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ÏL%nÔn¢�&?
�äN�Ç (< 300 Hz) ÚXÑ1ÅªÇ (< 8 kHz) éfú�mN�uÿUå�K�.

ÿÁ&Ò�±XÑ�1Å��uÌÝN�&Ò, æ^�À�r½ÀJ{Úg·AN�Ú��%nÔn¢��{, ÿ
Á��ØÓ1ÅªÇ^�e��mN�D4¼ê. ¢�(JL², �äN�ÇÚ1ÅªÇþ¬éfú��mN�u
ÿUå�)K�. �1ÅªÇ$u 2 kHz�, <��uÿUå�N�Ç¥üN4Oª³; �1ÅªÇpu 3.5 kHz�,

uÿUå�¬É�N�Ç�wÍK�, �vkwÍ�üNCzª³. �N�Ç3 10—100 Hz �m�, uÿUåØ�
1ÅªÇ²wCz; �N�Ç3 150—300 Hz �m�, N�uÿUå�X1ÅªÇþ,
eü, 31ÅªÇ�� 3.5

kHz�, N�uÿUåØ�1ÅªÇwÍUC.

'�c: fú%nÔn,�mN�, fúÈÅì, <ó�´

PACS: 43.66.Fe, 43.66.Dc, 43.66.Ba, 43.66.Hg

1 Ú ó

3%n(ÆïÄ¥, fúXÚ��mA5�¹
ü��¡: ��¡,�m©EÇ (½¡�m¯aÝ),
�fúXÚuÿ(Ñ��mCz�Uå; ,��¡,
�m�ÜUå, �fúXÚò��mCz�&E?
1\È?n±Oré(Ñ�uÿ½©E�J�U
å [1,2]. fú�mN�uÿUå (temporal modula-
tion detection ability, TMDA) �ïÄ´é�m©E
ÇïÄ���Ì�Ãã. TïÄ¥~æ^ÿþ�
mN�D4¼ê (temporal modulation transfer func-
tion, TMTF) ��{. TMTF´N�uÿKÚN�Ç
�'X¼ê [1], �uÌÝN� (sinusoidal amplitude
modulation, SAM) � TMTF (SAM-TMTF) £ã

fúXÚé SAM &Ò�uÿUå, =31Å&Ò
/ª�½��¹eØÓN�Ç�N��ÝuÿK.
Cc5ÏLÌÝN�OrÄª½$��Å&E5
Jp<ó�´�\ö�(Na�!ÑWa�Uå

�ïÄ�þZy [3,4], SAM-TMTF �ïÄ¿Â3u
éù
A^�nØÄ:?1?�Ú&¢.

SAM-TMTF ïÄ¥~^�1Å�)D(1Å
ÚXÑ1Å. Ù¥D(1ÅïÄ�õ, ¢�é��
)�~fåöÚfåÉ�ö, Ù TMTF ¥y$ÏA
5, =$ªã�uÿUår [2,5]. ,
3�yN�Ç
á3ªÇ©EØåÌ��^����^�e, XÑ
1Å TMTF ïÄ'D(1Å TMTF ïÄ�Ul�
�þÿþfúXÚ��m©EUå [1].
�m©EÇÏ~�é�´&Ò�ä�Cz,


Ø�é°[(� [1]. Kohlrausch � [6] ïÄ
X
Ñ1Å�ªÇéN�uÿK�K�, ��XÑ1
Å TMTF �°�D(1Å TMTF k²wØÓ�(
Ø. �TïÄ¥¤ÀJ�N�Çvk�âØÓ1Å
ªÇã�ªÇ©EUå?1N�, ¿��Áöê8
�� (= 6 ¶).

�ïÄ�8�´&?�äN�ÇÚ1ÅªÇ
é�~fåö� TMDA �K�. ��
�õ��
Áö (22 <), À^�\°[�N�Ç5ïÄN�Ç
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� TMDA �'X, ¿�&?N�ÇØC�^�e
1ÅªÇé TMDA �K�. æ^fúÈÅìnØ
é¢�(J?1
©Û, uy TMDA 3fúÈÅ
ì���Ý/�°��°Ý=�:NC¬u)w
ÍCz.

