
���������
	��
���
�������������������
������������ !�"�#�
�$ %�� %���
���&�'�������(���
�*)+�,���-�����
���-���.�/� ���-�&�0�#���1��)2)3���
4����5�"�-6*� �
���7�5�8)9��	��5�
 
)

:<;>=@?�ACBEDGFIHKJ0LGM�NO�PGQSR ?THKU�VXWY?ZWYU\[ Q2] ?^BE;�_�;>?Z;a`bWY?c[�HKU�`edbHKU�fgBE;>hiL�;>U P
jlknmYo@pTqsr>tuknm�tvr"wyx�zGpE{|r"mg}�~Y��r>wE��z>mY���2��pyr"x�zGpy{ir>mb�

� r��<�>r����z>wy�TmYoy�>r>������"�� ��Y� � � q��.q ��rZ���T�Y��a�"�.�>� � wlz^�"�'���'��� � �a l~g¡C��¢'�'£Y¤|{¥ py{¥ l~YzZ��o@�Y¦9��pE{izYq  Tz>oTq   � �0m'{|�T¤ioy��m�¦9�Zz>�0py�YoTq   �

§T¨' l~'r©r>¤\r^tsª/¤i�T cpywE{i Tz^¤\ª/mY�>{im'���Twy{im'�
}u��¤|«¬�2�©{|�g­Cm'{i�>�TwEoy{®p¯�

� q°�.q ��rZ��±>²"� � �'�©}b�T¤®«n�C�©{i��³>²"²0´^�'�0k@¨�¡C�2ª+µ��wlz^mK¦Sz>x¶{ix
r>m·q  cr"x¸�0z>wy{i�Z¦9�Tm'�Yq pEz>�·q z" ^q {|¤

¹�º
»b¼$½�¹�¾.¼
¿·À�Á¶Â�ÁEÃlÄ^ÅKÆGÇ@Ä^ÈyÆ>Á�È
ÉcÊ°ËÌÅ�ÆgËÍÆ>Á�Å�ÎÏË Ð+ÃlÑ^ÎÏËÍÄGÅ�ÒÔÓuÕ�Ö+×nØ�Ñ^Ê Ù0ÄGÈÚËvÎÍÀ"Û
Ü Ä^È&Â�Á¯Ý�Ñ^ÈyÑ^ÎÏËÍÄGÅÞÄ Ü ÂcÎÔÑ>ÎÍËÍÄ^ÅKÑGÈÚßeÂ�ÄGà�ÈEÃEÁcÂ
á�ÑGÂ�ÝKÈyÄGâGÁlÆ�ÎÔÄ�ÉEÁ
à©Â�Á Ü à�ÊãËÌÅ�Û
Ñ^ÅYß&ÉcËÍÄGÛ�ÁEÆ^ËÍÃlÑGÊ�ÑlÝ>ÝKÊ°ËÍÃlÑ^ÎÏËÍÄGÅYÂcä5¿·À"Ë¥Â�Ý'ÑlÝ'ÁcÈ�ÈyÁ�Ç
âaË¥ÂÚËvÎvÂ%ÎÍÀ©Á&á�ÁcË®Ù^À0ÎÍÂÚÇ@Ñ>ÆnåÚà©ÂcÎ¬ÁlÆ�âGÑGÈÚËÍÑGÅKÎ¶Ä Ü ÓuÕ�Ö+×læèçZÅKÄGásÅ�ÑZÂ
éèêSÓIÕ/Ö+×læ�áãÀ0ËÍÃÚÀXË¥Â�ÑZÂÚßGÛ2Ý�ÎÔÄ>ÎÍËÍÃlÑ^ÊÌÊ°ß-ÄÚÝKÎÏËÌÛ
Ñ^Ê2Ò¬ËÌÅ�Â�Á¯Ý�Ñ^ÈyÑ^ÎÏÇ
ËÌÅ©ÙìëCÑGà©ÂlÂÚËÍÑGÅíÝ�Ñ^ÈyÑGÛ�ÁTÎÍÈÚËÍÃ�Ý�ÈyÄaÃlÁÚÂlÂ�ÁcÂ¬Øaæ�ß>ÁTÎ�ÝKÈyÄZÀ0ËÏÉÚËvÎÏËÌâZÁ�Ê°ß
ÃlÄ^Û2ÝKà'ÎÔÑ>ÎÍËÍÄ^ÅKÑGÊÌÊ®ß
Æ>Á�Û
Ñ^ÅKÆ^ËÌÅ0Ù Ü ÄGÈ�Û�ÄGÈyÁ�ÎvÀ�ÑGÅ�î"Ç¯ï%Â�ÄGà�ÈEÃEÁcÂ�ä
êðÃlÄ^Û2ÝKà'ÎÔÑ>ÎÍËÍÄ^ÅKÑGÊÌÊ®ß Ü ÁlÑZÂÚËÏÉÚÊiÁ�ËÌÛ9Ý�ÊiÁcÛ�ÁcÅKÎÔÑ>ÎÍËÍÄ^ÅeÄ Ü ÎvÀ�Á�ÑGÊ Ù"Ä^Ç
ÈÚËvÎÍÀ"ÛñË¥Â%Ý�ÈEÄlÝ'ÄZÂ�ÁlÆZæ&áãÀ0ËÍÃÚÀòÀ©ÑGÂ�Ñ,ÃlÄGÛ9Ý�ÊiÁyó"ËvÎÏß�ÅKÄ>Î�Û¶àYÃÚÀ
À0Ë®ÙGÀ�ÁcÈ�ÎÍÀ©ÑGÅ
ÓIÕ�Ö�×Tä"ôsó©Ã�Ê°àYÆGËÌÅ©ÙèÎvÀ�Á�ÁÚÂcÎÏËÌÛ
Ñ>ÎÍËÍÄ^Å�Ä Ü ÎvÀ�Á�ÃlÄGÈÚÈyÁ�Ç
ÊiÑ^ÎÏËÍÄGÅ-Û
Ñ>ÎÍÈÚËÍÃlÁcÂEæ�ÎvÀ�Á�Ý'ÄZÂcÎÏÇ¥Ý�ÈyÄaÃlÁÚÂlÂÚËÌÅ0Ù%ÃlÄ^Û2ÝKÊ|Áyó"ËvÎÏß�Ä Ü ÓuÕ�Ö+×
Ë¥Â�õ
öÍ÷"øZùûúlæ�áãÀ©Á�ÈyÁ�÷�Ë¥Â¸ÎÍÀ©Á%ÅYà�Û<ÉyÁ�ÈgÄ Ü ÎvÀ�ÁgÂÚË®Ù^Å�ÑGÊ2ÃlÄGÛ¶Ç
Ý'ÄGÅ�ÁcÅKÎvÂ&Ñ^ÅKÆXù Ë¥Â
ÎÍÀ©Á
ÅYà�Û<ÉEÁcÈ&Ä Ü ÃlÄGâGÑGÈÚËÍÑ^ÅKÃlÁXÛ�Ñ^ÎÏÈÚËÍÃEÁcÂ
ËÌÅ�âZÄ^Ê°âGÁEÆ"ä�¿\À�Á$Ñ>Æ"ÆGËvÎÏËÍÄGÅ�ÑGÊbÃlÄGÛ9Ý�Ê|ÁEó"ËvÎÍß�Ä Ü ÄGà�È�Ý�ÈyÄÚÝ�ÄGÂcÁlÆ¶ËÌÛ¶Ç
ÝKÊ|Á�Û
Á�Å�Î¬Ñ^ÎÏËÍÄGÅ�Ä Ü é�ê�ÓuÕ�Ö+×$Ë¥ÂSõ
öÏ÷"ü�ýe÷0þTùòþaú¶ÄÚÝ�Á�ÈyÑ^ÎÏËÍÄGÅYÂ�ä
ÿ�ÄGá�Á�âZÁ�Èlæ Ü Ä^È*éèêSÓuÕ�Ö+×læ.ÎÍÀ©Á-Å�à�Û�ÉEÁ�È�ù Ä Ü ÎÍÀ©Á-Û�Ñ^ÎÏÈÚËÌÇ
ÃlÁcÂ�ÃlÑGÅ
ÉEÁSÂÚË®Ù>ÅYË Ð�ÃEÑ^Å�ÎÏÊ°ß
Ê|ÄGá�Á�ÈèÎvÀ�ÑGÅ�ÎÍÀ©Ñ>Î�Ä Ü ÓuÕ�Ö+×SásËvÎvÀ�ÄGà'Î
ÃlÄ^Û2ÝKÈyÄGÛ¶Ë¥ÂÚËÌÅ0Ù�Ý�Á�È Ü ÄGÈÚÛ�ÑGÅ�ÃlÁTä*é�ê�ÓuÕ�Ö+×
Ë¥Â.ÂlÀ�ÄGásÅ5ÎÔÄgÂÚË®Ù>Ç
Å�Ë Ð+ÃlÑGÅKÎÍÊ®ß�Ä^à'Î°Ý'Á�È Ü ÄGÈÚÛ ÓuÕ�Ö�×%ËÌÅ�ÂÚËÌÛ.à�Ê|Ñ>ÎÍËÍÄ^Å'æ<ÑGÅ�Æ�ÃlÑGÅ�ÉEÁ
ÑÚÝ>ÝKÊ°ËÍÁlÆZæ9Áaä�Ù"ä|æCËÌÅ�ÎÍÀ©ÁSÝKÈyÄTÃlÁcÂlÂlËÌÅ©Ù�Ä Ü Ê|Ä^áòÆ"ÁcÅYÂlËvÎÏß<ô/ôSëûÂÚË®Ù>Ç
Å�ÑGÊ�Â�ä

