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wËkeWZY
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g}\_r_r_k}itgeg.cq^���ajWZY[r�WZ^4it^�d�`bY
r4`f^_ÇZ`b^_ÇÃwËk}WZYO�d� �4u
� l_ijkeijwËWqkeiq� c"dK? �%�.d|l4i�keitg}r�Wq^_gei:Wqw�d|l4i ¹ � lvcqgUd|WpÄ�i�ÈtijkeW_uy�vWZkLcq^�`f^�deitkeijg}de`f^_Çpatcqgei"�IÓ¨i:cqk}k|cq^_Çqi
÷<øØù�úÌû{ü¢ú}ýeýeú�þ � ú_ÿ8ú � ø�� ��� ó����



ó
	��
����� ÷ ������� � ��� �
� ó � ���Ýó������Âó � ó � ��������� � ��ó � �_ó
	 � ����ó ÷ ��� �D÷ ��	�� P

l= l= l=

e j Ψ)(B

Ψ
0 π

0 1 L 1−

�! #"%$5Q5$§¼�I%/18j/6¿ÀA,=�8, É*ÁAM #¿�*�:17¬AMI5=KR§*,3%/�AM #/60�×%0ÓAM=F8j*H¿À:'.'Aj/1 #.5=�½Ç #.<ÅÇ$
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G � É�� � E Ê»� STVU � wËWZk ?Ü°z`W?YX;Z�[]\_^a`b?Ycededb\_^,a
� Wqd|l_ijk}Ó:`bgei ÉÌ�O�IÊ
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? � ��lvcO�ZiÞd|W�Ä�i�ajW¢�Zitk}itÅ	d|W[g|c"de`fg}wê�Âd|l_iÞatWq^_g}dek|cq`b^Idegtu � l_i�cqr_r�iOcqz `bghL `�w¬ge`fÇq^vcqzfg�`bY
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CCD method     
SVD method     
subband select.
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Ð¬=�/68,.5 #.5"4¿ÀÕ58M¾6=Ì*�79:68�79Õ50#0#D%/1.%½Ô8M=�/60- É*,/1A, #:6.%*�:17v½P �Ú�=�8,=�.BAZDµ=Ì/12E79:68M24 -.5"C*LA,8MÕ%¿_AMÕ58M=�*�$
�
NPO§}�[��<XZp�l�SH[\UWRZ|�lWRZV�Û x{|5XZpBSH|

� l_i]wËWZzbzfW¢Ó:`f^_ÇÂge`fYÃ\_zÝc"de`fWZ^4g�cqk}ißÄvcqg}itÅÏWZ^ÏcRÄ�itcqY[wËWqkeY[itk.g}ijd|\4r�cqgp`b^Ñ�y`fÇ4uy�]Ó:`bdelð� � �¢�
geij^_geWqkeg<c"^_Å[wËWqzfzfW¢Ó¨itÅ �:s � g¨W"w?�ò�%�Z�pdmc"r_gtu � l4i.n��_V�`bgLatWZ^_gÌd|kecq`f^_ijÅÂÄ��ßÒvk}g}d¨WZkeÅ_ijkAÅ_itk}`b�"c"d|`��Zijg
ÉMÙ;� �ZÊ:deWÂkeijatij`b�Zi]c
Ó:`fÅ_ijÄvcq^_ÅSge`fÇq^vcqz>WqwL`b^Ideitk}itg}d6wËkeWZY Ä_k}W�cqÅ_g}`fÅ_iRÉ&�d�#��ÜmÊªu � l4i]Ä�itcqY�wËWZkeY[itk
gel4WZ\_zfÅÏcqÅ_cqr4d|`��Zijzb��ge\_r_r4keitg}gÃcRÄ4keW�cqÅ4Ävcq^_ÅÑ`f^�deitk}wËijkeij^_ati�ge`bÇZ^vcqz»atW¢�Zijke`b^_Ç�d|l_i]wËk}itÕI\_it^4aj�Ñ`f^�deitk}�"cqz
3 � `ñ� � �q�,+{`m� � �Z�,+�aXwËkeWqYÝ�c� �G��Ü[cq^_ÅÍÓ:`bdel�cÑg}`fÇZ^_cqz�ÆFd|W"ÆØ`f^�d|ijk}wËitk}it^_ajiÂkec"d|`bW�ÉF� Á h6Ê]Wqw�ÆÌ�"�ÑÅv��u] Å4Å_`bde`fWZ^vc"zfzb�q�4c"zfzDg}it^_g}WZkeg(keijatij`b�Zi�ger�ita{d|kecqzfz���cq^_Å	ger_c"d|`fcqzfz��
\4^_atWZk}keijzÝc"deitÅ	^_WZ`fg}iÞc"d6�q�ßÅv�%�*l�hÞu