2 ¢��O

2.1 ¢¢¢���&&&ÒÒÒÚÚÚ¢¢¢������{{{

XÑ1Å� SAM &Ò, Xã 1(c) ¤«, úª½

Â� [7]

s(t) = A(1 + m cos(2πfmt)) sin(2πfct), (1)

Ù¥ A �ÌÝ, m �N��Ý, fm �N�ªÇ, {
¡N�Ç, fc �1ÅªÇ.

æ^�À�r½ÀJ{ (2-alternative forced-
choice, 2AFC) 5 ÿ þ �Áö � SAM u ÿ K,
= TMTF. Ú^
 Pfingst � [8] 3ïÄ<ó�´
�\ö�N�uÿK�æ^�%nÔnÿÁ6§,
¿�é�ïÄ�·�N�. ÿÁ&Ò�)��ë�
&Ò!��N�&ÒÚ��é'&Ò.

ã 1 ¢�^&ÒÅ/ÚéA�ªÌ«~ (a) ë�&Ò; (b) ë�&ÒªÌ; (c) N�&Ò; (d) N�&ÒªÌ;
(e) é'&Ò; (f) é'&ÒªÌ

e-&Ò���Å//ªÚÌªA5­�X
ã 1 ¤«. ã 1(a) ë�&Ò� 456.5 Hz XÑ1Å,
ã 1(c) N�&Ò�ë�&Ò� 50%N��Ý� 100
Hz SAM &Ò (�� 0.1—0.2 s �Ü©w«), ã 1(e)
é'&Ò�ë�&Ò8�z��N�&ÒUþ�
Ó�(J, d?éué'&Ò�Uþ?n´�
�
��Áö3�äN�&Ò�,	üö��O��
6�Ý�
�ÑN��É. kïÄL², �ü�e
-�Uþ�Ó�,��ÅÄ�����U�fö±
�p��Ýaú [17]. N�&Ò���ÅÄ'é'
&Ò�, �Ù�Ý�'é'&Ò�. ù�Ò�yN

�&Ò��Ý0ué'&ÒÚë�&Ò�m, �y
�ÁöØ¬�6�Ý?1ÀJnö¥�É���
��. lã 1(d) �±wÑ, SAM &Ò��u�©&
Ò3ªÌþ?1�mé¡�£¿\����©&
ÒU\, Ñy
ü�>�&Ò.

ÿÁÌ.¡Xã 2 ¤«. n�e-&Ò���
þ� 500 ms, �mm�� 500 ms, ,	, ���m
'D(, 3n�&Ò�å©½(� 10 ms ©Oæ^
ìrÚ~f?n. Â�^S�: ë�&Ò1 2 �Â
�, =ã 2 ¥�ë�Ñ, N�&ÒÚé'&Ò�Å
Ñy3(Ñ 1 Ú(Ñ 2 ¥, �¦�Áö3(Ñ 1 Ú
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(Ñ 2 ¥ÀJ�1 2 �Â��ë�Ñ�O���
��. m©ÿÁc, |^(?Oé1Å&ÒÌÝ?
1�O, �yÑÑ(Ø?3 65—70 dBA �m, ?u
fúÓ·���. 3ýÿÁ�ÌÁö¬Ú��Áö,
~XÚ�ÙÀJk�Ñ��� (Ï�3K8m©�
N��Ý��, Ï~ÌÝN�&Ò3fúa�þ¬
¥yÑ²w��Ëa, ��XN��Ý�~�, ù
«�Ëa¬Åì��) ½²wØÓ���.

