
 

- 1 - 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

2011/01/24 

 

 

 



 

- 2 - 

 
 

 

 
 

 

 
 

Fig 1 
 
 

 

 

 
 
 

 

 
Fig 2-1 



 

- 3 - 

 
 

 

 
Fig 2-2 

 
 

 
 

 
 

 
 

Fig 3 
 

ISO
1998

 
 

1930
ISO  

 

 
 
 



 

- 4 - 

 
1930   / H. Fletcher, W.A. Munson 

1940   / W.R.Garner 

1950   / G. Bekesy 
 / D.W. Robinson, R.S. Dadson 

 / L.L. Beranek 

1960   / S.S.Stevens 
 / E. Zwicker 

 / E. Zwicker 

1970   / E. Zwicker 
 / G. Bismarck 

 / E. Terhardt 

1980   / H. Fastle 
 / W. Aures 

1 
 
 

 

 
 

 

 
 

Fig 4 



 

- 5 - 

 
 

 
1/3

FFT
 

 
 

 
 
 

 
 

Fig 5 
 

SQ
AI

 
 

   

 sone  
 ISO 532B  

  phon 4010 2 N  logL  

  acum  
 

  asper  
 

  vacil   
 



 

- 6 - 

  tu  
 

AI %  
 

2 
 

 
 

 
 

 
Fig 6 

 
A 6

A
 

 
2  

 

 
Fig 7 

 
A  

 



 

- 7 - 

 
A 2  

2
2

 
 

2  
 

 
Fig 8 

 
1 2 A

A
 

 
 

 
 

 
 

 
 

 
  
  

 
 

3  
 



 

- 8 - 

 

5.1  

2kHz 4kHz
 

 
 

 
 

Fig 9 
 

 
 

 
A

40phon
 

 

5.2 Spectrum Masking  

2 1
 



 

- 9 - 

 
 

 
Fig 10 

 
1kHz 1kHz

 

Bark  
 

 
 

 

 
 

Fig 11 



 

- 10 - 

 
 

 
 

 

 
Fig 12 

 
2

 

 
1 1kHz

1kHz

 
 

5.3  

 
 

 

 
Fig 13 



 

- 11 - 

 
A B

A B 2  
2 2

B A
 

2
 

 

5.4  

ISO 532B
 

 
 

 
 

 
 

Fig 14 
 

A

 
 

1/3
 

ISO 532B 10
 



 

- 12 - 

 

5.5  

5.4
 

1/3
500Hz 1/3

 
ISO 532B

ISO 4 3
 

 
 

 
 

Fig 15 
 

5.6  

  
 

 
 
 

ISO
ISO  



 

- 13 - 

 
 

��������	
���
�
������
������

������

��
��

��

��

�

�
�� ����� ���	�� ����� � � ����� �
�� ��

��
��

��

�
�

��
��

�

�	� � 	� 
�� 	� 
	� ���
����
	��� �

 
 

Fig 16 
 

5.7  

ISO 532B ISO
ISO

2ms  
 
 

 
 

Fig 17 
 

5.8  

40 dB 1kHz 1 sone
40 phon 1 sone

2 sone  



- 14 -

 
 
 数 右  Sharpness  

Fig 18 

A B



 

- 15 - 

 
 

0Hz 0Bark
 

 
 

 
 

 
 

Fig 19 
 

critical-band rate  
 
 

 
 

Fig 20 
 



 

- 16 - 

 

6.1  

1kHz 1 Bark 60dB
1 acum  

 
 

 

4 Hz
 

 

Hz  
 

 

 

 
Fig 21 

 

7.1  

1 kHz 4 Hz 100% AM 60 dB
1 vacil  



 

- 17 - 

 

 

70 70Hz  

 
 

 

 
 

Fig 22 
 

70Hz  
 

8.1  

1 kHz 70 Hz 100% AM 60 dB
1 asper  



 

- 18 - 

 

 

 
 

 
1Hz 

 
 

 

 
4Hz 

 
 

 
 

 
70Hz 

 
 

 

 
200Hz 

 
 

 
 

 
1kHz 100  

Hz  
4Hz

70Hz

200Hz
 

 
 

 

 
 

 

10.1  

 

 2
 



 

- 19 - 

 
 

 
 

 
Fig 24 

 

 
 
 

 
 

 



 

- 20 - 

 
 

 
Fig 25 

 

10.2  

 

/

 
 

 

 
 



 

- 21 - 

 

 
 

 
Fig 26 

 

 
 

 

 
 



 

- 22 - 

 
 

 
Fig 27 

 

 
 

 

 
 

 



 

- 23 - 

 
 

 
Fig 28 

 

Hz
Hz  

 
 
 

 
 

 
 

 
OS-2740  
http://www.onosokki.co.jp/HP-WK/products/keisoku/software/others/os2740.htm 

 
Oscope 2  
http://www.onosokki.co.jp/HP-WK/products/keisoku/software/others/oscope2.htm 

 
WS-5190  
http://www.onosokki.co.jp/HP-WK/products/keisoku/software/ws/ws5190.htm 