Á ^ cÍÒvk}g}d	gei{dSWqw�ge`bY]\_zfc"d|`bWZ^_gt�:Ó¨i�cqr4r_zb�)WZ^_zb� cÚg}rvc"de`ÝcqzpÅ_ijatWZY[r�WZge`�d|`fWq^Ðcqg�Å_itg}atke`bÄ�ijÅ `b^
��ijaqu Á}ÁeÁ u � l_i�k}itg}\_zbde`f^_ÇÖr_cqk}de`Ýcqzbzb�ÑcqÅ_cqr4d|`��ZiRn��_V cqgÃgel_W¢Ó:^Ú`f^Í�»`fÇ_u»��`bg]`fY[r_zfijY
ij^�d|itÅÏÓ:`bdelÍc
keijÅ_\_ajitÅ�Ä4zfW amÎ `b^_Ç�YÂc&d|ke` �+ë °¯ÞÃñ ³ � Ó:`bdel ø � ��u � l4i[aml_cqk|cqa{d|ijke`fgÌd|`ba[W"wCë `fg.d|l4i
WZ^4i[Çq`b�Zij^
`f^odel_ißÅ_itg}`fÇZ^Ïi{�4cqY[r_zbiß`f^Ñ�y`bÇ_u ��u Á ^Ô�y`bÇ_u ���Pdel_`fgpgÌ� g}d|ijY `fgpajWZY
r_cqkeijÅÑÓ:`�d|lod�Ó¨W�Wqdel_itkÞÅ_ijge`bÇZ^
Y[ijd|l4W�Å_g:wËWZk(Ä_zfW amÎI`f^_Ç
YÂc&d|ke`batijgt��`Fu iquvd|l4iÃaOc"geaOc"Å_itÅoajWZzf\_Y[^_g(WqwLÅ_`gfDijkeij^_atiRÉFV�V s Ê(Y[ijdel_W Å_g¶` �G�%a
cq^_Å�coge`b^_ÇZ\_zfcqkÃ�"cqzf\4i�Å_itajWZY
r�WZg}`bd|`bWZ^�ÉF� i s Ê�d|WoÒv^4Å�del_i�^ \4zfzfg}rvcqaji	W"w6del_i�atWZ^_gÌd|kecq`f^�d�Y
c"d|k}`�� ­ ` �%a8u � l_i�Å_ijr_`fa{d|ijÅÔr�itkÌwËWZkeY
cq^_aji]Y
itcqge\4keiß`fg.del_ißY[iOcq^ÑgeÕI\vc"keiß�"cqzf\_ijÅoWqwJd|l_ißk}itge`bÅ_\vcqzyitkek}WZkt�
`Fu iqu�del_i6Ä�iOc"Y[wËWZk}Y
ijkAWZ\4d|r4\4dr�q`���a�Y[`f^I\_gAd|l_i6ge`fÇq^vcqzvWqw `b^�d|itk}itgÌd<`fY[r_`b^_ÇZ`f^4Ç.wËkeWZY Ä_k}W�cqÅ_g}`fÅ_i"uL�XWqdel
V�V s cq^_Å � i s gÌd|ke\4ajd|\4keitgRcqkei	wË\_zfz��ÚcqÅvcqr�d|`b�qiSÄ�iOcqY�wËWZk}Y
ijkegtu � l_i+�ÖV ] �ygÂ`f^�del_iSÅ4`�f�itkeij^�d
Ä�iOcqY�wËWZkeY[itk}gpcqk}i[\4r�Åvc&d|itÅÏÄ��Ïc�^_WZkeY
cqzb`fgeijÅÛ�n�Ö�Ïc"zfÇZWZk}`bdel_Y Ó:`�d|lÏc�g}deitr�g}`fÈji[W"w<� � �Z�Û`ñ�µaFu ] g
ij� `bÅ_it^�dRwËk}WZY �y`fÇ_uJ� �<d|l_iÑV�V s gÌ� g}d|ijY ÇZ`��ZijgRcq^×`b^_`bde`Ýcqzbzb�Ïw cqg}deitk
atWZ^��ZijkeÇZij^_ati"��Ä_\�d�cqzbz:del_keiji
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CCD method     
SVD method     
subband select.