������� ¼$½	��

�%¾�¼ � � �
}�~Y��oy�T �r>mY��«Ôr"wE���Tw�£'¤i{imY�g{i���Tm0py{��� �z^py{ir>m ö ¨Y�S��k ú z^¤i�>r"wy{|py~'x{¥o<zX c¤¥z>oEoy{i Tz^¤�£'¤i{|m���o@r"�'wE ��goy��¢�z^wlzGpy{ir>m ö ��¨'¨ ú z^¤i�>r"wy{|py~'x
tvr"w���{¥����«¬oy��mYoy�9o@pEz^py{ir>mYz>wy� ö�� ¨Y¨ ú ¢'wyr� ��ToEo@�ao���{|py~��'{io@py{imY Úp
oy¢K�T ÚpEwEz��|���Ôq¶}�~'{¥oèz^¤i�>r>wE{|py~'x ~Yz"oS¢'wyrG�"�T�¸pEr�£K���>�Twy�¸�Yoy�c«
tv�Y¤'{|m
£'{ir>x
�a��{i Tz^¤'z>¢'¢'¤i{i TzGpy{ir>m�osz^mY�¶£K�T �z>x
��x
r"wy��¢Kr>¢'�'¤¥z^w
pE~Yz^mgr^pE~'��wCz>¤|�"r>wE{®pE~'x�o�� �'�Y±�� � �Ôq}�~'{¥o+¢Yz^¢K��w+{io�tvr� c�Yoy�T��r"m�py~Y�2r>¢'py{ix
z>¤Kz" l~'{i���Gz^£'¤i�2oy��¢�«
z>wEz^py{ir>m·q��C��m� c�����$¢'wE{|x�z^wE{i¤|��o@py������pE~'�.¨Y�S��k�z^¤i�>r"wy{|py~'x
pE~YzGp���pE{|¤i{ � �To+py~Y�9tv�Y¤|¤\m©�'x.£��Tw+r>t õ
öÍ÷ ø ùûú r"¢��TwEz^py{ir>mYo ö ���0« �¤|����{|mY��py~'� õ
öÏ÷ § ù��
ú r"¢��TwEz^py{ir>mYoãmY�T c�aoyoEz^wE�ètvr"w/�To@py{ix�zGp@«
{im'��pE~'�� �r>wEwy�T¤iz^py{ir>m¸x�zGpywE{¥ c�To ú ����~'��wE� ÷ {ioCpy~'��m0�Yx�£K��wSr^toyr>�YwE ��ToT� ù {¥o�pE~'�<m©�'x�£K��w�r^t� cr>wEwE��¤¥zGpy{ir>m
x�zGpywE{¥ c�To$�Yo@�a�
z>mY� � {¥o�pE~'�.�'z^pEz�¤i��mY�^py~bq2knm%pE~'��¤i{®pE��wlzGpE�'wy�"��oy���"��wlz^¤·���0«
pE��mYoy{ir>mYoCz>mY�¸x
r���{��K �zGpE{|r"mYoCr>tãpy~'�.¨��S�+k�z>¤|�"r>wE{®pE~'x3~YzZ�"�
£K���Tm�¢'wEr>¢Kr"oy�T�.«u�"q ��q|� �@wEr>£'��o¯p+¨Y�S��k"!	��´#�¬�$�@py~'{im<ky���%!	� ³&�Ôq
}�~Y�Toy�9z^¤i�>r"wy{|py~Yx
o+z^wE�9��{�'���wE��m0p�{im<pE~'��o@�TmYo@�2py~Yz^p+pE~'���<�'r
mYr^p
¢��Tw@tvr"wyx z>¤|¤ õ
öÏ÷ ø ùûú r>¢K��wlzGpy{ir>m�o.£Y��p<z&¤ir&�+�Tw
m0�Yx.«£K��wa�(��~'{¥ l~�z^¤i¤|r&�Co$�>q �Yqb¢Ywyr� c�aoyoy{im'��r^t�~'{i�>~�����mYoy{|p¯�-ª+ª�)
oy{i�>mYz>¤io*��{®pE~e��{ix
��mYoy{ir>m�³ � z^m���x
r>wE�>q�}�~'�g¤|r&����w¶ cr"x.«¢Y¤|���©{|p¯�>�0~'r&�����"��wa�^{io�zGpypEz>{|m'�a�<zGp�py~'�� cr0o¯p�r>tb cr"x¶¢Ywyr"x¶{¥oy�T�
oy��¢�z^wlzGpy{ir>mgz> T c�'wlz> ��>�'z>o+��{|¤i¤·£K��o@~Yr&��mg{imgpy~'�.o@{ix��'¤¥zGpE{|r"m
oy�T cpy{ir>m·q

,.-0/214365�798:3.;<1=1?>0@0@A5�7?B?C"DFE�G	H�/2I0/21JB97JGK5<LNM�D0>0OP;QB?/25�ISRUTV5�>#B9-;<I0D�W#@A5�7JB91X5<LYB9-ZC4[6\"C"O]-�^.C"@0>0E0_2/2O(B?-07?5�>0`�-aB?-0C�@0795<bJC"OcB P H�d�e�f [Zg

knmh� �0�¬�¸py~Y� ¨��S�+k�z>¤|�"r>wE{®pE~'xi��z"o�wE�ctvr"wyx.�'¤¥zGpy�a� z>o
zj����{i�>~0py�a��m'r"m'¤|{im'�az^w¸¤|�az>o@p�olk0�Yz>wy�ao ö µu¨ ú ¢'wEr>£Y¤|�Txg�9tvr>w��~'{¥ l~¶py~'�2r>¢�pE{|x.�'xm����{i�>~0pEosz>wy��{im
�>��mY��wlz^¤'��{�'K�Twy�Tm0pspy~Yz>m
pE~'r"oy�gz>¢'¢'¤i{|�a��{ime¨��S�+kÚqs}�~'�¸�Yoy�gr^t9z"o@�©x
¢�pyr>py{¥ �z>¤|¤i��r>¢�«
pE{|x�z^¤a����{i�>~0pEo��0zZ�>�¸wE{ioy�%pyr�py~'�n����{i�>~0plo¯«nz>�0o¯��o¯pE�T��¨Y�S��k
öJ� �9¨Y�S��k ú �p��~'{¥ l~�{io+z>oy�©x¶¢'pyr^pE{i Tz^¤i¤|�.r>¢�pE{|x�z>¤ ö z>¢'¢'wEr"z> l~'«{im'��py~'�X cr"wywE�Toy¢�r"mY��{im'�e�+wlz^x���Tw�¡Cz>r�£Kr>�'mY� ö ��¡C� ú tvr>w
£K�To@p.¢Kr"oEo@{i£'¤i�<o@�T¢Yz^wlzGpE{|r"m ú tvr>wK)�z^�YoEoy{iz>m-x
rG�©{im'��zZ�>�TwEz>�>�
ö9q � ú oyr>�'wl c�ao��
� �A�Ô�
z^mY�í¤iz^py�Tw&tvr"w-oyr>�'wl c�ao&x
r����T¤|�a�íz>o)�z>�Yoyoy{¥z^m�z^��pEr>wE���"wy�aoyoy{|�"� ö �2¡ ú z^mY���9¡ q �,¢'wyr� ��ToEo@�ao=� ²A�Ôq
}�~'�e�To@py{ix�zGpE{|r"mír^t�py~'�5r"¢�py{ix�z^¤K�+�T{|�"~0p-x�zGpEwy{|� tvr>w

pE~'� � �S¨Y�S��k$z^¤i�>r"wy{|py~'x wy�Zk0�'{|wE�To$py~'���To@py{ix�zGpy{ir>m�r>t�py~'�
r"£Yo@�Twy�"�T�*¢'wEr© ��ToEo@�aog¢Yz^wlz^x
�cpE��wlo�qr)S�Tm'��wlz^¤i¤|��py~'��r"£Yoy��wy«
�GzGpE{|r"mYo
z^wE���9¡ q � ö�s � t ú ¢'wEr© ��ToEo@�ao��N��~Y��wE� sFuwvyxz|{ j s z �t u~}��S�.� t j ý�s(��s j#� t § ý=s ��s §Z���#���#� t x ý=s(��s x0� z^mY� s z z^m��t z z>wy���Ô«Ôpy~&oyr>�YwE ��p� o2�2¡ z^mY� q �ír"wE�'��wlo���wy�ao@¢K�T cpy{i�>��¤i� öÍ÷{¥o�py~Y�èm0�Yx�£K��wCr>tãoyr>�'wl c�ao ú q/}�~'��mb��py~'��x¶{im'{ix��'x m©�'x�£K��w
r>tI�ao¯pE{|x�zGpE�T�g cr"wywE��¤¥zGpE{|r"m�x�zGpEwy{¥ c�ao+wE�#k0�'{iwE�T��pyr�zGpypEz^{imgpy~'�
z"o@�©x
¢�pyr>py{¥ $r"¢�py{ix�z^¤i{®p¯�%�Zk"��z^¤¥o�t ý�s�ý �>�\z<m©�'x.£��Tw9pE~YzGp
{imY cwE�Tz"o@�ao�¤i{im'�Tz>wy¤i����{®pE~�py~Y��m©�'x.£��Tw¶r>t9oyr>�'wl c�ao�qX}�~'��wE�c«
tvr"wy�"�\py~'����{iwE�T Úpè{ix
¢'¤|�Tx
��m0pEz^py{ir>mXr^t � �9¨Y�S��k2tvr>wè�2¡Þr>w
�9¡ q �íoyr>�YwE ��To=��z>o�~Y{|�"~'¤|�¸ cr"x
¢'��pEz^py{ir>mYz>¤|¤i���'��x�z^mY�'{|m'�
z>mY�%{im�¢'wlz> ÚpE{i ��${|p�z>¤|¤ir&�+�a�g£'¤|{imY�
o@�T¢Yz^wlzGpE{|r"mgr>t/r>m'¤i�%��r>w
±
oyr>�'wl c�ao�q

� �� cr"mY c�Tm0pywlzGpy��pE~'�.�'{ioE c�YoEoy{|r"mg{im%pE~'{io2¢Yz^¢K��w9r>m�oy��¢�«z>wEz^py{ir>m�r^tS�2¡3oyr>�YwE ��Toètvr"w¶z^p.¤i�Tz"o¯p¶p"�+r&wy�az>oyr>mYoTq��I{iwEo@pT�
�9¡ ¢'wEr� c�aoyoy�Togz^wE��pE~'�Xx¶r0o¯pgtvwE�#k0�'��m0pE¤|���Yoy�T�,pyrex
r�����¤
£'{ir>x
�a��{i Tz^¤�oy{i�>mYz>¤ioT� q ��r"w��2¡ q � x
r©�'��¤¥o�z^wE��wEz>wy�T¤|�
�Yoy�T�·q�¨©�a cr"mY�\�U)�z^�YoEo@{¥z^m
�2¡ ¢'wEr� c�aoyoy�To9z^wE�$�©m'r&��m%pyr�£��
pE~'�2x�zG��{ix��'x �Tm"pEwyr"¢©�.¢'wEr� c�aoyoy�To/z>x
r>m'��z>¤|¤�wEz>mY��r"x ¢'wEr^«
 ��ToEo@�ao<~YzZ�©{im'��z�¢'wE�ToE cwE{|£K�T��oy�cp�r^t$�Gz^¤i�'�To�r^t$ crG�Gz>wy{¥z^mY ��
tv�'m� Úpy{ir>mbq2knm¸py~Y{ioSo@�TmYoy�>��py~'�¶�2¡ûz"oyoy�'x
¢�py{ir>m%{¥o2py~'�.¤|�az>o@p
{im�tvr>wEx�zGpE{|�"�$z^mY�¸~'�TmY c�$py~'�.¤|�az>o@p9 cr"x¶x
{|p@pE�T�gpyr�z�¢Yz^wypy{¥ Ú«
�'¤¥z^wCo@pywE�Y cpy�'wE�>q
k¬pN��z>oão@~Yr&��m$py~�zGpT�p��~'��m
z^¤i¤©py~'��oyr>�'wl c�aouz>wy�=)�z^��oyoy{iz>m

