� !*� # .�) 2 3�1�. 0��)!#��"  ����." �0!� !�1��� # $!)� #, �21� +120 �. /+10� ��.

�0�2�&���� 0�2���1� 2 # 1��.2 "  ����." [Boll, 1979].  ù3 * 2 ���2 " 2 # 3�1�.2 "

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

2 ���0� " .#2) #� � ���02.� 1.�  ��1 " )! " 2 # 3�1�.2 " � !*� #, � # �.!.2�!0�2.� �.2�

2� /��!�0�. /�.12���2&� �.*1�" 2�"  ����.". þ 3.1�.2��� .3.�!01� 0�� ���02.� 12 1$��.

1.17.
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ü��)�. 1.17 û���!.��. 1#12��.2 " �0�&1�" � !*� # �0 .3.�!01� 3�1�.2 ".

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

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

2����2&� 1��.2 ", � # �.� !��02.� )2� 0��.� �!&2�12&" �)�  �)!#� ".  ù#2)"  ��1 " )! ",

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

.!��2���" /�.3 !�" 2��0�2.� �10" �0 ��/��. 	 2! � � ����� 3�1�. ���2 #" .�.1#���202.� �0

2 .�02����2 3�1�. 2�" 3�1�" �.� 2 1��. 0�)/ # �! �*�20� ��1& 0�)" .�2�12! 3 #

�02.1$��.2�1� *.

û�.3 !02��� �! 1����1� 2�" .3.�!01�" 3�1�.2 " .� 20�0� � 20$���� INTEL [Weiss et

al., 1975], 12��  � �. #� � ���02.� � 202!.�&���� !��. 2 # 3�1�.2 " ���2 #" �.�

�02.1$��.2��02.� ��1& 0�)" /0*20! # FFT. �.2)���, .� � #�0� 0�0�0!�.1�. �.!)� �. �0 .#2�

� # �0!��!�3��0 �.!.���&. þ 0�2���1� 2�" 1#��!2�1�" ���2 #" �02.2!��02.� 12 $+! 2&�

1#$� 2�2&� ��1& 0�)" .�2�12! 3 # �02.1$��.2�1� * �.� #%+� #�0 12 202!��&� ��. �.

0�.����0� 12�� .!$��� �.2�12.1�.

þ �.2.�)�1� 2�"  ����.", .��� �.� � � �)2�2. 2�",  �$ #� �0�02��0� ��. 2�� ��� / 

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

��1& �0#� * � !*� #, �0 0��)!#�� 0�1 / � # �� �.�0 �0 1��.  ����." �.� 10 �0!����� �
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3�#.!�.", 0�+ 2 0���0/ � !*� # �! 1.!�)12��0 �. /��0� ��. ��1 � 1 12) 0��2#$�." 50%.

ù� �.� � 0�0�0!�.1�. INTEL, �/&10 1.� .� 2��01�. ��. �0�2�&1� 2�" 2���" 2&� 8dB , 12.

�02!+�0�. 12����.�. SNR � 0��/ 1� 12�� .�.��+!�1�  ����." ��. 2 0�0�0!�.1��� �.� 2 ��

0�0�0!�.1��� 1��. /0� /��30!.� 1��.�2���. �.!� 2 �0� �)" )2� �  ���� �.2.�)�1�  ����."

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

0�0�0!�.1����  ����.. [Neuman et al., 1985].

 ��. .�.� ���� �! 1����1� 2�" .3.�!01�" 3�1�.2 " 0��.� � REDMASK 20$����

0�0�0!�.1�." [Neuman and Schwander, 1987]. �2� 20$���� .#2�, � 0��1$#1� 2 # .� #12�� *

� ����.2 " !#����02.� �21�, +120  �)!#� " 2 # �0!����� �2 " �. 0��.� .�0�.�1��2 " 10 )�0"

2�" 1#$�)2�20". ù#2� � !*���1� 2�" 0��1$#1�" 0��2#�$��02.� �0 2 �. �02!�2.� 2 �.2+3��

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

$.!.�2�!�12��� 1#$�)2�2."-��!/ #" �21�, +120 2 3�1�. 2 # � !*� # �. �!�1�02.� ��2& .�)

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

�$ # ��. 2. ��1� �0!�� # �2 �., � # ��!.� ��! " 12 �0�!.�., .��� .#2� � �0�2�&1� 12��

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

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

.�+20! �.2+3�� .� #12)2�2.", �.� �21� �.!�$ �2." �0�.�*20! ��!/ " 12 1��.  ����.".

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

1.7.3   ú0�2�&1� � �)2�2." 3�1�.2 "

$!�02�" 20$����" �$ #� �! 2.�0� ��. 2�� 2! � � ��1� 2 # 1$��.2 " 2 # 3�1�.2 "

�0!� !�1��� # $!)� #, �21� +120 �. / �0� ��3.1� 12. 2���.2. � # ��120*02.� )2� 0��.�

1��.�2��� ��. 2�� .�2���%� 2�"  ����." � +120 �. �0�&�0� 2 ���2 " 2&� 2����2&� � #

0����02.� )2� 0��.� �)!#� ". ��. �! 1����1� 0��.� ��. �! 1.!� 12��) 3��2! 0��� ��"

1#$� 2�2&� [Lim et al., 1978]. �0 .#2� 2� ��� / , 0�2���2.� � �0�0��+/�" 1#$�)2�2. 2&� �$&�

 ����." �.� 12� 1#��$0�. �.!��02.� ��. 3��2! 0��� ��", +120 �. �0!�10� � �1$*" 2 # 1��.2 "

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

.#2�, 2. �0�!.�.2��� .� 20��1�.2. .�) �2 �. �0 �.� ���� .� �, �/0��.� )2� /0� 1��0�+���0

1��.�2��� �0�2�&1� 12�� �.2.�)�1� �0 2�2 � # 0�/ #" 1#12��.2. [Perlmutter et al., 1977] [

Lim et al., 1978].
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��. ���� �! 1����1� 0��.� � �.2.1�0#� 0�)" ���2�12 # 3��2! # � # �. �.�#20!0*10�

2 SNR 2�"  ����.". ò�. � �#���.� 3��2! � �1 /*�.�. ��. 1*12��. FFT $!�1�� � �0�2.� ��.

�. 0�.13.��120� � .���#1� 1#$�)2�2.", 0�+ � �1$*" 2 # 1��.2 " �.� 2 # � !*� #, 0�2��+�2.�

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

2&� 1���2&�  ����." �.� � !*� #. 	 1*12��. 0��.� �! 1.!� 12��), .3 *  � 0�2���10�" �1$* "

�#�.�� �2.� .��� �. �0 2. $.!.�2�!�12��� 2 # 1��.2 "  ����." � 2 # � !*� #. û��3 ! �

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

2&� 3��2!&� Wiener, � .3.�!01� ���2 #" �.� 0�2���2�" ����12�" ���.� 3��0�." [McAulay and

Malpass, 1980] [Doblinger, 1982] [Vary, 1983] [Ephraim andd Malah, 1984]. õ�&", 0�+ �$ #�

.�.30!�0� �0�2�+10�" 12 �02! *�0� SNR ��$!� �.� 20dB [Vary, 1983], /0� �$0� �.!.2�!��0�

�.��. �0�2�&1� 12�� �.2.�)�1� 2�"  ����." [Sandy and Parker, 1982].

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

0��1$*10� 2��  ����.. þ �0���� �! 1����1� � # �$0� $!�1�� � ���0� 0��.� �0 .*��1� 2�"

3.1�.2���" .�2��01�" 2 # 3�1�.2 " 2 # 1��.2 " �0!� !�1��� # $!)� #, �0 2 �. /�.2�! *�0 �

�. .#��� �0 2 ���2 " 10 �0!� $�" 1#$� 2�2&� � # �0!��$ #� 3.1�.2���" .�$��", 0�+

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

�0!��.���� #� *%&1� 12 202!��&� �.� �.� ��� � ��1� 2 # 3.1�.2�� * ���2 #" [Boers.

1980]  .#��� �2." 2 ���2 " 10 ��� �0" �0!� $�" �.� �0�+� �2." 2 10 ���0" [Bunnell, 1990],

3��2!�! �2." 2� �0!����� #1. 2 # 3�1�.2 " +120 �. .#��� *� 2. #%��)20!. � 1 12�

/�.�*�.�1�" [Simpson et al., 1990] [Stone and Moore, 1992] [Baer et al., 1993], �.�

$!�1�� � �+�2." 2 ���2 ���) � �2��  ����.",  .� �.�!*� #�0 2. ���)20! ��2 �. 3.1�.2���

��!�, 0�+ /�.2�! *�0 2�" .�$��" [Kates, 1994].

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

�)� #. 	. 1#12��.2. � # 3��2!�! #� 2�� �0!����� #1. 2 # 3�1�.2 " [Simpson et al., 1990]

[Stone and Moore, 1992], �$ #� 0��/0��0� �0�2�+10�" 12�� �.2.�)�1� � # .�2�12 �$ *� 10

.��.��" 2 # SNR ���)20! 2 # 0�)" dB, .��� .#2� 2. .� 20��1�.2. 0��.� 1#��0$#���. .�) 2 

�0� �)" )2�, ��. ��� � #" �$ #"  ����." � 0�0�0!�.1�. �� !0� �. .#��10� 2 ���2 " 2 #

/0*20! # �.� 2!�2 # formant, �� �21� � �0�2�&1� 12�� .�)/ 1� �.  30��02.� 10 ���!�" .��.��"

12�� ���1� 2 # 3�1�.2 " �� )$� 10 /�.3 !�" 2 # 3�1�.2 ". +�. �. / ����10� .#2� 2�� #�)�01�

 Baer et al. [Baer et al., 1993], 0�.���.�0 2 �0�!.�. /� !�+� �2." 2� ���1� 2 # 3�1�.2 " �.�

���� �!��0 ��. ���!) ��0 ���2��. ��. 2�� 0�0�0!�.1����  ����.. 	 1*12��. 2 # Bunnell
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[Bunnell, 1990], � # �� .#2) .*�.�0 2 1$02��) ���2 " 2&� .�$�+� 2 # /0*20! # formant 10

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

��0�12+� 1*�3&�&� 12�� �.2�12.1� 3�1�.2 " .#������" .�2��01�". �0 ��. 1*12��. � #

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

[Kates, 1994] /0� #��!�0 �.��. �0�2�&1� 12�� �.2.�)�1� 2 # �)� #. �2�� �!.��.2��)2�2.  

Kates [Kates, 1994], .�.���#%0 )2� �0�+� �2." 2 � .!���) 2&� .!� ���+� � #

$!�1�� � � *�2.� 12�� .�.�.!�12.1� 2�"  ����.", �0�&�)2.� � �.2.�)�1� 2 # �)� # �.2�

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

� ���/0" �.� 2. sidelodes 12 3�1�. 2�"  ����." �02.3�! #� $!�1��� � 1)2�2. ���! 3 !�.".

1.8   ù� � �� � !*� # �0 � ��.��� ���!)3&�.

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

����, )�&" ��. �.!�/0���. .�) ��. �2 � � # ���02.� 12�� ���� ��!� 0�)" 2!.�0�� *, 0�+  

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

1#�.�2��0 ��. �.!�/0���. 12 �0!����� � 0�)" 012�.2 !� #. ��2& .�) .#2�" 2�" 1#����0", �

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

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

03��2)" �0 2� �0�&1� 2 # 0����/ # 2 # � !*� #, $&!�" �. 0��!0.120� .3.�!02��� �  ����..

ù�)��, 10 .�2��01� �0 2�" 20$����" .3.�!01�" � !*� # $!�1�� � �+�2." ��. �)� ���!)3&� ,

 � �0�2�+10�" 2 # SNR � # �02!+�2.� �0 �.20#�#�2��� ���!)3&�. .��� �.� �0 /�.2��0�"

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

1.8.1   �.20#�#�2��� ���!)3&�..

ò�. �.20#�#�2��) ���!)3&� �. �0�2�+10� 2 SNR �0 2 �. /�.2�!0� #%��) ��!/ "

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

.�) ���0" �.20#�*�10�". ��. �/.���� �.!/� 0�/�" .�)�!�1� �. �0�2�+10� 2 SNR �.2� 3-4 dB

10 1*��!�1� �0 ��. �.��.20#�#�2��) ���!)3&� )2.� � ���� �$ # 0��.� ���& 12 � �� �. �.�

10 ��. �1 2! ���) �0!����� � � !*� # (/��$#2 " �)!#� ") [Olson, 1957]. �.!)�. .#2�,  �
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�02!�10�" � # ��!���.� .�) ��. �!.��.2��) �.20#�#�2��) ���!)3&� � # �! 1.!�)12��0

���& 12 �03���, �/0��0 )2� 2. ��0 �0�2��.2. 0��.� �0!�� # 2.5 dB �)� , 10 1*��!�1� �0 ��.

� ����. .� �" �0 �.��.20#�#�2��) ���!)3&� , 10 �0!����� � /��$#2 # � !*� # [Soede et

al., 1993a]. �0�.�*20!.  3��� �� ! *�0 �. .� � ��1 #�0 ��2& .�) �� .#12�!�" 1#����0".

��. 1$02��� �0�2�&1� 2&� 3-4 dB ��. 2 �.20#�#�2��) ���!)3&� �!����0 )2.� � ���� 2 #

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

.�2.�.���10�". [Hawkins and Yacullo, 1984]. ù�)�. �� .� .#2�"  � �0�2�+10�" 0��.� .!�02�

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

�! 13�! #� /�.!��  3��� 12�� �0�2�&1� 2�" �.2.�)�1�" 2 # �)� # 10 0��)!#� �0!����� �.

D-MIC Oticon

(directional microphone)

+�. �0�2�&�0� � .�)/ 1�, �.! #1�� � !*� #, 2 D-Mic 0�.22+�0� �0!�30!�� *" �$ #", +120 �.

�0�2�+10� 2 SNR, �.�+"  �$ " 0�1�!$02.� 12 .� #12��) � ����.. þ 02.�!�. Oticon

2! � � ��10 2 .!$��) D-Mic, +120 �. 0�.�0�%0� 2�� �.!0�� �� .�) 2. ����2� 2���3&�. �.�

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

2 # �$ #.

û0���.2. ���! 3+�&�

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

2 � ��2�1�" 2�" ����" 2 # � !*� #. þ �� / " .�0�� ���02.� .�) 2�� .�2��. 2�" �.��*��" 10

2#$.�. �&��..

ü��)�. 1.18: û��3 !. � ���� /�.�!���.2.
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Omni

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

(omnidirectional OM) �.� 1#��.����0� )� #" 2 #" �$ #" .�0��!2�2. .�) 2 1��0� 

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

.�)�!�1� 1#$�)2�2.".

ü��)�. 1.19: �2�� 0��)�. 3.�� �2.�  � /�.3 !�" 2&� � ���+� /�.�!.���2&� 2&�

���! 3+�&� omni-directional 10 1$�1� �0 2. bi-directional

Bidirectional

û0� 0��.� � �* /*1� � �. �.!.$�0� ���!)3&� � # 1#��.����0� 2 � �$ � # $2#��0�

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

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

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

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

Cardioid

 ù2) 2 /0���. 0��.� /�� 3���" )2.� .�.�20�2.� 0��1$#1� � �$ �!�3�1� 1#�.#��+�, )� #

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

�.20*�#�1� 12��  � �. 12!�302.�. �2�� �!.��.2��)2�2. 2. �!���.2. /�.3�! #� ��� . 	 

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

.��+" �0�+� �2.� �.2� 10-30dB. 	 /0*20! �.� 1��.�2��) �!)����., 0��.� )2� 2 �!.��.2��)

1$��. 2 # /0���.2 " � ����0� .��� �. �0 2�" 1#$�)2�20". +�. $.����" 1#$�)2�20", 0��.� OM

���!)3&� . ù�)�., � .�)�!�1� 1#$�)2�2." ��. 1��.2. � # 3��� #� .�)  ��1��. �.20*�#�1�

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

ò�. 2!�2 .� 2��01�. � # �� !0� �. .� 20��10� �!)����., 0��.� )2� 2 ���!)3&� �. /+10�

��3.1� 10 �$ #" $.���+� 1#$� 2�2&� �! 0!$)�0�&� .�) ���0 ���� � # 0��.� � �2� 12 

/��3!.��.. ù#2) 0��.� ��&12) 1.� 3.��)�0� 0��*2�2." (proximity effect).

ü��)�. 1.20: �*�/01� � ��� * �.!/� 0�/ *" /�.�!���.2 "
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1.8.2   �! 1.!� 12��� .�*!&1� � !*� # �0 /* ���!)3&�..

ü��)�. 1.21 û���!.��. 0�)" �! 1.!� 12�� * 1#12��.2 " .�*!&1�" � !*� #

	 �! 1.!� 12��) 1*12��. .� � ��" � !*� # [Widrow et al., 1975],  �.! #1���02.�

12 ��� � /���!.��. 2�" 0��)�." 1.21. 	 1*12��. $!�1�� � �0� ��. ���!)3&� ��. �.

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

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

.�.3 !�" 0�0�0!���02.� .�) ��. �! 1.!� 12��) 3��2! , ��. �. 2.�!���0� )1 2 /#�.2)�

�0!�11)20! �0 2 �)!#� , � # .�� �+�0� 2��  ����.. �#$��, $!�1�� � �0�2.� 2 �!�2�!� 2 #

0��$�12 # ��1 # 202!.�&��� * 13���.2 " (LMS). �2�� 1#��$0�., .3.�!0�2.� � .� � #��. 2 #

3��2!.!�1��� # � !*� # .�) 2�� 0��)!#��  ����., +120 �. .� � �0� 2 12 �$0� 2 # � !*� #

�.� 1#�0�+" �. �0�2�&�0� 2 SNR. þ ����12� /#�.2� �0�2�&1�, � # �� !0� �. �!.��.2 � ���0�,

�0!� !��02.� .�) 2 �)� � !*� #- ����." 12 ���!)3&� .�.3 !�". ��2& .�) 0#� '��"

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

� # �0�0!�� 2. 30dB [Chabries et al., 1987] [Weiss et al., 1987], 0�+ �$ #� .�.30!�0�

�0�2�+10�" 12�� �.2.�)�1� 2�"  ����." �.2� 35-38% [Brey et al., 1987]. ò21�, #��!$0� �0����

1#1$�2�1� �02.�* �0�2�+10&� 2 # SNR �.� 2�" �.2.�)�1�" 2�"  ����.".

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

�! 1.!2���� 12 �03��� 2 # $!�12�, �0�02����0 .�) 2 � Weiss [Weiss, 1987] �.� 2 #"
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Schwander �.� Levitt [Schwander and Levitt, 1987]. �0 .#2) 2 1*12��. $!�1�� � �����0 ��.

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

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

 ����.".  �0 ��. /&��2� , � # 0�$0 $!)� .����.1�" �1 �0 0.4sec, 2 1*12��. .#2) �0�2�&10 2.

.� 20��1�.2. .�.��+!�1�" 2 # �)� # 12 74% .�) 2 � 1 12) 1&12�" .�.��+!�1�" ��. ��

0�0�0!�.1��� �$ � # �2.� �1 �0 34%,  ��. .�! .2�" �0 3#1� � ���� .� �, /0/ ����" ��."

�)� ����" � !*� # �.!0�� ��". ���!� ����1� 2 # �03.�� * 2 # $!�12�, �0�&10 2 

.� 2��01�.  !��" .�.��+!�1�" 12 62%, 0�+ � .*��1� 2 # .!��� * 2&� 0�0!�+� ���+�

� !*� #, �0�&10 �0!.�2�!& 2�� .� 20�01�.2��)2�2. 2�" 0�0�0!�.1�." .#2�".

1.8.3   �.!�2.�� �.!+� .�0��!2�2&� $!)� #

�! �0���� # �. 0��2*$ #�0 �0�.�*20!� �0�2�&1� 12 SNR �.� 12� �.2.�)�1� 2�"

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

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

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

2 # 0�/ #" � # �� ! *� �. 0�1&�.2&� *� ��. �.!�/0���., 10 ��. 1�0�02) �#.��+�, ,

�.! #1���0� �0�2�&1� 12 SNR �1� �0 5-10dB, 0�+ � �0�.�*20!� �0�2�&1� 1��0�+�02.� 12�"

#%���" 1#$�)2�20" [Soede et al.,, 1993a] [Soede et al., 1993b]. þ �0�2�&1� 12 �.2+3��

#� / $�" 2�"  ����." (SRT, speech reception threshold) /��./�, 2 SNR ��. 2  � �  � ��1�"

�)� ���0�" ��." ��12." ���0&� .�.��&!�� �2.� 1&12�, �!����0 �. 0��.� 7dB. ù#2�"  �

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

.�)12.1� 10cm. ù�)��, � .�)/ 1� �.� 2&� /* �!)1��&� /�.2��0&� (�.2� ��� " 2 # �!)1�� #

��! #" 2&� �#.��+�) �.� 2&� ��0#!��+� /�.2��0&� (�.!.��0*!&" 2&� �! 2�3&� ), /0� 3����0

�. 0��!0�� �2.� 10 �0��� �.��) .�) 2�� ����1� 2 # �03.�� *).

þ .�)/ 1� 2�" /��2.��" /�1��" �.�#120!�10&�-.�! �10&�, �� !0� �. ���0� .�)��

�.�*20!� $!�1�� � �+�2." /��2.�� #�0!�.20#�#�2���" 0�0�0!�.1�.",  [Coc et al., 1986] +120

�. 0��2*$ #�0 2 ���2�12 SNR 10 ��. �0/� 12.2�� * � !*� #. ü� � �+10�" ��. ��. 13.�!���

�1 2! ���) �0/� � !*� # [Stadler and Rabinowitz, 1993] [Kates, 1993c] � # $!�1�� � ��1.�

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

et al. [Soede et al., 1993a] [Soede et al., 1993b] �/0��.�, )2� ��. /��2.�� #�0!�.20#�#�2��� �.
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/+10� ��. SNR �.�*20! �.2� 5dB, �0!�� #, .�) .#2) � # 0��2#�$��02.� �0 2� /��2.�� /�1��"

�.�#120!�10&�-.�! �10&� $!�1�� � �+�2." 2 �/� 1*� � ���! 3+�&�. +�. 2 ��0#!��)

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

���)20! SNR .�) .#2) 2�" /��2.��" /�1��" �.�#120!�10&�-.�! �10&�. õ2.�

$!�1�� � � *�2.� �.��.20#�#�2��� ���!)3&�., �� !0� �. 0������0� ��." ��/0��1�)" 12�" 180

� �!0" 12 � �2�� 2�" ��0#!���" /��2.��" �0 �0�&1� 0.3dB, �)� , 12 SNR [Kates, 1993c],

0�+ .#��� �2." 2 � .!���) 2&� ���! 3+�&� 12� /��2.�� .�) ���20 12. 0�2�,  $&!�" �. .#���0�

2  ���) ��� " 2�" /��2.��", �0�2�+�0� 2 SNR �.2� 0.3dB �)� [Stadler and Rabinowitz,

1993].

1.8.4   �! 1.!� 12���" /�.2��0�" /* ���! 3+�&�

            þ ���2�12� 0��/ 1� 10 ��. �0���� � �����. .� #12��+� �0!��.��)�2&�, �� !0� �.

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

��. 1*� � �.!+� � # 0��.� .�0��!2�2. 2&� /0/ ���&�. ú��2�12�, � 1$0/)� ���2�12�, .�)/ 1�

10 0��)!#� �0!����� � � # /0� 0��.� 0� 2&� �! 2�!&� ��&12), � 10 ��. �� 12.2��)

�0!����� � �� !0� �. 0��20#$�0� �0 /��2.�� �! 1.!� 12���" 0�0�0!�.1�.". þ .�� *120!�

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

�! 1.!� 12���" /��2.��" /* ���! 3+�&� 2&� Griffiths-Jim [Griffiths and Jim, 1982] 3.��02.�

12 1$��. 1.22 [Greenberg and Zurek, 1992]. ù�)��, �$0� #� � ���0� ��. ��/ 1� .#2�" 2�"

/��2.��" � # $!�1�� � �0� �.20#�#�2��� ���!)3&�. [Kompis and Dillier, 1994].