ã 2 ÿÁÌ.¡

2.2 ëëëêêêÀÀÀJJJÚÚÚ¢¢¢���666§§§

N�Ç fm Ú1ÅªÇ fc �ÀJ�¹XL 1
¤«, 3d^Ï�5L«ØÓ� fc ÀJ.¢� 1, 2
��[`²Xe.

¢� 1 3ØÓªÇã�ÅÀJ
 4 �ªÇ�
� fc. ,	, �â�.�°�5� [1] �fúXÚé
$ª�ªÇ©EÇp, 
épª�ªÇ©EÇ$,
¢� 1 ¥z�Ï��é5/ÀJ
ØÓ� 6 � fm.
lÏ� 1 �Ï� 4, ����äN�Ç©O� 60,
90, 200, 300 Hz.

¢� 2 Ø�ÄfúXÚéØÓªã&Ò�
ªÇ©Eå�É. �BuÏ�m�Ó fm �¹�'
�, �Ï�æ^�Ó� 6 � fm, ­:'5�Ó fm

^�eØÓ fc éN�uÿK�K�. Ù¥ n3 Ï�
�¢� 1 � 4 Ï�� fc ÀJ�C, fm ÀJ�Ó, Ì
�´�
'�ØÓ��ÉÁö�¤�ÿÁ�(J

­½§Ý.
fm Ú fc ��«ÀJ�¹�� 1 |K8, = 7

�Ï�, z�Ï� 6 |K8, � 42 |K8. 3ü�
¢�¥, ©O±|�ü òK8�Ñy^S?1�
Åü�. z|K8¥æ^g·AÚ�N��{, Å
ÚN�N��Ý� m, Uì “2 e -1 þ” �%nÔ
n¢�Ú½ [9] ?1. m Ð©�� 0.8, 31 1 �$
: (“lé��” Ú “l��é” þ¡���$:) Ñ
ycÚ�� 6 dB, 31 3 �$:ÑycÚ�� 2
dB, 31 12 �$:ÑycÚ�� 1 dB. ��1 12
�$:�T|K8(å, �� 8 �$:? m �þ�
�3 fc XÑ1ÅªÇeN�Ç� fm � SAM uÿ
K, (JÏ~^ 20 lg m ù«éê/ª5L«. Ó�
� fc ØÓ fm ^�e�uÿK�¤
T fc ªÇ1
Å^�e��� TMTF, ���¢����(J, ø
�Y©Û¦^. ÿÁ¥ÿÁ^�Ø¬��Áö�"
���¹&E.

2.3 ���ÁÁÁöööÚÚÚ������

c#3 22—29 �� 22 ¶�~fåöë\

��ïÄÿÁ (9 I 13 å). �ªÿÁcÌÁö��
Áö?1XÑÿf, �Áö�XÑfK (125—8000
Hz) þ$u 25 dB HL (ÿÁ¥uyk 3 ¶I5�Á
�m�fK�u 25 dB HL, ���fKþ�u 25
dB HL, ÷v�¦). �Áöþ�3���)½ïÄ
), Ñ3¢�c�¿©w�¢�SN, \Ý��Ó
¿Ö, ¿U��¼�ÿÁÖb. ÌÁöÚ��Áö
mÐ¢�ýÿÁ, ÏLn|K8(@ÙÝºÿÁ�
{�m©�ªÿÁ.
¢��¸��.D( 23 dBA ��Ñ¿ (° 2

m, � 5 m, p 2.5 m), æ^�	�(k� US-144KII
., Ñ��äêM HS50 .ifÑ�, ÿÁ^�Ä
u VC++ ?§¢y. ÿÁ��Áö��¡é�(ì,
�Áö�ÞÜ��(ì?uÓ�pÝ, ål� 1 m.