�! -"µ$,Ì5$)Ðq=Ì/18M.5 -.%"E¿FÕ58,¾'=�*�79:68Z½5 WÚ�=F8M=F.BAZD�=�/12E79:'8,24 #.5"C*ÁAM8,Õ%¿ÀA,Õ58M=�*�GH -A,I¥*,3µ=Ì¿_AM8M/60q*LÕ5D%D%/1.%½<½P=Ì¿À:'2E3�:'*, -A, #:6.q$
g}deke\_a{d|\_k}itg(r_keW¢� `fÅ4i�cßg}`fY[`fzÝc"kXr�itk}wËWqkeY
cq^_atipW¢�qitk6c�zbWZ^_ÇZijk�r�ijke`bW�Å�WqwycqÅvc"r4dmc"de`fWZ^Du

�vWZk>c(g}itajWZ^_ÅÃg}ijd»Wqw_g}`fY]\4zÝc"de`fWZ^_gj�GcqÅ_Å_`�d|`bWZ^vcqz"ger�itajdek|cqzIg}\_Ä_Ävcq^4ÅÃger4zf`bd}d|`b^_Ç:cqatajWZkeÅ4`f^_Ç:d|W���ita"u Áji
`fgÞc"r_r_zf`bitÅog}\_Ä_geijÕI\_it^�dÃdeW�d|l_i�ge\4Ä_Ävcq^_Å Æ�geijzfijajd|`��Zi[Ä_zfW amÎI`f^_Ç�Y
c"deke`��SÅ_ijge`fÇq^P�¬cqgpgel_W¢Ó:^Ô`f^Ñ�y`bÇ_uD�_u
xAcqaml Wqw.del_i �:s � g}`fÇZ^vc"zfgßwËWZzfzbW¢Ó:`f^_Çod|l4iÖÄ_zfW amÎI`f^_ÇÏY
c"d|k}`���cq^_Å�d|l_iSkeijwËijkeij^_atiÖg}`fÇZ^_cqz�í�`���a�cqk}i
Å_`���`bÅ_itÅÔ`f^�d|WIo � ��g}\_Ä_Ävc"^_Å_gÃÄ��Ïd|l_iÂ�Þ�4�U� Wqw:�y`bÇ_u>�	Ó:`�d|l�Å4itat`bYÂc&d|`fWq^Ïkec"d|`bWßq � �4u � l_`bg
`f^ÔÇZit^4itk|c"zJk}itg}\_zbdegÃ`f^Ôc�zbW¢ÓXijkÃatWqY
r_\�dmc"de`fWZ^vc"zUatWZY[r_zbi{��`bd��ÑajWZY
r_cqkeijÅÔd|W	d|l_i
r_kei{� `fWZ\_gÞwË\_zbzfÄvcq^4Å
`fY[r_zbitY[it^�dmc"de`fWZ^4gt�>Ä�W"d|l�del_keWZ\4ÇZl�d|l4iRge\_Ä4Ävcq^_ÅÚcqr4r_keW�c"amlÍ`bd|g}itz�w�cq^_Å�del_keWq\_ÇZl�Å_`bgeatcqkeÅ_`b^_ÇS\4^_keiªÆ
ÕI\_`fk}itÅÑge\4Ä_Ävcq^_Å4gt�¬aquñw¶u>��ita"u Áji u Á ^_ger�ita{d|`f^4Ç�del_i�keijge\_z�d|`f^4Ç�Y
itcq^ogeÕI\vcqk}i�itkek}WZkpat\4k}�Zijg�`b^Ñ�y`fÇ4uD�4�
d|l4i<g}� g}deitY Ó:`bd|l�Ä�W"d|l]g}\_Ä_Ävcq^4Å[g}itzbitajde`b�qi<Ä_zfW amÎI`f^_Ç6YÂc&d|ke` ��cq^_Åßg}r�ijajdek|cqz ge\_Ä4Ävcq^_Å�Å_ijatWZY[r�Wqge`bde`fWZ^
ge\4Ä_g}d|cq^�d|`Ýc"zfzb��WZ\4der�ijk}wËWZk}Y
g6d|l_i�Wqdel_itkpk}iOcqzb`fg|c&d|`fWq^_g�`b^Öd|itk}Y
gpW"w¨ajWZ^��ZijkeÇZij^_ati
ger�ititÅÏÄ��ÑcO�ZWZ`bÅ_`f^4Ç
gezbW¢Ó)Y[W�Å4itgAWqw�cqÅvcqr�dmc"de`fWZ^Pu � l_`fgL`bgLÅ_\_i�d|Wpdel_i:Å_itajWZkek}itzÝc&d|`f^4Çpi'f�itajdJWqw�Ä�Wqd|lßd|l4i(Ä4zfW amÎ `b^_ÇpY
c"d|k}`��
cq^_Å�d|l4iÃ�Þ�4�y��c"^vcqzb� g}`fg<Òvz�d|itk�Ä_cq^_ÎIgtu