ü��)�. 1.22 û���!.��. �! 1.!� 12���" /��2.��" �0 /* ���!)3&�.
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H �0�2 #!��. 2�" /��2.��" 2&� /* ���! 3+�&� 2&� Griffiths-Jim [Greenberg and

Zurek, 1992], �$0� 1$�1� �0 2�� �! 1.!� 12��� .� � �� � !*� #, � # �0!��!�3��0 12��

�! �� *�0�� �.!��!.3 , �0 ��. �! 0�0�0!�.12� � # 0�20�0� .�! �10�" �.� /�.3 !�" 2&�

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

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

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

&" �! " .#2) 2�" ����" � !*� # (target -to-jammer ratio TJR), 2�� .�!��0�. �0 2��  � �. �

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

/��2.��" �.� 2 ��� " 2 # �! 1.!� 12�� * 3��2! #.

ù#2) 2 1*12��. / ����12��0 12 KEMAR � �2�� .��!+��� * 1+�.2 " [Burkhard

and Sachs, 1975], �0 2 12)$ �. /0�$�0� �1�. ��! 12� �.� 2 �.!0�� ��. �. �!�1�02.� 10

�&��. 45 � �!+�. 	 �! 1.!� 12��) 3��2! 0�$0 169 12�/�. �.� � �.�#12�!�1� D 0�$0  !�120�

12 ��1) 2 # ��� #" 2 # 3��2! #. 	 1*12��. �/0��0 �0�2�+10�" 12 SNR 2�" 2���" 2&� 30dB,

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

���1�.10 2 .!��2��) ��0�! , /��./� ��. �.2�12.1� $&!�" 1��.  ����.". ù#��� �2." 2 TJR

12. 200dB �0�+���0 � �0�2�&1� 2 # SNR 10 �0!�� # 24 dB ��. ��. 0#!0�. /��2.�� �.� �0!�� #

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

SNR �2.� �0!�� # 10dB, �� )�0"  � TJR 2���" ��. 2 12)$ 10 0.8m .�) 2� /��2.��, 0�+

�0�+���0 12. 2 dB )2.�  12)$ " 2 � �02����0 12. 2.6m �.�!��. 	. .� 20��1�.2. 2�"

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

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

���! 3+�&�.  �0 �0!.�2�!& #%��)20!. TJRs, .#��� �2." 2 ��� " 2 # 3��2! # .�) 100 10

1000 12�/�.  /�� *�.120 10 .� � �� 2 # 1��.2 " 10 �0!����� � �! 1 � �&����"

.����.1�". ��� " 2 � ��2�1� 2�" /��2.��" �/&10 ���!�", .��� 0��� �0", �0�+10�" 12��

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

ù#2� 2. .� 20��1�.2. #� /0���* #� )2�, � .�)/ 1� 2�" /��2.��" .����.1�" 0��.�

1��.�2��� 12�" 03.!� ��" .� #12��+� � �����2&�. 	! � � ��10�" 12� /��2.�� 2&� Griffith-

Jim �� ! *� �. �0�2�+1 #� 2�� .�)/ 1�, �.! #1�. .�.���10&�. ù� �.�!*� �2." �

�0�+� �2." 2�� �.�#12�!�1� 2&� D /0����2&�, � # 3.�� �2.� 12� /�./! �� 2 # 1��.2 " 2�"

0��)�." 1.21, �� ! *� �. �0�+1 #� 1��.�2��� 2�" .3.�!02���" 1#���0�0" 2&� .�.���10&�

[Hoffman, 1994].  ù�)�., �! 1��2 �2." ��. �0!� !�1�) 12�� 0�0�0!�.1�. ��. �.
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�.!0�� /�1 #�0 2�� �! 1.!� �� 10 ��. �02��) TJR (10 dB), �0�2�+� #�0 2�� .�)/ 1�

[Greenberg, 1994]. �02!�10�" 0�)" 1#12��.2 " � # �$0� �.� 2�" /* �! 1.!� ��" [Greenberg,

1994], /0�$� #� )2�  � �0�2�+10�" 10 SNR 2&� 20-30dB, 1#��.�� #� 10 ��. � 1 12) .�0#�0�."

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

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

0���0/ 2&� 3dB �0�2�&1�" 2 # SNR, � # �. 0��2#�$.�)2.� .�) /��2.�� /�1��" �.�#12�!�1�"-

��! �1�".

1.8.5   �! 1.!� 12���" /�.2��0�" � ��+� ���! 3+�&�

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

���20 ���! 3+�&�, 0��/0���*02.� 12 /���!.��. 2�" 0��)�." 1.23. ���0 ���!)3&� 0��.�

�! 1.!� 1��� 10 ��. 12�/� �.�#12�!�1�", 0�+ 2 1*� � 2&� �.!+� �! 1.!�)�02.�, �21�

+120 �. �0�2�12 � �0� 2 0���0���� �!�2�!� 1$0/�.1� *. 	�2 � � .��)!��� � 1#$��

$!�1�� � � *� ��. �!�2�!� 0��$�12 # ��1 # 202!.�&��� * 13���.2 " [Monzingo and Miller,

1980], � # �$0� &" 1#���0�.  ���.�." 1#1$�2�1�" � # $!�1�� � �0�2.� 12 #" #� � ��1� *"

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

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

1#1$02�1���� .����.1� � )2.� #��!$ #� 2#$.�0" �02.2 ��10�" 12�" ��10�" 2&� ���! 3+�&�,

�� !0� �.  /���10� 12�� .3.�!01� 0���#��2 * 1��.2 " [Seligson, 1970] [McDonough, 1972]

[Cox, 1973]. ù3.�!01� 1��.2 " �$0� �.!.2�!��0� 10 /�.2��0�" 1$0/�.1���0" ��. 1#1�0#�"

� �����2&� .� �", � # �! �.�0�2.� .�) �1$#!�" .�.���10�" [Greenbrg and Zurek, 1992] � .�)

/�.2��0�" � # /0� �$ #� 1&12� �.20#�#�2��)2�2. [Hoffman et al., 1994].
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ü��)�. 1.23 û���!.��. 12 $+! 2 # $!)� # ��. ��. �! 1.!� 12��� /��2.�� ���20

���! 3+�&�.

þ �.!0��)/�1� 2�" .3.�!01�" 1��.2 " �� !0� �. 0��20#$�0� �0 2�� 03.!� ��

�0!� !�1�+� 10 ��. �! 1.!� 12��) .��)!��� . �� !0� �. /0�$�0� )2� � .3.�!01� 2 #

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

�.!+� [Cox, 1973]. +�. .#2),  �0!� !�1�)" 2 # �0��� #" 2 # /�.�*1�.2 " �! 1.!� 12��+�

�.!+�, �21� +120 2 /���#1�. .#2) �. 0��.� ���!)20! � �1 �0 ��. �! �.� !�1��� )!� ,

0��#�2.� )2� 2 0���#��2) 1��. /0� �. .�.�0�30� � 2� .�) 2�� 0�0�0!�.1�.. ù#2� � �! 1����1�

$!�1�� � �0� 2 � .��)!��� ����.�&2�" �! � ��" [Cox et al., 1987]. � .��)!��� "



ü3.!� ��" 2�" %�3�.��" 0�0�0!�.1�." 1��.2 " 12�� .� #12���                                                                             58

�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

������&1�" .� /0�$���0 .� 20�01�.2��)" 10 03.!� ��" � �����2&� .� �" [Hoffman et al.,

1994].

O Hoffman et al., [Hoffman et al., 1994], 0� � �&1.� ��. /��2.�� ���20 &" 0�2�

���! 3+�&�, �! 1.!� 1���� 12 �03��� 2 # $!�12� �0  �2+ &" /0�.��� 12�/�. 3��2!&� 10

���0 ���!)3&� , $!�1�� � �+�2." 2�� #� � ��1� Griffiths-Jim 10 1#�/#.1�) �0 2 � .��)!��� 

����.�&2�" �! � ��". H ����  ����." �2.� ��! 12� .�) 2 �03��� �.� #��!$0 ��., �)� , ����

� !*� # 10 �&��. 45 � �!+�. ü� � �+���.� �0!����� �2. .����.1�" /�� �2." �)� #" �1$* "

.�0#�0�." �.� .�.��+�0� # 1��.2 " �0 2���" � # /�.3 ! � � *�2.� .�): ��0�! ,  6.9,  1.3 &"

�.� -4.0dB. 	. .� 20��1�.2. �/0��.� )2� ��. ��. �)� ���� � !*� #, /0� 0��!0��02.� �.�)� #

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

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

12 SNR � # �.! #1�.10 � /��2.��, 0��!0�12��0 .!�02� .�) 2 �)� 2 # .�0#�0�." &" �! " 2 

.�.��+�0� 1��., 0�+ 2 )30� " 12� /��2.�� �. �#������0 .�) 17dB (��. ��0�! �)� ) ��$!�

3 dB (��. �)� �1 �0 -4.0 dB).  O .��)!��� " ����.�&2�" �! � ��" �! 1.!�)12��0, �21� +120

��2& .�) 1#����0" �.��.1����" 2 � ��2�1�" 2�" /��2.��", � 0��/ 1� 2 # 1#12��.2 " �.

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

	. .� 20��1�.2. 2&� Hoffman et al. [Hffman et al., 1994]  �/0��.� )2� .� �.�  

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

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

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

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

1��.2 " �.� � !*� #. ��. 20$���� 0��.� �. 1$��.2�120� ��." ���.�." 1#1$�2�1�" ���!)20! #

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

#� 1*� � 2 # ���.�. .�1��2�!&�. [Evans et al., 1981] [Shan et al., 1985] [Takao et al.,, 1986].

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

��. 03.!� ��" .� #12��+� � �����2&�,  ���.�." 1#1$�2�1�" �0�&��� # �.�� * �0!� !��0� 10

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

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

���0 /�.�&�� # 2 # ���.�. 1#1$�2�1�" 1��.2 " �.� � !*� # ���! #" �.�� * [Godara and

Gray, 1989] [ Godara, 1990] [ Godara, 1991] [Godara, 1992] �.� �21� �. 1$��.2�120� ��."

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

�.!+� [Godara, 1990] [Godara, 1991].

ò�." .�)�. �.!�� �2." � # �.����02.� #�)%� 12�� 0��� �� 2&� �! 1.!� 12��+�

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

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

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

2&� �/� 2��+� 12 #" ���.�0" 1#1$�2�1�" [Narayan et al., 183] [Chen and Fang, 1992]. û0/ ����"

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

0�0�0!�.1�. 12 $+! 2&� 1#$� 2�2&� .�.�20� �0!�� # �*	 �02.1$��.2�1� *" 2 

/0#20!)�0�2 , .�0��!2�2. .�) 2 ���0� " 2 # ��� � �02.1$��.2�1� *. �! �0���� # �.

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

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

�.2� 2�� 0�0�0!�.1�. [Ferrara, 1980] [Clark et al., 1981b] [Clark et al., 1983]. To ��� �

0�0�0!�.1�." 12 $+! 2&� 1#$� 2�2&� /�.3#��110� 2�" 0�&30�0�" �/�)2�20" 2�" �0�&����"

/�.1� !�" 2&� �/� 2��+� 2 # ���.�. 1#1$02�1� * [Mansour and aGray, 1982], 0�+ �0 2 �

�0!� !�1�) � # 0����� #�0, �0�+� #�0 2 � .�.�2 *�0� .!���) �02.1$��.2�1�+�. �)� 	

�02.1$��.2�1� � .�� /0#20!)�0�2 $!0��� �2.�, )2.� $!�1�� � �0�2.� ��." FFT �0 32-1��0�.

10 ��. /��2.�� �0 ���20 ���!)3&�..

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

12 $+! 2&� 1#$� 2�2&�, 3.��02.� 12 1$��. 1.24. 	. 1��.2. 0�1)/ # 10 ���0 ���!)3&� 

/�.��� �2.� 10 ��. buffer �.� $!�1�� � �0�2.� ��." FFT ��. �. �02.1$��.2�10� 2 1��. 12 

$+! 2&� 1#$� 2�2&�. 	 1*� � 2&� �.!+� ��. ���0 /#./��) 2���. FFT, �! 1.!�)�02.� 10

���0 0����!&1� �.� 12� 1#��$0�. 03.!�)�02.� 2 ��! �1�. 2&� �.!+� 10 ���0 1#$�)2�2..

ò�." .�2�12! 3 " �02.1$��.2�1�)" .�.�.2.1�0#��0� 2 1��. 12 $+! 2 # $!)� #.
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ü��)�. 1.24 û���!.��. 12 $+! 1#$� 2�2&� ��. ��. �! 1.!� 12��� /��2.�� ���20

���! 3+�&�.

1.8.6   �*��!�1� 0��/ 1�" 10 �!.��.2��) /&��2� 

	. �0!�11)20!. .� 20��1�.2. /�.2��0&� ���! 3+�&� .� �2����.� .�) 0� � �+10�"

�0 #� � ��12�. õ�&", 2 .� #12��) �0/� 10 ��. �!.��.2��) /&��2� 0��.� � �* �� � �*�� � 

.�) .#2) � # �� !0� �. �.!.$�0� .�) ��. .��� 0� � �&1�. �0 ��. �!)13.2 �0�!.�., [Kates

and Weiss, 1996] 1#��!����.� �0!�� � $! ���� .�0��!2�2 � �! 1.!� 12�� � .��)!��� �, ��. ��.
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/��2.�� 2 � �02����� 10 ��. �0��� /&��2� � # �0!�0�$0 !�3�. �0 �����., 0!��!�.

.!$0� ��2�1�", .!�02� �!.30�., �.!���0" �.� 2!.����.. �.2.1�0#�12��0 ��. ��0#!��� /��2.��

, � # �0!�0�$0 ���20 ���!)3&�.  � �)� !3. �.2.�0�����. .�� 2,5cm 1$��.2�� �2." �21� ��.

�0!� $� 10cm, $!�1�� � �+�2." �.��.20#�#�2��� ���!)3&�. 2*� # Knowels EK-3033 ��.

.� #12��� � ����.2.. 	. 1��.2. ���! 3+� # ��3���.� �0 !#��) /0���.2 ��%�." 12. 10KHz

10 ���0 �.����, $!�1�� � �+�2." ��.� �02.2! ��. .�.� ��� * 1��.2 " 10 %�3�.�) (A/D

converter)  10 1#�/#.1�) �0 �#��+�.2. /0���.2 ��%�."-�!�2�1�". 	 0���#��2) 1��. �2.�

��. �!)2.1�, .�) ��. �0��3&� ��! 12� .�) 2�� /��2.�� �.� � �.!0�� �� �2.� ��.

� #!� #!�2),  �! 0!$)�0� .�) � �� *"  ����2�" .�) ��. �0��3&� � # �2.� 2 � �02���� 

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

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

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

2 # �!.30� , �.� � /��2.�� 2 � �02����� 0���& 10 ��. .�) 2. .#2�� 2 # .��!&� 0�/ *"

KEMAR �0 2 .��!&� 0�/�" �. 0��.� � �2� 12 ��1 2 # /&�.2� #.

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

1#$� 2�2&�. 	 .�2�12 �$ 3��2! 12 $+! 2 # $!)� # 0�$0 ��� " 16 12./�&� �0 1#$�)2�2.

/0���.2 ��%�." 10KHz. �� 2!0�" .��)!��� � � # $!�1�� � � *1.� $! ���� .�0��!2�2 #"

1#�20�012�", �2.� /�.2��0�" /�1��" �.�#12�!�1�"-��! �1�", ��. #�0! /�������

#�0!�.20#�#�2��� /��2.�� [Cox et al., 1986] 12��  � �.  � $! ����" �.�#120!�10�" � #

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

2 # �$ # ��1. 10 #���� �.� � #�0!�.20#�#�2��� .���#1� �2.� �0�2�12 � ������ 10 ���0

1#$�)2�2. [Kates et al., 1993c] �0 2�� 0��� �� .�2�.2 * �0!� !�1� * 12. ��!� [Clark et al.,

1981b] [Clark et al., 1983]. �� /* ��� � �! 1.!� 12�� � .��)!��� � �2.� ��. ��/ 1� 12 �0/� 

2&� 1#$� 2�2&� 2 # .�� !��� # ����.�&2�" �! � ��" [Cox et al., 1987] $!�1�� � �+�2." 2 �

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

���.�." 1#1$�2�1�" [Godara, 1990] $!�1�� � �����0 10 $.����" 2���" SNR,  ��1�.�� �2."

12./�.�� 10 #�0!�.20#�#�2��) 1*12��. �0 #%���" 2���" SNR.

	. .� 20��1�.2. �0 ��. �)� ���� �.!0�� ��" 12 /&��2� , �/0��.� ��. ��1�

�0�2�&1� 2 # SNR 12. 5.6 dB ��. 2� /�1�� �.�#12�!�1�"-��! �1�", 7.1 dB ��. 2��

#�0! /������� /��2.�� �.� 9.8 dB ��. 2� ���2�12� #�0!�.20#�#�2��� /��2.��. �� �0�2�+10�"

12 SNR 2 # .�� !��� # ����.�&2�" �! � ��" �2.� 11.3 )2.� TJR �2.� -10 dB, 0�+ �0�+���0

12. 8.9 dB )2.� TJR �2.� +10 dB.  þ 1*��02� / �� 2 # ���.�. 1#1$�2�1�" 0�$0 1.�
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.� 2��01�. �0�2�&1� 2 # SNR 12. 10 dB, ��. ���0 2��� 2 # TJR. þ �0�.�*20!� �0�2�&1� 2 #

SNR �.!.2�!����0 12�� /��2.�� �0 0��2!.����. 2 � ��2�1�, � # �/&10 ��. ��1 10.1 dB, 0�+

2� ���)20!� �0�2�&1� 2 # SNR �/&10 � /��2.�� � # �2.� 2 � �02����� 12 KEMAR, )� #

�.!.2�!����0 ��." ��1 " )! " 8.4 dB. ��. .���#1� 2&� /�.�#���10&� (ANOVA) �/0��0, )2�

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

�! 1.!� 12��) .��)!��� , )2.� TJR �2.� �1 �0 0 dB. 

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

.� 20�01�.2��� 10 �!.��.2��) /&��2� , /�� �2." ��. �0�2�&1� 2 # SNR �.2� 10 dB �0!�� #.

ü��20*$���0 �.�� 0��/ 1� 10 )�0" 2�" ��10�" 2�" /��2.��", �0!��.��.� ����" 2�" 0��2!.����."

2 � ��2�1�", .��� �.� .#2�" 12 .#2� 2 # �ü�ù5. 	)1 � ���2�12� #�0!�.20#�#�2���

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

�.2.12�10�" / ���+�, 0�+  � /�.2��0�" �.�#12�!�1�"-��! �1�" �.� #�0! /���1�",  �2.�

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

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

��. ���!� /��2.�� ���! 3+�&� ��. .� #12��� � ����.2., .��� )2� 2. .��� .�.� ����

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

%�3�.�) 1*12��..

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

.�)/ 1� 2 #".

�.�.�)20!. /* 2*� � ���! 3+�&� �2.� /�.��1�� � �! " $!�1� ��. 2. )!�.�. .� �", 2.

�.��.20#�#�2��� (omnidirectional-OM) �.� 2. .��� �.20#�#�2��� (directional-DM). 	. ��

���!)3&�. �.2.1�0#�� �2.�, �21� +120  �$ " �. 0�1�!$02.� 12 12)�� 0�1.�&��" 2 #

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

�0 .� 2��01�. �. 12.�0� ��. 1��. 12 .� #12��) � ����.. 	 � 1) 2�" 2�1�" � #

.� 12���02.�, 0��.� 2 �/� .�0��!2�2. 2 # .��� *�� # (1$02��� ��1�) 2�" ����" 2 # �$ # 10

1$�1� �0 2 � .�! .2�. ù#2) 2 .� 2��01�. �� !0� �. .� / �0� �!.3��� .�) ��. � ���)

/���!.��. 0#.�1��1�.", )�&" 12 .�)� #� 1$��. �!��0� �. �.!.2�!�1 #�0 )2� 2 �03��� 2 #

$!�12� .� 20�0� ��. 3!���. �0!���.1�" [Hillman, 1981]
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	. DM .� 20� *�2.� .�) /* �0$&!�12�" 0�1)/ #",  �  � �0" 1#�/� �2.� 12�" .�2��020"

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

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

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

��0#!�. ù#2), �$0� 1.� .� 2��01�.  � �$ � �. .���� 0� #/020!+� �2.�, 0�.1�0�+�2."

.� 20�01�.2��� 2 #" �$ #" � # �! �!$ �2.� .�) 2��  ��1��. ��0#!�. ù#2) 2 .� 2��01�.

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

0�.1����1� ��. $.���)20!0" 1#$�)2�20" [Hillman, 1981], [Bachler & Volanthen, 1995].

	. DM 0�1�$��1.� 12�� .� !� 2 1971, �.� ��1. 12. �!+2. 15 $!)��. ��!/�1.� 2��

�! 1 $� � ��+� 0!0#��2+�, .��� ������� /0� $!�1�� � �����.� � �*. �*�3&�. �0 2 � Muller,

[Muller, 1981] 12�� /0��$! �� �!0#�. 2 # 0�� 2&� DM, 0!0#�+�2." /��. �.2.1�0#�12!�0"

02.�!�0" .� #12��+� � �����2&� �.2� ��1 )! , 2 � 1 12) 2&�  !���&� � # /���02.� DM ,

�32.10 �)��" 2 20% 10 �&��10�". ��. ������� �!0#�. .�.3�!0� ��. ��1 )! 13% #� ��2�1�"

2&� 1#��0�!����&�  !���&�.  �2 �/� $! ���) /��12��. , 2 80% )�&� 2&�  !���&� �2.�

ú	ü, 0�+ 2+!. � # � ��0� �)2�2. 2&�  !���&� 0��.� ÿ	ü �.� � ! �� $!�1�" 2&� DM �$0�

�0�&�0� .�)�. �0!�11)20! . ò$0� #� 20�0� )2� .#2)  30��02.� 10 $&!���" �.!.��2! #" 2 #

 !��� #. ��. �!)13.2� .�0��1��� 2��03&���� �!0#�. .���01. 10 5 .�) 2 #" �0�.�*20! #"

�.2.1�0#.12�" 2&� ÿ	ü  !���&�, #��/0��0 )2� �.���." .�) 2 #" �.2.1�0#.12�" /0� �! 13�!0�

� ����.2. ÿ	ü �0 DM ���!)3&�.., �.!)� � # 2. ú	ü /�.��2 #� 2�2 �. ���!)3&�. �.� ��.

.#2) 2 �)� ��� � " �. #���020 �.�0�", )2� 2. DM �.! #1��� #� ��� �. �0� �0�2��.2..
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���.�� �0� �0�2��.2. 2.  � �. .�.3�! �2.� .�) 2 � Hillman 0��.�: 2. DM 0��.�

���.�� �0!�11)20! 0#�.�� 10 �)!#� .��� #, �0!�11)20! 0#.�1��2. 10 ����0" 2 #

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

3.��)�0�. .����.1�" 12�� �.20#�#�2��)2�2. 2 # ���! 3+� #. ù�)�. #��!$0� � �� %� , )2� 2.

DM /0� 0��.� � �* .� 20�01�.2��� &" �! " 2� � �)2�2. 2 # �$ #. 12)1 , �!0#�0" �$ #� /0��0�

)2� � #�)�01� .#2� 0��.� �.��.1����.  	 1972  Lens �/0��0, )2� 2. �2 �. �0 �! ����.2.

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

$!�1�� � � *1.� DM ��.�2� ��. �.2� 2. 0�)�0�. 10 $!)��.  � 0!0#��2�" 0�.���.�.� .#2�

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

)2� 2. DM 0��.� .�+20!. 2&� ��. ü�.�!�10�" 10 .#2) 2 � �.�)�. 12�" �.!.���& �0��20",

�.2.�!�3 �2.� .�) 2 � Muller, [ Muller, 1981]

�0 �0!�� # 2 �/� $! ���) /��12��. , /�0��� �2.� �0��20" 1$02��� �0 2�" 0��/!�10�" 2 #

$!)� # .�.���10�" 10 �2 �. �0 �.� ���� � �� .� � [A.K. Nabelek,  J.M.Pickett,  1974], [T.