L 1 1ÅªÇ fc Ú�äN�Ç fm ÀJ

¢� Ï�Ò fc/Hz fm/Hz

1

1 456.5 10 20 30 40 50 60

2 1705.5 10 20 40 60 80 90

3 3534.0 10 50 80 100 150 200

4 5758.0 10 50 90 150 200 300

 
2

n1 650.0 10 50 90 150 200 300

n2 1850.0 10 50 90 150 200 300

n3 5650.0 10 50 90 150 200 300
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3 ( J

3.1 ���äääNNN���ÇÇÇ���KKK���

¢� 1 �(J�.ãÚ²þ�ë�Xã 3 ¤
«, =¢� 1 � TMTF ã. Ù¥ë���%��²
þ�, “+” ��.ã�l+:, p�I�N��Ý m

�éê�, = 20 lg m, ü � dB.
�±uyuÿK�õ8¥3 −30—−20 dB �

m, 1 Ï�¥c¡n�ÿÁ:Ú�¡n�ÿÁ:
©O¥yþ,ª³, 2 Ï�Ú 3 Ï�Ä�²­, þ

�3 −26 dB NC, 4 Ï�¥co�ÿÁ:²­
u −27.5 dB NC, �¡n�ÿÁ:¥yeüª³.

æ^ MATLAB7.0 ^��ÚOóä�¥�ü
Ï���©Û (one-way ANOVA; 3 MATLAB ¥
� anova1 ¼ê; �¡©Ù¥ò^ ANOVA �O)
� {, ( J w«, 1 Ú 4 Ï � ($ ª Ï � Ú p ª
Ï�) ¥N�Çé(JkwÍK� ([F = 3.98,
p = 0.0022], [F = 3.3, p = 0.0078]), 2 Ú 3 Ï
� (¥ªÏ�) ¥N�Çé(JÃwÍK� (Ñ÷
v p > 0.05).

� �� � � � � � � � � � � �� � 	 � 
 � � � � � � � � � 
 � � � 
 � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � 	 � �
−

� �
−

� �
−

� �
−

� �
−

� �
−

� �
−

� �
−

� �
−

� �
−

���� ����� � � �  ! � � �  ! � � �  ! � � �  !
ã 3 ¢� 1 (J�.ãÚ²þ� (a) Ï� 1; (b) Ï� 2; (c) Ï� 3; (d) Ï� 4

æ^ STATISTICA6.0 ÚO©Û^�¥�¯�
©Û (post hoc) é 1 ½ 4 Ï�SØÓN�Ç fm m?
1üü'�©Û. (Jw«, 3 1 Ï�¥, fm � 10
Hz �� fm � 30, 50, 60 Hz �(Jm�3wÍ�
É (p < 0.05), fm � 60 Hz�� fm � 10, 20, 30, 40
Ú 50 Hz ��(Jmþ�3wÍ�É (p < 0.05).
3 4 Ï�¥, fm � 200 Hz �� fm � 10, 50, 90
Ú 150 Hz��(Jmþ�3wÍ�É (p < 0.05),
fm � 300 Hz�� fm � 10, 50, 90 Ú 150 Hz��
(Jmþ�3wÍ�É (p < 0.05). 3 1, 4 Ï�S
ØþãN�ÇémþØ�3(J�wÍ�É (þ÷
v p > 0.05).
¢� 2 �(J�.ãÚ²þ�ë�Xã 4 ¤

«, =¢� 2 � TMTF ã. ã 4(a)—(c) ¥, ë��
%��²þ�; ã 4(d) �Ù¦n�ã¥�²þ�ë
��'�; “+” ��.ã�l+:; p�I�N��
Ý m �éê�, = 20 lg m, ü � dB.

3 n1 Ú n2 Ï�¥, ²þuÿUå�X fm

l 10—300 Hz ¥ þ,ª³ (n1 Ï � � ² þ �
� −24—−43 dB �m, n2 Ï��²þ�� −24—
−36 dB �m), 
3 n3 Ï�¥, K¥y����Ï
ª³, ²þuÿUå�Ð�� 90—150 Hz �m�
«�.

ANOVA ©Û(Jw«, n1, n2 Ú n3 Ï� ($
ª!¥ª!pªÏ�) ¥ fm (10—300 Hz) é(JÑ
kwÍK� ([F = 35.73, p = 0.0000], [F = 16.42,
p = 0.0000], [F = 2.87, p = 0.0173]).

