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

� � ! "

#%$&$&')( *,+ #.-0/

132

46587953:<;>=@?@ACB6D6E6F6GIHKJ6LNM6O6GQPKRTSUSVRXWZY\[^]K_^`aWb]dceGgfhRjik]d`l]mWnM6F6oqp6r6G
s6t6u8vxw 4@y6z{E}|�~����C���

� ��� �

�x� Gx���^�^�aWbYTc��@�^�d]d[^]���[^R\`a�������K���<�¡ £¢x¤6MxO<A¦¥Q§<¨C©«ª@�C¬«N®x¯}°²±8³9�
²´9µ·¶¸¢Q¤xM6O<¹Cº3»VE¼ 9½@¾�¨6¿²À¸¯ÂÁgG6ÃQ¢«Ä6A�ÅxÆÂA¦¢¡»Ç=ÈÀÂ¾9°}¾¦É}³ÇÊ}¿
Ë8ÌÎÍ6ÏNÐ²5�Í<Ñ£ÒNÓ²AÕÔ¦Ö6Ï¸×ÂØ¸Ù¸Ú<�9ÜÛ�GCÃN¢Â�¸Ý@ÉÎ¢6ÞNß6àÂ�6ØÎáqâ@¿6ÀQ°ã¶²ä
µãG6=8?@A9å9æ6çNèÂACé6ê<�6ë6ìNíCî<µN�ïqÊ¡»£ð6ñ3ò�íó {¯}°C¶
å9æqô0Ô·ÖqÏ@A�¥x§õ¾Qò�í9GQ�^ö^]d÷V]d`��{ø6ù@AûúücýYþfK[·¾Ü�ÿY Y � ]��ã�8±·°,¢����	�}y�


����NòãµÎM	�ÂÔ¸ÖqÏCGN�����xA�� `�`l��� �@±·°��Nç6¢����}zÎÏ²5��6yqz�� �¡»"!¼Û$#@¯²µÎM
�}Ô·ÖqÏ9G	%&�'�@AQÄ)(��ã�Q±·°,=@?8A�B6D6ENF¡» v Ï	*�+x5-,�.6y/
10 w Í�2q�@±q´Cí
3�4 òãµÎM	�²A 3 576 ¨�8q°C¶xä¸µãG:9Qø@A;�<��>=ãG H@?ÕA�ANJ	BNp6M²AãM6O�C@?@�ED
ò)ígG w7F ÌG
@HNzEI72)J²A�K�B8ACÅ7L ¾ M6O�CQ?@AEMONg°�P·o ¾ãAãÆ�Q���D)R¡»ÎÔ¦Ö·Ï
×3ò�í@Éq°C¶ ò�Sóò GÈÉUT6¯@A9å9æqô}Ô·Ö6Ï²Ø¦Ð<7N5 ~WV-XN� w	F ÌG
1H6zYI�2:J<ACM6O
»"Z\[ÕíqÉN°6µU]ãG H"?ÕA^-_q¨ `aNbANJ	B�c	d²A,pqMó»"e�f8±q³ggNo6G7hEiÂ�ãMNO@¿
À·íxÉQ°}¾�=j<É>k<É¦¶
l ènm8¿�=gGa`EopA6J	B	c�d<�	q6É6í7hYi«��M6Osr@°qµp]Q�	=CG	V-X w	F ÌG
 Ï ~ Ð

795�� A:t<�>u	v<Ø>Z	w3òÇQì¸¯}Á¦x�Î6ÉÂ¾�É8³�y	gÂ�yazgGõHKJ6LNM6OÂ¹ãº0A�E�{ÂA
| ?«¾xò�íCG6Ã6¢8¨:} ~O�ã¯²µãJqL�Sx��^-_·J6LÜ»��a�7r@°E�Y{¡»Vð	�sr@°C¶

� � � � � � ��� � � � ��� � � � �
l �7{8A6Ô·Ö6Ï-=ãG�� | A²±q³C�ãéNpO�ã¯8°C¶	8x°ÈH1?ÕA�¢ �	^�_����Z~��X� ¾�� � ~��X� ¨:^

_¡�n~¢�þ�'£¤���Z~¢�þ�¦¥\�§� ~¢�þ���ãoQp¤�ã¯²µ¨�©¡»�ª6Æsr@°¦¶«½¸A�«6o	^�_\=ãG-¬®0A¸=@?�¯6Ñ
Ïa° ~�PKR\SVSUR WbYT[^] _^`aWb]dce� ¿Cé6pO�ã¯Â°Èf Rjik]d`l]mWnM6Fqr}�8±0Û±A6J	BqM6EO�ã¯8°C¶<½q½C¿CG