Finitzo-Heber,  T.W. Tillman, 1978], [A.K. Nabelek, P.K.Robinson, 1982],  [A.C. Neuman, I.

Hochberg, 1983].

O $!)� " .����.1�" (	)  !��02.� &"  $!)� ", � # .�.�20�2.�, +120 �. �0�&�0� 2 SPL

2 # �$ # 60dB .3 * 12.�.2�10� �. 0�����02.�  �$ " .�) 2�� ����. [ANSI-S1.1, 1960] �.�

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

�.� ���� .� �, )1 �.� 10 �2 �. �0 �! ����.2. .� �". ù�)�., �$0� 3.�0�, )2� � .*��1� 2 # 	,

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

�! 0!$)�0� # 1��. &" �! " 2  ��1��. �! 0!$)�0� 1��.) )2.� $!�1�� � � *�2.� ��.11���

�.20#�#�2��� ���!)3&�., ��� �2." 2. �/�.�20!. �.��.20#�#�2��� 10 /&��2�. �0 #%���

.�.��.12��)2�2.. [Cox. Studebaker & Forby , 1980]. ü��.� .�� 1��0�&2� � �.!.2�!�1� � #

��.�.�  � Neilsen & Ludvigsen  (1978) � # .�.3�!0�, )2� � .*��1� 2 # $!)� # .����.1�"

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

0!0#�����0  $!)� " .����.1�", 10 1$�1� �0 2. ��0 �0�2��.2. 2�" $!�1�" 2&� DM ��.�2� 2&�

��. ù�) 2�" �0��20" .#2�", �! ��#%0 )2� ��. 1��. �0 0 � �!0" .��� *�� �.� �)!#� 12�" 180

� �!0", 2 SNR  � # �.!�$02.� .�) 2. DM �0�&�)2.�, )1  $!)� " .����.1�" .#��� �2.�

[Hawkins & Yacullo, 1984], [Madison & Hawkins, 1983]
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�.!)� � #  $!)� " .����.1�" �/0��0 )2� 0��!0��0� 2�� 0��/ 1� 2&� DM, #��!$.�

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

1$�1� �0 2. �� ���!)3&�.. [Hawkins & Yacullo, 1984], [Madison & Hawkins, 1983]. ù#2) 2 

��0 ���2��. �2.� 2�" 2���" 2&� 6dB �.� �.!.2�!����0 10 /&��2� �0 $!)� .����.1�"

0,3sec, 0�+ �32.�0 2. 3dB ��. /&��2� �0 $!)� .����.1�" 0,6sec.

û��3 !0" �!0#�0" ����.� ��. 2� 1*��!�1� 2&� DM 10 1$�1� �0 2. �� .�) 2 #" Myeller,

Grimes �.� Erdman, (1983). 	. .� 20��1�.2. .#2+� 2&� 0!0#�+� �/0��.� )2� �)� 50% 2&�

$!�12+� �/0��0 �! 2���1� 10 1#��0�!���� 2*� ���! 3+� #. 	 � 1 12) .#2+� � # �/0�$�.�

��� �. �! 2���1� �0�&�)2.� .�)�. �0!�11)20! , )1  � 1#����0" 12 �$�2��) �0!����� �

���)2.�  � ��. �.� �� .�2�� 0". ���2&" )2.� #��!$0 ��. �! 2���1�, .#2� �2.� #��! 2 # DM

���! 3+� # [Mueller et al., 1983].

�!)13.2. ��. ��. 20$� � ��. ���! 3+�&� 0�1&�.2+���0 12. .� #12��� )!�.�.. þ

02.�!�. Phonal Inc.  /��� *!��10 2 Audio Zoom (AZ/MMT). �!)�0�2.� ��. ��. 20$� � ��.

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

ú	ü )!�.� , �! �0���� # �. 0��20#$�0� ��. �.�*20!� �.20#�#�2��� .�)/ 1� 10 1$�1� �0 2.

�.!./ 1�.�� DM. 	. ��.11��� DM 0��!0�� �2.� .�) /* �.!.��2! #", 2 3��2! .� #12���"

�.�#12�!�1�" �.� 2 � 1 12) .� 20�01�.2�� * /�.12��.2 " �02.�* 2&� /* 0�1)/&� 2 #

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

�! �!.��.2�1�) .� 20�01�.2��)20!�" �.�#12�!�1�" 12 1*12��. [Bachler & Volanthen,

1995]. �! �0���� # �. 0�����0� � .�)/ 1� 2 # AZ/MMT, $!0���02.� �. �. 0����1 #�0 .!$���

2 � )! 2 # /0��2� �.20#�#�2��)2�2.". (directivity index DI). � /0��2�" �.20#�#�2��)2�2."

�02!�2.� 10 dB �.�  !��02.� &" 2 � 1) � # 2 DM ���!)3&� 0�.22+�0� 2 � �$ 10 ��.

�0!����� � /��$#2 # � !*� #, 10 1$�1� �0 ��. �� [Bachler & Volanthen, 1995]. ò21�  

/0��2�" �.20#�#�2��)2�2." 0�)" �� 0��.� 0dB.

�� !0� �. /0�$�0� �0 2� � ��0�. 2 # /0��2� �.20#�#�2��)2�2." 2 # AZ/MMT  )2�

[Bachler & Volanthen, 1995]:

ù) þ 0��/ 1� 2 # AZ/MMT 0��.� �.�*20!� 2)1 .�) 2. �� )1 �.� .�) 2. DM.

ú)  /0��2�" �.20#�#�2��)2�2." 2 # AZ/MMT 0��.� �.2� ��1 )! 1,5dB �.�*20! " .�) 2. DM

ù#2� � �0�2�&1� 0��.� .�)�. �0�.�*20!� 12�" #%���" 1#$�)2�20".

+) 2 AZ/MMT .�.���!+�0� 1$0/)� 0� � ���! # 2�� .�+�0�. �.20#�#�2��)2�2.", � #

0�1��02.� .�) ��. 1#��.2) ú	ü ���!)3&� .
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��$!� 2 1995, �)� ��. �!0#�. �.!�$0� /0/ ���. ��. 2�� 0��/!.1� 2 # � !*� # 12 

SNR, )2.� $!�1�� � �0�2.� AZ/MMT 10 1$�1� �0 2. �� [Valente, Fabry, Potts, 1995]. �0 ��.

�0�!.�.2��) ���.� .� #12��+� �02!�10&�, �0  ����. .�) �.#20*�#�1� 12�" 0 � �!0" �.� �0

� #!� #!�2) � ��+�  ����2+� .�) 2�� �.20*�#�1� 180  � �!+�, �0 $.���) 1��. � !*� #,  �

.�! .2�" �0 .� #12��� �! ����.2. �� ! *1.� �. .�.��&!�1 #� 1&12�, �! 2�10�" 10 � 1 12)

50% )2.� $!�1�� � �����0 AZ/MMT �.� ��. ��. ú!����0 )2� � 20$���� AZ/MMT �! 1�30!0

�0�2�&1� �.2� ��1 )! 7,8dB 10 1$�1� �0 2 ��. �0 .#2� 2�� �0!��2&1�, 2 SNR 2 #

AZ/MMT �2.� ���!)20! 10 1$�1� �0 2 �� �.�  .�! .2�" �� ! *10 .�)�. �. /�.2�!�10�

1&12� .�)/ 1� �.2� 50%. 	 AZ/MMT �/0��0 12.2�12��� 1��.�2��)20!. .� 20��1�.2., 0�+

�! �� *�0�0" �0��20" 10 1#��.2��� �.20#�#�2��� ���!)3&�. �/0��.� ��. ��0 ���2��. 3-6 dB

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

�! 13�!���0 .�) 2 AZ/MMT, �0&!0�2.� ��. 1��.�2��� #� � ��1��� �0�2�&1�.

1.9    ü�3#20*�.2. � $��.

	. 0�3#20*�.2. � $��. �$ #� ���0� ��. 03.!�)1��� 0��� �� ��. �2 �. �0 ��2 ��

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

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

0�3#20#��2&� � $��. #��!$0� �/� [���/. 0!�.1�." 12. � ����.2. 0��� ��&��." ��. 2�

�0�&���� .� �, 1991] �.�  � .�.��+120" �.!.���� �2.� 10 .#2� 2� �0��2� ��. 2�" .�.!.�2�20"

�.1���" ��+10�" [���/. 0!�.1�." 12. � ����.2. 0��� ��&��." ��. 2� �0�&���� .� �, 1991].

ò�. 1*12��. 0�3*20#1�" 12 � $��., 0��.� � 1#1�0#� Nucleuss � # �$0� 22 �.����., �.� � #

�$0� ���0� 2�� ���!�1� .�) 2 � FDA. û* 0���!)1�02. 1#12��.2. 2 Inneraid �.� 2 Clarion

�! " 2 �.!)� #�)�0��2.� 10 ������ *" 0���$ #". ù�) 2 � ÿ *�� 2 # 1993, #��!$ #� �0!�� #

3340 $!�120" 0�3#20#��2&� 12�" þ�&���0" � ��20�0" ù�0!���" [ù. Boothroyd, personal

communication, 1994].

û* �0!� $�" 2�" 0�0�0!�.1�." 1��.2 " 12. 0�3#20*�.2. � $��. 0��.�  � 12!.2�����"

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

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

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

� �0���� �! 1����1� 0��.� �. 0!0��� #�0 2 � � $��. �0 .� � #��0" �.��+�, +120 �)� ��.

��0�2!)/� �. /�0�0�!02.� ���0 3 !�.  +�. �.!�/0���. 2 0�3*20#�. � $��. Nucleus, � # 0��.�

�.� � 1#$�)20!. $!�1�� � � *�0�� 1#1�0#�, .!$��� $!�1�� � ��10 ��.1*12��. /���0!1�", 12 

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

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

/���0!1�" [Tong et al., 1979] [Patrick and Clark, 1991].

�!)13.20" �!0#�0" �/0��.� )2� ��. 1*12��., 12  � � �  ���� / �� 2 # 3�1�.2 "

 ����." 0��.� �&/�� � ������, �� )$� ��. ���!) 1*� � $.!.�2�!�12��+�,  /��0� 10 �0�2�&����

�.2.�)�1� 2�"  ����." [McDermott et al., 1992] [Wilson et al., 1993] [Dilier et al., 1993]. ��

Wilson et al. [Wilson et al., 1993], /�.!�+" �02��.�.� 2 1*12��. /0���.2 ��%�." CIS. +�.

�.!�/0���. $!�1�� � � *1.� ���20 � ��� �.����. �0 2 ���0� " 2&� /�3.1��+� �.��+� �.

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

�0 2 �0�.�*20! /#�.2) !#��) ��1. 12 1*12��. 0�0�0!�.1�." �� �21� .� 30*� �2.�  �

0���.�*%0�" �02.�* 2&� �.��+�, /�� �2." 800 �.� *"/sec 10 ���0 �.����. 	 �0)20! Nucleus

1*12��. [McDermott et al., 192], $!�1�� � �0� /0�.��� �.����., �0 ��0�2!)/�. � #

.�2�12 �$ *� 12�" ��� #%��)20!0" � !#3�" �02� 2�� 0�0!� � ��1� 2�" 0��1&1�". �.� ����, ��.

1*�$! � 1*� � .� � #��.�+� �.��+� �.!��02.� �0 2 �0�.�*20! 0��2!0�2) !#��) .�) 2 

1*12��.. ñ��0" �! 10���10�" 12�"  � �0" $!�1�� � �0�2.� .) � 0�.�&�� $.!.�2�!�12��+� 2�"

 ����." ��. 3&��2���  ����. �.� �) � �! 1����1� CIS ��. �3&��  ����., � �) ��. 2�"  � �0" 2 

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

#�)� �� $!�1�� � �0� 2�� �! 1����1� CIS, �$ #� 0��1�" �0�02��0� [Dilier et al., 1993].

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

�.!�� � .�) 2 #" $!�120" 0�3#20#��2&� 0��.� )2�, � 0��/ 1� $0�! 20!0*0� !.�/.�. �0 2��

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

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

�0!����� � �0 �! 0�0�0!�.1�. 2 # 1��.2 " �0 2�� ��� / INTEL 2�" .3.�!01�" 3�1�.2 "

[Weiss et al., 1975]. ü�+  � 0�2���10�" ��. 2. formants  ����." �.� 2. *%� 2&� 2)�&� 0��.�

1$02��� .�!��0�" 10 �0!����� � �1#$�.", ��� �2.�  � ��. �.� �� .�.�!��0�" 10 �0!����� �

� !*� # [Weiss anf Neuman, 1993]. H �! 1���� 2�" �0�)/ # 0�0�0!�.1�." INTEL 0�$0 &"

.� 2��01�. ��. �0�&1� 2&� 4-5 dB 12 SNR � # .�.�20�2.� ��. .�!��� .�.��+!�1� 2&�

3.�� ���&� .�) 2 #" $!�120" 2&� 0�3#20#��2&� [Hochberg et al., 1992].
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1.10    �#��0!�1�.2.

	 .��!+��� .� #12��) 1*12��. 0��.� �0!��� � 10 .�� �.*�.12 �.��). ò�." #���"

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

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

)1 .#���0� 2 0���0/ 2 # 1��.2 " �.� 10 �.! #1�. �0!�11)20!&� 2 # 0�)" 2)� # 1��.2 "

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

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

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

� # �$0� 1.� .� 2��01�. .� #12��� 12!.2 �)��1�, �.� .�+�0�. 2�" 1#$�)2�2." �.� �! 1&!���

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

�.� 2&� 1#$� 2�2&�.

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

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

.�+�0�. .� #12���" 0#.�1��1�." ��. 0���0/.  ����." � # 1#�.�2��0 10 ��. 3#1� � ����

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

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

�.2012!.���� # .#2� *. �� .��)!��� � .� � ��" � !*� # .� 1� � *� 12�� .�.���!&1� 2�"

.�+�0�." 12� 1#$�)2�2. �.� �! 1&!��� .���#1� 2 # �.2012!.���� # .#2� *. ú0�2�&����

0��/ 1� �� !0� �. �$0� 1.� .� 2��01�. .�) ��2� .��), )�&" 0��.� � �0�&1� 2�" .�� �&1�" 10

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

� ����. � .�)�� �� !0� �. .�.�2 *�2.� � �*�� �. � �2��. 2&� �� �!.����+�

.����0��/!�10&� � # 1#��.�� #� 12 � $��..

�� 03.!� 1���0" ��$.����" �*10�" 0�.!2+�2.� .�) 2 � ���!� �.� 1.3� �.� !�1�) 2 #

�! ����.2 ". õ2.� 2 �!)����. �.� 2 �!�2�!� � # �!��0� �. ���!0�2.� �� ! *� �.

/�.1.3���12 *� 0#�!��+", 2)20 0��.� /#�.2)� �. �!0�0� �*1�. �.!./0���.2. 2�2 �&� �.��

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

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

� !*� #. ù���, )2.�   !�1�)" 2 # �! ����.2 " 0��.� .1.3�", �.� � 0��2#$�. �.1��02.� 10

/�.�1�#�2��� �!�2�!�., � �*1� 0��.� /*1� � �. �!0�0�. �.!./0���.2. 2�2 �&� /*1� �&�

�! �����2&� �0!��.���� #� .�.���!&1� 2�" 12!.2 �)��1�" ��. 1*��02. 1��.2., �.�
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.� � �� � !*� # �0 ��. �)� ���!)3&� . ò�. �!)1�02 ��2��., .#2) 2�" .�+�0�."

12.�0!)2�2." 12�� .���#1� 1#$�)2�2." 12 �.2012!.���� .#2�, �� !0� �. 1��.��0� )2� �

 ���� .�.���!&1� 2�" .�+�0�." .� �" /0� 0��.� /#�.2� �0 ��. 1#��.2) � ����. .� �". ò21�,

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

��$.���) �!)����...
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�03��.� �2

�þ-ÿù�ù ú�þ,þ�ù	ù ù��þ�

	 .� #12��) /���!.��. (� .� )�!.��.) 0��.� ��. �!.3��� .�.�.!�12.1� 2 # 2!)� #

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

0��)�. 2.1 .�2�12 �$0� 10 ��. �2 � �0 3#1� � ���� .� �. �� ���1 � 2)� �, )�&" 0��.�  �

.�/!���" 3&��" $.���+� 1#$� 2�2&�, .�2�12 �$ *� 12�� .!�120!� ��0#!� 2 # /�.�!���.2 ",

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

�$ � 0��.� 12�� 0���& �0!��, 0�+  � ��2 � � �$ � 12�� ��2& �0!��. �� �$ � 12�" ���0 �+�0" 0��.�

� �* .�.� � ��. �. .� #12 *�, 10 .�2��01� �0 2 #" �$ #" 12�� �!�1��� �+��. �� �� ��02 �

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

0���0/  ����.".

ü��)�. 2.1:  ù� )�!.��. .2)� # �0 3#1� � ���� .� �.

õ2.� #��!$0� ��� � �!)����. .� �", 2 .� #12��) /���!.��., �.! #1���0� .��.��".

	 .� #12��) /���!.��. 2�" 0��)�." 2.2 .�0�� ���0� 2 � 2!)� �0 2 �  � � .� *0� ��. �2 � 

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

/*1� � �. .� #12 *�. þ �!�1��� �+��, 2&� 0#�!��+� �$&�, 0��.� �� 120��, /0�$� �2." 2 �

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

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

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

ü��)�. 2.2: ù� #12��) /���!.��. .2)� # �0 �!)����. .� �"

õ�&" /0�$� #� 2. �.!.���& .� #12��� /�.�!���.2., � .��� .*��1� 2� ��2.1�" )�&�

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

�� !0� �. �! �.��1 #�  � ��2 � � �$ �, � .*��1� 2�" ��2.1�" /0� �. �.�#20!�%0� 2��

��.�)2�2. .�2���%�" 2&� .�.�+� �$&�.

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

�$&� -.�.�+� �.� ��- ,2. %�3�.�� .#2)�.2. .� #12��� � ����.2., )�&" 2 Digifocus .�) 2��

Oticon )�&" �. / *�0 .!�)20!., �� ! *� �. .#� �0�+1 #� 2�� ��2.1� 100 3 !�" 2 

/0#20!)�0�2 , )� 20 .#2) 0��.� .�.!.�2�2 �� )$� 10 )� #" 2 #" 0�10!$)�0� #" �$ #".
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2.1  	!��0�. 3��2!&�

ù� #12��� � ����.2. �0 %�3�.�� 0�0�0!�.1�. 1��.2 ", �� ! *� �. /+1 #�

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

.#2�, ��. �. 0��.� �!.�2��) �.� 0*$!�12 ��. .� #12��) � ����., 2 %�3�.�) �*��&�. �.

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

ù#2�"  � .�.�2�10�" ��.� � � *�2.� .�) 2� 1$0/�.1�, 2�� �!.��.2 � ��1�, 2�

$!�1�� � ��1� �.� 0�2���1� 0�)" .� #12�� * � ����.2 " � # �.1��02.� 10 ��. 2!��0�.

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

1$0/��12��0 ��. 2!��0�. 3��2!&� �0 3��2!. #%���" 2���", +120 �. 0��2*$ #�0 0���0�2��)

/�.$&!�1�) �.�.��+�. �.!)�. .#2�, � 2!��0�. 3��2!&� /���020 �0�&���� #� � ��12���

� �#�� �)2�2. (12 #" � ��.��.1�.1� *"),  .3 *  � �0!�11)20!0" 12.�0!�" 2&� 3��2!&� �2.�

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

1��.2 ", �.�� �0 /* 0#����2 #" 1#���012�" 10 �.���� $.����" 1#$�)2�2." (LF) �.� 10 �.����

#%���" 1#$�)2�2." (HF). +�. �. �! 1.!�)1 #�0 2�� 0�0�0!�.1�. 1��.2 " 0�.2 ���0* �2." 2�"

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

LinEar,   DynEar �.�  RangeEar. �.�  � 2!0�" .��)!��� � �! 1/�/ #� 1#��.���� 1#���01� 12 

�.���� $.���+� 1#$� 2�2&�, 0�)1& 2 LinEar $!�1�� � �0� �0!� !�1���� 1#���01�. �2 �.����

#%��+� 1#$� 2�2&�, 2 RangeEar $!�1�� � �0� ��.� .!�) .#2)�.2 ��0�$ ��2.1�", 0�+  �

DynEar �.� LinEar $!�1�� � � *� �0!� !�1���� 1#���01�. �� $!�120" �$ #� �!)1�.1� 10

$0�! ����2 ��0�$ 2�" ��2.1�", )2.� $!�1�� � � *� 2�" 0��� ��" LinEar � DynEar 0�+ 2 

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

	. �0�!.�.2��� )!�.�. � # 3 !� *�2.�, �.� �.1�� �2.� 10 DSP, $!�1�� � �����.� ��.

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

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

� ����. .� �", � # �.1��02.� �#!�&" 10 ��.� .�) 2 #" �! 1.!� 12�� *" .��)!��� #"

(RangeEar) 1#��!����0 �.� 0�2������0 �0 1#��.2� .�.� ���� .� #12��� � ����.2.. ��

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

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

	. .� 20��1�.2. .�) 2�" �0�!.�.2���" / ����", /0� #��/0��.� ��.� �0���� .� /0�2)

.��)!��� , .��� /�.3 !02�� *" .��)!��� #" &" .� 2��01�. 2�" .�)/ 1�" �.� �! 2���1�"

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

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

.�.��+!�1�  ����." 10 0��)!#� �0!����� �.
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	. .� 20��1�.2. �/0��.� )2� � �! 2���1� ��. ��.� .��)!��� , �� !0� �. �! ��03�0�

.�) 2. /0/ ���. /#�.��� * 0*! #" �.� �)� . ù#2 � � # �! 2���1.� 2 � LinEar .��)!��� ,

0�$.� 1$02��� 0���0/ /#�.���) 0*! ", 0�+  � $!�120" � # �! 2���1.� 2 DynEar �.� 2 

RangeEar, �.! #1�.�.� /�.�#���10�" 12 /#�.���) 0*! ". 
� 2����0 )2�  � /�.3 !02���"

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

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

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

 �2 1$��. .�0�� ��� �2.� 2. /��3 !. 20$� / ���� 12 �$0�. � # .� 20� *� ��. �.!./ 1�.�)

%�3�.�) 0��1$#2�.

ü��)�. 2.3: û��3 !. 12�/�. 0�0�0!�.1�." 1��.2 "  ����." 10 ��. %�3�.�) 0��1$#2�. ���0

��. .�) .#2� 2. 12�/�. �0!��!�3 �2.� �0�2 �0!+" 12. .�)� #�. 1$��.2..
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ü��)�. 2.4:    þ$�2��� �*�.2.

õ2.� ��� *�0 2. �$�2��� �*�.2. /�./�/ �2.� 12 � .�!..

ü��)�. 2.5:    þ�0�2!��) 1��.

	. �$�2��� �*�.2. �02.2!�� �2.� 10 ��0�2!��) .�.� ���)

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

 ��1�.��)�0� 1��. 2�1�". õ�0"  � 1#$�)2�20" �.� .�$��"

/�.2�! *�2.� 12 ��0�2!��) 1��..

ü��)�. 2.6    ü��1$#1� 2 # ��0�2!�� * 1��.2 "

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

.�0�.�1��2&� 1#$� 2�2&� �.� � !*� #.

ü��)�. 2.7:    -��2!�!�1�.

	 ��0�2!��) 1��. 0� �.�*�02.�, �!�� 0�1.$�0� 12 

�02.2! ��. .�.� ��� * 10 %�3�.�) �.�  � .�0�.�1��20"

1#$�)2�20" � .�$��" 3��2!�! �2.�.
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ü��)�. 2.8:    û0���.2 ��%�. 1��.2 "

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

3 !�", �21� +120 2 1��. �. �� !0� �. �0!��!.30� 1.� ��.

10�!� /#./��+� %�3�&�.