�9¡ ¢'wyr� ��ToEo@�ao��bz&o@�Y�< �{|�Tm"p�o@pEz^py{¥o¯pE{i ¶tvr"wèpy~Y��{iw.oy��¢Yz>wEz^py{ir>m
{¥o+py~'�èoy�cp�r^tu�ao¯pE{|x�z^py�T�� cr"wywE��¤¥zGpE{|r"m�x
z^pywE{®��tvwEr>xì¤¥z^�0o+��pyr
pE~'��{iwãx
z^��{|x�z^¤��9¡�«Ôr"wE�'��w��®�a�0�Ô�" Út¯qã}�~'��r"wy�Txû³'q � {im
�|�a�Z�¬qIknmoy�Y l~� Tz>oy�ToT�TpE~'���ao¯pE{|x�z^py{ir>m$r>t� cr"wywE��¤¥zGpE{|r"mSx�z^pywE{i ��To\tvr"wbtÍz>w@«
pE~'��w+¤iz>�"o/ Tz^m'm'r>p�{ix¶¢YwyrG�"��py~'�C¢K��wytvr>wEx�z^mY ���r^t·z^m�r"¢�py{ix�z^¤
�ao¯pE{|x�zGpE{|r"m¸¢'wyr� ��T���'wE�>q
knm�pE~'{¥o.¢�z^¢K��wa�ãpy~'� � �9¨Y�S��k�z>¤|�"r>wE{®pE~'x {io.wy��«Ô�©{¥o@{|py�a�

z>mY��zèm'rG�"��¤'{ix
¢'¤|�Tx
��m0pEz^py{ir>m
tvr>w��2¡�oyr>�'wl c�aos{¥o/¢'wEr>¢Kr"oy�T�\q
}�~'�%mY��� {|x
¢'¤i��x
��m0plzGpy{ir>m5{im©�>r>¤i�>�ao
z^£Kr>��p�pE~'��oyz>x
�gr"w@«
���Tw2r>t/r>¢K��wlzGpy{ir>m�oCz>oS¨Y�S��k ö {|m&r>�'wSo@{ix��'¤¥zGpE{|r"mYoT�Y{|p9m'�T�T�'oz>£�r"��pCpy~Ywy�T�èpy{ix
�To9x¶r"wy�èr"¢��TwEz^py{ir>mYo�py~Yz>m&¨Y�S��k ú q���p9py~'�
¢'wE�Toy��m0p$pE{|x
�g{®p
z^¤i¤|r&�Co$�Yo$pEr
oy��¢Yz>wEz^py���'¢�pyr-�>��oyr>�'wl c�ao
r>t2�2¡ìr"wE���Tw��a�'�I{|m� �r>x
¢'��plzGpE{|r"m�py{ix
��r^t2z>£�r"��p
�%x¶{im�«
��pE�ToTq
}�~'��¢'wEr>¢Kr"oy�T��z^¢Y¢'wyr0z> l~X{¥o$£Yz"o@�a��r>m�z>m�{®pE��wlzGpE{|�"�

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP



oE l~'�Tx¶�"��{|m���~'{¥ l~%z¶¢'wy��«Ô¢Ywyr� c�aoyoy{im'�¶oy��¢�z^wlzGpy{ir>mgz^¤i�>r"wy{|py~'x
ö �>q �Yqi��¨Y�S��k ú {¥oCz^¢Y¢'¤|{i�T�F�Ywlo@pT��z>mY��py~'�Tm¸py~'��r>¢�pE{|x�z^¤ � ��«¨��S�+kI{¥o/z^¢'¢Y¤|{i�T�¶pEr�py~'�C�ao¯pE{|x�z^py�T�� �r>wEwy�T¤iz^py{ir>m¶x�zGpywE{¥ c�To/r^t
pE~'��mY�Tz^wE¤i�"«noy��¢Yz>wEz^py�T�Xoyr>�'wl c�ao�q��+r>mYoy�#k0�'�Tm0py¤i�>�ãpy~Y��x
{|mY{®«
x�z>¤Im©�'x.£��Twèr^t��ao¯pE{|x�z^py�T�- cr"wywE��¤¥zGpE{|r"m�x�zGpEwy{¥ c�ao2wE�#k0�'{iwy�a�
tvr"wèpy~Y�<�To@py{ix�zGpy{ir>m�r>t�py~'�<r"¢�py{ix�z^¤��+�T{|�"~"pE{|mY�%{io�wy�a���Y c�a�
pEr¶py~'�èx�zG��{ix��'x z>oEo@�'x
�a���9¡òr>wl����w�¢'¤i�Yo�r"m'�>q
knm
o@{ix��Y¤iz^py{ir>mYo$�+��oy~'r&��py~�zGpIpy~'��m'�#��{|x
¢'¤i��x
�Tm"plzGpE{|r"m

r>t � �9¨��S�+k\wE��x�z>{|mYouz>oy�©x¶¢'pyr^pE{i Tz^¤i¤|�S���< �{|�Tm"pI{|m�py~'��o@�TmYoy�
pE~YzGpã{|psz" l~'{i���>�ao\pE~'�� cr>wEwE�Toy¢�r"mY��{im'�S��¡C�X{im¶oy��¢�z^wlzGpy{im'�C�Y¢
pEr¸�>��oyr>�YwE ��ToT��z>mY��x�zZ�%wE��¢'wE�Toy��m0p�z��©{|pEz^¤sz>¤®pE��wEmYzGpE{|�"��pEr
¨��S�+k
{im�£'{ir>x
�T�'{i Tz^¤9z>¢'¢'¤i{i TzGpE{|r"mYo���tvr"w�����z>x
¢'¤|�&{|m�¢Ywyr>«
 ��ToEo@{im'��r>tã¤ir&�ò����mYoy{|p¯�gª+ª�)¶q'knm�z"�'��{|py{ir>m·���+�$����¢'¤|r"wy�"�'{im
oy{ix��'¤¥zGpE{|r"m·�Gpy~Y�Cwyr"£'�Yo@pym'�aoyoãr>t � �9¨Y�S��kupyr$z>�Y��{®pE{|�"��m'r>{¥oy�
ö ��{®pE~K��~'{i l~ � �S¨Y�S��kb{¥osm'r�¤ir>m'�"��ws c¤¥z^{ix
�T�.pyr�£K�Cz>oy�0x
¢�«
pEr^pE{i Tz^¤i¤|�<r"¢�py{ix�z^¤ ú q

�.� 
�¹S¼�¹�� �	
����ò¹ � 
����S¼
	 ��

� �$z>�Y��wy�aoyo+pE~'�èm'r>{¥oy��¤i�ToEo�o@pEz^py{¥ �{|m©�"��wypy{i£'¤|��x
r�����¤��


 � �6� u ¹�� � �6� � u � � � ���#����� � ö � ú
��~Y��wE� ¹���� x�� x {io�pE~'�$�'mY�0mYr&��mgx
{|��{|m'��x�z^pywE{®�\� � � �6� u� � j � �6� �#���#��� � x � �6�|��� ��� x z^wE�èpy~'�¶�'m'r"£Yoy��wE�>�T�¸o@pEz^py{¥o¯pE{i Tz^¤i¤|�{imY���T¢��TmY���Tm"p�oyr>�YwE ��Tosz^m�� 
 � �6� u � � j � �6� �#���#��� � x � �6�|��� ��� xz>wy�9py~Y� ÷ r>£Yoy��wE�>�a��o@pEz^py{¥ 9¤i{im'�Tz>w�x¶{|�©py�'wE�To�r>t � � �6�Ôqsknmgr>�'w
 Tz>oy�>�.���¶tv�'wypy~'�Tw�z>oEo@�Yx¶�¶pE~YzGpèpE~'�<o@r"�'wl c�Toèz>wy��)�z^��oyoy{iz>m
�9¡û¢'wEr� c�aoyoy�To2r^t��©m'r&��m�r"wE�'��wlo�qè}�~'�
��¨'¨%¢'wEr>£Y¤|�Txð �r>m�«
oy{¥o¯ploãr^t�wy�a crG�>�Twy{im'�9py~'���Ym'r>£Yoy��wE�>�a�.oyr>�YwE ��ToT�^r>ws�ao¯pE{|x�zGpE{|mY�
pE~'�è�'m'�©m'r&��mgx
{®�©pE�'wy�ao� cr©���< �{|�Tm"plo�q

}�~'��¢��Tw@tvr"wyx�z^m� c�èr^t/��¨'¨¸z>¤|�"r>wE{®pE~'x�o�{io2�Yoy�Yz^¤i¤|��x
�TzG«
oy�'wE�T�
£©�¶py~'�S{im"pE��wytv��wE��mY ��CpEr.oy{|�"mYz^¤�wEz^py{ir ö k@¨�¡ ú ��r>w+{®plo�{|m�«
�"��wlo@��oy{|�"mYz^¤|«ÏpEr^«¬m'r>{¥oy�9wlzGpE{|r ö ¨�k¯¡ ú q°jSknm �®�a�0�·pE~'�$x
{|mY{|x
{ � zG«pE{|r"m.r>tYpE~'��k@¨�¡Co(��z>oã¢'wErG�>�Tm$pErS£K�Cz^¢Y¢'wyrZ��{ix�zGpy�T¤|���Zk"�Y{|�GzG«
¤i��m0pupyr�pE~'��x
{im'{|x
{ � z^py{ir>m$r>t�py~'�+x¶�az^m�oQk0�Yz^wE�s��wEwEr>w ö9q ¨�ª ú{im¸�To@py{ix�zGpy{im'�
pE~'�èx
{®��{im'��x�zGpywE{|� ö z"oyoy�'x
{im'�
py~Yz^p�py~'��{|m�«
~Y��wE��m0pãoE �z>¤|{im'�èz^m��$¢K��wEx���plzGpy{ir>m
z^x.£'{i�>�'{|p¯��z^wE��wy�ao@r"¤|�"�T� ú q
}�~Y��wE�ctvr>wE�>�K£©�¸wy��tvr>wEx��'¤¥zGpE{|m'�<py~'�.¢'wyr"£'¤i��x z>oSz	����{i�>~0py�a�
µI¨ öJ� µu¨ ú ¢'wEr>£'¤i��x¸�0p"�+r.�>r0z^¤¥o�z^wE�9z" l~'{i���>�a���Ix¶{im'{ix
{ � {|m'�pE~'� q ¨'ª�r^tKpy~'�9�To@py{ix�zGpy�a� ¹ z^m����'zGplz�wy�a���Y ÚpE{|r"m��IwEz^py~'�Tw
pE~Yz^m¸�ao¯pE{|x�zGpE� ¹ tvwEr>x � �"�T ÚpEr>wlo��+�è�ao¯pE{|x�z^py� ¹ tvwEr>x z
oyx�z^¤i¤�m©�'x.£��Tw¶r>tC�To@py{ix�zGpy�a�� cr"wywE��¤¥zGpE{|r"mXx
z^pywE{i ��ToTq-¨©�� l~
zg�'z^pEz�wy�a���Y ÚpE{|r"m&{¥o�¢��Twyx
{¥oyoy{i£'¤|�
oy{|mY ��>�bz"oa��z"o2¢'wErG�>�Tm�{im�|�T�&�Ô�' ct¯q��®�Z�Z�¬��py~'�$o@pEz^py{¥o¯pE{i ��

�
�
 "!½$# � % � ý !½ �# � % �'& % u � �����#��� s"(*),+ ö � ú

tvr"wyx�o�z>oy�©x
¢�pyr>py{¥ �z^¤i¤i��o@�Y�< �{|�Tm"p�o@pEz^py{¥o¯pE{i .tvr"w�py~'��oy��¢Yz>wEz^«
pE{|r"m�r^t2�9¡ )�z^��oyoy{iz>m�oyr>�'wl c�ao�� ��~'��wE� s"(*),+ {¥o$pE~'��x�z^�0«
{ix�z^¤��2¡�«Ôr"wE���Tw
r>t�pE~'��o@r"�'wE ��ToTq � �epE~'��wE�ctvr"wy�5 l~'r©r"oy�
ù u s (*),+ ý �èz>mY�� �r>x
¢'��pE�
!½�# � % � u �

� -./ { j 

� �6� 
 � � � ý % � % u � �����#��� ù � � ö ± ú

ö z>oEo@�Yx¶{im'� � ý5ù � �¶oyz>x¶¢Y¤|�aoSz>wy�¶zZ�Gz^{i¤iz>£'¤|� ú qè}�~'�¶r>£�«oy��wE�GzGpE{|r"mYo��0pEwy�'�è �r>wEwy�T¤iz^py{ir>m�x�z^pywE{i ��To�pEz>�>�Spy~Y�$o¯pEwy�Y cpy�'wE�
½$# � % � u ¹�½$0 � % � ¹ � 1 % ö � ú243 I�B9-0C�@07?C"19C"I0O"C�5<LV;<DZD0/ B9/ 5�C�I05�/21?C�R&;�@07?C"L�C"797?CPD76=CP;<19>07?C(5<L @ACP798L|5�7:6+;<I0O"CU/21�B?-0C$1?/2`�I&;<_ 8 B?5;8 /2I�B9C"7?L�C"79C"I0O"C.@0_2>01�I05�/219CX7];QB?/25=< W 3'> ^@?�A PÚPCB g

��~'�Twy� ���'� pyr7py~Y� oy¢YzGpE{iz>¤1{|mY�'��¢K��mY���TmY c� r>t#py~'�
oyr>�'wl c�ao�� py~Y��{iw  �r>wEwy�T¤iz^py{ir>m x�zGpEwy{¥ c�ao ½$0 � % � u
��{¥z^��� D�E jGFH � D�E §IFH �KJKJLJ.� D�E x FH � z^wE� ��{iz>�>r"mYz^¤ x�zGpywE{¥ c�To(z^m��D�ENM FH {io
pE~'��z^��pEr^«n cr>wEwE��¤¥zGpy{ir>mòr>tO� M � �6��z^p-¤¥z^�P%\q }�~Y{io
wE��¤¥zGpE{|r"mg Tz^m¸z^¤¥o@r
£K����wy{|p@pE��m¸z>o

�>�T  � ½ # � % � � uûö ¹RQ�¹ úGS H ö:T"ú
��~'�Twy� Q ����mYr^py�ao<pE~'��U�~YzGpEwy{|«¬¡2z^r�¢'wEr����Y Úp ö z� cr>¤i�'x
m�«��{¥o@�VU�wEr>m'�a l�>�Tw�¢'wEr©�'�Y Úp ú �<z^m�� S H u �'{iz>� � ½�0 � % � � u
� D�E j4FH � D�E §WFH �LJKJKJX� D�E x FH ����q�¨©{|m� c�¸py~Y�%x
z^pywE{®� ½$# � % �2{¥o<oy�©x.«
x
�cpEwy{¥ ^� ö:T"ú  Tz^mg£���tv�Yw@pE~'��w��Zk"�Y{|�Gz^¤i��m0pE¤|�<wE�c«]��wE{®pypy��m¸z>o

oy�>�a  � ½ # � % � � uPX%ö ¹RQ�¹ ú4S H ö ³ ú
��~'�Twy�¸oy�>�T  � ½ � {io
oy{|x
{i¤iz>w�pEr
�"�T  � ½ � �Þ£'��p�r"m'¤|��o@pEz" l�©opE~'� x E x;Y jGF§ �T¤|�Tx
��m0pEo�r>t j§ ö ½ ý ½ � ú ¤i�0{im'�¸r>mXz^m��&£K��¤ir&�
{|pEo�x�z^{im���{¥z^�"r>mYz>¤Ï�0z^mY� X {¥o�z�oy�'{®plz^£'¤i�Sx
z^pywE{®�< �r>x
¢�r0o@�a�
r>t � ��wEr"oT�0r"m'�ToT�'z^m�� j§ � o�q
knm0pywEr����Y �{|m'��py~'�em'r^plzGpE{|r"m�Z H\[u oy�>�a  � ½ + � % � � �
z^m��] ö ¹ ú [uPX%ö ¹^Q�¹ ú � ö ³ ú  �z>m¸£�����wE{®pypy�Tmgz"o

Z H u ] ö ¹ úGS H � ö ´ ú
)S{i�>�Tm ù �ao¯pE{|x�zGpE�T�� cr>wEwE��¤¥zGpy{ir>m�x�z^pywE{i ��To !½$# � % �¬�/pEwEz>mYo¯«
tvr"wyx
�T��z"o !Z H u o@�"�T  � !½$# � % � � �0py~Y�2rG�>�TwEz>¤|¤'µI¨.tvr>wEx��'¤¥zGpE{|r"mr>tupE~'�è¢'wEr>£'¤i��x {¥oL�

!Z`_m� �La^b ] ö ¹ ú � S [u ]Oc ö ¹ úGS � ö � ú
��~'�Twy� !Z ued !Zf�g � !Zh� j �LJKJKJX� !Zh�a$i j,j � {io
pE~'�%m'�#�3x
�Tz"o@�'wE�c«
x
��m0plo9�"�T cpyr>wa� � a ���Tm'r^pE�To9py~Y� ùlk&ù {i���Tm0py{|p¯��x�zGpywE{|���S u � S �g � S � j �KJLJKJU� S � ami j � � q�9 � cr"wE�'{|m'�gpEr¸py~'� � µI¨Xz^¢'¢Ywyr0z> l~·�.����~YzZ�"�
pyr%x
{|mY{®«
x
{ � ��py~Y��tvr>¤i¤|r&��{im'�
 cwE{®pE��wE{|r"m��
n7oqpsr ö ¹ � S�ú�u � !Z � ] c>ö ¹ úGS � ��t � !Z � ] c>ö ¹ ú4S � ö ² ú

��{|py~�wE�Toy¢��a Úp�pEr ¹ ��z^mY� S ����~'�Twy� t {io�z�����{i�>~0p<x�zG«
pEwy{|�\q#}�~'��r"¢�py{ix��'x ����{i�>~0p�x�zGpEwy{|�\����~'{¥ l~ûx
{|m'{ix
{ � �TopE~'�.x
�az^m&oQk0�Yz^wE�è��wEwyr"wEoCr^tspy~Y�.�ao¯pE{|x�zGpE�T�%¢�z^wlz^x
�cpE��wlo���{iot u �  �rG��� !Z.� � i jGqXknm�py~Y��r"wy{i�>{imYz^¤ � �S¨Y�S��k$z^¤i�>r>wE{|py~'x{|p ��z"o�¢'wEr>¢Kr"oy�T��pyr5�To@py{ix�zGpy�
py~Y�&tv�'¤i¤èx�zGpEwy{|� t tvwEr>x
pE~'���To@py{ix
z^py�a�� �r>wEwy�T¤iz^py{ir>m<x�zGpEwy{¥ c�ao��©£Yz"o@{im'�.py~'��wE�Toy�'¤|p�r"m
pE~'�+wE��¤¥zGpE{|r"mYo·£K�cp"�����Tm�oy�T cr"mY�©«�z^mY��tvr"�'wypy~�«¬r>wl����wbx¶r"x
��m0pEo
r>t/py~'��)�z^��oyoy{iz>m&oyr>�'wl c�ao�qS}�~'�.wE�Toy�'¤|py{im'���ao¯pE{|x�z^py{ir>m�¢'wEr^«
 ��T���'wE�>�·tvr>¤i¤|r&���T�%£©�%pE~'�¶py�a��{|r"�YoS~'{i�>~�«n��{ix¶�TmYoy{|r"mYz^¤ãx
{|mY{®«
x
{ � zGpE{|r"m�¢'wEr� c�T�'�'wy�"�YwE�Toy�'¤|py�T��{|m&z� cr>x
¢'�'pEzGpE{|r"mYz^¤i¤i��¢'wEr^«~'{i£'{|py{i�>�$z>¤|�"r>wE{®pE~'x tvr>wC Tz>oy�To�r^tãx
r>wE�2pE~Yz^m��G«¬±¶o@r"�'wl c�ToTq

}�~'���>�T�-r"£Yoy��wE�Zz^py{ir>m���~'{¥ l~�tvr>wEx�o$pE~'�g£Yz>oy{io$tvr>w¶r>�'w
¢'wEr>¢Kr"oy�T�¸{ix
¢'¤i��x
��m0pEz^py{ir>m·��{¥oCpE~YzGpa��~'��m�py~'�
o@r"�'wl c�To2z^wE�
m'�az^wE¤|� �Ym'x
{®���T� z>mY�ûpE~'�5��¤i��x
��m0ploXr^t !Z z>wy�e¢'wEr>¢K��wE¤|�
wE��r"wE���Twy�a�\�9pyr>�"�cpE~'��w���{|py~�py~'��wEr&�Cog{|m ]Oc ö ¹ ú ��py~'��wE�c«
r"wE���Twy�a�èr>¢'py{ix
z>¤ ����{i�>~0pIx
z^pywE{®�\�^���Tm'r^pE�T��ut �G£��a cr>x
�aou�ao¯«
oy��m0py{¥z^¤i¤i��£'¤ir© l�0«n��{¥z^�>r"mYz^¤Ô��z^mY�&py~'�Twy��tvr>wE�.{|pEoè �r>x
¢'��plzGpE{|r"m
tvwEr>x3py~'�$�ao¯pE{|x�z^py�T�¸ �r>wEwy�T¤iz^py{ir>mg£��a cr>x
�aoCo@{ix
¢'¤i��waq q r>wE�c«
rG�"��wa�upE~'��~Y{|�"~�«¬�'{|x
��m�o@{ir>mYz>¤�µI¨X¢'wEr>£'¤i��x ö ² ú  �z^m�£��g���c« �r>x
¢�r0o@�a�&{im0pyr�oyx�z^¤i¤|�TwS{imY��{i�©{i�'�Yz^¤�µI¨
¢'wyr"£'¤i��x�oS«+��~'{¥ l~
rp'K�TwEo�oy�'£Yo@pEz^m0pE{iz>¤ã �r>x
¢'��plzGpE{|r"mYz^¤Iwy�T¤|{i�ct¯q.}�~0��o��\pE~'�¶r>¢�pE{®«
x.�'xm����{i�>~0psx�zGpywE{|��{ioã�ao¯pE{|x�z^py�T�.tvwEr>xí �r>wEwy�T¤iz^py{ir>m.x
z^pywE{®«
 ��To9r^t/pE~'�.mY�Tz^wE¤i�"«noy��¢Yz>wEz^py�T�¸oyr>�'wl c�ao���tvr>¤i¤ir&��{|m'�gz^m�{im'{|py{¥z^¤

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP



oy��¢�z^wlzGpy{ir>m
zGp@plz^{im'�T�
£©��z^m©�� c¤ir"oy�T��tvr>wEx z^¤i�>r"wy{|py~Yx ö �>q �Yq
¨��S�+k ú q�k¬py��wlzGpE{|mY��pE~'�
¤|r©r>¢ ö oy��¢�z^wlzGpy{ir>m ú « ö �ao¯pE{|x�z^py{ir>m-r^tut ú « ö �'¢K�YzGpy�a�5o@�T¢Yz^wlzGpE{|r"m ú £©��x
{im'{|x
{ � {im'� ö ² ú �Yo@��z^¤i¤|� �r>m©�>�Twy�"�To���{®pE~'{|m¸�'¢gpEr.pE~'wE����{®pE��wlzGpE{|r"mYo��©wE�Toy�'¤|py{im'�
{|m�py~'�
oEz^x
�Cz"o@�©x
¢�pyr>py{¥ ����< �{|�TmY c� ö z^p@pEz>{|mY{|m'�$py~'�è��¡C� ú z>o/r>wE{|�>«
{imYz>¤ � �9¨Y�S��kÚq� r^py��tv�Yw@pE~'��wa�^pE~YzGp/{|p/{ioãmYr^p/m'�a c�ToEoEz^wE��pyr$z> cpy�Yz>¤|¤i��oy��¢�«
z>wEz^py��py~Y�9oyr>�'wl c�aoã{|m�pE~'�C¢'wE��¢Ywyr� c�aoyoy{im'� ö ¨Y�S��k ú o@pEz>�>�Cz>mY�
pE~'��m
wy��«Ô�ao¯pE{|x�z^py�$pE~'��{iwè cr"wywE��¤¥zGpE{|r"mYo���oy{|mY ���pE~'�¶�To@py{ix
z^py�a�
oy��¢�z^wlzGpy{im'�Sx�zGpywE{|�. �z>m.£K�Cz^¢'¢Y¤|{i�T�
��{iwy�a ÚpE¤|�èpEr�py~'��r"wy{i�>{imYz>¤
r"£Yoy��wE�Zz^py{ir>mYo#�Z�To@py{ix�zGpy�a�� cr"wywE��¤¥zGpE{|r"m�x�zGpEwy{¥ c�ao��"�0{i��¤¥��{im'�è{im
pE�'wEm%py~'�¶�To@py{ix�zGpE�T�& �r>wEwy�T¤iz^py{ir>mYoCr^tspy~Y�.m'�az^wE¤|�0«no@�T¢Yz^wlzGpE�T�
oyr>�YwE ��ToTqu}�~'��oyz>x
�2~'r"¤i�'o�pywE�'�2tvr>w��Tz> l~<oy�'£Yoy�#k0�'�Tm0p+{|py��wlzG«
pE{|r"m�r>t � �9¨Y�S��kÚq