æ^ post hoc é n1, n2 Ú n3 ��Ï�SØ
Ó fm m?1üü'�©Û. (Jw«, 3 n1 Ï
�¥, fm � 10 Ú 50 Hz �(JmØ�3wÍ�
É (p > 0.05), fm � 150 Ú 200 Hz �(JmØ�3
wÍ�É (p > 0.05), Ù{N�Çémþ�3(J
�wÍ�É (p < 0.05). 3 n2 Ï�¥, fm � 10, 50,
90, 150 Ú 200���N�Ç�üü(JmØ�3
wÍ�É (p > 0.05), fm � 10 Ú 90 Hz �(JmØ
�3wÍ�É (p = 0.0690 > 0.05), Ù{N�Çé
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mþ�3(J�wÍ�É (p < 0.05). 3 n3 Ï�¥,
fm � 300 Hz�� fm � 10, 50, 90, 150 Ú 200 Hz
��(Jm�3wÍ�É (p < 0.05), Ù{N�Ç
émØ�3(J�wÍ�É (p > 0.05).

lã 3 Úã 4 9�A� ANOVA ©ÛÚ post
hoc ©Û�(J, �±o(Ñ±e5Æ: 1) �äN
�Ç (fm = 10—300 Hz) éÌÝN�uÿUåk
XwÍK�; 2) 1Å�$ª (650 Hz �m) Ú¥ª

ã (1850 Hz �m) uÿUå� fm �þ,
��¥
þ,ª³; 3) 1Å�pªã (3500 Hz �m±þ) u
ÿUå�¬É� fm �K�, ��¥yüNª³;
4) 3��ªãþ, fm �$�, X 1 Ï�� 40 Hz ±
e, 2 Ï�� 90 Hz ±e, 3 Ï�� 200 Hz ±e, 4
Ï�� 150 Hz ±e, n1 Ï�� 50 Hz ±e, n2 Ï�
� 90 Hz ±e, n3 Ï�� 200 Hz ±e, uÿUå�
É� fm Cz�wÍK�.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
−� �
−� �
−� �
−� �
−	 �
−	 �
−
 �
−
 �
−� �
−� �
− � � 
 � � � � � � � � � �� � � � � � � � � � � � � � � � � � � �

� �� �� ���� �� !"
ã 4 ¢� 2 (J�.ãÚ²þ� (a) Ï� n1; (b) Ï� n2; (c) Ï� n3; (d) nÏ�'�

3.2 111ÅÅÅªªªÇÇÇ���KKK���

TMTF ^uL«1Å&Ò/ª�½��¹e
ØÓN�Ç fm �N��ÝuÿK, ,
3ØÓ�
1ÅªÇ fc ^�e� TMTF ¼êm��±?1'
�, ^uïÄ�Ó�äN�Ç^�e1ÅªÇéu
ÿUå�K�. ã 5 ��Ó fm m'���.ãÚ
²þ�ë�. *	uy fm 3 100 Hz ±e�(J
Ø�3²w�Ï�m�É; fm 3 150, 200 Ú 300
Hz �(J¥y� fc ,p
eü�ª³. ANOVA
©Û(Jw«, fm � 60 Hz �Ï� 1 ÚÏ� 2 �
1ÅªÇ��Éé(JkwÍK� ([F = 5.1,
p = 0.0292 < 0.05]), fm 3 150, 200 Ú 300 Hz� fc

�Czé(JkwÍK� ([F = 13.55, p < 0.000],
[F = 25.19, p < 0.000], [F = 69.17, p < 0.000]); fm

3 10, 20, 40, 50, 80 Ú 90 Hz� fc �Czvké(
J�)wÍK� (p > 0.05).