ü��)�. 2.9:    �02.2! �� .�.� ��� * 10 %�3�.�)

	 ��0�2!��) 1��. �02.2!��02.� 10 10�!� /#./��+� %�3�&�

2.  � �. �� ! *�0 �. 2. 0�0�0!�.12 *�0 �.���.2��� $&!�"

�. 0�1.$�0� �.!.�)!3&1� � �)!#� ".

ü��)�. 2.10:    ��3�.�� 0�0�0!�.1�. 1��.2 "

�0 .#2) 2 12�/� , 2 1��. 0�0�0!���02.� �.���.2���,

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

3*1� 2 # 1��.2 " �.� 2�" �.!.��2! #" 2 #  !��� #. ù#2)

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

 ����. �.� �0�2�+�0� 2�� ��.�)2�2. �.2.�)�1�" 2 # �)� #.
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ü��)�. 2.11     ú0�2�&1� %�3�.� * 1��.2 "

	 0�0�0!�.1��� 1��. 2+!., /�.��20� 2. 0���#��2�

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

 !��� #.

ü��)�. 2.12    �02.2! �� %�3�.� * 10 .�.� ���)

�.2� 2�� �02.2! �� .#2�, 2 %�3� � ����� 1��., �0 2�"

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

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

.�) 2. �0��3&�..

ü��)�. 2.13:    -��2!�!�1�.

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

� # /��� #!� *�2.� .�) 2 � �02.2! ��. %�3�.� * 10

.�.� ���), /��� #!�+�2." ��.  �.�) 3#1��) �$�2��) 1��..

ü��)�. 2.14:    ù�.� ���) þ�0�2!��) 1��..

	 .�.� ���) 1��. .�.�.!��02.� �.� 03.!�)� �2.�  �

0���#��2 � $0�!�1� �.
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ü��)�. 2.15:    þ$�2��� �*�.2.

	 �0��3&� �02.2!��0� 2 ��0�2!��) 1��. 10 .� #12�

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

2.3  ù#2)�.2. / �! 1.!� 12��� �#��+�.2. DSP

ù#2� � � !3� 2 # DSP, �0�+�0� 1#��0�!����0" 1#$�)2�20", 0�+ �! 1�.�0� �. .3�10�

.���.30" 2�" �0�)�0�0" 1#$�)2�20"  ����.". ò$0� .� /0�$�0� )2� �0�2�+�0� 2�� �.2.�)�1� 2 #

�)� # �.2� 15%, �.! #1�. � !*� # $.����" 1#$�)2�2.". õ�&" ��$!� 2+!., /0 �! 13�!0�

�.���. �/�.�20! ��0 ���2��. 12 $!�12� 2 # � ����.2 ", )2.� #��!$0� �)!#� " � # �0�202.�

10 �.!)� � 3�1�. 1#$� 2�2&�, )�&" 0��.�  �)!#� " 10 ��. �.302�!�..

	 �*��&�. Ardossy Manhattan ÿÿ .#2)�.2. 2! � � �0� 2�� .�)�!�1� 1#$�)2�2." 2 #

1#12��.2 ", &" .� 2��01�. /�.!� *" /0���.2 ��%�." 2&� �$&� 2 # �0!����� �2 ". õ1 2 

0���0/ ��01�" 2 # � !*� # (SPL) .#���0�, 2 ��!/ " 12�" #%���" 1#$�)2�20" �0�+�02.� �.�

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

$.���+� 1#$� 2�2&�, �! 13�! #� ��$!� �.� 40dB �0�&1�" ��!/ #" 12. 500 Hz.

	 �*��&�. Siemens 283 .����0� 2��  ���� .�)�!�1� 1#$�)2�2.", �! �0���� # �.

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

1#$� 2�2&�. 	 1��. 0�1)/ # $&!��02.� 10 /* �.����. : 2 ��. 0��.� 2 �.���� $.���+�

1#$� 2�2&�, ��$!� 800Hz � # �0!��$0� ��. �*��&�. 1#���01�" �.� 2 ��� � # 0��.� ��.

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

800-1600 Hz.
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

ù�) 2�� Intellitech, 12 Zeta Noise Blocker ÿÿ , ��. %�3�.�)  � ���!&��� ��1. 12 

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

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

03.!�)� �2." %�3�.�) ��0�$ 10 2�110!. .�.� ���� 3��2!.. ù#2) 2 �*��&�. �$0� .� /0�$�0�

�� .� 20�01�.2��) 10 �.2.12�10�" .#�.�)�0� # S/N, �.! #1�. � !*� # #%��+� 1#$� 2�2&�.

�.!)� � #  K-AMP 0��.� ��." 0��1$#2�", 0� 2 *2 �" 0��!0��0� �! 1.!� 12��� 2��

�!.����)2�2. 2 # 1��.2 ", �! 13�! �2." �0!�� # 25dB ����12�" 0��1$#1�" ��. �$ #" ��2&

2&� 40dB SPL, �0 2�� 0��1$#1� �. �0�+�02.� 12./�.�� 12. 0dB )1 2 0���0/ 2�" 0�1)/ #

.#���02.�. � K-AMP �� !0� �. �0�2 #!��10� 12. 110-115dB SPL 0�1)/ #, $&!�" �.!.�)!3&1�

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

.� 20� *� �.� 2 �!)����. ��. � �� *" $!�120" � �����2&� .� �", �0!� *� $&!�" 0��1$#1�.

ù#2 �  � �!.$0�" �$ � ��� #� 2 Telex Communication Adaptive Compression Circuit, � #

0��0!��$02.� 12 � K-AMP ,�. ��10� .�)2 �. 12. 0dB, �0 2 � �/� �!�� ! $!)� 

.� �.2�12.1�", �0 .� 2��01�. 2 3.��)�0� .#2) �. �$0� ��. ���!� 0��/!.1� 12�� 0��1$#1�

12�� �� / .

2.4    ��3�.�� �! �!.��.2��)�0�. ú ����.2. ù� �"

	. %�3�.�� �! �!.��.2��)�0�. � ����.2. .� �", 0�0�0!��� �2.� 2 � �$ .�.� ����,

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

0�&20!���" � ��/0" �.� �21� 0��2!�� #� �!�� !0" .��.��" 12 � �.� !�1�) 2&� �! 2���10&�

2 # $!�12�.

	 Audiotone Sustem 2000 (.�) 2�� Dalberg " The Dolphin SystemTM") �2.� � �!+2�

�! �!.��.2��)�0�� � ��/. � # ����0 /�.��1��� 12�� .� !� 2 1988. 	. �! �!.��.2��)�0�.

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

(25dB 12. 25KHz),  .� � �� $.���+� 1#$� 2�2&� (30dB 12. 500Hz) 1#���01� 0�1)/ # �.�

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

	 PHOX .�) 2�� Maico /Bernafon 0��2!��0� 2&� �! �!.��.2�1�) 12. .�)� #�.

$.!.�2�!�12���: 0��1$#1�, 1#$�)2�2. .� � ��" 12�" #%���" �.� $.����" 1#$�)2�20", ���1�

12�� .�)�!�1� 12�" $.����" �.� #%���" 1#$�)2�20", *�.!�� 3��2! # ��3.1�" 12�" #%���"
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

1#$�)2�20" (� # �0�+�0� 2�� 0��1$#1� ��2& .�) 1500Hz), 0�3���1� ��. .�$�� 12. 3KHz

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

� !*� # � # �0�+�0� 2 ��!/ " 12�" #%���" �.� 12�" $.����" 1#$�)2�20" 0���!)1�02. 18dB .��

 �2��., �.� �*��&�. 1#���01�" 0�1)/ # ��. .#2)�.2 ��0�$ ��!/ #" (AGC).

	 Triton 3000 .�) 2� Siemens 0��.� ��. � ����. .� �" 1#���01�" 2!�+� �.�.��+�.

û��02.� � /#�.2)2�2. �! �!.��.2�1� * 2�" 0��1$#1�" 10 ���0 �.���� ��$!� �.� 36dB, AGC  10

���0 �.����, .��� �.� /* 1��0�. /�.$&!�1� * 1#$�)2�2." (300-1400Hz & 1-5 KHz) �.�

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

	 Personal Hearing System 2�" Resound  (PHS) �! 13�!0� ��. �! �!.��.2��)�0��

� ��/. 1#���01�" /* �.�.��+�, �0 ����.�. 1#���01�" .�) 3:1 -1:1, �.� ��. #��!�$ ��0�$ 0�

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

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

400-4000Hz,  �0 ��!/ " � # �02.����02.� .�) 0-40dB ��. ���0 �+��. ���! 3 !�0"

�! 1.!� ��" �� ! *� �. .� ���0#2 *� 10 ��. 12 �$0� �����", )�&" �.� �. �02.30!� *� 10

��.� #� � ��12�. H Resound 0�1&�.2+�0� ��. �0!� !�12� 1#���01�" 0�1)/ # ��. �. 0����0� 2��

����12� �� / .

þ �� �! 13�!0� 2 Memory Mate ��. �! �!.��.2��)�0� � ����. .� �" �0

1#���012� /* �.�.��+�. �� �! �!.��.2��)�0�0" �0�2 #!��0" �0!��.���� #�: �0���� 0��1$#1�,

�! 1.!�)1��� 1#$�)2�2. 2 # /�.$&!�12� 1#$� 2�2&� �02.�* 500-4000Hz �.� ��. ����� RAM

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

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

	 Quattro 2�" Widex 0��2!��0� �! �!.��.2�1�) 2�" 0��1$#1�", 2�" ����12�" �1$* "

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

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

�! 1.!� ��" presbycusis. To � ����. .� �" �0!��$0� 0��1�" 2�110!�" 0��� ��" �����", � #

0����� �2.� �0 ��0�$ .�) .�)12.1�. 	 $.!.�2�!�12��) .#2), �0�2 #!�0� 0��1�" 1.� ��.

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

	 .� #12��) � ����. 2�" Ensoniq Sound Selector �$0� ��.� �! �!.��.2��)�0� 

�1 12.���12� 1#$� 2�2&� 13 �&�+�,   � � " �! 1.!�)�02.� 10 .#��10�" 0�)" dB ��$!� �.� 40
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

dB  10 ���0 �+�� �.� ��$!� 60dB 1#� ����" 0��1$#1�". �� 13 �+�0" 1#$� 2�2&�, /�.�! *�2.� &"

0��": �� $.���)20!0" /* , 10 1,5 �.� 1  �2��. �+�0" .�2�12 �$&". �� 0�)�0�0" 2!0�" 0��.� 1/2

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

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

.�$��" 1#�2 ��1� *. ü��1�" �! 13�!02.� 1#���01� 0�1)/ # 2/1 .�0��!2�2� 2�" 1#$�)2�2." �.�

��. �.20#�#�2��) ���!)3&� .

	 .� #12��) � ����. Phoenix 2�" �LFROHW 0��.� 2 �)� , ���!&" %�3�.�), � ����.

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

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

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

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

�0!����� �2.. � 0�0�0!�.12�" �02.���2+� (variable processor VP) 2 # Phoenix, /���020 5

�.��*�0" .�)�!�1�" 1#$�)2�2." �! �!.��.2�1���0" �0 2� � ��0�. 2 # �!+2 # � #��� *, 5

0���0/. �0�&1�" � !*� # .�) 2 /0*20! �.� 2 2!�2 � #��� �2.� !#���1��� , �21� +120 �.

.�2�12!�30� 2�� 0��/!.1� 2&� /* �!+2&�.

ñ��. �! �!.��.2��)�0�. � ����.2. .� �" �! 13�! �2.� .�) 2�" 02.�!�0":

Audioscience (/* �.�.��+�), Beltone Electronics Corp.(0�)" �.�.�� *), GN Danavox

(2!�+� �.�.��+�), Phillips Hearing Intruments (2!�+� �.�.��+�), Rexton Inc.(0�)" �.�.�� *)

�.�+" �.� Starkey Laboratories Inc.(0�)" �.�.�� *).

2.4.1 �#��0!�1�.2.

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

.� 2��01�. ��� �0" �0�2�+10�" 12�� /�.*�0�. 2 # �$ # �.� 12 SNR 10  !�1���.

�0!����� �2.. �� �0!�11)20!0" ASP (automatic signal processing) 1#1�0#�" 0�.� � #� *� �.

�0!� !�� �2.� .�) 2 � .!���) 2&� �&�+� 1#$�)2�2.", �21� �0���� 0��.� .� 20�01�.2���",

�.! #1�. � !*� # $.����" 1#$�)2�2.". õ�0", 0�2)" .�) 2�� Ensoniq, �$ #� �0!� !�10� 2��

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

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

0*! " 1#$� 2�2&� 2 # .��!+��� # .� #12�� * 1#12��.2 " /�.�!0�2.� 10 24 /�.�!�2� �.����., �

�!�1��0" �+�0" (��. ���0 .#2�) �.� )2� ���0 �0*! 2 # � $��. .�2.� �!��02.� 12�� /���0!1� 0�)"
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

120� * 0*! #" 1#$� 2�2&�. ò21�, 3.��02.� � ���) )2� 2 0*! " 1#$� 2�2&� �. �!��0� �.

$&!�120� 10 �1�!���. 2���.2.. �! 13�2&" � Phillips .���2#�0 2�� 20$� � ��. 2&� Digital

Compact Cassette (DCC), � # $!�1�� � �0� %�3�.�� 0�0�0!�.1�. 32 �&�+� ��. 2��

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

#� �02��0� ��. 2� /��� #!��. � �����2&� .� �" 2&� 32 �&�+�.

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

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

�! ����.2. .#2� $&!�� �2.� 12�" 0��" �.2�� !�0":

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

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

�.! #1��� �2.�, �� !0� 0*� �. �. 32�1 #� 2�" 0�.2 �2�/0", �.� ���0 ��. .�) .#2�" �.

.�.�2 *� /�.3 !02��) .��)!��� 0�0�0!�.1�.". � ��� �!0#�. 0��.� .�.!.�2�2� .�)��, ��. �.

/�0!0#���0� � $!�1��)2�2. 2&� 1#12���2&� 1#���01�". �0 03.!� �� 2�" ,0&!�." 2�"

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

��1� .#2� 2�� �0&!�., �� !0� �. �!.��.2 � ���0� .���#1� 2 # .� #12�� * �.�.�� *

0��� ��&��." �.� �. 03.!� 120� �.2������ ��� / " �&/�� � ��1�" 2�" ���! 3 !�.".

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

�. �� ! *1.� �. 0�20��1 #� %#$ .� #12���" / ����", �21� +120 �. ��� #�0 �0!�11)20!. ��.

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

%�3�.�� � ����.2. .� �", �21� +120 �. 1$0/�.12 *� �.� �. 0�0$� *� /�.3 !02���"

�! 10���10�" DSP.

þ � �#�� �)2�2. 2�" 0�0�0!�.1�." � # .�.�20�2.� ��. �. .�2��02&��12 *�  � .�&�.��0"

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

20$� � ��. DSP �! 13�!0� 1��.�2��� �0!�11)20!. ��0 �0�2��.2. 10 1$�1� �0 2�" .�.� ����"

20$����", 10 1#�/#.1�) �0 �32.12� 0#0����. �.� .�!��0�. � # 0��2!��0� 2�� #� ��2�1�

/�.3 !02���" 0�0�0!�.1�." .��� �. �0 2�� .�.�2�10�" 2 # ���0 .1�0�� �0$&!�12�. ù�)��, �0

.#2� 2�� 20$� � ��. �� !0� �. $!�1�� � ���0� � 20$���� 1*��!�1�" .�� �0*��, ��. 2�� .�!���

�! 1.!� �� 0�)" � ����.2 " .� �".

�!��0� �. 1��0�&�0� )2� � 20$� � ��. DSP �!��0� �. /!. 1#����!&�.2���, $&!�"

0��/�+�02.� � .�2��.2�12.1� 2�" 0�0�0!�.1�." 1��.2 " � # 0�20�0�2.� .�) 2 .� #12��)
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

1*12��.. �0 ���. �)��. �. �!��0� �. 0��.� .�0�0!�� )2.� /0� 0��.� .�.!.�2�2�. �0 2 � 2!)� 

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

2�� ���! 3 !�. �0 �0�.�*20!� .� 20�01�.2��)2�2..

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

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

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

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

�.!������ 0�0�0!�.1�. �� !0� �. 0��20#$�0� �0 DSP, �0�2�+� �2." 2�� 2.$*2�2. �.�

.� 20�01�.2��)2�2. 2�" 0�0�0!�.1�." �$ #. ò�#��. � ����.2. .� �" �0 �! 1.!� 12�� *"

.��)!��� #" �.� 0�2��01� � ���+� �0�2 #!��+� �� !0� �. 0�1&�.2&� *�, +120 �. �0�2�&� *�

 � /#�.2)2�20" 2&� .� #12��+� � �����2&�.

�.!)�. .#2�, 2. 0��2�/0#���. � ����.2. .� �" /0� �. .� 20��1 #� � 2� �.���0�. ��.

2�� .� �.2�12.1� 2&� .� #12��+� .�&�.��+�. þ .�+�0�. .� �" �0�+�0� 2�� $&!�2��)2�2.

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

.� �.2.12.�0� �0 ��. � ����. .� �". 	. .� #12��� � ����.2. �� ! *� �. � ���1 #� 12�

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

2.5  ò�#��. � ����.2. .� �"-û* �.!./0���.2.

2.5.1  �.!�/0���. 1 - GN Danavox .�) 2�� DANALOGIC

	 GN Danavox, /��� *!���. 2�" Danalogic, 0��.� 2 �!+2 � ����. .� �" � # �$0�

2�� /#�.2)2�2. �. �.�!�0� .� 3�10�" �.2� 2� /��!�0�. �0�2 #!��." 2 #. þ ��.�)2�2. �.

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

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

/�.3 ! � � *� .�) 2�" 1#1�0#�" � # �$ #� �.2.1�0#.120� ��$!� 2+!..

þ �.�� 2 ��. 2 # 1#��12.2.� 12 )2� � �0�2 #!��. 2 # 12�!��02.� ���& 10 � ��1���) �.�

�0�2 #!�0� �0 �.!)� �0" .!$�" �0 2�" ��#��0" ��!20". û�.��20� #� � ��12��) 0�0�0!�.12�, 0�+  

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

.�) ����� RAM, ROM .��� �.� 0�/��� 1$0/�.1��� �0�2 #!���) 1*12��. � # 0��2!��0� �.
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2!�$ #� /�.3 !02��� �! �!���.2., 0��02.��0#)�0�. 2 � �/� 20$� ��$.���) 0� ���1�),

.��� �. �0 2�" .�.�2�10�" 2�" ���0 �0!��2&1�".

ü��)�. 2.16  : þ  !���&1� 2 # � ����.2 " .� �" �0 RAM, ROM �... .��� .�)�� �.� 0�/��)

�0�2 #!���) 1*12��., �#���0� ��2 �. 2. #� � ��12��� 1#12��.2. � # $!�1�� � � *�0.

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

       1.    û�.��20� 1*12��. %�3�.��" �.2.12 ��" .�.2! 3 /)2�1�" � # �.!.� � #�0�

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

�.�#12�!�1�, ��. �$�2��) 1��. �0 .�2��02� 3�1�, �! �.����0� 2�� 0�3���1� .� #12���"

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

	 1*12��. �.2.12 ��" �0 .��/!.1�, /�.13.���0� )2� 2 0��!2��. /0� �. �.! #1���0�

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

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

2! 3+�.
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ü��)�. 2.17: �0!��!.3� 2 # 1#12��.2 " 0�0�0!�.1�." %�3�.��" �.2.12 ��" �0

.�.2! 3 /)2�1�

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

�0�&1� 2 # �$ # �.����0� $+!. 10 ���0 ��. .�) 2�" �+�0" 1#$� 2�2&�. õ2.� 2 Danalogic

.�.��&!�10�  ����., (� # $.!.�2�!��02.� .�) #%��� /�.�)!3&1�) �$0� �!�� ! $!)� 

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

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

�.! #1�. � � �0!��.�� �2�� * � !*� # , 2 Danalogic  �. �0�+10� �0���� 2 ��!/ " 10 )�0"

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

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

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

þ ��01� �! 1.!� �� 2�" 0��1$#1�" 0��.� 1��.�2���, /�.3 !02���  $!�12�" /0� �.

.� *10� 2�" �!+20" ���0�" � # 0��+���.�. ù� 2  ���+� �2 � .� �.�!#��0� .�) 2 /&��2� , �

0��1$#1� �. �0�&�0� 12./�.��, 10 ���!)20!. 0���0/.. ù�)�. � �* 1��.�2��� 0��.� �.� �

12./�.�� �0�&1� )2.� 2 /0���.  ����." 0�.3.��120�. �&!�" .#2�� 2 .� #12��) )!�.� , �.

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

3.��)�0� � !*� # "pumping".

3. þ ���.�!� �! 0�/ � ��1� ��. 2�� �0�&1� 2�" �1$* " 2�" ��.2.!�.", 0��.� 0��1�", ��.

"��#�� " $.!.�2�!�12��), � # �.!�$0� 2 2 Danalogic. þ �0�2 #!��. .#2�, ���02.� 03��2� �0 2�

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

0��!�0�. 2�".

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

1#1�0#+�, 2.  � �. 12 ���� � �. 0��.� 03��2) �. �.2.1�0#.12 *� 12. � ����.2. .� �" )1 

� �1$*" %�3�.��" 0�0�0!�.1�." .#���02.�.

2.5.1.1   ù#�.�)�0�� �1$*" 0�0�0!�.1�."

��$!� 12����" � Danalogic, �$0� 2�� #%��)20!� /�.��1��� �1$* 0�0�0!�.1�." 12.

� ����.2. .� �" 2�" .� !�". þ .!$�20�2 ���� 2 #  � ���!&��� # �$0� �0�2�12 � ���0� ��.

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

þ 1$0/�.1� 2 #  � ���!&��� #, �$0� .�.�2#$�0� �0 120�� 1#�0!�.1�. �02.�* 2&� 02.�!�+�

Danavox,   Audiologic �.� Resound. ���& 10 .#2� 2�� #� � ��12��� ��$.�� � Danavox �$0�

�.2.1�0#�10� 2�" /���" 2�" 03.!� ��", 03.!�)� �2." 2�� 0��0�!�. 2�" �0� / � ��." �.� � ����"

� # �2.� ��&12� .�) 2 Danasound �.� ���. � ����.2. .� �" 2�" Danavox.

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

��.�) �. 0�20��10� 313,000,000 �0�2 #!��0" .�� /0#20!)�0�2 . þ /�.��1��� #� � ��12��� �1$*"

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

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

%�3�.�� )!�.�.: 1#���01� � ��+� �&�+�, �0�&1� � !*� #, 0��1$#1� �.20#�#�2��)2�2.".

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

 � ���!&��� # 0��.� 2. .�)� #�.:

1. ù���#1� 64-�&�+� 2 # 1��.2 " 0�1)/ #, �0� �)" � # 0��2!��0� ��. � �* .�!���

/�)!�&1� 2�" �.1���" .�)�!�1�" 1#$�)2�2." 2 #  !��� #, 1#�0�13�! �2." 12�� #%���

��12)2�2. .�)/ 1�" �$ # 2 #  !��� #.

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

�.� 2 1��. 0�)/ #, �$ #� /#�.���) 0*! " 90dB. ù#2) �.� ���� 1#�0�13�!0� 12�� #%���

.�)/ 1� ��12)2�2." 2 # �$ #.
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3. �#���01� /#�.��� * 0*! #" 14 �&�+� �� �.!.�)!3&1�": �� !0� �. !#���10� ��!/ "

�.� 1#���01� 10 14 /�.3 !02���" �+�0" 1#$�)2�2.".  +�. �. .�� � ���0� � /�./��.1�.