²



� � ~��þ� ¾O� � ~¢�þ�³=ãG�´·¯-µ·¯·¶$¸��ÎA�M6FO¯qÑ�Ïx°g¿
���Z~��þ��;º¹¼»%~¢�þ� �e��[ ~�½¾» �þ� ~ ² �
� � ~��þ��;º¿¼» ~��þ� �e�l[ ~�½¾» �À¥�Á§»%~¢�þ�ý� ~ÃÂT�

�A6J B6M6EO�ã¯N¯²ÁgGO¯6ÑãÏa°7�EÄ�Å�» ~��þ�³=gG
Å » ~¢�þ�¡£ ¹ » ~¢�þ� �e��[Æ½ » �À¥-¿ » ~¢�þ� �e��[ ~¢½ » �Ç¥-Á » ~��þ�e�

£ ÈÉ»%~¢�þ� �e�l[>~�½Ê»§�Ê¥�ËÌ»%~¢�þ�e� ~ÃÍT�
¾@ÎO�Î¯}°g¶�Ï3ò G½¾»b=-¯NÑ�Ï�°gAxÄ��Ð	ANJ	B6G�Á§»%~¢�þ�³=�� � ~��þ� AxØ7?Ñ���Z~¢�þ� �)Ò6á3òÎµ
#-ÄYu v}¿ 8x°C¶Âä9µgG	V-XYÓ	ÔÕÈÉ».~��X�h¾��EÄ7u	vÖËÌ» ~��X�³=ãG�´·¯�µN¯

ÈÉ»^~¢�þ�Æ£ ¹ �» ~¢�þ�¦¥�Â�¹×».~��þ�Ø¿Ù»%~¢�þ�ØÚ§ÛÝÜÞÁ§»%~¢�þ�¦¥�¿ �» ~¢�þ� ~ÃßT�

Ëà».~��þ�Æ£QWZR\[âá � ¿ » ~��X�^����[>~ãÁ » ~��þ�e�
¹×».~��X�¦¥�¿¼»%~¢�þ� �dYT�äÁå».~��X� ~ÃæT�

¾ãx°¸¶<½6½C¿CG V-XYÓ	ÔçÈÉ»%~¢�þ�h¾�Ä)�	A6J	Bè½¾»h¨:é ê@Ù9Ú}¿ 8@°x½@¾�Sx� Ga�EÄ7u	v
ËÌ»%~¢�þ�h¾@#nÄYu�vÕÁå»%~¢�þ� ¨N®�S·¯²ÁãGIH JqLÂA�V-XYÓ ÔÕ¹×».~��X�ìëí¿¼»%~¢�þ��»

¹¼».~��þ�Æ£ ÈÉ»%~¢�þ� �e�l[>~îÁ§»%~¢�þ�¾ï�Ëà» ~¢�þ�ý�����[ðÁå»%~¢�þ� ~ÃñT�

¿¼».~��þ�³£ ÈÉ» ~��X�^����[ ~îËÌ» ~¢�þ�ý�����[ðÁå»%~¢�þ� ~ÃòT�
A²±x³g�ãENF��@��E  C½Q¾,¨N¿xÀq°g¶)ó	ô«��G�r7õxíÕA�M6Fö¯6ÑÎÏs°¼~�Å�» ~¢�þ�ìë ²×÷ ¶ ÷ ¬,�
�7?qÉ·íCG}½¦A�øqçó»{¬8xÉãG	´·¯ µ·¯QA�pNM¡»@f Rjik]d`l]mW o6pNr}¿go6pnr@°x½Q¾,¿gGY���Z~��þ�
¾O� � ~��þ��»1ù6é6p}¿xÀQ°C¶

ú û1 1(t)

(t)
S  (t)

1

û (t)
(t)

S  (t)

û (t)

(t)
S  (t)

ú

ú N

N

N# N

# 1

+

+

+

A

A

A

B

B

B

(t)

(t)

(t)

(t)

(t)

(t)

1

1

N

N

IDWT

IDWT

DWT

.

.

.

.

.

.

Separation GroupingAuditory-
filter-bank

DWT : Discrete Wavelet Transform
IDWT : Inverse Discrete Wavelet Transform
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