æ^ post hoc é fm � 150, 200 Ú 300 Hz�Ø
Ó1ÅªÇ fc m?1üü'�©Û. fm � 150 Hz
éA�Ï�k n1, n2, 3, n3 Ú 4 Ï�. d�, 3 Ú n3

Ï��(JmØ�3wÍ�É (p > 0.05), n2 Ú 4
Ï��(JmØ�3wÍ�É (p > 0.05), n3 Ú 4
Ï��(JmØ�3wÍ�É (p = 0.0905), Ù{
Ï�émþ�3wÍ�É (p < 0.05). fm � 200
Hz éA�Ï�k n1, n2, 3, n3 Ú 4 Ï�, d�,
3, n3 Ú 4 Ï��(JmØ�3wÍ�É ([3, n3:
p = 0.7934][3, 4: p = 0.9330], [n3, 4: p = 0.7293]),
Ù{Ï�émþ�3wÍ�É (p < 0.05). fm

� 300 Hz éA�Ï�k n1, n2, n3 Ú 4 Ï�, d�,
n3 Ú 4 Ï��(JmØ�3wÍ�É (p > 0.05),
Ù{Ï�émþ�3wÍ�É (p < 0.05).

,	, Ï� n3 �¢� 1 Ï� 4 �ëêÀJÄ
���, �êâ©ÛL²üö�(JmØ�3wÍ
�É (p > 0.05), y²
¢��O�­½5ûÐ.

lã 5 Úþã©Û�o(Ñ±e5Æ: � fm <

100 Hz�, ÌÝN�uÿUåØÉ1ÅªÇ�wÍ
K�; � fm > 150 Hz�, ÌÝN�uÿUåÉ�1
ÅªÇ�wÍK�, ¿�uÿUå�X1ÅªÇ�
þ,
¥y4~ª³, �1ÅªÇþ,� 3.5 kHz
±þ�1ÅªÇ�CzéuÿUå�K���.
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
−

� �
−

� �
−

� �
−

	 �
−


 �
−

� ��
� 
 � � ��� � ��� � � 
 � � ��� � ��� � � 
 � � � � 
 � � � 
 
 � � � 
 
 � ��� !"#$% & ' (

ã 5 N�Ç�Ó�^�e1ÅªÇCz�K�

4 ©Û�?Ø

4.1 ïïïÄÄÄ(((JJJ���ÑÑÑpppaaa���nnnØØØmmm���'''XXX

� u 1 Å SAM & Ò � ± w � n � X Ñ &
Ò (pure tone) U\/¤�EÜÑ (complex tone),
EÜÑ�U¦<�)Ñp�aú [13,14]. 3ÿÁL
§¥uy, 3N��Ý�f�1ÅªÇ�p��Á
ö¬�6Ñp�O?1�ä.

XÑÑpa��%nÔnnØk:  �nØ,
=XÑéÄ.��e-��� �û½
XÑ�
Ñp;�mnØ, =Ñp�ûu�m?è, 
T?è
�ûuf ²�)e-�(Å� �ÓÚ5 (� 
£½y�)[1,10,11]. EÜÑÑpa��%nÔnn
Øk: �ª£O�., @�$ª��©E�Å��
ªéEÜÑÑpa��­�, ± �nØ�Ä:;
�m�., @�pª�Ø�©E�ÅéEÜÑÑp
a��­�, ±�mnØ�Ä: [1,15].  �nØÚ
�mnØéuXÑ&Ò�)º'��Ù, �ª£O
�.Ú�m�.ék�Å¤©�EÜÑ�)º�
�k�.


�ïÄ¥vk;��é1ÅªÇ�N�Ç
��Å'X?1�O, �,Ñpa�é�Áö��
ä�)
K�, �éu SAM &Ò½�E,�&Ò
J±é�ÙÑpa���muÿUåm�'X.

4.2 lllfffúúúÈÈÈÅÅÅììì���ÝÝÝ©©©ÛÛÛ(((JJJ

fúÈÅì (auditory filter, AF) �ýé�°�
X¥%ªÇ�,p
\° [10], �´é(Ñ�ªÇ
©EÇ�X(ÑªÇ�,p
ü$. AF 3ª�

�é¡, �kõ«ØÓ�O��. [12]. �©=Ï
L AF ���Ý/�° (equivalent rectangular band-
width, ERB) 5?1©Û, Ø�ÄäN�O��{.

�~fåc�<�fúÈÅì��Ý/�
° (ERBN) �úª� [1]

ERBN = 24.7(4.37f0 + 1), (2)

Ù¥ AF ¥%ªÇ f0 �ü � kHz, ERBN �ü
 � Hz. ±�Ï�1ÅªÇ fc �¥%ªÇ� AF
� ERBN Ú�Ï����äN�Ç fm max �L 2.

L 2 �Ï�1ÅªÇ fc éA� ERBN Ú�Ï����
äN�Ç fm max

¢� Ï�Ò fc/kHz ERBN/Hz fm max/Hz

1

1 0.4565 74.0 60

2 1.7055 208.8 90

3 3.5340 406.2 200

4 5.7580 646.2 300

2
n1 0.6500 94.9 300

n2 1.8500 224.4 300

n3 5.6500 634.6 300

Xc¤ã, ±XÑ�1Å� SAM &ÒlªÌ
þw´d�^1ÅÌ�Úü^>�&ÒÌ�U\
�¤�, �N�Ç�u±�c1ÅªÇ�¥%ªÇ
� AF � ERBN ����, 1Å&ÒÚ>�&Òá
3T AF S, d����(Jék�U�A�´f
úXÚ��m©E
Ø´ªÇ©E [1]. ùpJÑ
^ AF-ERBN nØ5©Û¢�(J�ü^b�.

b� 1 ��äN�Ç�uT ERBN ���
�, �äN�Ç�CzØ¬�5N�uÿUå�²
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wCz.
b� 2 �äN�Çl�uT ERBN ���

��uT ERBN ����LÞ�, ¬�5uÿUå
�wÍJ,.
¢� 1 � 2, 3, 4 Ï�Ú¢� 2 � n3 Ï�þ÷

v���äN�Ç fm max < ERBN/2. �â 3.1 !
�5Æ 4) �, 2 Ú 3 Ï��äN�ÇCz��5
uÿUå�wÍCz, ¢�y¢
þãb� 1; �
â 3.1 !�5Æ 3) �, 3¢� 1 � 4 Ï�Ú¢� 2
� n3 Ï�¥�äN�ÇCzwÍK�
uÿUå,
��NCz��Ø� (10 dB ±S), ��¥y²w
üNª³, ,
3 fm > 90 Hz�, uÿUåm©�
X fm �O�
Ñ�eü, ù�U´É�<�éØ
ÓªÇXÑ&Ò����fKØÓ�K�.
¢� 1 � 1 Ï�Ú¢� 2 � n1 Ú n2 Ï�¥,

Ü©�äN�Ç�uÙ1ÅªÇéA� ERBN/2.
�â 3.1 !�5Æ 1) Ú 2) �3ùü�Ï�¥, u
ÿUåÉ�äN�ÇwÍK�, �¥üN4Oª
³, ¢�y¢
þãb� 2. éùn�Ï�¥N
�Ç�u½�C ERBN/2 ��¹?1©Û, éu 1
Ï��co�N�Ç (fm = 10, 20, 30, 40), n1 Ï
��ü�N�Ç (fm = 10, 50), n2 Ï��n�
N�Ç (fm = 10, 50, 90), post hoc ©Ûw«3z
�Ï�¥þ�uyN�ÇÚå�wÍ�É (þ÷
v p > 0.05), =N�ÇCz�éuÿUå�)wÍ
K�, ù�3¢�þy¢
b� 1 �k�5. þã
b�ÏL¢���
�y.

4.3 ééé<<<óóó���´́́��� SAM-TMTF ���ýýýïïïÄÄÄ
���ééé«««

�ïÄ¥æ^�ÿÁ&Ò�<ó�´>e-
fú�óÀÌÝN�3�ä/ªþ��, �¢SÔ
n¿Âk²w�O. �ïÄ¥�ÿÁ^N�&Ò�

XÑ� SAM, ªÌ/ª�1ÅÌ�\üý�>�Ì
�, ÏL�(ìÂ��<�f; 
<ó�´� SAM
ÿÁ&ÒÏ~�V�>óÀG� SAM &Ò, ÏL
>4���)>e-&Òe-f ². ÏL�ïÄ
� Shannon[16] �<ó�´ SAM-TMTF ïÄ(Jé
'uy, üömvk�q5Æ, ¤±�ïÄ¥�ù
«±XÑ�1Å� SAM-TMTF ØU^��<ó�
´ SAM-TMTF ��ýïÄ�{. �l AF ��Ý,
ü«&Òþ�±3Ó�� AF Sé<�fúXÚ�
)e- (=á3�� AF S�1Å&ÒÚ>�&Ò
½\3��>4Ï�þ� SAM �>e-óÀ), �
ïÄ�<ó�´>e-fú� SAM-TMTF ïÄ9
Ù�ýïÄJø
ë�.

5 ( Ø

ÏL¢�ÿþ�~fåö3ØÓªÇ�XÑ
1Å^�e� SAM �fú TMTF, ïÄ
�äN
�Ç (fm = 10—300 Hz) Ú1ÅªÇ (fc < 8 kHz)
é�~få<��fú TMDA K�, �Ñ�äN�
Ç (fm = 10—300 Hz) Ú1ÅªÇ (fc < 8 kHz) þ
¬K�<�éXÑ1Å� SAM �uÿUå; �1
ÅªÇ u¥$ªã (� 2kHz ±e)�, uÿUå
�N�Ç,p
Or, 3pªã (3.5 kHz �m±þ)
uÿUå�¬É�N�Ç�K�, �Ø¥yüNC
zª³; fm = 10—100 Hz �, N�uÿUå�1
ÅªÇ�CzØwÍ;fm = 150—300 Hz �, N�
uÿUå�X1ÅªÇþ,
eü, �� fc > 3.5
kHz�, Ø2éN�uÿUå�)wÍK�.

©%a��Üë�ÿÁ� 22  �Áö. a�é�©@

Ï��JÑ�B¿��*l�, Ù¥AOa�²|A!�

�¸!�Ès.
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Effects of envelope modulation rate and carrier
frequency on auditory temporal modulation

detection∗

Meng Qing-Lin† Yuan Meng Mou Hong-Yu Chen You-Yuan Feng Hai-Hong
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Abstract

The effects of envelope modulation rate (below 300 Hz) and pure-tone carrier frequency (below 8 kHz) on auditory temporal mod-

ulation detection ability (TMDA) are investigated through psychophysical experiments. The stimuli are sinusoidal amplitude-modulated

signals with pure tone carriers. Two-alternative-forced-choice procedure with adaptive step is used. The temporal modulation transfer

functions with different carrier frequencies are measured. Twenty-two normal-hearing subjects (22 to 29 years old) are recruited for

this study. Experimental results show that both envelope modulation rate and carrier frequency have significant effects on TMDA.

When carrier frequency is below 2 kHz, TMDA improves with the increase of modulation rate. When carrier frequency is above about

3.5 kHz, TMDA is influenced by the variation of carrier frequency, but without significant monotonic trend. When modulation rate

is between 10 and 100 Hz, carrier frequency does not affect TMDA. When the modulation rate is between 150 and 300 Hz, TMDA

decreases with the increase of carrier frequency until the carrier frequency is above 3.5 kHz.

Keywords: auditory psychophysics, temporal modulation, auditory filter, cochlear implant

PACS: 43.66.Fe, 43.66.Dc, 43.66.Ba, 43.66.Hg
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