�
NBNPO§� UWRnY�p¬XZ|5[\U?RZ|] ge\4Ä_Ävcq^_Å Æ�geijzfijajd|`��ZiJÇZit^4itk|c"zf`fÈjitÅpg}`fÅ_ijzfWZÄ�iUaOc"^_atijzfzfijkDwËWZkPr_cqk}de`Ýcqzbzb�(cqÅvc"r4d|`��ZiLÄ_k}W�cqÅ_Ävc"^_ÅÞÄ�itcqY�Æ
wËWZk}Y
`b^_ÇÞlvcqgJÄ�ijit^Rr_k}WZr�WZgeijÅPu Á ^
del_`fgJÄ�itcqY�wËWZkeY[`f^_ÇpgÌd|k}\_ajde\_kei"��d|l4i�atWqzf\_Y[^[�qita{d|WZk}gXWqwPdel_i�Ä4zfW amÎ�Æ
`f^4ÇoYÂc"deke` ��ajWZ^_gÌd|`bde\4d|i�cÖg}itk}`fitg�Wqw(Ävc"^_Å_rvcqg}gßÒvzbdeitkegj�LÓ:l_`famlÚÅ_ijatWZY[r�Wqgei�d|l_i�`bY
r4`f^_ÇZ`b^_Ç	ge`fÇq^vcqzfg
`f^�deWÂatWqY
r�WZ^_ij^Ideg�Wqwyger�itaj`bÒvaßc"^_ÇZzfijg6W"wAcqkek}`b�"cqz>cq^4Å�wËkeijÕI\_it^_aj`fijgtu � l4`fg(`fg:wËWZzfzbWGÓ¨itÅ�Ä��Sc[ger�ita{d|k|c"z
÷<øØù�úÌû{ü¢ú}ýeýeú�þ � ú_ÿ8ú � ø�� ��� ó����



ó
	��
����� ÷ ������� � ��� �
� ó � ���Ýó������Âó � ó � ��������� � ��ó � �_ó
	 � ����ó ÷ ��� �D÷ ��	�� � û

ge\4Ä_Ävcq^_ÅSÅ_itajWZY
r�WZg}`bd|`bWZ^P�_Ó:l_`bamlSwË\_kÌd|l_ijk�Å_ijatWZk}keitzfc"d|ijg(del_iÃÄ�iOc"Y[wËWZk}Y
ijk:`f^_r_\�dOu s \_iÞd|W[d|l_i�rvcqkÌÆ
d|`bat\_zfcqkXaml_cqk|cqa{d|ijke`fgÌd|`batg�Wqw¬d|l_ipÄ4zfW amÎ `b^_ÇßY
c"d|k}`�����g}WZY[ipWqw»del_ipger�ita{d|kecqzPzfW¢Ó:rvc"geg:ge\_Ä4Ävcq^_Å_g:Å_W�^_W"d
keijÕI\_`fk}i.d|WßÄ�ipr_keW atijgegeijÅPuE��WZkeijW¢�Zitkj�v`f^�WZk}Å_itk<deW]wË\_k}del_itk�k}itÅ_\4atipd|l_ipajWZY[r_\4dmc&d|`fWq^vcqz�atWZY[r_zfiª��`bd��
Wqw(d|l_i�Ä4zfW amÎ `b^_ÇÑYÂc&d|ke` ���UÓXi�lvcO�Zi	r_k}WZr�WqgeitÅ�cÏn ] Å_itg}`fÇZ^ÚY[ijd|l4W�ÅÍwËWZk]del_i�ge\_Ä4Ävcq^_Å�ÆØgeijzfita{d|`��Zi
Ä_zbW�amÎI`f^4ÇßYÂc"deke` ��ge\4aml�d|l_c"d:`bdeg�itzfijY
ij^�d|g(cqkeipW"wUc
�_� b � � wËWZkeY	u

� l_`fgpr�itk}Y
`�d|g�c�ajWZ^_g}`fÅ_ijk|cqÄ_z��Sk}itÅ_\4atitÅÔatWZY[r_\4d|c"d|`bWZ^vcqz¬atWqY
r_zbi{��`bd��qu ] gpÅ_itY[WZ^_gÌd|kec"d|ijÅÏ`b^Ñc
^I\_Y]Ä�itkÞWqwJge`bY]\_zfc"d|`bWZ^_gt��WZ\_kpg}\_Ä_Ävcq^4Å�Æ�g}itzfijajde`b�Zi
cqr_r4keW�cqamlÏlvcqg.del_i[cqÅ_Å_`�d|`bWZ^vcqz¬Ä�ij^_ijÒ4d�W"w¨w cqgÌd|ijk
atWq^I�qitk}ÇZit^_aji�wËWZk��n�Ö��ÆØd�� r�i�cqÅvc"r4d|`��ZiÞcqzbÇZWZke`�d|l_Y[gXijY
r4zfW¢�ZijÅ�`b^�del_i�n��4V�u