}�~'���c�'z> cp¶ �¤|r0o@�a�-tvr>wEx ����¢'wy�aoyoy{ir>m-tvr>w¶�To@py{ix�zGpy{ir>m�r^t
�T¤|�Tx
��m0pEoIr^t ut ��{i¤|¤�£K��oy~'r&��m.¤iz^py��waq$�2r&�+�T�>�TwT�0���+r"£Yo@�Twy�"�
pE~YzGp ut {io�£'¤|r� l�
��{¥z^�>r"mYz^¤Ôqu}ur$£K�2x
r>wE�Coy¢��a c{��� ^�� cwE{|py��wE{ir>m
ö ² ú  �z>mgpy~'�Tmg£K�èwE����wE{®pypy��mg{im�pE~'��tvr>wEx
n7oqpsr ö ¹ � S�úNu � �Z � �] c^ö ¹ úGS � � ut � �Z � �] c>ö ¹ úGS � ö �T� ú

��~Y��wE� �Z u � �Z � jEj � �Z �§Új �����#��� �Z �§y§ � �Z �þ § �#������� �Z �x�x � � ö �>� ú�]Oc ö ¹ ú u � ] � jEj ö ¹ ú � ] �§lj ö ¹ ú ���#���#� ] � x�x ö ¹ ú � � � ö �a� ú
ut u £Y¤|r� l����{¥z^��� t jEj � t §Új �#�����#� t x�x � � ö �T± ú

}�~Y��%©«Ôpy~%�T¤|�Tx
��m0p ö % u � ���#����� ùûú r^t��Z M�� {io
ö �Z M�� ú H u �

�
�;!½ M�� � % � ��� ý !½ �4M � % � ����� ö � � ú

t M�� u �  �rG� ö �Z M�� ú � i j ö � T0ú] M�� ö ¹ ú:u � a b ö ¹ M
	
� ¹ ��	 ú ö �T³ ú
tvr"w
� ��� u � ���#��� ÷ ����� � �U��~'��wE� ¹ M
	 {¥o9py~'��� � pE~&wEr&� r^t¹ z>mY�j� � !.{¥o�py~'�è�T¤|�Tx
��m0p"��{ioy��¢'wEr©�'�Y Úpaqª/�©¢Y¤|r"{®pE{|m'�XpE~'��£'¤ir� l�0«¬��{¥z^�"r>mYz>¤�o¯pEwy�Y cpy�'wE�¸r^t ut ��py~'�
 �wy{|py�Twy{ir>m n7oqpsr ö ¹ � S�ú {im ö �T� ú  �z^mg£K�$o@{ix
¢'¤|{��Y�a�gz"o
u .
M
� ��� M���� � �Z M�� � �] M�� ö ¹ ú4S � � t M�� � �Z M�� � �] M�� ö ¹ úGS � ö �Z´ ú

�.�J� ¾��������! #"%$�&('*)+',��'*$� �-�/.0 �1!'32�'4"%&�1� 5��6, #78" 

�Yr>w�)�z>�Yoyoy{¥z^m�oyr>�YwE ��To�{®p2 Tz^m¸£K�è�Tz>oy{i¤|�<oy~'r&��m�py~Yz^p

¤i{|x

-:9<; � ª �0ö !½ M�� � % � � ½ M�� � % � úÚö !½�=?> � %A@|� � ½�=?> � %A@�� ú �u ¤|{ix

-B9C; -
i j.( { i
-
Y j
ö � � }

� úcö ½ M = � } � ½ � > � }Þý % @ � % �
ý ½ M > � D ý %A@�� ½ � = � D � % � ú_FE ENM
� = F EG��� > F � %A@ � % � ý E ENM�� > F EH��� = F � %A@ ý % � ö �T� ú

��~Y��wE� E ENM
� = F EG��� > F � % � u ;.( { i ; ½ M =
� } � ½ � > � }Þý % �

u �
�JI�DLKNM ENM = F ö%O�ú M EH� > F ö%O�úPO H i j ÷QO�ö �T² ú

z>mY� M ENM = F öRO©ú {¥o
py~Y�� cwEr"oEo¯«no@¢K�T cpywE�'x ö {|mepy~Y��S�«n��r"x
z>{|m ú
£K�cp"�����Tm�pE~'�<�0«Ôpy~¸z^mY� s «ÏpE~goyr>�'wl c�ao�� ²A�Ôq� r^py� py~Yz^p3tvr>w {|m�����¢K��mY�'��m0p ö o@�T¢Yz^wlzGpE�T� ú oyr>�YwE ��ToT�
½ M = � } � u �e�'m'¤i�ToEo3� uhs ��oyr�pE~YzGpTE ENM
� = F EH��� > F�� % � u �
�'mY¤|�aoyoU� u s z^mY� � u t©q�}�~'�¸ cr"x
¢'��pEz^py{ir>mYz>¤�wy�T¤|{i�ct2r>t
pE~'��m'����{ix
¢'¤i��x
��m0pEz^py{ir>mgr^t � �9¨Y�S��k� �r>mYoy{io@pEo�{im�¢Yz>w@p�{impE~'�
r>£Yoy��wE�GzGpy{ir>m�py~Yz^p�{imXz�m'�T{|�"~©£�r"wy~'r©r��%r>t�py~Y�.¢Kr>{im0p�r>t
pE~'��oy��¢Yz>wEz^py{ir>m·�upy~Y���Gz^¤i�'�To�r^tVE ENM
� = F EH��� > F � % ��tvr>w-�XWu s r>w� Wu t�m'�T�T�
m'r>p+£K�2 cr"x
¢'��py�a�<z^m��� �z^m�£K�2mY���>¤i�T cpy�a�\qI}�~Y{io
{ix
¢'¤|{i�To�py~'�è£'¤ir� l�0«¬��{¥z^�"r>mYz>¤|{|p¯�
r^t*ut q

¨©�a cr"mY�\�YmYr^py�$py~Yz^p2�Tz" l~g{im0py�T�>wlz^¤·{im ö �a² ú  Tz^m¸£��¶ cr"x.«
¢'�'py�T��{im õ
öÏù § ú r"¢��TwEz^py{ir>mYo�z>o�z$�Gz>wy{¥z^mY ��2r>tuz^m��9¡�¢'wEr^«
 ��ToEo+��~'{¥ l~�~Yz"oC{|pEoS cr©���< c{i��m0plo2�"{|�"��m%z>oSz< cr"m©�>r>¤i��pE{|r"mgr>t
�9¡� �r©���< c{i��m0pEo�r>tupE~'�<� � pE~gz>mY� � � py~¸o@{i�>mYz>¤��®�a�0�¬q
�.��� �Y"%$�"%��"+ZQ6, #"%��$[��.0 �1!'\2�'4"%&�1� 
'4][^_78"` #'478"+�a$
}�~'��x�z^{img{i���az�r>tbpE~'��x¶{im'{ix
{ � zGpy{ir>mgr^t ö �a� ú {io+pEr:��wE{|py��{®pz"o�x¶{im'{ix
{ � zGpy{ir>m¸r>t

n öRb\ú�u � �Z � . öcb·ú � � ut � �Z � . öRb·ú � ö �^� ú
��~'�Twy� b {¥ogpy~'�X�'mY�0mYr&��m,¢Yz>wEz>x¶��py�Twg �r>x
¢�r0o@�a��r>t.��¤i�c«
x
��m0plo+r>t ¹ z^mY� S ��z^mY� . öcb·úNu ]Oc ö ¹ úGS q/}�~'�Tm·��z:)�z>�Yoyo
{|py�TwEz^py{i�>��x
�cpy~Yr©�¸ Tz^mg£��$z>¢'¢'¤i{|�a���|�T±&�Ô�b!d z Y jPe uXbfd z e ý � g �z ut g z � i j ut g z � �Z � . öcb�d z e ú � ö ��� ú
��~'�Twy�hg z uFi . öcb\úkj8ilb�m b { b�n oHp q� r^py�Cpy~Yz^p/py~'�2x¶{im'{ix
{ � zGpy{ir>m�¢Ywyr"£'¤|�Tx ö �T� ú ~Yz>o/py~'�C{im�«
~'�Twy�Tm0p���¨'¨&oy Tz^¤i{|m'��z^x�£Y{|�"�'{®p¯�"�6��~'{i l~-z^¤i¤|r&�Co2�Yo9pyr¸ cr"x.«
x.��py��oy Tz^¤i�To+£���p"�+�T��m�py~'����¤i��x
�Tm"plo�r^t S z>mY��pE~'�� cr>¤i�'x
mYo
r>t ¹ q(�C�TmY c��{®ps{¥oI¢�r0oyoy{|£Y¤|�"�&��{®pE~'r>��p/z>m0��¤ir"oEob{im¶�>��mY��wlz^¤i{®p¯�"�
pEr��'�<�"q ��q|�"py~'���Ywlo¯p ÷ �T¤|�Tx
��m0pEo+r^t S pEr.z>wy£'{|pywlz^wE��mYr>m � ��wEr�Gz^¤i�'�ao ö �"q ��qè�p� o ú ��z>mY�¸�c�' c¤i�Y���$py~'�Tx tvwEr>x py~Y�$x
{|m'{ix
{ � zG«
pE{|r"m·qI}�~©�YoT�GpE~'���'m'�©m'r&��m�¢�z^wlz^x
�cpE��wlobz^wE� bFu � b �q � S � ���/���~'�Twy� b q u �"�T  � ¹ � � z>mY� S�u � S � j S �§ JKJKJ S � a$i j ����q}�~'��{|py�TwEz^py{ir>m ö ��� ú  �z>m�£K�èwy�#��wy{|p@pE��m¸z>or ! b d z Y jPeq! sS d z Y jte
u u r ! b d z eq! sS d z e
u ý r 	 �z ut 	 z 	 �z ut ] z] �z ut 	 z ] �z ut ] z u i j
J
r 	 �z ut] �z ut u  �Z � �] c^ö !¹ d z e ú !S d z e & � u � � � �����#� ö �>� ú