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

��� �.��0!&���0" .�  �02!���" 1#$�)2�20". ú.1��)�0� � 10 .#2�", 2 � ��1���) �! 1.!� ��"

�. #� � ��10� .#2)�.2., 2�" �.!.��2! #" ��. 2�" 14 �+�0" 0�0�0!�.1�.". þ .�.��.�)2�2. .#2�"

2�" .���#1�" /��.� � �0�2.� .�) 2�� �� %� )2� )1 �0!�11)20!0" �+�0" 1#$�)2�2." 1#���01�"

�! 13�!0� ��. .� #12��) � ����., 2)1 �0!�11)20! .�2.� �!��02.� 12�" .�.�2�10�" 2 #

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

�0 2�� 1&12� 0��� �� 2&� 1#$� 2�2&� /�.$&!�1� *. 	 �!)����. �!)1�01�" �0!�11)20!&�

�&�+� 0��.� )2� 0�1�� #� �.!.�)!3&1� 12. �02.�* 2 #" /�.12��.2.. þ Danalogic �! 13�!0�

2�� .�.�2 *�0�� �1$* ��. �. .�2��02&��120� 2 �!)����. �0 0�����#%� 2&� �&�+� �.� �0 .#2)

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

ü��)�. 2.18: �#���01� /#�.��� * 0*! #" 14 �&�+�

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

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

2)� #, )�&" ��. �.!�/0���. )2.� ��� � " 2!.� #/�0�. õ2.� /0� #��!$0� � 0�����#%� �02.�*

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

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

 � ���!&��� Danalogic 0��2!��0� .!�02� 3��2!. �$ # �. �*1 #� 2 �!)����..
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4. ��3�.�� �.20#�#�2��)2�2.: þ Danalogic 0��.� /�.��1��� �0 1#12��.2. /* 

�.20#�#�2��+� ���! 3+�&�, 2)1 12�� BTE )1 �.� 12�� ITE 1#1�0#.1�.. �!�1�� � �0� /* 

���!)3&�., .�) 2.  � �. 2 ��. /0�$�0� 10 �!)1��. �.20*�#�1� �.� 2 ��� .�2��02. ��. �.

0��2*$0� 2 �.20#�#�2��) .� 2��01�.. 	. �$�2��� 1��.2. � # �! �!$ �2.� ��1& .�) 2 $!�12�

#�)�0��2.� �0�&1�. ü�+ 10 .�.� ���� 1#12��.2. $!�1�� � � *� .��� ��0�2! .� #12��� ��1.

��. �. 0��2*$ #� 2 .��� � .� 2��01�., 2 Danalogic 1*12��. 0�0�0!���02.� 2. 1��.2.

%�3�.��, /�� �2." 12 .� #12��) � ����. �0!�11)20! ��0�$ ���& 12� .�)�!�1� 1#$�)2�2."

�.� �.20#�#�2��)2�2." 2 #  !��� #.

2.5.1.2 �&" �! �!.��.2��02.�

�0 )�. .#2� 2. 0�0������. $.!.�2�!�12��� �. .�.�0�)2.� )2� 2 Danalogic �. �2.�

/*1� � 12�� �! 1.!� �� 2 # .� #12�� * � ����.2 " 12 $!�12�. �! 13�! �2." /* 

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

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

/�./��.1�." �0 .��) �.� ��01 2!)� .

õ2.�  � �.!��02! � .�+�0�." .� �" 2 # .1�0�� 0�1.$� *� 12 Danafit,  2 �!)�!.��.

#� /0���*0� 0��  � .#2)�.20" 2! � � ��10�" 0��.� 0�.!�0�" ��. 2�" .����0" 2 # .1�0�� � 0��

�!��0� �. $!�1�� � ���0� 2 �! $&!���� � �2�� �! 1.!� ��". ü�� $!�1�� � ���0�  .��)"

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

2!�+� �.�.��+�. 	 �! $&!���� 0���0/ 0��2!��0� �0�2 �0!0�" �02.2! ��" 12�" ���

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

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

.� #12)2�2.", /�.13.���0� )2�  � .����0" 2 # .1�0��, 2)1 ��. 2�� 0��1$#1� )1 �.� ��. 2��

��01� ��.� � � *�2.�, �0 2�� �! 1.!� �� 2 # � ����.2 " .� �". þ �! 1.!� �� 2 #  !��� #

���02.� �0 2�� 0��" /�./��.1�.: � .1�0��" .�2.� �!��02.� 10 2)� #" � # �! �!$ �2.� .�) 2 0�

�)�& .� #12��) )!�.� �.� #� /0���*0� 0�� .#2 �  � 2)� � .� *� �2.� .�.� �, ��02 � � � �*

/#�.2 �.

þ %�3�.�� 20$� � ��. �! 13�!0� �0!�11)20!� 0�.2 ���0#1� 2&� �.!.��2!&�

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

$!�1� 2 # #� � ��12�, ���0� /#�.2� ��. �.!�/0���. 0��1$#1� 2&� 1���2&� #%��+�

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

2.5.1.3 ��0 �0�2��.2. 1#12���2&� �.1�1���&� 10 � ��1���)

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

2 # �0�2 #!���) 1*12��. �.� �� !0� �. 0�20�0� /�.3 !02���" � ��1����" 03.!� ��". ò�.

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

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

�������" / ����".

	. 1#12��.2. � # �.1�� �2.� 10 � ��1���), 10 1*��!�1� �0 2. �.!./ 1�.��

20$� / ���� 1#12��.2., �! 13�! #� 2.$*20!� .���2#�� ��&� �0�)/&� 0�0�0!�.1�." �$ #.

ü����� �,  � ��0" 2! � � ��10�" �� ! *� �. 0��.2.12.� *� �.� �. / ���.12 *� ��1&

�! �!.��.2�1� * �.� �)� . �.!)� �., 10 20$� / ���� 1#12��.2. �. ��!0�0 �. 1$0/�.12 *�

�.�� *!�.  � ���!&���. �.� 2 #��$�12 � ��. 03.!� �� 2 # 1#��0�!���� #  � ���!&��� #

��. 2�� / ���� 2 #.

2.5.1.4 �������" / ����" 2�" Danalogic

þ .�)� #�� ������� �!0#�. �!.��.2 � �����0 2 � ù�!��� 2 # 1998,  �0 2� � ��0�. 20

.2)�&� �0 ��2!�. 0+" 1 �.!� �0#! .�1��2��� .�+�0�. .� �". 	. 15 �2 �. .�) 2. 20,

03 /��12��.� �0 Danalogic 1#1�0#� � # /0� /���020 %�3�.�� 1#���01� �0 .�.2! 3 /)2�1�,

0�+ 2. #�)� ��. 10 .�2��01� �0 2. #�)� ��. 5 �2 �..
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ü��)�. 2.19: ù�+�0�. .� �" �.� .�2��02+��1� 2�" 10 /��3 !0" 1#����0"

	. .� 20��1�.2. 2&� / ���+� �/0��.� )2�  � �0!�11)20! � $!�120",  �.! #1�.1.�

3.��)�0� 12!.2 �)��1�" 10 )�0" 2�" �0�2!���" 1#$�)2�20", )2.� /0� �2.� 0�0!�) 2 .� #12��)

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

2� $!�1� 2 # .�� !��� # 1#���01�".

þ �.2.�)�1�  ����.", )2.� #��!$0� �0!��.�2 �� �2��)" �)!#� " 2&� 55-75dB,

0��2#�$��02.� 10 $.���)20! 0����/ .. þ �0�2�&1� SNR � # �.!.2�!����0 10 1$�1� �0 $!�1�

��� # � ����.2 " .� �", �2.� �0!�� # 1dB (��. �)!#� 55dB) �.� 1,3dB (��. �)!#� 75dB),

�02#$.�� �2." 1��.�2��� �0�2�&1� 12�� �.2.�)�1� 2�"  ����.". þ /0 �0�2�&1� 2 # SNR, 10

1$�1� �0 2�� �0!��2&1� )� # /0� $!�1�� � �0�2.� �.�)� # � ����. .� �", �2.� 4dB (��.

0���0/ � !*� # 55dB) �.� 0,5dB (��. �)!#� 75dB) /0�$� �2." �0!.�2�!& �0�&1� )1 2 

0���0/ 2 # � !*� # .#��� �2.�.

�2�� �!+2� / ���� �0 2 1*12��. %�3�.��" �.2.12 ��" �0 .�.2! 3 /)2�1�, �/0��0 )2�

� 0��1$#1� �� !0� �. .#���0� ��$!� �.� 10dB �0!�11)20! .�) )2� .� $!�1�� � ���0� 1*12��.

$&!�" %�3�.�� �.2.12 �� .�.2! 3 /)2�1�", 0�+ 12� $!�1� 2��03+� #, 2. .� 20��1�.2.

�/0��.� 2�� /#�.2)2�2. .*��1�" 2�" 0��1$#1�" �.2� 5dB, �0!�� #.
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ü��)�. 2.20  : ú0�2�&1� �0 $!�1� 2�" �0�)/ # %�3�.��" �.2.12 ��" �0 .�.2! 3 /)2�1�

ù�) 2�� �!0#�. �! ��#%0 )2� � � �)2�2. 2 # �$ # �2.� � �* �.��, �/�.�20!. 10

� #1��� .� *1�.2.. 	 �0� �)" .#2), 0���0�.�+���0 �.� 10 /��3 !0" �.2.12�10�" )�&"

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

$!�1�� � �����0 2 0�/��� .�.�2#���� �!)�!.��. � !*� #.
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ü��)�. 2.21: +!.3��� .�.�.!�12.1� 2&� ������+� / ���+�, ��. /��3 !0" 1#����0" � !*� #.

2.5.2   �.!�/0���. 2 - DIGIFOCUS .�) 2�� Oticon

û* 02.�!�0" .�) 2�� û.��. �$ #� / #��%0� ���& 12 �!)�!.��. "Espirit Hearmaster",

��. 2�� .���2#�� ��&� 20$���+� �.1��)�0�&� 10 %�3�.�� 0�0�0!�.1�. 1��.2 ", �! �0���� #

�. /��� #!���0� ��. ��. �0��� � �����2&� .� �". " .� 2��01�., � Oticon 2 1995,
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�.! #1�.10 2 �!+2 %�3�.�) .� #12��) � ����., � #  � ��12��0 DigiFocus. �.!�����. �

02.�!�. �+��1�" / ���.12��+� 1#12���2&�, MicroLEX  Systems, .���2#�0 ��. ��. ��� / ��.

�. �! 1/�/0� $.!.�2�!�12��� DSP, �21� +120 2 DigiFocus �. �� !0� �. �! 1.!� 120�

�.�*20!., .�) 2. �! �� *�0�. � �2��., 12 �$�2��) �0!����� �, �.!�$ �2." ����12�

.�.��+!�1�  ����." �.� .� 30*� �2." /#1�!012 #" �$ #" �.!.�)!3&1�".

ü��)�. 2.22:    ��1. 12 DigiFocus #��!$ #� /* 0�0�0!�.12�" ��. 2�� �0$&!�12� 0�0�0!�.1�.

2&� 3&����2&� �.� 2&� 1#�3+�&�.

þ Oticon 1$0/�.10 ��. 0�/��)  � ���!&��� ��. )!�.�. .� �", 2  � � .� �.�0�2.�

Digital Audio Processor (%�3�.�)" .� #12��)" 0�0�0!�.12�"), � # �0�0!�� 2. 1#��.2���

.� #12��� � ����.2. � # �.1�� �2.� 10 .�.� ���� 20$� � ��., ��.2� /�.��20� #%��� �! 1)�2.

0�.2 ���0#1�". þ 1#��.2��� 20$� � ��., 2 �)� � # �! 13�!0� 0��.� ��." 1#����.1�)" �02.�*

.�.�+� �$&� �.� /#�.2+�, /#1�!012&� �$&� .�) 2� ��., � �� .�.�+� �$&� �.� /#�.2+� �$&�

� # �� !0� �. .� #12 *�, .�) 2�� ����. 	 � ����. .� �" DigiFocus �0�2 #!�0� 10 7

/�.3 !02���" 1#$�)2�20" .�2� 2&� � ��+� 2-3 �&�+� 1#$� 2�2&�.  �! 13�! �2." �21� 2��

.�!��0�. � # $!0���02.�  �0��2�", +120 �. 0�.13.��120� �1 !! ��. �.� .!� ��. 12��

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

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

0�0�0!�.12�" 0���$0� 2. �.��� �.� �1$#!� 3&��0�2. �.�  ��� "  �*�0� 2. .�.�� �.� #%�� *
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2)� # 1*�3&�..  � �!+2 " 0�0�0!�.12�" /�.$&!��0� 2. 3&��0�2. (a, e, i, o, u) 2.  � �. 0��.�

�.!*2 �.. � ��� " /�.$&!��0� 2. 1*�3&�. (c, f, g, h, k, s, t) 2.  � �. 0��.� �#!�&" #%�2 �..

ü��)�. 2.23: þ �02.2)��1� � # #3�12.2.� 2 .� #12��) /���!.��., �02� 2�� 0�0�0!�.1�. �0

2�� 20$���� Adaptive Speech Alignment.

ù#2) 2 1*12��. 0�0�0!�.1�." �.�0�2.� Adaptive Speech  Alignment (�! 1.!� 12���

ü#�#�!����1� �����.".). +�. 2�� �.2.�)�1� 2�" �0�2 #!��." 2 # .!�0� �. 3.�2.120� �.�0�" 2��

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

�.20*�#�1�", �.�+"  /�� *�0 2�� �*$2.. ù�.�20�2.� /��12��. ���&� 12���+� �!��

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

/#�.2)2�2. .� �" .�) ��. �1$#!) 3&��0�, �21� +120 �. ��� 1#����0� 2 1*�3&� � #

.� � #�0�. � 0�0�0!�.12�" � # 0���$0� 2. 3&��0�2., 2. 2 � �020� 12�� �!�1��� �+�� 2 #

.� #12�� * /�.�!���.2 ", �21� +120 2. 3&��0�2. �. ��� #� .� #12�, .��� )$� 2)1 , +120 �.

0�� /�1 #� 2�� .� � 2&� 1#�3+�&� � # .� � #� *�. 	. 1*�3&�. 0��.� � �* 1��.�2��� ��.

2�� �.2.�)�1� 2�"  ����." �.� $!0��� �2.� ��. 0����� � +��1� +120 �. ��� #� .�2����2�,

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

�02#$.�� #�0 2 � /�.$&!�1�) ���0&� )�&" : "fish" �.� "kiss".

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

1#$� 2�2&�, �0 .� 2��01�. 2�� .�+�0�. 2�" �.2.�)�1�"  ����.". 	 DigiFocus &12)1 ,

/�.��20� ��. �! ����� 1*12��. .��/!.1�" 4 �&�+�, 2  � � �0�+�0� 2�" 1#$�)2�20"

1#!��� *. � $!�12�" �$0� 2�� 0#$�!0�. �. �0�2�+10� 2�� .� � 2 #, .� � #�+�2." ��.
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/�./��.1�. 2!�+� 12./�&�. ù!$���, 2 � ����. .� �" 2 � �! 12.20*0�, .�) 2 �. .� *10�

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

�0!�11)20! #" �$ #" �.� 12 20���) 12�/� ,  0���3.� " 2 # $!�12� �� !0� �. 0�0�0!�.120�

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

þ �! 1.!� �� 2 # .� #12�� * � ����.2 ", ���02.� �0 1*�/01� 2 # 10 ��.

#� � ��12��) 1*12��. �.2� 2 ������) 12�/� , ��. 0�202.���� �.� .�!��� / ���.1�.,

1#��!�� �2." 2 .� #12��) /���!.��. 2 # $!�12� �0 ��. �!)2#� � # �.1��02.� 10 $����/0"

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

.����0" 2 # $!�12�. þ ��� / " 0���$ # 2�" MicroLEX, �$0� 1#����0� 1��.�2���, )1 � .3 !�

12� /�.��12&1� 2�" � �)2�2." 2 # DigiFocus .� #12�� * � ����.2 ".

ü��)�. 2.24 :  � .��)!��� " 0�0�0!�.1�." 2 # DigiFocus 2�" Oticon

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

��.  � ���!&��� .�.�*0� 2 � �$ �.� 2 � �02.2!��0� 10 /#./��� ���! 3 !�.. 	 �/� �

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

.2 ����" .����0" .� �" 2 # $!�12�.  ü�0�/� � /�./��.1�. 0��.� �.1�1���� 10 �.���.2���

0�0�0!�.1�. /0� 0��!0��02.� .�) �.!.� !3+10�" � # 0�1�� �2.� �.2� 2�� .�.� ���� 0��1$#1�.
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�03��.� �3

ü�ü�ÿ�üÿ� �	� 	��üù 	�

����ÿù�� ü�-
	ü
�ù	�

ò�. � $��.�) 0�3*20#�. .� 20�0�2.� .�) ��. ���!� ��0�2! ���� 1#1�0#� � #

2 � �020�2.� $0�! #!���� ��2& .�) 2 /�!�. �.� ��01. 0�3#20*02.� ��1. 12 �1& .#2�. þ

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

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

� �����0�. � 0�0�0!�.12�"  ����." 1#���&" 0��.� 2 � �02���� " 12� �+�� � 12 � !2 3)��,

.��� 2 ���0� " 2 # 1#��$0�. ���!.��0� �.� 12 � �2��) ���� � �. �� !0� �. 2 � �020�2.� 12 

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

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

0�0�0!�.12� ��1& 2 # �.�&/� #, 2 # /�!�.2 " �.� 2 # 01&20!�� * .#2� * 20���� /�0�0�! #� 2 

.� #12��) �0*! �.� �02.3!�� �2.� .�) 2 � 0���3.� 1.� �$ �. �0 2�� .��� �� 0��1��1�,

.#2 �  � �$ � ��� �2.� �.2.� �2 �.

+�. 2. �2 �. 2.  � �. 0��.� #� %�3�. ��. 2�� 2 � ��2�1� � $��.�+� 0�3#20#��2&�  �

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

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

���&" �. .�2���3� *� 2 �)� , 03¶ )1 � � �0�&1� 2�" .� �" �.� 12. /* .#2�� 0��.�

�0�.�*20!� .�) 90 dB (1 �.!� �0�&1�) �.� � /���!�1� 12� �.2.�)�1� 2�"  ����." 0��.�

���!)20!� .�) 24%.

õ� �. /��12.1� .�)%0&� #��!$0� �.� 12�� �����. �  � �. 0�/0���#2.� ��. 2��

0����.1� 2�" 0�3*20#1�". ��� � � ��.2! � 2 � �02 *� � $��.�� 0�3#20*�.2. 10 )�0" 2�"

�����0" 0�+ ��� � � ��� � �)� 10 �2 �. �����." ���& .�) 18 02+�, �21� +120 � .�)3.1� 2 #"

�. 0��.� 1#�0�/�2�.
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�� �� 0��2#$���� � .1�0�0�" 12 #"  � � #" ����0 0�3*20#1� 0��.� .#2 �  �  � � �

�$.1.� 2�� .� � 2 #" .3 * 0�$.� .� *10�  ����. �.� 0�$.� ���0� �. �����0 �.� 0��1�" 0�$.�

.�0�2#����� ���1� 12� �.2.�)�1� 2�" ��+11.". � ���  ����. �.� .� #12��� 0��.�/0#1� 0��.�

0��1�" ��!. � �* $!�1��..

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

.) � ��.��� �! �!���.2.: ��� �. �! �!���.2. 0�0�0!�.12+� �$ #� � ��.���

�! �!���.2. #� � ��12+� �.� �� !0� �. �0�2 #!��1 #� 0�20 .#2)�.2. 0�20 �0 0�2 �� 2 #

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

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

�0��12 � ��1 #� 2 �� #1�., )�&" �.$ ��. �1#$ �� #1�. 10 1$�1� �0 ��. � #1��) �� #1�. �

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

�)   � ��.��� �.����.:   
��!$ #� 0�3#20*�.2. �0 ��. �.���� 2.  � �. 12��� #�

�&/�� � ������ ���! 3 !�. �)� 10 ��. 1��0� 12 01&20!��) 2 # .#2� *. 
��!$ #� )�&" �.�

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

01&20!�� * 2 # .#2� *, /��� #!�+�2." 2� /#�.2)2�2. ��. � �* �0�.�*20!� /���!�1� 2&�

� #1��+� 2)�&� �.� .#������ �.2.�)�1� 2 # �)� #.

�)   ÿ�.�)2�2. ��. .�.�����1�:   �.�+" .!�02�" � ��/0" ���1��� #� 2�� .�)/ 1� 0�)"

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

3.2   ù�� �)��1� .1�0� *"

�! �0���� # �. .�� � ��1 #�0 ��. �2 � 1.� #� %�3� ��. � $��.�) 0�3*20#�. 2.

12 �$0�. 2.  � �. 0��.� .�.!.�2�2. 0��.�:

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

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

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

.� #12���.
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�) ÿ.2!��� .�� �)��1� .�) ��.� 0�/0#��� ù� #12�� �)� �0 2� $!�1� .�2��&�-� 2 #

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

� $��.�) 0�3*20#�..

3.3    �0�! #!���� û�./��.1�.

ù�.�20�2.� 0�$0�!�1� ��. �. 0�3#20#20� 2 01&20!��) 1*12��. 2 # � $��.� *

0�3#20*�.2 ". þ 0�$0�!�1� ���02.� �0 �0���� .�.�1��1�. �.� 1#���&" /�.!�0� 2-4 +!0". ù#2� �

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

 � � #" 0��1�" .�.�20�2.�  ���� .�.�1��1�..

� .1�0��" 0��12!�30� 12 1��2� 2 # 1#���&" 1-2 ��!0" �02� 2�� 0����.1�. ù� � #�0�

��. �0!� / " 4-6 0�/ ��/&� ��. 2�� ���!� .� �0!.�0�. 2�" 0�3#20#����" �0!� $�" �!��

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

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

3.4 �.!.� � *��1� 2�" � !0�." 2 # � $��.� * 0�3#20*�.2 "

ò�." ù� #12�� �)� " �! �!.��.2��0� 2� 1#1�0#� �21� +120  .1�0��" �. 0��.�

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

.2)� #. þ /�./��.1�. .#2� .�.�20� 2�� .��.�� 2&� 3��2!&� �.� 0��1�" 2�� 0��.2�12.1�

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

.� 20��1�.2 " 1#���&"  � ���!+�02.� ��1. 10 2!0�" ���0" �.� .� � #� *� 2.�2���"

0��1��%0�" ��. �.!.� � *��1� ���0 ��� ���0" � �.� ���0 $!)� .

3.5 ��0 �0�2��.2. 2&� � $��.�+� 0�3#20#��2&�

�0 2� ��! / 2&� 02+�, 2. ��0 �0�2��.2. 2&� � $��.�+� 0�3#20#��2&� �$ #�

.#���0� �.�+" �$ #� �!  /0*10� � 20$� � ��., � 0��.�/0#1� �.� � 0��0�!�.. ù#2� 2.

��0 �0�2��.2. 0��.� 0�3.�� 12. .�)� #�. �0/�.:

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

�) û#�.2)2�2. ��. $!�1� 2��03+� #.

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

0���0/ .

	. � $��.�� 0�3#20*�.2. /0� 0�.�.3�! #� 2�� �.� ���� .� �.

	.  3��� �� !0� �. /�.3�! #� .�) �2 � 10 �2 � .

�� !0� �. #��!$ #� �0���0" /�.3 ! � ��10�" � #  30�� �2.� 12 #" 0��" �.!�� �20":

.) 	�� .�2�. .�) 2��  � �.  .1�0��" �$.10 2�� .� � 2 #.

�) �)1 $! ���) /��12��.  .1�0��" 0�$0 $�10� 2�� .� � 2 # �!�� 0�$0�!�120�.

�)  �)10" �0#!���" ��0" �$ #� 0����+10� �.�

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

3.6    ���/#� � 2&� � $��.�+� 0�3#20#��2&�

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

0#.�1��2 � ��1�, 0!0��1�)", �!���� � /#13 !�. 12. .#2��, �.��/., .�� �&1� 2�" �0*1�",

� #�2) 12. .#2�� �.� �)� " 12 � .#$��.. ü�� ��� � .�) .#2� 2. �! ����.2. �.! #1�.120�

1#���&" 0��.� �! 1&!��) �.� 12�" �0!�11)20!0" �0!��2+10�" 0�.3.���02.� ���0" 0�/ ��/0" �02�
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2�� 0�$0�!�1�. ü�2 *2 �", 10 �0!���" �0!��2+10�", � �.��/. �.� 2. �! ����.2. �1 !! ��."

�� !0� �. 0���0�� #�.

3.7 þ 02.�!0�. Cochlear �.� 2. �! ')�2. 2�"

þ 0��0�!�. 2�" Cochlear  12�� �.2.1�0#� �.� 2� 1#�2�!�1� 2&� � $��.�+�

0�3#20#��2&� Nucleus �0���� .�) 2 1982. �2� /��!�0�. )�&� .#2+� 2&� $!)�&� � 02.�!0�.

�$0� .� �2�10� �.�) )� �. ��. 2�� #%��� .�)/ 1� �.� 2�� .�� ��12�. 2&� 1#12���2&� � #

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

þ Cochlear �$0� ��. �0���� �12 !�. 12�� #� 12�!��� 2&� $!�12+� 2 # � $��.� *

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

$!�120" 2 # Nucleus 22  �  � � � 2 2 � ��2�1.� .�) 2 1982 �!$�1.� �0 2 � Wearable Speech

Processor (WSP). þ 02.�!0�. Cochlear .���2#�0 /* .�)�� 0�0�0!�.12�"  ����." , 2 � Mini � #

0�3.��12��0 12�� .� !� 2 1989 �.� 2 � Spectra 2 1994,  �  � � � �/&1.� 1��.�2���

�0�2�&���� .�)/ 1� 12 #" $!�120" 2&� 0�3#20#��2&� 2�". 	 0�2#�&1�.�) 0��.� )2� � 02.�!0�.

#� 12�!��0� 2. 0�3#20*�.2. 2�" �0 �!&2 � !�.��" �0�2�+10�" $&!�" �. .�.�20�2.�

0�.�0�3*20#1�.
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�0 �.��)1��. ����.�., 2. � $��.�� 0�3#20*�.2. 2�" Cochlear 0��.� 2. �� 1#$��

�! 20��)�0�. 1#12��.2. ��. �.�/�� �.� 0�����0". ù�) 2. 25.000 �2 �. 10 )� 2 � �)1� � #

�$ #� 2 � �02�10� � $��.�� 0�3#20*�.2., �0!�11)20!. .�) 20.000 �$ #� ��� � .�) 2.

Nucleus 0�3#20*�.2.. ù#2)"  .!���)" �0!��.����0� ���& .�) 8.500 �.�/�� �0 Nucleus 22 �

Nucleus 24.

Nucleus 22 ± �*12��. � $��.� * 0�3#20*�.2 ": 2 �� 0#!�&" $!�1�� � � *�0� 

1*12��. � $��.� * 0�3#20*�.2 ", � # �0!��.����0� 2� �0�2�&���� ��/ 1� 2 # ESPrit 22.

Nucleus 24 - �*12��. � $��.� * 0�3#20*�.2 ": 2 �� 1*�$! � 1*12��. � $��.� *

0�3#20*�.2 ", � # $.!.�2�!��02.� .�) 2 � ESPrit, 2 � �!+2 �.��)1��. 0�0�0!�.12�  ����."

� # 2 � �020�2.� ��1& .�) 2 .#2�.

Nucleus ù� #12��) ü��03.���) ü�3*20#�.: .�2��! 1&�0*0� 2 .�+2.2 0���0/ 

20$����" 12� 20$� � ��. 2&� Auditory Brainstem Implants (ABI).

3.7.1   NUCLEUS 22  - �*12��. � $��.� * 0�3#20*�.2 "

3.7.1.1    ü�0�0!�.12�"  ����." Spectra

� 0�0�0!�.12�"  ����." Spectra � # �.2.1�0#�12��0 ��. 2 1*12��. Nucleus 22 0��.�

.� 2��01�. 0�20�+� ������+� 0!0#�+� ��. 2�" /#�.2)2�20" 0�0�0!�.1�."  ����.". ü!0#�+� � #

�!$�1.� 2 1983 �.� �$ #� �! ��0� 2�� .�)/ 1� 2&� � $��.�+� 0�3#20#��2&� ��. 2 #"

$!�120".

� Spectra 0��.� ��." � �*�� � " ���! (� � ��12�" � # �02.2!��0� 2 � �$ 10

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

12 0�3*20#�.. � 0�0�0!�.12�"  ����." 0��.� �! �!.��.2�1��� " %�3�.�� /�� �2." 2�

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

2 # $!�12�.
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�2. $.!.�2�!�12��� 2 # Spectra �0!��.���� �2.�:

• ò�0�$ " 0#.�1��1�.".

• ù�� � �0� 2. �! 20!��.2. 2�" �0�)/ # SPEAK ��. 2�� 0�0�0!�.1�. 2�"  ����.".

• ��. ��.2.!�. ùù (0�+ �0!��.����02.� �.�  3 !2�12�" 2�" ��.2.!�.").

• �#��.2)2�2. �0 � ��� 1#12��.2. FM.

3.7.1.2  ü�3*20#�. CI22

	 0�3*20#�. Nucleus 22 1#�/#��0� 2�� /*�.�� �.� 2�� .�2 $� 0�)" ��.�1� # 2�2.�� #

�0 2� / ���.1���� 03.!� �� 10 ���& .�) 15.000 0�����0" �.� �.�/��. þ ��% #�. 1����)��"

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

�! 1.!�)�02.� 12�� �.��#�)2�2. 2 # �!.�� #, �!���. �/�.�20!. 1��.�2��) 12. ���!� �.�/��.

�2�� .�2��02+��1� 0�)"  120 � ����� # � $��. � �� � $0�! #!� � �!�1� #� 1.� 2�

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

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

12 � � $��. �.2� 2�� 0�$0�!�1�. þ /��2.�� ��0�2! /�&� .� 20�0�2.� .�) 22 0�0!�� ��0�2!)/�.

� �.����., �0 .�0��!2�2� �0�2 #!��. 2 ��. .�) 2 ��� . 	. ��0�2!)/�. Nucleus 22 �� ! *� �.

/�0�0�! #� �&" �.� 22 1#��0�!����0" �0!� $�" 2 # � $��.. ò21� 0��02.��0*02.� 12 ����12 

�.��) 2� 3#1��� /�0#��2�1� 2&� � #1��+� 2)�&� 2 # � $��., +120 �. �! 13�!0� �0��� 

.!���) 1��0�&� /���0!1�".

3.7.1.3   þ .13.��" 0��� ��

þ .13��0�. �.� � .�� ��12�. 2&� 1#12���2&� � $��.�+� 0�3#20#��2&� �02!��2.� �0

Cumulative Survival Rate � CSR. ò�. CSR #� � ���02.� 1#��!�� �2." 2&� .!���) 2&�

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

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

1#12��.2. Nucleus 0��.� .�) 2. #%��)20!. 12� �� ��$.��.. 	 CSR ��. 2 � Nucleus 24 0��.�
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99,2% ��. 2 #" 0�����0" �.� 99,2% ��. 2. �.�/��. 	 CSR ��. 2 � Nucleus 22 0��.� 99% ��. 2 #"

0�����0" �.� 98,7% ��. 2. �.�/��.

	. CSR ��. 2. 1#12��.2. � $��.�+� 0�3#20#��2&� Nucleus 0��.� #%��� ��.2�  �

0�3#20#��� � /��20"//�0��!20" 0��.� �.2.1�0#.1��� � �0 2�" #%��)20!0" �! /�.�!.3�"

.13��0�." �.� .�2 $�" �.� ��.2� 2. 0�3#20#���. ��.�1�. 0��.� �.2.1�0#.1���. .�) 2�2��� , ��.

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

�)� 2 2�2��� /�.��20� 2�� .�2 $� � # .�.�20�2.� ��. �. 0�.13.��10� )2� 2. CSR 2 #

Nucleus .��$ #� 0��$�12. .�) 2�� .�)�#2� 2��� �.� �)� 2. ��.�1�. 2&� � $��.�+�

0�3#20#��2&� Nucleus 0��.� �.2.1�0#.1���. .�) 2�2��� .

3.7.1.4    �0!�11)20!. ��0�2!)/�.: ��. �.�*20!� ���.�)2�2. ��. 1#�2.�!�.1�. �0 �0*!.

� # �$ #� 0����+10�

õ2.�  � ���!&� � $�� #� 2�� .� � 2 #" 2. 1�0�! 0�/� �.����.�� �*22.!. ��1. 12 

.� #12��) 2 #" �0*! .!$�� #� �. .2! 3 *�. 	 0�3*20#�. Nucleus �02.2!��0� 2 #" �$ #" 10

��0�2!��� /���0!1� 2&� 1�0�! 0�/+� �.����.�+� �#22�!&�, 2.  � �. �0 2� 10�!� 2 #" 12��� #�

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

0�3#20*�.2 " �. /�0�0�! #� 2. 2���.2. 0�0��. 2&� �0*!&� � # �$ #� 0����+10� 0��.�  

.� 3.1�12��)" �.!�� �2." ��. 2� �0!.�2�!& /#�.2)2�2. .� �" 2 # $!�12�.

ù�) 2 1983  � 0��12�� �0" ��&!�� #� )2� 0��.� �! 2��)20! �. 2 � �02 *�

0�3#20*�.2. 12 #" �.2����� #" .1�0�0�" $&!�" �.�#12�!�1�, �!�� 2 �0*! 0�3#��120�

#�0!� ����. �.!¶ )2�  � #� %�3� � �0!� *� 2#���� .�) ��. .!$��) 2012 �0 2  � � 

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

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

�! 2�!&� 2� ��&1��)2�2. �0� �&���&� �0#!��+� 2����2&�. ò21� ��$!� 2�� .!$��� /���0!1�

�.�0�" /0� 0��.� 10 ��1� �. �0� � � � �)1. .�) 2. ��0�2!)/�. �. 0��.� $!�1��..

�)�  Nucleus �$0� 22 ��0�2!)/�. 2.  � �. �� ! *� �. 1$��.2�12 *� �0 ��$!� �.� 20

/�.3 !02��� �.����. /���0!1�" - 1$0/)� 2. /����1�. .�) ���0 ��� /�.��1�� 0�3*20#�.
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

1��0!.. �! 13�! �2." �0!�11)20!. �.����.,  Nucleus �! 13�!0� 12 � 0�/��) .� #12���" 2��

0#0����. �. �! 1.!�)10� 0��2#$+" 2� /���0!1� 2 # $!�12� +120 �. 2.�!���0� 12. 2���.2. 2 #

.� #12�� * 2 # �0*! # � # �$ #� 0����+10�.

õ�&" 3.��02.� �.� 12� �.!�12.1� 0�3#20*�.2. �0 ���)20!. ��0�2!)/�. �$ #�

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

2 # .� #12�� * �0*! #.

3.7.1.5  	. �0!�11)20!. �.����. .#��� #� .�)�. �0!�11)20! 2�" ���.�)2�20"

�.�+"  Nucleus .�.�*0� 2��  ����., /�0�0�!0� /#�.���� 2 .� #12��) �0*! 

.�.��&!�� �2." 2� 1#$�)2�2., 2 2)� �.� 2�� ��2.1� ���0 1��.�2�� * �$ #. 	 �*12��.

Nucleus 2 ���0� .#2) 12��� �2." ��0�2!��) !0*�. 12 .��� � �.���� ��. �. /�0�0�!0� 2 

.��� � 2���. �0*! #. �.� �.����  !�� #�0 ���0 /* ��0�2!)/�. 12 1*12��.. � Nucleus 22

��. �.!�/0���. �$0� 22 �.����..

3.7.1.6  �&"  Nucleus .�.��20� ���! 3 !�0" 10 ���0 �.����

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

�.����0�( .�) 188-7.800 Hz � �.�� *" .�� �0�2)) �.� 2� $&!��0� 10 20 �0!� $�" 1#$� 2�2&�.

���0 �0!� $� 1#$� 2�2&� .�.2��02.� 2)20 10 /�.3 !02��) �.����, 12  � � �0 2� 10�!� 2 #

.�.2��02.� �. /�0�0�!0� ��. /�.3 !02��) 2���. �0#!��+� �#22�!&�. ��� �2." ��2� 2�2 � ,  

SPEAK �.1��02.� 12 �0� �)" )2�  � $��." 0��.� .�) 2� 3*1� 2 # 2 � 2 ���)". �0 ���. �)��.

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

#%���" 1#$�)2�2." �$ #". û�./ $��� 2���.2. 2 # � $��. 0��.� /0�2��� 10 �$ #" )� �.�

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

$.����" 1#$�)2�20" � # #��!$ #�. ò21�  � $��." 0��.� /�.!!#���1��� " 1.� 2 ���� �0 2�"

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

õ2.� 2 1*12��. Nucleus .��$�0*0� 1��.�2���" ���! 3 !�0"  ����." ��."

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

��0" � # 0��.� �.!)� �0" 10 1#$�)2�2.. +�. �.!�/0���. )2.�  �$ " 0��.� #%�� * 2)� #(��.

13#!�$2!.) ��. �0#��!� ��0�2! /�&� 12� �.1��� ��!� 2 # � $��. /�0�0�!02.� �0 .� 2��01�. 2�

�!)1��%� 2 # �$ # #%���" 1#$�)2�2.".

3.7.1.7   þ $!�1� �0!�11 2�!&� �.�.��+� �� !0� �. /+10� �0!�11)20!0" 2 � 2 ����"

���! 3 !�0"

õ1 �0!�11)20!. �.����. $!�1�� � �0� ��. 0�3*20#�. 2)1 �0!�11)20!0" ���.�)2�20"

�$0� �. 120��0� 2 � 2 ���� 1��.2. 12 � 0���3.� . ò21�, ��. 0�3*20#�. �0 �)� 8 �.����.

$&!��0� )�� 2� ����.�. 1#$� 2�2&� 10 �)� 8 /�.3 !02��� �0/�. 1#$� 2�2&�. ù#2) �$0� 1.�

.� 2��01�. 2� 1*�2��1� ��." 0#!*20!�" ����.�." 1#$� 2�2&� 10 ���0 �.����.

� Nucleus 0��02.��0*02.� 1�)���. .#2) 2 � �.�)�.. þ ��� / " /#�.����"

�&/�� � ��1�" 2 # SPEAK 0�����0� 2. 6-10 maxima �0 2�� �0!�11)20!� 0��!�0�. �.2� 2�

/��!�0�. ���0 �*�� # .��$�0#1�". ò$ �2." 2�� 0#0����. � # �! 13�!0� � *�.!�� 20 �.�.��+�

.�) 2.  � �. �� ! *� �. 0���0� *� .#2� 2. maxima, 1��.��0� )2� ��. 0#!*20!� ����.�.

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

3.7.1.8  ��� / " �&/�� � ��1�" SPEAK

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

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

2 � �)1� 1��0!. �#!�&" /�)2� �.��. ���� ��� / " /0� ��)!010 �. #�0!�0� 2� SPEAK &" �! "

2� � ��0�. � # �.!�$0� 12 #" $!�120" 0�3#20#��2&� 12�� �.2.�)�1�  ����.".

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

�&� �0!.2� 3��2!. �.� 0�����0� 2�" 6-10 � !#3�" ����12�" 0��!�0�."( maxima) � #

.�2�12 �$ *� 12 0���0/ 1��.2 " �.� 2�� 3.1�.2��� 1*��01� 2�" .� #12���" 0�1)/ #. 	 
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

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

�.!.�0�� �2.�  � �0!�30!0�.� � �)!#� �. 	#���� ��. ���0 $! ���) �.!��#! � SPEAK 0�����0�

�.2� ��1 )! 6 �+�0" .��� 0�����0� �&" �.� 10 .� 2 1��. /�.��20� � �����. 1#$� 2�2&�.

+�. �.!�/0���. � SPEAK �. 0���0�0 6 .�) 2. 20 �.����. ��. 2 �!+2 2���. ��."

����", �02� ���. 10 �.����. ��. 2 #�)� �� 2���. 2�" �/�." ����". ù#2� � ��� / " �$0�

1$0/�.120� +120 �. �0��12 � �0� 2�� .�.��+!�1�  ����.", �!+2. 12��� �2." 12 � 0���3.� 2�"

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

3!�1� 2 ���0� �0!�11)20! 2�� .�2��01� +120 �. ���0� 0#� �)20!� 2�� .�.��+!�1�.

�������. þ SPEAK 0��.� .�0��!.12�

�.��. ���� ��� / " �&/�� � ��1�" /0� �$0� �.2.3�!0� �. �0�0!�10� 10 .�)/ 1� 2�

SPEAK. �.!)� � # 2. 20�0#2.�. $!)��. #��!�.� � ���" �0&!�2���" 1#��2�10�",

.�� 1��0�&20" �!0#�0" �.�+" �.� � ��/ 1� � ��+� ������+� �0�02+�, �.��. ���� ��� / "

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

#�0!�.�� �2." �21� 2� SPEAK &" �! " 2� � ��0�. � # �.!�$0� 12 #" $!�120" 12�� �.2.�)�1�

2�"  ����.".

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

.3 !� 2�� ��2.1� �.� 2� 1#$�)2�2. 2 # .� #12�� * 1��.2 ". �0 1*��!�1� �0 ���0" �0�)/ #" �

SPEAK /��0� ��. �� *1�., �0�2 �0!� .�.�.!�12.1� 2 # �$ # �  � �. 3�!0� 2�" .�.!.�2�20"

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

þ SPEAK 0��.� �/�.�20!� .� 20�01�.2��� 10 � !#�+/0" �0!����� �- ��. �!.��.2���

�0��� �!)����. ��. 2 #" �0!�11)20! #" $!�120" 0�3#20#��2&�. ü����� �2." �)� 2�" 6 �&"

10 1#$�)2�20" #%���" 0��!�0�." .�) ���0 �$ , � SPEAK 3��2!�!0� 2�" ���)20! 1��.�2���"

1#$�)2�20" � # �� !0� �. �.!0����� *� �.2� 2� /��!�0�. 2�" .� #12���" /�./��.1�.".
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�������� þ SPEAK 10 1*��!�1� �0 2� CIS

ü�0� )� # � CIS �$0� 1$0/�.120� ��. �. /��0� �0!�11)20!0" ���! 3 !�0" 10 ���. �.����.,

� SPEAK $!�1�� � �0� 20 �.����. ��. �. .�.�*10� ���! 3 !�0" ��. 2�� 1#$�)2�2. �.� 2��

��2.1� 2�" �! 30!)�0��" ����". �. �.!�/0���. � ü��)�. 1 �.!�12��0� 2�� �$�2��� ���! 3 !�.

� # �.!��02.� .�) / ��10�" 2 # ��!#��. )2.� ��� � " �! 3�!0� 2� ���� ³choice”.

ü��)�. 3.1 : -.1�.2)�!.��. 2�" ����" ³choicé 12 � �.� ���) �)� .

õ�&" 3.��02.� .#2) 2 3.1�.2)�!.��. /0�$�0� �)1 �0!��� � � �� !0� �. 0��.�  � �$ �

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

0�0�0!���02.� .#2)�.2. .#2� 2� �0!��� �� 1#$�)2�2. �.� 2� $! ���� ���! 3 !�. ��. 2��

.�.��+!�1� 2 # �)� #.
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

þ SPEAK /��0� 12 � 0���3.� 2�" ����120" /#�.2�" ���! 3 !�0" 10 )2� .3 !� 2�"

1#$�)2�20" �.� 2�� ��2.1� 2 # �)� #. �#��!�� �2." 2�� ü��)�. 2 �0 2�� ü��)�. 3.1 3.�� �2.�

 �  � �)2�20" .���01. 12�" ���! 3 !�0" � # �.!�$0� � SPEAK �.� 12�" ���! 3 !�0" � #

�.!�$0� � 3#1� � ���� .� �. û�.�!��02.� � ��)� �.�.!�, )2� � SPEAK /��0� 12 � 0���3.� 

�0��� )�� ���! 3 !�+�.

ü��)�. 3.2: û���!.��. ��0�2! /�&� 2�" ����" ³choicé � # �.!��02.� .�) 2� SPEAK

� �. � 1$�1� 2 # �! �� *�0� # �0 � CIS ; þ ü��)�. 3 /0�$�0� 2� � !3� /���0!1�" � #

�.!��0� � CIS, �.� ���� ��. 2� ���� ³choice”.
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ü��)�. 3.3: û���!.��. ��0�2! /�&� 2�" ����" ³choicé � # �.!��02.� .�) 2� CIS

þ 1*��!�1� 2�" ü��)�." 3.1 �0 2�� ü��)�. 3.3 /0�$�0� �)1 - 10 �0���� .�2��01� �0 2�

SPEAK- � CIS �.!�$0� 12 � � $��. ���! 3 !�0" �0 � �* ���)20!� �0�2 ��!0�..

þ 02.�!0�. Cochlear �.1��)�0�� 12� � �#02� �!0#�. ��120*0� )2�  � ���!�120!0"

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

 ����.". ô1&" .#2)" 0��.�  �)� " ��. 2 �  � � �.��. /�.��1��� ��� / " �&/�� � ��1�" /0�

�$0� �.2.3�!0� ��$!� 1��0!. �. �0�0!�10� 2� SPEAK 12� � ��0�. � # �.!�$0� 12 #" $!�120"

0�3#20#��2&� �. �.2.� �1 #� 2��  ����..
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

�������� �)1 /*1� � 0��.� ��. 2 #" $!�120" 0�3#20#��2&� �. .� *1 #� 10 0��)!#� 

�0!����� �

�� $!�120" ���0 )2� 2 �. .� *� 10 �0!����� � �0 �)!#� .� 20�0� 2! �.�2��)

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

��$.��1�) ( ��1. 12 0��03.���) 12��0$ ") � # $!�1�� � �0� ��. �. ³1��10�´ 2 �)!#� .

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

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

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

1*12��. 0��.� ���)20! ��.�) �. .�2.�0����0�.

ò�. �0!����� � �0 �)!#� �� !0� �. .� /0�$�0� 2)1 .�.�2�2��) 12 $!�12�

0�3#20#��2&� � # 2. ��0 �0�2��.2. ��." 1#1�0#�" 1$0/)� 0���/0��� �2.�. �� $!�120" ���0

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

�. �0�2 #!��1 #� �.�� 12� 1��0!��� 0� $�,  � $!�120" $!0��� �2.� ��. 0�3*20#�. � # �.

.� /�/0� �.�� 12 �)!#� .

�������/ �)1 �.�� .� /�/0� � 1#1�0#� Nucleus 12 �)!#� 

þ 1#1�0#� Nucleus .� /�/0� 12.�0!� ��.� � ��2��� 12 �)!#� .

þ SPEAK 0�����0� �)� 2�" ����120" 0��!�0�0" 6 �&" 10 �.�.��+� (.�) �&" �.� 20)

�! �0���� # �. 120��0� �)� 2�" �� 1��.�2���" ���! 3 !�0" 12 � 0���3.� . �� #�)� ��0"

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

�� �!0#�0" 2�" Cochlear �.�+" �.� $!)��. 0��0�!�." 12 .�2��0��0� �.2./0���* #� )2�

� SPEAK /��0� 2� �.�*20!� /#�.2� .� � 10 0��)!#� �0!����� �. �2��  #1�. � Cochlear

3.��02.� �. 0��.�  �)� " �.2.1�0#.12�" � # 0��.� /�.20�0���� " �. ��&12 � ��10� 2 

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

02.�!0�+� 0�3#20#��2&�.  ü����0� �.2� .#2)� 2 � 2!)� �.� ��� � �.2.1�0#.12�" �.

.�.�0&!�1 #� 2� 2.�2��� 2 #" 10 )2� .3 !� 2� ��&12 � ��1� 0!0#��2��+� .� 20�01��2&� �.�
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

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

.� #12��+� � �����2&�.

�������0
   þ SPEAK /0� 0��.� 1#��.2� �0 ���. 0�3#20*�.2.

þ ��� / " �&/�� � ��1�" SPEAK - .� ��0�12��)2�2. 2�" Cochlear - �.1��02.� 12�

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

��0�2! /�&� �.� ��¶ .#2) 2 �)� � SPEAK 0��.� .1*��.2� �0 2. 1#12��.2. 2 #". û�.2��02.�

�)� �0 2. �#12��.2. Nucleus.

3.7.1.9   Audallion: 1*12��. /�1��" ��. 2�� 0�.$�12 � ��1� 2 # %�3�.� * � !*� #

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

$!�120" � $��.�+� 0�3#20#��2&� � # /�.��20� .�3���0#!� 0�1 / �.� beam forming

20$� � ��.. õ2.� $!�1�� � �0�2.�  0�0�0!�.12�"  ����." Spectra 22  Audallion 0��.�

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

Audallion 10 /��3 !0" �.20#�*�10�" 2 ���0� 2 � �$ .��� �. �0 2  �2��) �0/� 2 # $!�12�.

�������. ³ � �2. ��. �. .� *10�" ´

ü��02.��0#)�0� � 12 ����12 2. /* ���!)3&�. - ��. 10 ���0 .#2� -  Audallion

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

�.����02.� .�) 2. /* ���!)3&�. �.� 2 � 0�0�0!���02.� 10 ��. .�) 2. /* ���2� /�1��" 0�20

12� �0!� !�1���� /�1�� 2&� 30 degrees � 12�� 0#!0�. /�1�� 2&� 60 degrees ��! 12� .�) 2 

$!�12�.

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

�$ �  � �! 0!$)�0� � ��& .�) 2 3�1�. 0�.$�12 � � *�2.�.
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�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

�.2� 2 $0�!�1�) 2 # Audallion  2 �2 � �� !0� �. �#!�10� �! " 2 � �$ � # ���0� �.

.� *10� �.� �. 2 ��12 *�  � �$ � 1¶ .#2� 2� �.20*�#�1�. �0 ���. �)��.  � $!�120" 2 #

Audallion  � �2 *� ��. �. .� *1 #�.

	�110!. �! �!���.2. ��. 0��� �� 2 # $!�12� /�.2��0�2.� �0 2 � Audallion. 	.

�! �!���.2. .#2� �$ #� �/� �! �!.��.2�120� �.2� 2� /��!�0�. 2�" �.2.1�0#�",  �)20 /0�

.�.�2 *� �0!.�2�!& �! �!.��.2�1�) .�) 2 0��12�� �..

�!)�!.��. 1: � �) ���!)3&� , �&!�" /�1��

	 ���!)3&� 12 �/� 0���0/ �0 2 0�3*20#�. �! 13�!0� 0�1 / 12 � 0�0�0!�.12�

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

$!�12� �. �02.��10� 10 ��. �� �1#$� �.2�12.1� $&!�" �. .� 1#�/�10� 2 � Audallon.

�!)�!.��. 2: û���) ���!)3&� , �&!�" /�1��

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

 ����.". û0� $!�1�� � �0�2.�  .��)!��� " 2 # 1#12��.2 " /�1��". ù#2) 0��2!��0� 12 $!�12�

�. �.����0� 2 � �$ �.� .�) 2�" /* ��0#!�" 2 # �03.�� *.

�!)�!.��. 3: ü#!0�. /�1��

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

.��)!��� 2 # 1#12��.2 " /�1��". 	 ���2 " 2�" /�1��" 0��.� 0#!* 1$0/)� 60 degrees.

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

�!)�!.��. 4: �0!� !�1���� /�1��

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

.��)!��� #" 1#12��.2 " /�1��". 	 0*! " /�1��" 0��.� �0!� !�1��� , 1$0/)� 30 degrees.

ÿ/�.�20!. �.2����� ��. 012�.2)!�. �0 � �* �)!#� �.� ��. ��!2�.
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ü����� �2." ��. .�) 2. 2�110!. �! �!���.2. 2 # Audallion,  $!�12�" �� !0� �.

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

.�.!.�2�2 . � Audallion 0��.� �/.���)" 10 /*1� �0" .� #12���" 1#����0", )�&" 12 1��2�, 12 

.#2 ����2 , 10 0�� !��� ���2!., 12 �!.30� � 0�0� )� # �0���� ��� �2.� 1#�.�! �10�"

.��!+�&�.

ü�0�/� 12 #" �0!�11)20! #" $!�120" � $��.�+� 0�3#20#��2&� 0��.� � �* /*1� � �.

.� *1 #� 10 � !#�+/0" �0!����� � -�1$02. .�) 2 �)1 2 0�3*20#�. �$0� �0�2�+10� 2�� .� �

2 #"- )�&" 10 �0��2. �)1� .0! /!)��., 012�.2)!�. � �0���. ��!2�. � Audallion 1#�/#��02.�

�0 2� ��� / �&/�� � ��1�" SPEAK +120 �. ���0� 2 Nucleus 22 2 �.�*20! � $��.�)

0�3*20#�. ��. .� � 10 � !#�+/0�" $+! #".

�������� ù� 20��1�.2. ������+� / ���+�-	 �0��� ��0 ���2��. 2 # Audallion

�.�+" .#��� #� 2. 0���0/. � !*� #,  Audallion �! 13�!0� .#������ �0�2�&1� 12��

�.2.�)�1�  ����.". õ�&" 3.��02.� 12 � �.!.��2& ���.�., 2 � 1 12) 2&� 1#��020$)�2&� 10

�������" / ����" � # 1��0�&10 1��.�2��� �0�2�&1� .#�����0 �.2� � �* (��$!� �.� 87%) �.�+"

2 0���0/ � !*� # ³.�����0´ 10 0���0/ /#1� ��." �� /*1� � (+10 dB .�.� ��. 1��.2 "

�! " �)!#� ) 10 � �* /*1� � ( +5 dB SNR) 10 0�.�!02��� /*1� � (0 dB SNR). ��

1#��02�$ �20" 12. 2012 �2.� 0�����0" $!�120" 2 # Audallion �0 2 0�3*20#�. Nucleus 22 �.�

2 � 0�0�0!�.12�  ����." Spectra.

�������� 
� %�3� � $!�120" ��. 2 � Audallion

	 1*12��. /�1��" �#�� 3)!�10 .�) 2 � FDA ��. $!�1� 10 0�����0". ü��.�

1$0/�.1��� � ��. $!�120" 2 # Spectra � 2 # Mini 0�0�0!�.12�  ����.". � Beam former /0� �$0�

�#�� 3 !�10� .�)�. ��. �.�/��. �.�/�.2!���" �0��20" .!$�� #� .#2� 2�� 0� $�.
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3.7.1.10    ESPrit  22

�  ESPrit 22 0��.� ��." 0�0�0!�.12�" � # 2 � �020�2.� 12 0���0/ 2 # .#2� *

�.� 0��.� 1#��.2)" �0 2 � $��.�) 0�3*20#�. Nucleus 22. ù#2)" 1#�/#��0� 2 � 0�0�0!�.12�

 ����." �.� ��. 0�1&�.2&��� ���!)3&�  10 1#1�0#.1�. ú	ü. � ESPrit 22 0��.� 1#�/0/0��� "

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

0�0�0!�.12� 0��.�:

.) ù�1��2��� ��0 �0�2��.2., ��01� �.� 0#� ��. .�) ��.� ��1& .�) 2 .#2�

0�0�0!�.12�.

�) û* �! �!���.2. � # �� ! *� �. 0���0� *� .�) 2 $!�12�.

�) �! �!.��.2��)�0�0" !#���10�" ��. 2�� ��2.1� � 2�� 0#.�1��1�. 2 # �$ #.

/) 	! 3 / 20�2.� .�) /* #%���" �1$* " 675 ��.2.!�0" %0#/.!�*! #.

0) û0� .�.�20� � ���2��) �.��2 ��.2.!�+�.

         12) û0� �$0� �0��� �.�+/� 2  � � �. �� ! *10 �. �0!� !�10� 2�� 0��� �� 2&� ! *$&�

� 2�� 0�0#�0!�. 2&� ����10&� 2 # $!�12�.

�) þ �0�.�)2�2. 2�" .�)/ 1�" 2�" �0�)/ # �&/�� � ��1�"  ����." SPEAK.

	 �0�2���!� 2 # 1998 � 02.�!0�. ��.�0 ��. .�.1�)��1� 2&� /0/ ���&� � # �2.�

.�.!.�2�2. +120 �. 0�.13.��1 #� ��. 0��2#$����� �!+2� 0�3���1� 12 � ESPrit 22. �.2� 2�

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

� # � 02.�!0�. 0�0/�&�0, )�&" � .�0�.�)2�2. ��. 2 .�  ESPrit 22 1#�0!���02.� �0 .!�02�

1#����!&�.2��� � ����.2.. þ Nucleus 0�$0 �! �!.��.2�10� �. .!$�10� / ����" 2 # ESPrit 22

2 1998 .��� 2+!. �.!.�2����.� .�) .#2) 2 12)$ . ù#2� 2� 12���� /0� �$0�  !�120� ��. ����

1#��0�!����� ��0! ����. ��. 2� /���01� 2 # ESPrit 22 .��� �! ����02.� �. �#�� 3 !�10�

��1. 12 1999.

3.7.1.11  �.�! $!)��. 0��/ 1� �! ��&11��+� �.�/�+� �0 .�+�0�. .� �" � #

$!�1�� � � *1.� � $��.�) 0�3*20#�. Nucleus 22

 Steven J. Staller

  Ann L. Beiter
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û0���. 178  �.�/�+� �.!.� � #�����0 10 02�1�. ��1� 2. 20�0#2.�. ���20 $!)��.

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

$!�1�� � *1.� � �#�.�.���� � $��.�� 0�3#20*�.2. �.� 0�$.� $�10� 2�� .� � 2 #" 10 ���!�

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

(�! ��&11���) 0�3���1.� 1#�0$� �0�2�&1� 10 ��. 10�!� �.�/�.2!��+� 2012 �.2.�)�1�" �)� #

�.�¶ )�� 2� /��!�0�. 2�" �0!�)/ # �.!.� � *��1�". þ 0�3*20#1� 10 ���!� �����. 3.��02.� �.

.#���0� 2� �!)��&1� ��. .���2#�� �0!�11)20! /*1� �&� ��.� 2�2&� �.2.�)�1�"  ����.".

ü���! 1��2&", 3.��02.� �. #��!$0� �02��� 1$�1� .���01. 12�� ��3.1� 10 �! 3 !���"

.� #12���" ��.�)2�20" �.� 12 !#��) .�)�2�1�" ��.� 2�2&� �.2.�)�1�" �)� #.  �.�¶ )�� 2�

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

2 1*12��. 0�3*20#1�" Nucleus. þ �� �!)13.2� (SPEAK) 0��.� ��. �! 1.!� 12��� ��� / "

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

$.!.�2�!�12��� 2�" 1#$�)2�2." 2 # 1��.2 "  ����.". þ SPEAK �! 1�.�0� �. .�.�.!.12�10�

2� /#�.���� 3*1� 2 # �)� # �.� �.!�$0� 0�0������0" 3.1�.2���" �0�2 ��!0�0" $�!�" 10 22

��0�2!)/�. 2 � �02����. 10 ���!� .�)12.1� �02.�* 2 #". û0���. 34 �.�/�+� � # �$.1.� 2��

.� � 2 #" 10 �! ��&11��) 12�/� 0��/0��0 1��.�2��� �0�2�&1� 12� �.2.�)�1� 2 # �)� # ��1.

10 ��� ���0" .�) 2�� .��.�� 12�� ��. ��� / 0�0�0!�.1�." ( SPEAK ).

3.7.2   NUCLEUS 24 - �
�	þ�ù ����ÿù��
 ü�-
	ü
�ù	��

3.7.2.1  	 �� .��)��12 �.��)1��. 0�3*20#�.

ù�) 2�� �!+2� 2 # 0�3���1� 12�� ü#!+�� 2�� ñ� ��� 2 # 1997, 2 1*12��.

� $��.� * 0�3#20*�.2 " ����0 10 ���!) $! ���) /��12��. 2 �� .��)��12 �.� 2 0�3*20#�. �0

2�" �0�.�*20!0" �&��10�" 10 )� 2 � �)1� .

ô1&" ��. 0����1� ��. .#2) 0��.� 2 �0� �)" )2� Nucleus 24 $.!.�2�!��0� /* 

0�0�0!�.12�"  ����.": 2 � ESPrit, 2 � �!+2 �.��)1��. 0�0�0!�.12� � # 2 � �020�2.� 12 

0���0/ 2 # .#2� * �.� 2 � SPrint ��.� �1$#!), %�3�.�) 0�0�0!�.12� � # 3 !��2.� 12 1+�..

� ESPrit $!�1�� � �0� 2� ��� / �&/�� � ��1�"  ����." SPEAK, �  � �. 0��.� ��.

3.1�.2��� /���0!1�, �  � �. 1$0/��12��0 .�) 2�� Cochlear �.� �!&2 0�3.��12��0 2 1994. �
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SPrint 0�� 2 # �.!)�2 " $!�1�� � �0� �.� .#2)" 2� ��� / SPEAK .��� 2.#2)$! �.

$!�1�� � �0�2.� 1.� ��.23)!�. ��. 2�" �0�� �2���" �0���" 2&� �0�)/&� �&/�� � ��1�"  ����."

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

��� / " $! ����" /���0!1�" � # 0�3.��12��0 2� /0�.02�. 2 # 1980 �.� 2&� �! �����&�

�#�/#.12��+� �&/�� � ��2+� (ACE), ��." ��." �.� 0�����2��� � �*��0#!�" �0�)/ #

�&/�� � ��1�" � # 1#�/#��0� 2. ��0 �0�2��.2. 2�" 3.1�.2���" /���0!1�" 2 # SPEAK �0 2�

$! ���� /���0!1� 2 # CIS.

�0 2�� 0�����2��� 0#�.�%�. � # �$0� 2 Nucleus 24,  � 0��12�� �0" �� ! *� �.

�.!�� #� �.2� �.!.��0��. �$ (Custom Sound)   � � " �. 0��.�  �.2����� " ��. ���0 �2 � 

�! 1&����. õ$� �)� � ACE �. �! 13�!0� ��. �0��� ���� " �0�)/&� �&/�� � ��1�" .���

�.� 2. 22 �.����. /���0!1�" 2 # Nucleus 24 0�.13.��� #� 2� �0�.�*20!� /#�.2� 0#�.�%�.

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

	 Nucleus 24 0��1�" /�.��20� 2�� ��� / 	��0�02!�." �0#!���" ù�)�!�1�" (NRT), ��.

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

.� #12�� * �0*! # ��1. 12 � � $��., ��. ��� / " � # �. 0�.13����0 ��. �.�� *!�� 0���0/ 

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

0��� �+� 2&� ��0�2! /�&�.

þ #� � ��1� 2 # ACE �$0� �/�  � ���!&�0� �.�  � 0�/�� � / ����� #� ��. 2�

/#�.2)2�2. �. 1#�#��!$ #� �.� � ACE �.� � CIS 12 � 0�0�0!�.12� SPrint.

3.7.2.2  � ESPrit : ��." 0�0�0!�.12�"  ����." 12 0���0/ 2 # .#2� *

� ESPrit,  0�0�0!�.12�"  ����." 12 0���0/ 2 # .#2� * ��. 2 � $��.�) 0�3*20#�.

Nucleus 24, $.!.�2�!��02.� .�) ��. 0�0�0!�.12� �)� # �.� .�) ��. .#��2��) ���!)3&� 

1#1�0#.1���. 10 1#��.�� � !3� )�&" ���0 BTI � ����. .� �", ��� �2." 2 � 2 ���!)20! 

�.� 0�.3!*20! 0�0�0!�.12�  ����." � $��.� * 0�3#20*�.2 " � # �#�� 3 !0� 12�" ��!0" �.".

ñ��. �.1��� $.!.�2�!�12��� � # 2 � ��� #� �. �0$&!��0� 0��.�:

• û* �! �!���.2. .�) 2.  � �. �� !0� �. 0�����0�  $!�12�".

• û#�.2)2�2. �! �!.��.2�1� * 2�" ��2.1�" � 2�" 0#.�1��1�.".
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• û* �0����" �1$* " ��.2.!�0" %0#/.!�*! # 675 � # 0�.13.��� #� 60 �&" 80 +!0"

$!�1�".

• �#� ���) ��! ", 12  � � �0!��$ �2.� �.�  � ��.2.!�0", ���!)20! .�) 16gr.

� ESPrit �! 13�!0� ��01�, �.2.�.����0� 0��$�12 $+! , 0��.� .�1��2��� � �%)" �.�

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

�������. ù���2#�� 2&� $.!.�2�!�12��+� 12 �$0�&�

þ 02.�!0�. Cochlear 02 ����02.� �. #� 12�!��0� 2�� .�� ��12�. 2 # 0�1&�.2&��� #

ESPrit , 0��#)�0�� )2�  � �0�� �2���" 0�/)10�" 2 # �. 1#�0$�1 #� �. 03.!�)� #� .�)�#2. ��1&

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

� Cochlear 0����0� �. �! 1��10� �.�� *!��0" /#�.2)2�20" 0�0�0!�.1�."  ����." 12 � ESPrit,

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

��2� � #  � $!�120" 2 # 0�0�0!�.12� ESPrit � # 3 !��2.� 12 1+�. �/� .� �.���� #�.

ú!.$#�!)�01�., �0!� !��02.� � �!) / " 12�" /#�.2)2�20" 0�0�0!�.1�." 2 # ESPrit  .�)

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

�0 2 #" �0��� #" �.2.1�0#.12�" ��.2.!�+�, � Cochlear 0�02��0� 2!)� #" ��. �.

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

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

3.7.2.3  � 0�0�0!�.12�"  ����." SPrint

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

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

.�.�2 *�2.� +120 �0�� �2��� �. �! 13�!0� 2� ����12� .�)/ 1�. � SPrint )$� �)� $!�1�� � �0�

2� ��� / �&/�� � ��1�" SPEAK .��� 2.#2)$! �. $!�1�� � �0�2.� 1.� ��.23)!�. ��. 2�

��� / 2&� �! �����&� �#�/#.12��+� �&/�� � ��2+� (ACE). �)�  SPrint �� !0� �.

.�� � ��10� 12 ��.�! 2. ��0 �0�2��.2. 2 # Custom Sound.
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+�. %�3�.�) 0�0�0!�.12�   � � " 2 � �020�2.� 12 1+�.,  SPrint  0��.� .��120#2.

0�.3!*", .��)��12 " �.� �0 2�" 0��" �/�)2�20":

• 	�110!. �! �!���.2. .�) 2.  � �. �� !0� �. 0�����0�  $!�12�".

           • û#�.2)2�2. �! �!.��.2�1� * 2�" ��2.1�" �.� 2�" 0#.�1��1�.".

• LCD 2.���) ��. �. 0�3.��� �2.�  � !#���10�" 0���$ # �.� � �.2�12.1� 2 #

1#12��.2 ".

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

��.2.!�." �.� 2� $!�1�.

• �! .�!02��� ����2! ��0�/+�.2 " +120 �. .� 30*�02.� � .� *1�. .��.�� 2&�

!#���10&�.

• ù��) �.� /���) �.��2 ��.2.!�+� ùù ( 3 !2�12�" �0!��$02.�).

	. .� #12��� �03.��" SPrint �0!��.���� #�:

• �.20#���2��� ���!)3&�.: 	 ���!)3&� 2 � �020�2.� 12 .#2� )�&" .�!��+" ��.

���!) ��1&-.�)-2 .#2� .� #12��) � ����.. 	 �0�2) 0�&20!��) 2 # ���#��. �! 13�!0�

.#������ ��01� 12 $!�12�.

• ���� /�.���.1�" �.� �.�+/�.: û* �0�2� �.�+/�. 0�+� #� 2 ���� /�.���.1�" �.�

2 ���!)3&� �0 2 � 0�0�0!�.12�  ����.". 	 ���� /�.���.1�" 1#��!.20�2.� �0 .13��0�. ���&

.�) 2 0�3*20#�. .�) ��. �.���2�. �2 0��)!� /�.2��0�2.� � �����. ����&� �.� �.�&/�&� 10

/��3 !. $!+�.2. �.� ����. ù#2) /��0� 12 $!�12� 2� /#�.2)2�2. �. 0�����0�, 2 �� ��02 �.�

2.�!�.12) 12 /��) 2 # 2!)� �&�", .� #12��) �03.��".

	 SPrint /�.��20� ��. ���!� 10�!� 0�.!2���2&�, )�&" ���!)3&�. � # 2 � �02 *�2.�

12 ��2 , 0�0��2� 1��.2 ", �.�+/� � # �! 1.!�)�02.� 10 2��0)!.1� �.� 120!0 3&���),

�! 1&���) .� #12��),  �)�� �.!.� � *��1�" .� #12��+�, �02.1$��.2�12� 2��03+� #,

2��0���� �.� 3 !2�12� ��.2.!�.". �! .�!02��� 0�.!2��.2. 0��.� 2. �.�+/�. FM, � #

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

3.7.3  	� NUCLEUS ���
�ù�ù�ÿ�� ü+�ü-ù�ÿ�� ù��
�	ÿ�� ü�-
	ü
�ù

(ùúÿ)
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 �!)�0�2.� ��. 0!0#��2��� 1#1�0#� � # �0!� !��02.� .�) 2 #"  � 1� �/�.� *" �)� #" ��.

0!0#��2��� $!�1�.

	 Nucleus � �#�.�.���), 0��03.���) .� #12��) 0�3*20#�. (ùúÿ) 0��.� ��.

20$� � ���� �! ������ 1#1�0#�, 1$0/�.1���� ��. �. �.!�$0� �$�2���" ���! 3 !�0" 12. �2 �.

�0 �0#! '�&��2&1� 2*� # 2, 2.  � �. �. $�1 #� 2�� .� � 2 #" �02� 2�� .3.�!01� 2 #

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

12 �$0�. �.� .�) 01&20!��� 2.  � �. 0�3#20* �2.� �0 0�$0�!�1�.

3.7.3.1  NF2: �0#! '�&��2&1�, 	*� " 2

	 ���!0" )� �. 2�" .1���0�." NF2 0��.� �0#! '�&��2&1�, 	*� # 2.

ü��.� ��. �0�02��� ����� �  � �. �! 1����0� ��.� 10 ���0 40.000 �2 �. 12�" þ.�.ù. �2�� NF2

�.! #1���02.� )�� ",   � � " �0�.�+�0�, �.� 12. /* .� #12��� �0*!. �.� 10 ��� �. �2 �.,  

)�� " �.! #1���02.� �.� .�� * 12 �0�2!��) � 12 �0!�30!�.�) �0#!��) 1*12��.. þ .*��1�

2 # )�� # �.2!���  � ���02.� 1.� .�3���0#! " .� #12��)" )�� " � 1.� .�3���0#! .� #12��)

�0*!&�..

3.7.3.2  � �. � /�.3 !� �02.�* 0�)" � �#�.�.��� * ABI �.� 0�)" � $��.� * 0�3#20*�.2 "

Nucleus

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

��0�2! /�&� 2 # � $��.� * 0�3#20*�.2 " 0��.� 2 � �02����� ��1. 12 01&20!��) .#2�. 	 

01&20!��) .#2� �0!��$0� �0*!.,  !�.�&���. 10 ��. .��� /��2.�� .�) #%�� *" �&" $.��� *"

� #1�� *" 2)� #". 	 � �#�.�.���) ABI 2 � �020�2.� ��1. 12� �0!� $� 2 # �#!��. 2 # � $��.

12 0��03.���) 12��0$ ". þ �0!� $� 2 # �#!��. 2 # � $��. .� 20�0�2.� .�) 1*��02. 12!+�.2.

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

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

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

.�1��10&�,  �  � �0" 0��.� $!�1��0" 12� �.2.�)�1� 2 # �)� #.

3.7.3.3  +�.2� /0� �� !0� ��. �2 � �0 NF2 �. $!�1�� � ��10� � $��.�) 0�3*20#�.

	. � $��.�� 0�3#20*�.2. �! 20�� �2.� ��. $!�1� 10 �2 �. �0 1 �.!� � �.!��

.� #12��� ����� �  � �. 1#���&" �! �.�0�2.� .�) 2� �.2.12! 3� 2&� �#22�!&� 2!�$ 3#ø."

12 01&20!��) .#2�. �#���&" .#2� 2. �2 �. �$ #� ����2. .� #12��� �0*!., 2 /!)� /��./�

.�) 2 �  � � �02.3�! �2.�  � ���! 3 !�0" 1$02��� �0 2�� �$�2��� /���0!1� .�) 2 .#2� 12 �

0���3.� .

ù�) 2�� ���� ��0#!�,  � ���!&� � �0 NF2 �$ #�, 1#���&", 2. .� #12��� �0*!.

� ����. .�) 2�� 0�$0�!�1� � # 2 #" ����0 +120 �. .3.�!0� *�  � )�� � � # .�.�2*11 �2.�

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

�0!��2&1�, ��.2� /0� #��!$0� /!)� " ��. �. �02.30!� *�  � �$�2���" ���! 3 !�0" .�) 2 .#2�

12 � 0���3.� . 	 ABI �.!��0� ���! 3 !�. 1$02��� �0 2 � �$ .�0#�0�." 12 � 0���3.� ,

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

3.7.3.4   	. �!�2�!�. ��. 2�� 0�3*20#1� 2 # Nucleus � �#�.�.��� * ABI 1*�3&�. �0 2 

�!&2)� � 2&� ������+� �0�02+�

+�. �. �0&!��0� ��. �2 � #� %�3� ��. ��. Nucleus � �#�.�.���) ABI �!��0�:

• �. 0��.� �0�.�*20! .�) 12 02+�.

• �. �$0� /�.��&120� )2� ��1$0� .�) .�3���0#! .� #12��) )�� � .�)

�0#! '�&��2&1�, 	*� # 2 (NF2).

• �. 0��.� �.2����� �.2!��� �.� %#$ � ����.

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

• �. ��� �.! #1���0� $0�! #!����" .�20�/0��0�".

• �. �$0� � ����" �! 1/ ��0".
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• �. �$0� 1.� ��2!��� ��+11. 2. ù������ (�0!� !�1�)" � # 2��02.� .�) 2 FDA ��.

0!0#��2���" 1#1�0#�").

• þ �0!.�0�. �0 .�2�� � ��. ����. 12�� �0!� $� �*!& .�) 2 �#!��. 2 # � $��. 0��.�

��. �1$#!� .�2��/0��� ��. 2�� 0�3*20#1� ABI.

ü��1�" � 0�3*20#1� �� !0� �. ���0� $+!. �.2� 2� /��!�0�. 2�" .3.�!01�" 2 # )�� #

2�" �!+2�" � 2�" /0*20!�" ��0#!�", .� � #�+�2." 2�� 0��" /�./��.1�.: .1�0�0�" �0

� � ���.� ABI, 2  � � /0� 0��.� ��. �0�2 #!���), �� ! *� �. 2 � �02�1 #� ��.

� �#�.�.���) ABI �.2� 2�� .3.�!01� 2 # )�� # 2�" /0*20!�" ��0#!�".  ü��1�" �� ! *� �.

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

ù1�0�0�" 12 #"  � � #" 2. 1#��2+�.2. 2�" NF2 0�3.��� �2.� �!�� .�) 2�� �����. 2&� 1.!��2.

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

3.7.3.5  	�  3��� �� !0� �. �0!����0� ��� � " .�) 2 � �#�.�.���) ùúÿ

�0!�11)20! � .�) 70 .1�0�0�" �$ #� #� ����0� 10 0�$0�!�1� �.2� 2��  � �.

.3.�!����0 2 .� #12��) �0*!&�. �.� 2.#2)$! �. 0�3#20*2��0 2 � �#�.�.���) ùúÿ. 	.

�! �.2.!�2��� .� 20��1�.2. .�) 2. �0/�. �!0#�." 2 # � �#�.�.��� * ùúÿ �/0��.� )2�:

• õ� � �� ! *1.� �. .�2���3� *� 2 #" �0!��.�� �2�� *" �$ #" �.� 2��  ����. 10

1#��2�1�.

• �� �0!�11)20! � �/0��.� �. �0�2�+� #� 2�� ��.�)2�2. ��. .����&1� 2&� $0���+� )2.�

� .����&1� .#2� 1#�/#.�)2.� �0 2�� .� � ��1& 2 # � �#�.�.��� * ùúÿ.

• �2�" �0!�11)20!0" �0!��2+10�", � .�)/ 1� �0 2� $!�1� 2 # ùúÿ �2.� �.�*20!� .�) 2�

$!�1� �0 � � ���.� ùúÿ.

3.7.3.6  �&" �0�2 #!�0� 2 � �#���.� ùúÿ

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

2 � �02 *�2.� �0 $0�! #!���� 0����.1� 12�� 0��3��0�. 2 # 0��03.��� * 120��$ #" 2 # �#!��.

2 # � $��.. þ /��2.�� .#2� 2&� ��0�2! /�&� 0��.� 1#�/0/0���� �0 ��. /��2�//�0��!2�,   � � "
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2 � �020�2.� ��2& .�) 2 /�!�. ��1& .�) 2 .#2�. ���0 .1�0��" 12� 1#��$0�. 3 !� ��. ���!),

0�&20!��) 1*12��. � # /�$02.�,  !�.�+�0� �.� 0�����0� 2 � �$ 12 0�3#20#��� 2���. 2�"

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

/�0�0�! #� 2 �#!��. 2 # � $��. +120 �. �.!�� #� ��. .�2�/!.1� �  � �. �. �� ! *10 �.

�02.3!.120� .�) 2 � 0���3.� 1.� 0#/���!�2 " �$ ".

3.7.3.7  ù���2#�� �.� / ����" 2 # � �#�.�.��� * ùúÿ

��. �! 1���0�. 1#�0!�.1�.", .���01. 12�� 02.�!0�. Cochlear, �.2.1�0#.12� 2 #

� $��.� * 0�3#20*�.2 " Nucleus 22, 2 # ÿ�12�2 *2 # ³House Eaŕ �.� 2 # ÿ�12�2 *2 # ÿ.2!���"

ò!0#�." Huntington, �!$�10 2 1989 �0 1� �) 2 1$0/�.1�) 0�)" � �#�.�.��� * ùúÿ. þ

.���2#�� 2 # 1#12��.2 " 1#�/#��0� 2�� 0�/��0#1� 2�" 02.�!0�." Cochlear �.� 2 # ÿ�12�2 *2 #

House Ear (HEI) �0 2�� ���& .�) 15 $!)��. 0��0�!�. .�) 2 � � ���.� ùúÿ. ù� � #�+�2."

��. 0��2#$����� ��� 2��� �0��2� .�) 2 1992-1994, 2 � �#�.�.���) ùúÿ �! �!����0 ��.

�������" / ����" 12�" þ.�.ù. ���& .�) 80 .1�0�0�" �$ #� /0$�0� 2 � �#�.�.���) ùúÿ 10

.!�02� 0!0#��2��� �! �!���.2..

3.7.3.8   	 �.2!��) �! 1&���) � # .� 20�0� 2��  ��/. 2 # � �#�.�.��� * ùúÿ

þ  ��/. 2 # ùúÿ .� 20�0�2.� 2 #��$�12 � .�) ��. 2 !�� �.!#�� �)� , ��.

�0#! $0�! #!�) �.� ��. ü�/��) 2�" ù� #12���". þ  ��/. / #�0*0� 1#� ���� +120:

• �. 0�2���10� �.� �. .� 3.1�10� 1$02��� �0 2 � .1�0�� +120 .#2)" �. .� � ��10� 2.

�0!�11)20!. /#�.2�  3��� .�) ��. � �#�.�.���) ùúÿ.

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

• �. 0�0!� � ��1 #� 2 � �#�.�.���) 1*12��. ùúÿ.

• �. � ���1 #� 2 � .1�0�� �. ���0� �. $0�!��02.� 2 0�3*20#�. +120 �.

0��02.��0*02.� 12 ��.�! 2�" /#�.2)2�20" 2 #.
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	. ���� ���0  ��/." 0�3*20#1�" 0��.� ���!&" 0�0�/��0#���., 12 /��) 2 # .�2��0��0� 

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

ùúÿ, ���0  ��/. 0��.�/0*02.� 0�2.2���.

3.7.4 ü��ùÿûü
	ÿ�ù ���+�ù��ù	ù +ÿù 	þ ��þ�þ ù��
�	ÿ��

ú�þ,þ�ù	�

3.7.4.1  ü��.�/0#2��) � ��1���)

þ 02.�!0�. Cochlear 1#�0!���02.� �0 � !#3.� #"  !�.��1� *" �.!.�&��" � ��1��� *

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

0�.�!02��) � ��1���) �.2����� ��. �.�/�� �0 1 �.!� �! ����.2. .� �". 	. �! �!���.2.

.#2� /�.2��0�2.� .�) 2�� 02.�!0�. Cochlear �.� �0!��.���� #� �.� on-line 0��.�/0#1� 12 site

2�".

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

.� �.2�12.1� �.� � �� *� 12�� .���2#��  ����.".

3.7.4.2  �.���.2. ��. 2�� .�2���%� 2 # �)� #

û�.��2 �2." �0!�11)20!. .�) 1.400 0�.2 ���0#���. �.���.2., � 02.�!0�. �.�*�20� ��.

�0���� � �����. .�) .� #12��� � ����.2.. 	. �.���.2. 03.!�)� �2.� 10 /* 0���0/.

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

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

1$�1� �02.�* �$&� �.� �!.�2�" ��+11.". �0 2� � ��0�. .#2+� 2&� �.����2&�  �.��2�"

.�.�2*110� 2�� /#�.2)2�2. /���!�1�" �.� .�2���%�" 2 # �! 3 !�� * �)� #, �0�2�+�0� 2��

��.�)2�2. ��3!.1�" 2 #, 0���0!+�02.� ��. 2. 12 �$0�. 2�" ��+11." �.� 2. ��!� .�) 2.  � �.

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

	. �.���.2. .#2� ���& 12�� .�2���%� 2 # �)� # �0!��.���� #� ��.� 3����) 0�0�0!�.12�

�0���� # �.� /#�.2)2�2. .�.3 !+�, �21� +120 �. 0��2!�� #� ��. .!�02� 1��.�2���
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0�.2 ���0#1� �.� �! 1.!� �� 2�" 2.$*2�2." �! )/ # .��� �. �0 2�" /#�.2)2�20" �.� 2�

/���01� ���0 1� #/.12�.

ò�. �.2!��) �.��2 � �#��1&� �$0� 1$0/�.120� �! �0���� # �. .#��10� 2�� ��.�)2�2. 2�"

�0!.�0�." 2 # �)� #. ü�.2 ���0#���0" .1��10�" 012��� #� 2� �! 1 $� �+�& 10 �.� !�1���0"

��0#!�" 2�" �.!.�&��"  ����." �.� �! 13�! #� 12 #" 1� #/.12�" ��. �!.3���

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

 ����.".

	. .�2��0��0�. 12.  � �. 012���02.� �/�.�20!. � �! 1 $� 0��.�:

• þ ��2.1� 2 # �$ #.

• 	 *% " �.�  � #1��)" 2)� ".

• �! ����" � !3�" 12��  ����..

• ö�.!�� �.� ���0��� 2�" 3&��".

• �.!.�&�� �0� � ���&� 3&����2&�.

• ù��.��" �.� .�.���0�".

• �#�0$�"  ����..

� Speech Viewer III /�.��20� ��. �1$#!� /#�.2)2�2. �. �!.2� 1��0�+10�" �.� .�.3 !�",

�!���. � # 0��2!��0� 2�� 0�.�&�� 12.2�12��+� /0/ ���&� �.� .� #12��+� �0!+� 2&�

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

1� #/.12+�.

�2 � Speech Viewer III �0!��.����02.� ���!)3&� .��� /0� 0��.� 1#��.2)" �0 Macintosh.



ü3.!� ��" 2�" %�3�.��" 0�0�0!�.1�." 1��.2 " 12�� .� #12���                                                                          124

�02.�2#$�.�) �!)�!.��. þ�0�2! ��� * ù#2 �.2�1� *

                                                  �0���)

A
Acoustical feedback ù� #12��� .�.2! 3 /)2�1�"

Adhesions �#�3*10�"
Afferent ù�2�$�2���

Ambient noise �0!��.�� �2��)" �)!#� "
Amplify ü��1$*&

Anti-phased signal ���. .�2��02�" 3�1�"
Arbitrary gain ù#�.�!02 � .#2)�.2 ��!/ "

Attack time �!)� " /!�1�"
Attenuate sound ü�.1�0���& 2 � �$ 

Audible ó$ " � # �� !0� �. .� #120�
Audiogram ù� #12�) /���!.��.� .� )�!.��.

Audiomertic frequencies ù�  �02!���" 1#$�)2�20"
Auditory nerve

B

ù� #12��) �0*! 

Babble � #!� #!�2)

Basilar crest ú.1��� .�! � 3�.
Basilar membrane ú.1��� �0��!���

Basillar cells ú.1��� �*22.!.
Bass tones ���1 " 2)� "

Bilateral acoustic tumors ù�3���0#! � .� #12�� * )�� �
Blood vessel ù�� 3)!. .��0�.

Brain

C

ü���3.� "

Capsule of gang cell ��% #�. �.����.�+� �#22�!&�
Cardioid �.!/� 0�/�"
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Cochlea � $��."

Cochlear implants � $��.�� 0�3#20*�.2.
Coherence function 1#��!2�1� 1#� $�"

Comb filter -��2! 0��.��!�1�"
Connective tissue �#�/02��)" �12)"

Crossover

D

�#$�)2�2. /�.$&!�1� *

Diffraction �0!���.1�
Difital feedback suppression ��3�.�� �.2.12 �� �0 .�.2! 3 /)2�1�

Directional �.20#�#�2��)"
Disorder û�.2.!.$�

Distortion �.!.�)!3&1�
Dynamic range

E

û#�.���) 0*! "

Ear canal ù� #12��) �.����

Eardrum 	*��.� 
Enchancing ú0�2�+�&

External spiral sulcus ü�&20!��� 1�0�! 0�/�" 0��03.����
.*�.�.

Eystachian tybe

F

ü#12.$�.�� 1������.

Feedback cancellation ù�*!&1� .�.2! 3 /)2�1�"
Filterbank 	!��0�. 3��2!&�

Fitting �! 1.!� ��
Formants -&� 1#�2 ��1� �

Frequency band ý+�� 1#$� 2�2&�
Frequency cut �#$�)2�2." .� � ��"

Frequency response

G

ù�)�!�1� 1#$�)2�2."

Gain

H

ü��1$#1�� ��!/ "

Hardware 	0$� / ���)" 0� ���1�)"
Hearing impaired person ñ2 � �0 �!)����. .� �"

High-cut filter -��2! .� � ��" #%��+� 1#$� 2�2&�
High-pass filter 
%��0!.2) 3��2! 
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Homogeneus substance

I

�� �0��"  #1�.

Inlet �2)�� 0�1.�&��"

Inner phalangear cells ò1& 3.�.����� �*22.!.
Inner tunnel ü1&20!��� 1*!.��.

Internal spiral sulcus

J

ü1&20!��� 1�0�! 0�/�" 0��03.����
.*�.�.

Jammer �.!0�� ��."

Jitter

L

	!0�)�.���.

Lesions �.�+10�"
Loudness ù� #12)2�2.

Loudspeaker �0��3&� 
Low-cut filter -��2! .� � ��" $.���+� 1#$� 2�2&�

Low-pass filter

M

ú.�#�0!.2)

Masking ù�)�!#%�� 0�����#%�
Microphone diaphragm û��3!.��. 2 # ���! 3+� #

Middle ear cavity �01.�. .� #12��� � ��)2�2.
Middle ear ossicles �12�!�. ��11 # &2)"

Mode 	!)� " �0�2 #!��."
Myelin sheath

N

�0!�����. ���#2! � �#0����"

Nerve fibers �0#!���" ��0"

Neural outputs �0#!&����" �� / �
Neuroma �0*!&�.

Notch

O

�2+1�

Octave ��2��.
Omnidirectional �.��.20#�#�2��)"

Organ of Corti õ!.� 2 # corti
Osseous spiral lamina �120+/0" 1�0�! 0�/�" ��.1�.

Otosclerosis 2 1���!#�1�
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Outer hair cells ü�&20!��� 	!�$ 0�/� �*22.!.

Outer tunnel ü�&20!��� 1*!.��.
Oval window ���� �.!��#! 

Overlap ü�����#%�
Overshoot 
�0!*%&1� 2 # 1��.2 "

Oversteered

P


�0! /���1�

Peak ù�$��
Pertrubed signal wavefront .!$��� /�.2.!.$� 1��.2 "

Pillar (rob of Corti) ���/ " 2 # corti
Pinna ù� #12��) �20!*�� 

Polar sensitivity plot û���!.��. � ����" 0#.�1��1�."
Power consumption �.2.���&1�"

Prelinguist �! ��&11��)
Proximity effect -.��)�0� 0��*2�2."

Pus

R

�* �

Recovery time �!)� " .� �.2�12.1�"
Recruitment �2!.2 �)��1�

Reisner membrane �0��!��� 2 # Reisner
Release time �!)� " 0�0#��!&1�"

Remote control ò�0�$ " 0� .� 12�10&"
Resonance �#�2 ��1�)"

Resonance peaks ù�$��" 1#�2 ��1� *
Resonant �#�2 ��1��� 

Reticular lamina ��0��.2 0�/�" #���."
Retrocochlear ���1� � $��.��

Reverberation time �!)� " .����.1�"
Round window

S

ü��0�% 0�/�" �.!��#! 

Sampling of sound û0���.2 ��%�. 2 # �$ #

Scala tympani � ��)2�2. 2 # 2#���� #
Scala vestibuli � ��)2�2. vestibulli
Scaled projection algorithm .��)!��� " ����.�&2�" �! � ��"
Secreting epithelium ü��!#2��) 0��3*�� 

Sensorineural �0#! .�1��2�!�.
Sinusoid þ��2 ���)

Slope of the response ���1� 2�" �.��*��" .�)�!�1�"
Sound artefacts �.!.3&��0"

Sound waves þ$�2��� �*�.2.
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Soundmap ù� #12��)" $�!2�"�.� #12��) /���!.��.

Spatial filtering �&!��) 3��2!�!�1�.
Spectrogram -.1�.2 �!�3��.

Spiral artery ü��� 0�/�" .!2�!�.
Spiral gaglion ü��� 0�/�" ������ 

Spiral ligament ��0�! 0�/�" 1*�/01� "
Spiral limbue ��0�! 0�/�" ��! 

Stapes ù�.� ��."
Stimulation û���0!1�

Stria vascularis ù��0�.�� !��/&1�
Superdirectional 
�0!�.20#�#�2��)"

Suppression

T

�.2.12 ��

Tectorial membrane � !2�.�� �0��!���
Temporal resolution �.! /��� /�.�!�2��� ��.�)2�2.

Transduction �02.�&��
Transmitting coil ñ��!.�." �02.���.1�"

Transverse fibers ü���!1�0" ��0"
Tremble tones �!��. 2)� "

Tumors õ�� �
Tuning curve

U

�.��*�� 1#�2 ��1� *

Unbiased

V

ù�0!)���2�

Vestibular lip ù�� #1�.� $0�� "
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                                    �#�2��10�"

A
ABI Auditory Brainstem

Implant
ù� #12��) 0��03.���) 0�3*20#�.

ACE Advanced Combination
Encoders

�! ����� � 1#�/#.12�� �
�&/�� � ��2�"

AGC Automatic gain control �#���01� /#�.����" ����.�."
AI Articulation index û0��2�" /��!�!&1�"

ATE

B

At-the-ear �! 1.!� 1��� 12 .#2�

BTE

C

Behind the ear ��1& .�) 2 .#2�

CIC Completely-in-the-canal ü�20�+" ��1. 12 .� #12��)

�.����
CIS Continous Interleaved

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

CR Compression ratio � 1 12) 1#���01�"

CV

D

Consonant-vowel �*�3&�.�3&��0�

DAP Digital audio processor ��3�.�)" 0�0�0!�.12�" �$ #

DFS Digital feedback
suppression

��3�.�� �.2.12 �� �0
.�.2! 3 /)2�1�

DM

H

Directional microphone �.20#�#�2��) ���!)3&� 

HF

I

High frequency 
%��� 1#$�)2�2.

ITC In-the-canal ��1. 12 .� #12��) �.����
ITE Inside the ear ��1. 12 .#2�
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L
LF Low frequency �.���� 1#$�)2�2.

LMS

N

Least mean square ��� / " 0�.$�12&� 202!.�+�&�

NF2 Neurofibromatosis Type
2

�0#! '�&��2&1� 2*� # �

NRT

O

Neural Response
Telemetry

	��0�02!�. �0#!���" .�)�!�1�"

OM

S

Omnidirectional
microphone

�.��.20#�#�2��) ���!)3&� 

SDR Signal to distortion ratio �)� " 1��.2 " �! "
�.!.�)!3&1�

SNR Signal to noise ratio �)� " 1��.2 " �! " �)!#� 
SPL Sound pressure level ü���0/ ��01�" �$ #

STR

T

Speech recognition
threshold

�.2+3�� #� / $�" 2�"  ����."

TJR

W

Target to jammer ratio �)� " 12)$ # �! " �.!0�� ��.

WSP Wearable Speech
Processor

ü�0�0!�.12�"  ����." � # 3 !��2.�
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Applications of DSP to Audio and Acoustics� 10�� ��� � ����

James Kates :  Signal Processing for Hearing Aids

� Deaf World Web @ dww.org: Hearing Aids
http://dwww.deafworldweb.org/pub/h/hearaids.html

�  Gallaudet University- Deaf www sites across the Internet
http://www.gallaudet.edu/~pubreweb/newsinfo/deafinfi.html

� Advance Hearing Aid Center
http://advancedhearing.com

♦ New software-based hearing instruments are "Smart Digital"
♦ Clinical experience with Danalogic - The Giessen field trial

http://danavox.com/english_index.html

♦ A Comparison of Acoustic and Electronic Noise Canceling Microphones
for Speech Recognition Applications

http://www.computeraudio.telex.com/in03a.htm

♦ Digital Hearing Aids - The Way of the Future
http://www.digital-recordings.com/publ/pubaids.html

♦ Digital Technology & Hearing Aids: The promise & the Reality
http://www.healthtouch.com/level1/leaflets/aslha/aslha045.htm

♦ Microphones: Microphone patterns
http://home.inreach.com/kant/microph.htm
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♦ A Digital filterbank hearing aid, Thomas Lunner
http://chaplin.bibl.liu.se/liupubl/disp/disp97/tek479s.htm

♦ The New, ALL-DIGITAL Hearing Aid: The What and the Why of
Digital Haring Systems

http://earinf.com/texomaent/alldigit.html

♦ For your ears only: eavesdropping with the Hearmaster project
http://www.hoise/com/vmw/articles/LV-VM-01-98-1.html

♦ Oticon: What is Digital Technology
http://www.oticonus.com/ProInf/DigFoc/WiDiTePg.html

♦ Hearing Aid History - Essential Highlights in the History of Hearing
Instruments

http://www.oticon.com/HeaIns/HeaInsPg.html

♦ Noisebusting D-Mic
http://earinf.com/texomaent/Digifocus/duomicpg.html

� Cochear Company
http://www.cochlear.com

♦ Nucleus 22 - Spectra Speech Processor
♦ Nucleus 22 - CI22 Cochlear Implant Device
♦ Nucleus 22 - The Safe Choice
♦ Nucleus 22 - More Electrodes
♦ Nucleus 22 - SPEAK Coding Strategy
♦ Nucleus 22 - Audallion BEAMFormer
♦ Nucleus Products - Nucleus Multichannel Auditory Brainstem Implant
♦ Nucleus Products - How the Multichannel Works
♦ Nucleus 24 - World's most prescribed Implant
♦ Nucleus 24 - ESPrit Speech Processor

http://www.cochlear.com/home.html

♦ Let digital technology give a new lease on life
http://earinf.com/texomaent/Digifocus/index.html
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♦ An Overview Of Directional Microphones and the Effects of
Reverberation on their Performance

http://wwwpub.utdallas.edu/~dybala/professi/rvdsum.htm