Û xÄà!x{THx{RZY�x{|` �Ba s u��4uIVXl_cqr_Y
cq^P�4á b cqkÌd|`fcqz ] Åvcqr4de`b� `bd���wËWZk»�>cqk}ÇZi ] k}k|cO� gt�Wâ Ï!ãKãKãä��©a§��*�u§=£��&�2�,�*�Y�,���Y���|������§,�
§���Ô��h©e�!Ñ*§¤�]§����2�,� �4�qWZzFuv�"�_�_^_W4u��4�_r_rPu��q���¤å��Z�q�4����ijr4d|ijY]Ä�ijkÞ�¢���q�4u` �%a	��u s u i cq^ i ijit^[cq^_Å�hÞu ] uZh:WZÄ�ijk}degt�há b c"k}d|`fcqzfz�� ] Åvc"r4d|`��Zi��XitcqY�wËWZkeY[`f^_Ç s itg}`fÇZ^���`fcÞ�.\4d|r_\�db W¢Ó¨itk ��`b^_`fY[`fÈtc"d|`bWZ^P�Wâ Ï!ãKãKã0�*©g§��*�u§=£��&�2�,�*�Õ�,�I��£!�,æ]���&�2£!�!ç4��Ñ��!�!£!�]çr§���ÔÒ�Ä������§�¡i�4©e�¤£!�!�!�����=� �
�ZWZz8uv�����4r_rPu �G�Z�&�,å��G�q�Z���D�¢�q����u`ñ�µa	��u s u i cq^ i itit^D�jáexL`fÇZij^_g}deke\_a{d|\_k}i��<c"geitÅ b cqkÌd|`Ýc"zfzb� ] Å_cqr4d|`��Zi ] k}k|cO� s itg}`fÇZ^P�Wâ Ï!ãKãKãè��©a§��*��é
§=£����2�,�*���,�p�Y����������§,��§���ÔÕ�4©e�!Ñ*§¤�]§��&�2�,� �4�ZWqzFuv�Z���_^_W_u �Z�4r_rPu����Z�êå��Z�����_�Zcq^I\vcqkÌ�Ñ�¢�Z�Z�4u` ��a �Luv�4u4nÞk}`bÜ�d|l�c"^_Å	V�u Ù u_�q`fY	�Yá ] ^ ] z�d|ijke^vc"de`b�qi ] r4r_keW�c"amlRd|We� `f^_itcqkez��
VXWZ^_gÌd|k|c"`f^_ijÅ ] Åvcqr Æ
d|`��ZiR�¨iOcqY�wËWZkeY[`f^4Ç_��â Ï!ãKãKãë�*©g§��*�u§=£��&�2�,�*�s�,�ì�Y����������§,�Ò§���ÔI�h©e�!Ñ*§¤�]§����2�,� �¬�ZWZz8uy�q�4�y^_W4u¨�Z�
r_rPu��Z�êå��q�_�_�Zcq^I\vcqk}�Ñ�O�Z����u` �%a � um�Ôuy�X\_amÎIzfi{�Ícq^4Åz�Auy�4uLnpke`�Ü�d|lP�íá ] ^ ] Åvc"r4d|`��Zi�npit^_ijk|cqzb`fÈjitÅÚ��`bÅ_itzbWZÄ�iRV<cq^4atitzbzfijk�Ó:`bdel
s itk}`b�"c"d|`��Zi�VXWZ^4g}d|kecq`f^�degt�Wâ Ï!ãKãKãî�*©a§��*�u§=£����2�,�*���,�p�Y����������§,��§���Ô¿�h©e�!Ñ*§¤�]§����2�,� ���ZWZz8u��q�_�v^_W_u
�4�_r_rDu��4�Z��å����¢�4�v��cqkeamlÔ�¢�Z�Z�4u`ñ�µa���u > cO� ÎI`f^P� �jÔ]§�Ñ�����ï��YÎK��¡¶����©ð�i���!�,©bñ � b k}it^�d|`bati > c"zfzF�4xL^_ÇZzfi{ÓXW W ÅSVXzb`�f�gt���&^_Å�itÅ_`�d|`fWq^P�P�¢�Z���Zu` �%a Ù u � ijzfzfijkeY
cq^_^P�¿á ] ^vcqz�� ge`fg6cq^_Å s itge`bÇZ^SW"wÃ��\_z�d|`fkec"d|iÃ� � g}deitY[g6wËWZk.V<cq^_ajitzfzfc"d|`bWZ^�Wqw ] ajWZ\_g¶Æ
d|`baOcqz�xLaml_W�ijgt�WâÔ`b^ �h©e�¤£u��Ï!ãKãKã¯Ïb������©b��§��&�2�,��§�¡Fòh�,�ê�ê��©e����£!���,�s��£!�,æ]���&�2£!�!ç{��Ñ��!�!£!�]çK§���ÔÕ�Ä������§�¡
�h©!�¤£!�!�!�����=� ��l6ijÓíóJWZkeÎ�� �¢�q�Z�4�4�qWZzFu�� �_r_rPu��Z�q�q�5å4�Z�q�q�4u`ñ�µa���u Ù it`bgegj�>h�u Ù u � deijÓXcqk}dt� ] u �Id|it^4ÇZitkj�>cq^_ÅÏh�uDh6c"Ä�ij^_g}deit`f^D�ßá b itkÌwËWZkeY
cq^_ajie� `fY[`bdmc&d|`fWq^_g�Wqw
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