��~'�Twy�

	 z u i �]Oc ö ¹ ú4Silb q vvvvv b { b n oGp z^m�� ] z u i �]Oc ö ¹ ú4Si S vvvvv b { b n oGp ��Y�'w@pE~'��wa�0�c��¢'¤ir>{|py{im'��py~'�2£'¤|r� l�
��{¥z^�>r"mYz^¤i{|p¯�$r^t ut ö �T± ú �"py~'�wE{|�"~0p�py�Twyxìr>t ö �"� ú  �r>�'¤¥�<£K�Swy�#��wy{|p@pE��m�z"o+oy�'x�o�r^tboyx
z>¤|¤i��w
x�zGpEwy{¥ c�ao�z>o�tvr"¤|¤ir&�CoK�w xv� { j xvM { �Vx � 	 z � � M�� t M�� � 	 z � M�� � 	 z � � M�� t M�� � ] z � M��� ] z � � M�� t M�� � 	 z � M�� � ] z � � M�� t M�� � ] z � M��ly*z i j

JV{| } xv� { j xvM { ��~� � 	 z � � M�� t M��  �Z M�� � ] M�� ö !¹ d z e ú !S d z e &
� ] z � � M�� t M��  �Z M�� � ] M�� ö !¹ d z e ú !S d z e &J��B� �� ö �^± ú

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP



��~Y��wE� �Z M�� � t M�� z^mY� ] M�� ö ¹ ú ����wE�S�����Ym'�a��{im ö � � ú � ö � T"ú �z>mY� ö �T³ ú ��wE�Toy¢��a ÚpE{|�"��¤i�>�'z^m��

� 	 z � M�� u i ] M�� ö ¹ ú4Silb q vvvv b { b�n oGp ù k¸÷ § ö � � ú

� ] z � M�� u i ] M�� ö ¹ ú4Si S vvvv b { b n oGp ù kXöÏù � � ún÷

u ] M�� ö ¹ d z e ú � � qqq � x E ami j4F � � ö � T0ú
}�~Y�%{|m'{|py{¥z^¤S cr"mY��{|py{ir>mYo< �r>�'¤¥�5£K�&o@��p�z>o
tvr"¤|¤ir&�CoL� ! b d gkeq u
�"�T  � � xA� z>mY� !S d g�eH u ��{iz>� ö !½ 0 � % � ú tvr>wq% u � ���#����� ù � �>�
��~Y��wE�j�E��{¥z^� !X���Tm'r^pE�To
pE~'�&��{¥z^�"r>mYz>¤���¤i��x
��m0plo�r^t !½ 0 � % �Ôq
­9o@��z^¤i¤|�"�a±�{|py�TwEz^py{ir>mYouz^wE�/o@� �� �{|�Tm0pbpyr9z> l~'{i���"�/ cr>m©�"��wE�>��m� c�
r>tbpE~'�$z^¤i�>r"wy{|py~'x¸q� r^py�gpE~YzGp
py~Y�¸oy{ � �gr^t2pE~'�¸x�zGpywE{|��pyr-£��¸{im0�"��wypy�a��{imö �^± ú {io ÷�öÏ÷�ý ùi� � ú k�÷�öÏ÷�ý ùi� � ú q �+r>x
¢'�'pEzGpE{|r"m
r>t�py~'�gx�zGpEwy{|��z^mY��{|pEo¶{im©�>��wloy{|r"m�{|m©�>r"¤|�"�To õ
öÍ÷ ø ù § ú z>mY�
õ
öÏ÷ ü ý�÷ þ ù þ ú r>¢K��wlzGpE{|r"mYoT�IwE�Toy¢K�T ÚpE{|�"��¤i�>q �2��mY ��	���� �z>m �r>mY �¤|�����$pE~YzGp9py~'�.pyr>pEz^¤ã cr0o¯pSr^tspE~'��x
{im'{|x
{ � z^py{ir>m&r>tspy~'�����{i�>~0pE�T�g cwE{®pE��wE{|r"m�{¥o õ
öÍ÷ ü ý�÷ þ ù þ ú r"¢��TwEz^py{ir>mYoTq

�X� ¾K�$��� � ��� � ¼�� � »u»X� ��»
�Yr>w9���Gz^¤i�YzGpE{|mY��py~'�¶ cr"x¶¢Y��pEz^py{ir>mYz>¤I �r>x
¢'¤i�c��{®p¯�gr^tspE~'�.z>¤®«
�"r>wE{®pE~'x¸�Y�+�è Tz^m¸��{|�©{¥���è{|pC{|m0pyr¶tvr"�'w�¢Yz^wypEoTq
�>q2�+r"x¶¢Y��pEz^py{ir>m�r>t�py~'�g¤¥z^�>�"�T�� �rG�Gz^wE{iz>mY c��x�zGpEwy{¥ c�ao�wE�c«k0�'{iwy�ao ÷ § ù�� r"¢��TwEz^py{ir>mYoTq
��q2�+r"x¶¢Y��pEz^py{ir>m�r>t�¨Y�S��k\«�wy�Zk"�Y{|wE�To õ
öÍ÷ ø ùûú r>¢K��wlzGpE{|r"mYoTq
±'q2�+r"x¶¢Y��pEz^py{ir>mèr^t'��{¥z^�"r>mYz>¤^£'¤ir� l�©o t M�� �J� ��� u � ���#����� ÷ �� Wu � r>tèpy~'������{i�>~0p�x�z^pywE{®�^ut qìª�z" l~ ö � �k� ú ¢Yz>{|wwE�#k0�'{iwy�ao�pEr��T�Zz>¤|��zGpy�X� ù �Gz^¤i�'�Togr>tèpy~'�
tv�'mY cpy{ir>m Eu�
�az> l~�wE�#k0�'{iwy{im'� õ
öÏù § ú r"¢��TwEz^py{ir>mYoT�Iz>¤|¤�pyr"�>�cpE~'��w.{®p¶{io
õ
öÏ÷ § ù þ ú r"¢��TwEz^py{ir>mYo�pyr
tvr>wEx x E x;Y jGF§ ù k�ù £Y¤|r� l��o�q
knm©�>�TwEoy{ir>m&r>t��az> l~-£'¤ir© l�&wy�Zk"�Y{|wE�To õ
öÏù þ ú r>¢K��wlzGpE{|r"mYoT���~'{¥ l~%��r©�To�m'r>pCz^¤|py��w�pE~'�$ cr"x
¢'¤|����{®p¯� õ
öÏ÷ § ù þ ú r"¢��Tw@«z^py{ir>mYoTq

� q q {im'{ix
{ � zGpy{ir>m�r^t©py~'�� cwE{®pE��wE{|r"m ö �a� ú {¥ou�'r>m'�/wE�T ��'wlo@{i�>�T¤|�"��az> l~g{®pE��wlzGpy{ir>mgwE�#k0�'{iwy{im'� õ
öÍ÷ ü ý�÷ þ ù þ ú r>¢K��wlzGpE{|r"mYoTq
�$� ¾�½�¹��
	�S½��l½�¹	����� t �S½ ºK�	� � 


�9o�x
��m0py{ir>m'�a��{im�py~'�$¨©�a Úpy{ir>m%���©pE~'��¢��Tw@tvr"wyx�z>mY c�Sr^tã��¨Y¨
z>¤|�"r>wE{®pE~'x�o\ �z>mè£��+x¶�az>oy�'wE�T�S£©�9x
�Tz>mYo·r>t©py~'�+k@¨�¡Xx�zGpywE{|��q
}�~Y� ö � ��� ú�� py~$�T¤|�Tx¶�Tm0pãr>t�py~'{¥oãx�zGpEwy{|�èk@¨�¡ M��  l~Yz>wEz" Úpy�Twy{ � �aopE~'�$x
�Tz>m�olk0�Yz>wy�èwE�Toy{¥���Yz^¤u¢'wE�Toy��mY ��èr^tãpy~'�-� � py~%r"wy{i�>{imYz>¤oyr>�YwE ��g{im�pE~'� � � py~5�ao¯pE{|x�zGpE�T��oyr>�YwE ��>qw�Yr>w�£�r>py~5py~Y��r^«
wE�cpE{i Tz^¤bz>mY�¸¢'wlz> cpy{¥ �z^¤\wE�Tz"o@r"m¸{®p2{¥oC{im0py�Twy�ao¯pE{|m'�
pEr� cr"x
¢Yz^wE�
pE~'��k@¨�¡�r"£�pEz>{|m'�a�è{im¶oy{|x.�'¤¥zGpy{ir>m�oX��{|py~�py~'��£��ao¯psz> l~Y{|�T�Zz>£'¤i�
¤ir&����wã£�r"�'mY�\�"{|m
¢Yz>w@pE{i ��'¤¥z^wãpy~Y�9��¡C�Sqp�'r"w�)�z^�YoEo@{¥z^m¶¢Yz>wEz^«
x
��pywE{i $�9¡ûz^m��%�2¡ q �Þoyr>�'wl c�ao���pE~'��£Kr>�YmY� ��z>oC���Twy{i�>�a�
{img�>��mY��wlz^¤Ktvr>wEx {im��|�T�&�Ôq � �$ �z>m'm'r^p�{imY c¤i�Y���èx
r>wE�è���cplz^{i¤io~Y��wE�$tvr>w�¤¥z> l�%r>t+o@¢�z> c�"�\£'��pè{|p� Tz^m&£K��o@~Yr&��m�py~�zGpè{|m&py~'�
 Tz>oy�èr^t/�2¡ío@r"�'wE ��ToT�'pE~'�
��¡C�*r>m%k@¨'¡û �z>m%£�� ��wy{|p@pE��m%{im
pE~'��tvr>wEx

k@¨�¡ M�� ����¡Cµu� M�� u �
�

E M��� � E M�� E �4M j

���
½ � � �&�

j

���
½ M � �&� ö �^³ ú

��~Y��wE� � ½ M � �9� � a$i j� { g {¥o
py~'�5 crG�Gz^wE{¥z^mY ���o@�Zk0�'��mY ���r>t<py~'�� � py~�o@r"�'wl c�>���\§M {io<py~'�
�Zz>wy{¥z^m� c�%r^tSpy~Y�&{im'm'rG�GzGpE{|r"m5oy�c«

k0�'�TmY c�èr>tbpy~Y�$o@r"�'wE ��>�

E M�� u �
� §M
a$i j.
z � � { g � z � � ��� ½ M � � � Dp� u �

�JI�DLK � � öRO©ú ���� ö%O�úPO i j� M öRO©ú � �M öRO©ú ÷4O
�0� z � � a$i jz�{ g z>wy�ãpE~'�+�9¡� cr©���� �{|�Tm0pEour^t©py~'� � � py~$oyr>�'wl c����{®pE~� g � u � 1 � ��z>mY� � � öRO©úNu v az|{ g � z � O i z � � u � �#���#��� ÷ q¨©{imY �� � �9¨Y�S��kI{io+z>oy�©x¶¢'pyr^pE{i Tz^¤i¤|���#k0�'{i�Zz>¤|�Tm0pspyr q z^�0«
{ix��'x µ·{i�>��¤i{i~'r©r©� ö �|�T�&� ú �S{|p�z>oy�©x¶¢'pyr^pE{i Tz^¤i¤|��z^p@plz^{imYogpy~'�
��¡C�S�4��~'{¥ l~* �z>m�£��-�To@py{ix�zGpE�T��{im�pE�'wym�tvwyr"x pE~'�X�'zGplz
z>mY�¸o@�Twy�"�2pEr¶¢Ywy�a��{i cp�py~'�è¢K��wytvr>wEx�z^mY ��9r>t � �9¨Y�S��kÚq

�.� » � � � ��¹�¼ � � � »
� �Tw@tvr"wyx�z^m� c�sr^tYpy~'��m'����{ix
¢'¤i��x
��m0pEz^py{ir>m.r^t�py~Y� � �S¨Y�S��k��z>o$py�To@py�a��r>m�oy{ix��'¤¥zGpE�T���'z^pEz%r>t�py~'��¤|�Tm'�^pE~ � u\T �>�"���{|py~ ÷ u �^�� cr"x
¢�r"m'��m0pEoTqC}�~'�*�YwEo@p��a�< cr"x¶¢Kr>mY��m0p�����wE�
 �r>mYo@pywE�Y ÚpE�T�¸oyr
py~Yz^p�py~'��� � py~� cr"x
¢�r"m'��m0p+��z>o+)�z^��oyoy{iz>m�9¡1¢'wyr� ��ToEo¸r^t
py~'� � � py~òr>wl���TwT����{|py~û�2¡1¢�z^wlz^x
�cpE��wlo
ö � � � ���#����� � ��� ú �Y��~Y��wE� � ��z"o�z¶tvwy�T�S¢�z^wlz^x
�cpE��w�{img{im0py�Twy�Gz^¤ö � � � ú �©z^mY� � u � �#���#��� �a�'qã}�~'�2wE��x�z^{im'{im'�<�a�� cr"x
¢�r"m'��m0pEo����wE�������YmY�T�Xo@{ix
{|¤¥z^wE¤i�n��{®pE~-py~'�<��{�'���wE��mY ��
py~Yz^pèpy~'�<�9¡
¢Yz>wEz>x
�cpy�TwEo6����wE� ö � � � �����#��� � � � � ú qb}�~Y�/¢Yz^wlz^x
��pywE{i ã l~'r"{i ��r>t+pE~'��oyr>�'wl c�ao�~Yz>oSpE~'��z>�'�Zz>m0pEz^�"�¶py~Yz^p$£0�- cr"m"pEwyr"¤|¤i{im'�%z
oy{|mY�>¤i��¢Yz^wlz^x
��py��w ö � ú ��{®p¸z^¤i¤|r&�Co
��o�pyr�o@{ix��'¤¥zGpE�&oyr>�'wl c�aopE~YzGp.z>wy����{��< c�'¤|p�pEr�o@�T¢Yz^wlzGpE� ö tvr>w �  c¤ir"oy�
pyr � ��wEr ú �uz^m��oyr>�'wl c�ao�pE~YzGpèz^wE��wE��¤¥zGpE{|�"��¤i���az>oy��pEr�oy��¢Yz>wEz^py� ö tvr>w �  c¤ir"oy�pEr&r>mY� ú q-knm�pE~'�<tvr"wyx
�Tw¶ Tz>oy�>�Ipy~'�g¢Kr&�+�Tw.oy¢��a Úpywlz�r>t�py~'�
oyr>�'wl c�ao2z>wy�¶o@{ix
{|¤¥z^w9pyr��Tz> l~&r^py~Y��wa�V��~Y��wE�Tz>o9{im%py~'�¶¤¥zGp@pE��w
 Tz>oy�9pE~'�$oy¢��a Úpywlz
z^wE�9�"��wE����{�'K�Twy�Tm0p�tvwyr"x �Tz" l~�r>py~'�TwTq
�2¤|¤spE~'�Toy��o@r"�'wl c�To� Tz^m-£��< l~Yz>wEz" ÚpE��wE{ � �T�%£©�%pE~'�<oyz>x
��Eo@¢K�T cpywlz^¤+�'�0m�z^x
{i �wEz>m'�>�Z!�� [u �^�¶¤ir>� j4g  j Y��  ��j i �  �� & �N��~'{¥ l~{¥o�pE~'�$wlzGpy{ir ö {im � �'��� ú £K�cp"�����Tm¸py~'��¢��az^��oy¢K�T ÚpEwEz>¤b���TmYo@{|p¯�

r>tupE~'�$o@r"�'wl c�To�z>mY��py~'�T{|w2x¶{im'{ix�z^¤boy¢��a ÚpEwEz>¤·����mYoy{|p¯�>q � r^py�
pE~YzGp�� u��"! tvr>w���~Y{®pE��¢'wyr� ��ToEo@�ao ö � u � ú z^mY�
�c�©py�TmY�'o
pEr�{|mY��m'{®p¯�gz>o � z>¢'¢'wEr"z> l~Y�To�#.�>q� �Tw@tvr"wyx�z^m� c�Cr>tbpy~Y� � �9¨Y�S��k+{io� �r>x
¢Yz^wE�T�	��{®pE~�pE~YzGp
r>t\¨Y�S��kIz^mY� ��{®pE~¶py~'�C �r>wEwy�ao@¢Kr>mY�'{|m'�è�+wEz>x����wã¡Cz^r�£Kr>�'m��
{im¶py��wEx�osr^t�py~'��{im0py�Tw@tv�Twy�TmY c��«ÏpEr^«no@{i�>mYz>¤©wEz^py{ir ö k@¨�¡ ú tvr"ws�Zz>w@«
{ir>�Yo$�X{|m �u{i�>�Ywy�
�>q&}�~'����x
¢'{iwy{¥ �z>¤+k@¨'¡ì{io.£Yz"o@�a�Xr>m��a�
{imY���T¢��TmY����m0p�pEwy{¥z^¤¥o�tvr>w��az> l~%��q � �$ �z>mgoy���Spy~�zGp ö � ú�� ��«¨Y�S��kC{¥o�m'�az^wE¤|��o@pEz^py{¥o¯pE{i Tz^¤i¤|�%���� �{|�Tm0p ö zGp@plz^{imYoSpy~Y�<��¡2� ú
{im
py~'����~'r>¤i��wEz>m'�>��r>t&�¶£���p"�+�T��m��è�'�ez^mY� � �S�Y�e� ú$� ��«¨Y�S��kSr>��pE¢��Tw@tvr"wyx�o�¨��S�+k�oy{|�"m'{��K �z^m0pE¤|�
{|mXpE��wEx
o$r^t�k@¨�¡è�
mYz>x
��¤i��tvr>wCx
r����TwEz^py��z^mY�g~'{i�>~'��q

�.�J� »!'*$f�
"` #")(f"+ Z  
�(6A]�] "` 
")(/'�$!��"'�
'
}ur����Gz^¤i�Yz^py�${|pEo�wEr>£Y�Yo¯pEm'�ToEoT� � �9¨��S�+k���z>o�z>¤ioyr
py�ao¯pE�T�¸{im
pE~'��¢'wE�Toy��mY ��¸r^t���~'{®pE��)�z^��oyoy{iz>mez"�'��{|py{i�>�%m'r"{ioy� ö {im5py~'�
oEz^x
��oE c�TmYz^wE{|r ú q·knm$z" � �r>wl�'z^mY ��N��{®pE~�py~'�+wy�a cr"x¶x
�TmY�'zGpE{|r"m{imn�®�"���¬�p���Co¯pE�Y���$pE~'�2z" l~'{|�T�>�a��oy{|�"mYz^¤|«ÏpEr^«¬{|m0pE��wytv��wE��mY ��+¢'¤i�Yo
m'r"{ioy�>�©¨©k � ¡$�"z^m��¶ �r>x
¢Yz>wy��{|p���{®pE~
py~'�9¨�k � ¡er>£�plz^{im'�T�¶£©�
pE~'�$~©�©¢�r>py~'��py{¥ �z^¤·oy��¢�z^wlzGpyr"w� cr>x
¢'�'py�T��tvr"wC�©m'r&��m�x
{|��{|m'�
x�zGpEwy{|�%z^mY�¸�Gz^wE{¥z^mY ��$r^tãpy~Y��m'r"{ioy�>qC¡��ao@�Y¤®plo9z>wy�$oy~'r&��m%{im�I{i�>�'wE�Toè�gz^mY�-±'q
}�~'�T�&����x
r"mYo¯pEwEz^py�¶�>r©r���¢K��wytvr>wEx�z^mY ��
r>t � �9¨��S�+ks{im<pE~'�Sm'r>{¥o@�
�Tm0�©{iwyr"m'x
��m0pT�0£'��pCoy~'r&�è�"py~Yz^p�{|tpE~'�$z>�'�'{®pE{|�"�9m'r"{ioy���c�' c�T�T�'o�z
 c�Tw@plz^{im�¤i���"��¤Ô�©py~'�è��{�'K�Twy�TmY c�
{im�¢K��wytvr>wEx�z^mY ��/£���p"�+�T��m.¨��S�+k·z>mY� � �S¨Y�S��k·��{¥oyz>¢'¢��az^wlo�q
knm-z>�'��{|py{ir>mb�U�+�¶~YzZ�>�.m'r^p�r>£�o@�Twy�"�T�%z^m©�¸{ix¶¢YwyrG�"��x
��m0p9r>t
¢K��wytvr>wEx�z^mY ��Cr^tu¨Y�S��ksr"w�¨Y�S��k¬«n¡��.�>{®t·pE~'�2m©�'x.£��Tw+r>t\py~'�

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP



0 5 10 15 20 25 30 35 40
−25

−20

−15

−10

−5

0

5

η [dB]

IS
R

[d
B

]

 

 

WASOBI
SOBI
CRLB

�I{i�>�'wE�¸�����2�>�TwEz>�>�¶{|m0py�Tw@tv�Twy�TmY c��«ÏpEr^«no@{i�>m�z^¤ãwEz^py{ir%z> l~'{i���"�T�
{im�oy{ix��'¤¥zGpE{|r"m�£©� � �9¨Y�S��k$z>mY��¨Y�S��k$z"o¶z�tv�'mY cpy{ir>mer^t
pE~'�$oy¢��a Úpywlz^¤·�'�0m�z^x
{i Swlz^m'�"�"��r^tIpy~'���>�.oyr>�YwE ��ToTq

{im©�>r"¤|�"�T�<x�z^pywE{i ��To���z>o�{|m� cwE�Tz>oy�T�gz^£KrG�>� ù u �"�>q � ��wytvr>wy«
x�z>mY c��r^t/¨Y�S��k¬«n¡��û��{¥��mYr^pC{ix¶¢YwyrG�"�9�T�>��m%z^p ù z>oC~'{|�"~
z"o��T�"�'q

0 5 10 15 20 25 30 35 40
−20

−10

0

10

20

30

40

η

S
IN

R
 [d

B
]

SNR = 20dB

WASOBI
SOBI
SOBIRO
HYP
SIR

�I{i�>�'wE�9� �I�2�>��wlz^�"�2¨©k � ¡*z> l~'{i���"�T�¶{im�o@{ix��Y¤iz^py{ir>m<£©� � ��«
¨��S�+k�z^m��¸¨��S�+k4��~'�Twy��pE~'�$x
{®�©pE�'wy��{ioC �r>m0pEz>x
{|mYz^py�a��£©�
z"�'��{|py{i�>�a��~'{|py��)�z^�YoEoy{iz>m�m'r"{ioy�èzGp2¨ � ¡ u �^�>�Y��z>o�z$tv�YmY Ú«
pE{|r"m�r>tupE~'�$oy¢��a Úpywlz^¤·�'�0m�z^x
{i Swlz^m'�"�"��r^tIpy~'�$oyr>�YwE ��ToTq

�.� ¾K� � ¾ ���%» � � � »
� m'rG�"��¤�{ix¶¢Y¤|�Tx¶�Tm0pEzGpE{|r"m*r>t�pE~'� �+�T{|�"~0py�T��¨Y�S��k öJ� ��«
¨��S�+k ú z>¤|�"r>wE{®pE~'x ��z"o¶¢'wyr"¢�r0o@�a�\q���p
py~'�%¢'wE�Toy��m0p
py{ix
�>�
{|pez>¤|¤ir&�Co�zío@�T¢Yz^wlzGpE{|r"mìr^t&z^£Kr>�'p5�^�ío@r"�'wE ��To�{|m q zGp@«
¤¥z^£  cr>x
¢'�'pEzGpE{|r"m py{ix
��{imír"wE�'��w-r^t<x
{|m©��pE�ToTq }�~'�ez>¤®«
�"r>wE{®pE~'x({iogz>oy�©x¶¢'pyr^pE{i Tz^¤i¤|�e���< �{|�Tm"pa����~'{¥ l~�x
�Tz>mYo�pE~YzGp
{|p¶z^p@plz^{imYoèpE~'��¢K��wytvr>wEx�z^mY ���¤|{ix
{®p¶�>{i�>��m�£©�
py~'�%�+wEz>x����wy«
¡2z^re¤|r&����w¸£Kr>�'mY��{|t.pE~'���'zGplze¤|�Tm'�^pE~�{¥o¸¤¥z^wE�>�-��m'r"�'�>~·�
¢YwyrG�©{¥���T�ÞpE~YzGp�py~'��{|mY{®pE{iz>¤goy��¢Yz>wEz^py{ir>mÞ«X~'��wE�*��r"m'�,£©�
¨��S�+ke«e{io*o@�Y�< �{|�Tm"pE¤|�ð�"r0r��\q q zGpy¤¥z^£  �r���� tvr>w,py~'�
¢Ywyr"¢�r0o@�a�*{ix
¢'¤i��x
��m0pEz^py{ir>mûr>t � �9¨��S�+k%{¥o&zZ�Gz>{|¤¥z^£'¤i��z^p
���������
	�	���
�������
�����������������	���
������� !�#"�$%�&����'�( q

½�� g �S½�� � ¾ �è»
)+*�,.-0/21436587:9�;
<>=�?A@�BDCFE./2-HG�3JI�KMLN3�=�?ABPOQC2R>/ KMS�/UT�?A=�I>7�VW7>C�?�@�I
X /YLN7�9�58B8@�36V6C�Z[-\G�58B8@�I]VW7:9�=�;�3^VW3�_�?A=�?a`
B87:@]`
3J;�<>@�BPb�9�309�V[K

0 20 40 60 80 100
−20

0

20

40

60

80

100

SNR [dB]

S
IN

R
 [d

B
]

η = 25

WASOBI
SOBI
SOBIRO
HYP
SIR

�I{i�>�'wE�2± �s�2�>��wlz^�"�2¨©k � ¡,z> l~'{i���"�T�
{im�o@{ix��Y¤iz^py{ir>m�£©� � ��«
¨Y�S��k2z>mY�
¨��S�+k�tvr"w � u � T>÷>c {|m-z<m'r"{ioy��oE c��m�z^wE{|r�z"o�z
tv�'m� Úpy{ir>m¸r>tupE~'�è{|mY¢'��p9¨ � ¡èq

BP@>deVW36;�7:@�I�K&7�=�I�3�=fV[`�?A`
B8V[`
BP;�V6C gihMjFj4jlk>m[n�o�p�qHr>sPt�o�n�u4v�m[w:x
y{z p
p
s|o�t�C�}#7�5~/>����C�_>_Y/��#�A��K&�:���>C�S�3�G>=
9�?a=W�]*J�:�:��/

) �a,�T�/ -�/HR:7J�>;�3iC%��/ S�/%��7A=
7�I>@>B8`
VW����C%?�@�I�Le/�E�9>`�?AV6C�Z[-H9>K
`
7:O�?A`
BP;�=
3�Of7A}�?�5�7A�%3��#3QOf7a}#36Of36@�`^?�@�I�G�58B8@���?a=W`
B+�D?:;�`
V
��=
7:O XFX ��I�?a`�?�9�VWB8@�d�G>58BP@�I�;�7�Of_�7:@�3�@�`]VW3�_�?A=�?a`
B87:@�g�C
v�p
� y�� w{� � �Ap
s~w:u8w
t����!�]�&�:���4��*J�aK��#�:��C�LQ?a=�;�< �A¡:¡���/

) �A,�T�/ R�/ R:?�Of36Vf?A@�I�T�/ ¢�/2£�36VWVW3:C0ZM��@�I�36_�36@�I�36@�`¤;�7:Of_�7�@�36@�`
?�@�?A5+�>VWB8VF�|7�=�G�B87:Of36I>BP;6?�5>VWB8d:@�?A58VWg>C�v � ��p
s~w:u8w
t�s y n�u�¥ z n�p
¦�m z x
§�z o�¨|p
C�}#7:5D/���©�C�ª0*J�aK&ª��:��C���¡�¡#��/

) ��,f«F/H¬�<�7:�:3�=JC�¬�/H¬�?�@�3�B~C�R>/HT�<�?�O¤G�3�=
V6CNZM-H=W`
B+�D?�;{`Q=
36Of7a}�?�5
��=
7:O­36583J;{`W=
7�3�@�;�36_><�?A5P7�d�=�?AOfV.9�VWB8@�d]?Q<���G>=
BPI®1�¬�¬�KM¬�¯�L
?�58d:7A=
B8`
<>Ofg>C>hMj4jFj°r>sPt�o�n:u:v�mWw y�z p
p
s|o�t�± z ¨D¨ z m{p
C�}#7�5D/�*J��C:@�7>/*J¡�C�_�_�/�����*{K[���A��C�²%;{`
7:G�3{=���¡:¡:��/

) �a,f-0/�T�B³;
<�7�;
��B�?A@�I�¬�/!-�O�?a=
BDC4´Hµ#n���¨|s|¶ z¸· u s�o�µQr�sPt�o�n:u�nAo�µh § nJt z v�m[w y{z p
p
s|o�t�¹�± z n�m�o�s|o�t°´�u t#w�m�sD¨ ��§ pºnAo�µº´��#��u s y n:x¨|s~w�o�p
/�¢®36V[`�¬�9�VWVW3�»�C�¼�E.��R:7:<>@�¢�B8583��N½¾¬�7:@>V6C��A¡:¡���/
) ©A,�¬�/¤-0/^T4=
9�;{36V[K�-�58}:?a=
36¿À?�@�IÁ-�/.T�BP;
<�7�;
��B~CiZWT�7�O^G�B8@>BP@>d
G�58B8@�I�VW7:9�=�;�3º3�»�`W=�?�;{`
B87:@�Â�B+`
<ÄÃM7:B8@�`]?�_>_>=
7J»�BPO�?a`
3ºI�BP?�d�K
7:@�?A58BP¿6?A`
B87:@��Ä`
<>B8@�?A58d:7�=
B+`
<>OfV��|7A=��WT�-�C gÄB8@�v�mWw y q0hJÅ!´
Æ�Ç#Ç�È C�É%?a=�?�C�R#?�_�?�@YC�-�_�=
B85F*{K���C��A¡:¡���/�_>_Y/�*a�A�AK
*a�AÊ�/

) �a,f-0/�1�36587:9�;�<�=�?�@>B^?A@�IË-0/�T�BP;�<>7�;���BDC ZMªH7:G�9>V[`�Â�<�B+`
36@>BP@>d
_>=
7�;�3JI�9>=
3FB8@�G�58B8@�I�VW7:9�=�;�34VW3�_�?A=�?a`
B87:@¤;�7:@�`
3�»�`JC g�j�u zWy ¨|mWwAo�xs y pH± z ¨D¨ z m�p
C�}#7:5D/��:©�C�@�7�/��a�>C>_�_�/��A¡#��¡aKM��¡#�A��C��A¡:¡�¡�/

) ÊA,f-0/fÌ43�=
3JI>7A=JCÍZM1�58B8@�IÎVW3�_�?A=�?a`
B87:@l7A���%?�9>VWVWBP?�@lVW7�9>=�;�36V
}�BP?�VW3J;�7�@�I�K&7A=�I>3�=�V[`�?a`
BPV[`
BP;�V�Â�B+`
<Q?AV[��Of_>`
7�`
BP;6?A5858��7�_>`
B8O�?�5
Â�36B8d:<�`
B8@�d�C gQhMj4jFjÀr�s8t�o�n:u�v�m[w y�z p�p
s|o�t�± z ¨D¨ z m�p�C�}#7:5D/���C>_�_Y/*J�#�JKM��¡:¡�C�R:9>58�N�A¡:¡:¡�/

) �A, X /�Ï%7�=
7�@�?A@�IÍ-�/�Ì�3�=
36I>7�=JC]ZM-�V[��Of_>`
7A`
BP;6?�585+�Í²�_>`
B8O�?�5
1�58BP@�IÐ¬�36_�?A=�?a`
BP7�@Ð7��ÒÑ2?A=�?AOf3�`W=
BP;Ó�%?A9�VWVWBP?�@ÐVW7�9>=�;�36VWg�C
v�m[w y q�w[Ô�hJÅ!´ Æ�Ç#Ç6Õ C#T�/ �¤/:ÑU9�@�`
7�@�3�`�?�@�I�-�/AÑU=
B83�`
70� X I�V6/ ��C_�_Y/>���:¡AK����#��C���¡:¡A�>/

)+*J¡A, X /JÏ�7�=
7:@�C�Z[-HV[�>Of_�`
7�`
BP;6?A5P5+��²�_>`
B8O�?�5:1�58BP@�I�¬�36_�?A=�?a`
BP7�@�7��
Ñ2?A=�?�Of3{`W=
B³;0�%?A9�VWVWBP?�@e¬�7�9>=�;�3�VWg>CYLe/ ¬>;�/�Ö�<�36VWB8V6C�Ö!3�58K�-H}�B8}
¼�@�B8}#3{=
VWB8`���C>��¡�¡:��/

)+*:*�,�×2/�E�7:5PI�7A}�VW��Ø��C�Ñ�/!Ö�BP;�<�?a}�VW��Ø�ËZWLN3�`
<>7�I>V�7����D?�B+=^;�7:Of_�?A=WK
BPVW7�@�7���_�3�=W�|7A=
O�?�@�;{3¸7A��58B8@�36?A=.�[T�-Ù`
3J;�<>@�BPb�9�36V0B8@°_>=
36V[K
36@�;�3�7A�U?:I>I>B+`
B8}#3�@�7�B8VW36g>C�v�m[w y q2hJÅ!´�r�r�v Æ�Ç#Ç#Ú C�Ö!7:9>587:9�VW3�CS>=�?�@�;�3:C�LQ?J� *6�AK
*J��C���¡�¡:©�/

)+*a�a,f1�/aÑ�7�=�?a`JC>Û�sPt�sD¨~n:u�v�mWw y�z p
p
s|o�t�w[Ô4Ü�n�o�µ#w § r>sPt�o�n:u p�¹�k ��z w�m��n�o�µf¥ z ¨ � wJµ�p
C�ÑU=
36@�`
BP;�3�£�?�585DC!*J������/
)+*J�A,.£¤/Ý¢�/Þ¬�7�=
36@>VW7:@�Cßv�n�m[n §�z ¨ z m z p�¨|s § n:¨|s~w�o>CàÉ�3�Â

Ì�7A=
��� Ï%3����:3�=JC8*J�:Ê�¡�/

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP


