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�
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¯��zl"bdl � uw~«si�zl�j|h¢sib�u /§j_xT��sdu��©��uwl"b<ck¬  u���ÕÃ���©Øi°¦ u�si�9si�zl"~ilo~il`��l"�`sdu�cf�z~�ck¬��zl"~duwef�Y�Ohtbihkj)l�sil"bd~�{¾cg��l�j|h"¹9�zbdcT�"l"l��sic¨��cfj)�T�wl�sil
si�zl|»Ô¼�½ ��l�~·u�ef�9s�ht¶fuw�ze � ht��� � hk~�si�zl§Õ³~i��h2�´hkb�Ø«�zl"~duwef���]htbihkj)l`sil�bd~"°H:<c�¯«l�}fl"b�{eku�}fl"��si�zl+hk�zjou�sdsil"�¸hk�z�zbdc /©uwj|h2sduwcg�ªjºhk�zlÌu��ªs�ht¶fuw�ze+si��l)��uw�zl�htb�uI;"l"��j�cT��l��Û{¿u�s�uw~
�zbdx��zl"�gs#sic��"cg�z~·u��zl"bÔh�~d��uweg�fsd��¹_�Tu &¿l"bdl"�fs�hk�z�zbdcyht����¯qu�si�o~icgj)l�~ds�hkrTu���u�sF¹_bdcgr�xz~dsi�zl"~i~
efx]hkbiht�fsil"l"~ºn »Ô¼�½>¯qu�si� »PcTcg�À±Ôbihk�z~d¬µl"b§pAl��"c�}fl"b�¹ÚÕF»T±<p�Øi°A±q�zl�»©±<pÅ�zl"~duweg�
h¢sdsil"j��©si~�sic+�zbdl"~il"b�}glosi�zlobdcgr�xz~dsi�zl"~i~�j|htbdeku���ck¬
l�u�si�zl"b�si�zl)»Ô¼ �zl"~du�ef�¯qu�si�9¬µxT���
~ds�h¢sil
¬µl"l"�zr]hk��¶�cfbWsi�zlqÜ�h¢��j|hk��Áz��sil�b�¯qu�si�_cf�¾l"�T®³��cTcf���"cf�gsibdck�Û°�±A�zl�~�hk�"b�u�Á]�"l
uw��si�Tuw~
hk�z�zbdcyht���9u�~�si��l�cf�Tsduwj|h2��u�sF¹�ct¬#si�zl|»Ô¼�½?~Ãct�wxTsduwcg�¿°ÌÄ�x©s�{�~·u��z�"lÌsi�zlocg�Tsduwjou<;�h¢sdu�cf�
�"b�u�sil�b�uwcf�§uw~<x�~il"�§�zb�uwj|htb�u���¹9ht~Ah)�zl"~du�ef�+sicTck�Û{Tsi�©u�~-u�~��zcks<h)~il`}gl"bdl��"cgj)�zbdcfjou�~Ãlf°

±q�zl-�Tu�~·sixzbdr]hk�z�"l�bdl·�dl"�`sduwcg�Ì¬µcgbdjÌxT�´h2sduwcg�ock¬�ÕÃ� �"Ù¾� JyØO¹yu�l`�w�z~�h�~ds�h¢sil`®I~i�Oht�"l
j)cT�zl`�
ÕÃ� �gØ]¯<�Tuw���Ìu�~��zcts#�"cgj)�T�wl`sil���¹��"cg�fsibdck���´hkrT��lt°,±A�zl�~ds�h¢sil�ct¬Tsi�zl-�Tu�~·sixzbdr]hk�z�"l��zbdcT�"l�~Ã~�{
' ! {f�`��l�hkb���¹�uw~#�zcts
ht�"�"l"~i~duwrT�wl�rg¹�si�zlq�"cf�gsibdck�Û°,�@�"�"cfbd�Tu���et��¹g{kbdcgrzx�~ds%�`�wcg~il"�T®³��cTcf��~ds�h¢®rTu���u�sF¹§�zl"l"�z~«sico�zl`}gck��}gl��zb�uwj|htb�u���¹+¬µbdcgj?si�zl�¯«l`uweg�fsduw�ze|ht~Ã~icT�`uZh¢sil"�)¯qu�si�+si�zl���Öq×
~ds�h¢sil"~�°Ì�«s�si��l��"l"�fsibdl)ct¬«»T±�p/uw~�si�zl)~il`��l"�`sdu�cf��ck¬�si�zl�Ü�h2�wj|ht�9Áz��sil"b�¯«l`u�ef�fsdu��zef~
�zxOh2�Psic)si�zcf~il�ck¬Ôsi�zlÌ»Ô¼ ��l�~·u�ef�¿{©¯<�Tuw���uw~ql'&Wl��`sil"�rg¹j)cT�zl`����u���e)si�zl�~ds�h¢sil��zcku�~Ãl
hk~ql"�fsil"b�u��ze)si��l�cg�^l"�T®Û�wcTcg�º~d¹T~dsil"j si�zbdcgx�eg�¨si�zl�uw�z�zxTs����]hk�z�zl`�Û°
±A�©x�~«¯«l�~il`�wl"��s"�
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¯Au�si� � s�ht¶kl"��hk~§~Ãjºh¢���_ht~ºu�~¨¬µl�ht~duwrT�wl9¬µcgb¨egcTcT�À�¾l"b�¬µcfbdjºhk�z�"lt°*��� l"v©x©u�}th¢��l"�fs
h¢��sil"bd�]h¢sdu�}gl�hk�z�zbdcyht����sic¸�wcTcg��sibihk�z~d¬µl"b|bdl"�"c�}gl"b�¹²uw~|sic ��l`s � r^lªhk~|~ij|h¢����ht~)uw~¬µl�hk~du�r©��lt°L1yl"lA¬µcgb
l0/Ohtj)�T�wl ( ���z�zl"bd~icf�Yhk�z� ) cTcgbdlt{¾�¢�f�g�9+¾¬µcfb�h@¬µxT����l"b#sibdl�h2sij)l"�fsqct¬
»Ô¼�½/bdcfrzxz~ds�~ds�htr©u���u�sF¹g°

��� hk�T}tht�fs�hkeglºct¬«si��l§htr^c�}fl+»Ô¼�½ �k»T±<p?hk�z�zbdcyht����uw~_si�]h¢s_u�s�j|h¢u��fs�h¢u���~_si�zl
�wc�¯ �©x�j_r^l�bÌct¬�¬µbdl"l)}thkb�uZhkrT�wl"~_ck¬«si�zl|�zl"~duweg�W{,~ic§si�Oh2s_cf�T��¹ � hk�z� � �zl"l"��sic9r¾l���zcg~Ãl���cf�z�"l�si��l��©u�~dsix�bdr]ht����loj)cT�zl`�Ôuw~�Á /�l"�¿°o»�h¢sil�b�{]¯«l�~Ã�]h2����h¢�w~ic+~il"l�si�Oh2s�si�zl
»T±�p j)l`si�zcT�h2�w~ico��ckuw�z�`u��zl"~�¯Au�si�¨~il"�z~duwrT�wl�~il`��l"�`sdu�cf�z~«ck¬��zl"~duweg�º�]htbihkj)l`sil�bd~-¬µbdcgj
h�zcf�T��u��zl�hkb�bdcgr�xz~dsi�zl"~i~�}yuwl`¯<�^ctuw�fs�° ¦ l)~i�]h¢�����zl0/©s_l0/��T�wcgbdl)si�zl|�^l"b�¬µcgbdj|hk�z�"l|ct¬
si�Tuw~A��uw�zl�htbA�"cg�fsibdck����l�~·u�ef�+¯Au�si�¨si�zl��zcf�T��u���l¢hkbq��ÖA×)°

�·�H3Puwegx�bdlq��{�si�zl�¬µbdl�vyxzl"�z�`¹�bdl"~i�^cg��~il
jºhkef�Tu�six��zl"~%hkbdl��Tu�~Ã�T�Zh�¹gl"��¬µcfbÔhA~il"v©x�l�����l
ck¬Ô»Ô¼�½ �zl"~duwef�|¬µcgb
si��l@��ÖA×��"cf�fsibdct����l"b�{©¯<��l��º�]h"}yu���e_si�zl��"cf�fsibdct����l"b��]hkbihkj�l`sil"bd~
}th¢��x�l�~o}thkb�u�l"�¿° -<�zl§j|h"¹Ë�Tu�~Ã��l"bd� si�zl�hk�fsdu��`uw�]h¢sil���l'&Wl��`s)cg� si�zl¨��cf�fsibdct��ht�`sduwcg�
hk�z�¨si�zl�l'&¿l"�`si~qck¬�si�zl@}thtb�u´h2sduwcf��ck¬Ô�]hkbihtj)l`sil"bd~qcf�+si�zl�bdl�~ÃxT��sduw�ze|�"cf�gsibdck����l"b�°
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-Ad=Gd=Rc=Ro=1.0,Qc=C’C,Qo=BB’  
Ad = -100., others unchanged 
Gd = 100.0, others unchanged 

Rc = 100.0 or Ro = 100.0, o.u. 
Qc = C’C + 100.0*eyes(5,5), o.u. 
Qo = BB’ + 100.0*eyes(5,5), o.u. 

3¿u�efxzbdl«� � ) hkeg�©u�sixz��lÔ¬µbdl"vyxzl"�z�`¹�bdl"~i�¾cf�z~il"~W¬µcfb�»Ô¼�½ �k»T±�p��"cg�fsibdck���wl"bW¯qu�si��}thkb�u�cfxz~
�]hkbihkj�l`sil"bd~«}th¢�wxzl"~�°
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uw�Tu�sduZh¢��cgb�uwl"�gs�h¢sduwcg� � � � � !|hk�z�²uw�Tu�sduZh¢�_h2��sdu�sixz�zl Õ � � � !dØºhtbdl ;"l"bdcO° ±A�zl9}gl"�Tuw�`��l9uw~
uw�Tu�sduZh¢sil"��¯Au�si�|hk�ou��Tu�sdu´h2�]hk�T}thk�z�"l�j)l"�fs%}fl`��cT�`u�sI¹ � � � ! � 
 %�� � {ksi�Oh2s,u�~
j|h2uw�fs�h2uw�zl"��zx�b�u��ze¨si�zlo~duwj_xT�´h2sduwcf�¿°H1Thtj)lÌsil"~dsi~�¯qu�si�¸hk�T}tht����l"j)l"�fs@}fl`��cT�`u�sI¹�ck¬  � 
 %�� � hk�z�� � 
 %�� � ��ht�¨r¾l�¬µcfxz�z�¨u��¨���z�¾l"�z�©u /~Ãl��`sduwcg���<°��cf�z~duw�zl"b�u���e�si�zl9bdl"~ixT��si~|cgrTs�h¢uw�zl"��u���si�zl9�"cf�z�Tu�sdu�cf�z~)�zl"~i�"b�u�r^l"�\htr^c�}flf{Ahk�z�
si�]h¢s�hkbdl��zl"�Tuw�`sil��Ìuw� 3¿u�efxzbdl"~ % { mz{ ��Õ³l�hk���oct¬zsi��l�jÚu��z�`�wxz�zl"~Ôl`uweg�fs#���]hkb�si~Ô�yxzjÌr¾l"bdl"�
¬µbdcfj ÕFhyØ#sic�Õ³�¾ØdØi{^~icfj)l��"cg�z�`�wxz~duwcg��~«��ht�¨r¾l��zcf�zl �

� ±q�zl
��Öq×�{¢ht~,ht�`six]h¢sil"��¯qu�si�_bdl�hkbP¯quw�zef~�{�u�~,cgrf}yu�cfxz~d��¹�hq��cg�zjouw�Tuwj_xzj ���]ht~Ãl
~d¹T~dsil"j hk~Ô��ht�or^l«~il"l"��cf�����]hkb�si~AÕ³r¾Ø¿¬µbdcfj l�ht���_sF¹T�¾l-ct¬^r¾cksdsicgj�~du�jÌxT�´h2sduwcg�W°
�·���zl"l��W{�sic��dcku�� hk� xz���¾l"b§�^cku��fs�ck¬_si��l�r¾cksdsicfj{<si�zl�}fl"�Tu��`�wl¸r^l"etuw�z~§rf¹
�zl"~i�"l"�z�Tuw�ze)r¾l`¬µcfbdl�ht~i�"l"�z�Tuw�zez°

� ±q�zl��"cf�fsibdct�W~duweg�]h¢�^u��z��xTsqcf�§���Ohtb�si~�Õ³�¾Ø#uw~q�Tuweg�©��¹+���]h2sdsil"bdl"�¿°P3zxzb�si�zl"bdj)cfbdlf{
}thtb�uwcfxz~P~duwj_xT�´h2sduwcf�z~�cf��si�zl#}thtb�u´h2sduwcf��ct¬ysi�zl#}fl��©u��`�wl-hk�`six]h¢sicgbd~P�zcf�T��u���l¢hkb�u�sdu�l"~
l"j����]ht~·u<;"l#si�]h¢s�si�zl��Tuweg��l�b¿si�zl"~il
�zcg�©��uw�zl�htb�u�sduwl�~#htbdlt{¢si�zl��©u�ef�zl"bWsi�zl�uw�z�zxz�"l"�
���]h¢sdsil"b�u���e+l'&¿l"�`si~�htbdlt°<±q�Tuw~�u�~��zx�l�sic+si��l����]h2sdsil"bdl"��l"~dsduwjºh¢sduwcg�z~�ck¬%��Öq×
}thtb�u´hkrT��l"~ � hk�z� � Õ³���]htb�si~|Õ³�2Ø�ht�z��Õ³�¾ØdØ�xz~duw�ze¨si�zlo��uw�zl�hkb�u<;"l"�¸j)cT�zl`�AÕÃ���yØi°
±q�Tuw~)�z�zl"�zcfj)l���cg�Ëuw~�¯«cfbd~dso¯<�zl"��si�zl¨uw�Tu�sdu´h¢�«}gl"�Tuw�`��l~du�six]h2sduwcf� � �
� = � � !�uw~¬Ûhtb�¬µbdcfj>si�zl|�zl"~duwbdl"�¸cf�zlt{#ht����u�sÌ�zl"��bdl�hk~il"~��zl�hkb��"cg�f}gl"bdefl"�z�"lf°��Fs���hk��r¾l
l0/z�©�Zh¢u���l��Ëht~Ìh��©u�bdl"�`s��"cf�z~il"vyxzl"�z�"l�ck¬«si�zl|~·u��yxz~ickuw�]h2�#sil"bdj)~�hk�z�^l¢hkb�uw�ze§uw�
si�zl)�<ÖA×;ht���¿{�j�cfbdlt{¿u���u�si~�hk�`six]h¢sicgbd~��T¹T�]hkjou��"~�{,hk�z��si�]h¢s_hkbdl���l�ek�wl��`sil"�
u��¨si�zl���uw�zl�htb�uI;"l��¨j)cT�zl`�F°

� ±q�zl�~i¶fuw�z�Tuw�zeol &Wl"�`si~qhtbdl��zcks«�zl"ek��uwetuwrT�wl@hk~���ht�ºr¾l�~il"l"�+cf�+���]hkb�si~@Õ³r¾Øi°%±q�zl
j|h /©uwj_xzj h¢��sdu�sixz��l«}th¢��xzl�}thtb�uwl"~%�"cf�z~duw�zl"bihtrT��¹_�zl"�^l"�z�Tuw�ze�cg�Ìr¾cksdsicfj �zbdckÁz��l
���]hkbihk��sil"b�uw~dsduw��~�hk�z��}thkb�u´h2sduwcg�W{Puw�Tu�sduZh¢���<ÖA×�®Ir^ctsdsicfjÅ��cf�TÁ]efxzbih¢sdu�cf�¿{�ht����ct¬
�"cgxzbd~Ãl«�"cg�fsibdck���wl"b%�]hkbihkj�l`sil"bd~�°L-��Ìsi�Tuw~#�Zhk~ds%�^cku��fs�{fu�s#u�~,¯«cgb�si�)�zcksduw��uw�ze�si�Oh2s
si�zl�ÁO�zl_six��Tu���e+ct¬
�"cg�fsibdck���wl"b<�Ohtbihkj)l�sil"bd~�uw~@~·u�ef�Tu�Á]��ht�fs�{Whk�z�9�zcTl"~quw�fsil"biht�`s
¯qu�si���zbdl`}yu�cfxz~d��¹���u�sil"�9}thtb�u´hkrT��l"~�°o�-htbdloj_xz~·s�r¾lo�]h¢u��9sic|si��l�~Ãl�r]hk��l'&¿l"�`si~
u��|cfbd�zl"b#sic_h"}fctuw�|�"ct����uw~duwcg�Ì¯<��l��|~Ãl�b�}fctuw�ze�sicTc��`��cf~il�¬µbdcfj h@r¾cksdsicgj;Õ³lt° e@¬µcgb
��htj)l"biho~ixzb�}gl`¹T~�h2s ����� ) � Øi°

� �� {ksi�zlql"~dsduwj|h2sduwcf��ck¬]si��lqr^ctsdsicfj cfb�u�l"�fs�h2sduwcf�_}thkb�uZh¢sduwcg�¿{gj|h2uw�T��¹��zl"�^l����z~%cf�
si�zl	�
���]hkbihtj)l`sil"b ���
��~i�zcfxT�w�+r¾l��wc�¯«l"bdl"�+¬µcfb��zcf�T®Û}thkb�¹yu��ze)r^ctsdsicfj§{©¯<�Tu���l
u�����bdl�hk~il"�9¬µcgb�}thkb�¹yu��zer^ctsdsicfj cfb�uwl��fs�h¢sdu�cf�¿°o±A�zl"bdl`¬µcgbdlt{��
�_��hk��r¾lÌ}yu�l`¯«l"�
ht~Abdl`�Zh¢sil"�+sic)si�zl�l"�zl"bdek¹|u��¨si�zl�l0/©sil"bd�]h¢���Tu�~·sixzbdr]hk�z�"lf°

� ��cfj)�]htb�uw�ze�si�zl�~duwj_xT�´h¢sdu�cf��bdl"~ix©��si~#¬µcfbÔ}thkb�u�cfxz~�hk�T}tht����l"j)l"�fs�}fl`��cT�`u�sdu�l"~«Õ 3Pu�®
egx�bdl�~Ì����{���mz{��¢�Ì¬µcfb ��� �  � 
 %�� � {�3Puwegx�bdl�~ % { mz{ �o¬µcgb � � � ! � 
 %�� � {�3¿u�efxzbdl"~� JT{ �g�T{å�f�)¬µcfb � � � � � 
 %�� � Øi{Pu�s�hk�z�^l¢hkbd~�si�]h¢s�{,si�zl)sduwj)l+ck¬«��cf�f}gl"bdefl�����l)uw~~i�zcfb�sil"b_¬µcfb_uw�z�"bdl�ht~·u��ze9}fl`��cT�`u�sdu�l"~�{Ô¯<�Tu���lºsi�zl��cf�fsibdct��ht�`sduwcg�z~)hkbdl+�wc�¯«l"bdl��W°
±q�Tuw~)uw~|�zxzl¨sic�si�zl9r^l�sdsil"b)uw�z�"bdl�ht~duw�ze�l78|�`u�l"�z�`¹²ck¬�j)cfrTu���l¨¯quw�zef~�uw�²si�Tuw~
biht��eglAct¬W~i�^l�l"�¿°��Fs
u�~#¯«cfb�si�|�zcksdu��`uw�ze�si�]h¢s#si�zl<j|h,/©u�j|h¢�¾h2��sdu�sixz�zl��zl`}©u´h¢sdu�cf�z~
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bdl"jºh¢uw�§si�zl�~�htj)lt{�j)l¢hk�Tuw�zeosi�]h¢sqsi�zl_h¢��sdu�sixz��l�j|h /©uwjºh¢�P�zl`}yuZh¢sdu�cf�z~�htbdl���cts
�zl"�¾l"�z��l��fs�cg�ºsi�zl_h,/Tu´h¢�,hk�T}thk�z�"l"j�l"�fsq}fl`��cT�`u�sI¹g°

� 1Th¢sixzbih2sduwcf�z~%cf�Ì¯quw�zeg~�sixzbd�Tuw�ze��zc���cts
�zbdl`}gl"�fs%¬µbdcfj �"cf�f}gl"bdetuw�ze�si�]hk�z¶y~,sic�h
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�zbdcfrT�wl"j°H3�xzb�si�zl"b�{¿u�s�~Ã�zcgx©����h¢��~Ãc+r¾lol`}yu��zl"�fs�si�]h¢s�si�zl"~ilÌ��uw�zl�htb��zl"~duwef�z~���cf�fs�h2uw�
h¨egbdl�h¢s��¢hk�]hk�`u�sF¹9¬µcgb�~duwj)�T��l)�zl"~duwef��}thtb�u´h¢sdu�cf��}yuZhº�"cg~dsduw�ze¨~il`��l"�`sdu�cf��¯��Tu�����uw~���ck®
eku���h¢����¹9sdu�l"�ªsic§si�zl+hk���©u�l`}gl"j)l"�fs_ct¬«�"cf�fsibdct�
cgb�jouw~i~duwcg�ªcgrT�dl"�`sdu�}fl"~�° -�x�b�s�ht~Ã¶�uw�
si�Tuw~o~il"��sduwcf�¸¯Au����«r¾l�sic�j�uwefbih2sil+cfb�sibihk�z~d�´h¢sil)si�Tu�~Ì��u��zl�hkb_j)l`si�zcT�zck��cfek¹�u��fsic�si�zl
�zcf�T��u���l¢hkb«¬µbihkj)l`¯«cgbd¶|sic)¹yuwl`���j)cgbdl��©u�ef�T��¹§�¾l"b�¬µcfbdjou��ze|�"cf�fsibdct����l"b-¯<�Tuw���9htbdl���ck®
ef�Tuw~�ht�fs�ct¬,si�zl_��Öq× �zcg�©��uw�zl�htb�u�sduwl�~�rzx©s<¯��Tu����9�zbdl"~il"b�}gl�si��l�hk���"l"~i~-sic|si�zl���uw�zl�htb
�zl"~duwef�+sicTck��~�°

����� ��� � �#� ������ ����� � ��� ��� � 	 ����� �
	 3 �
	 ���������
3�bdcgj si�zll�htb���u�l"b|~duwj_x©�Zh¢sdu�cf�²l0/��¾l"b�uwj�l"�fsi~�{-u�s|u�~|l`}yuw�zl"�gs|si�Oh2s§hª�¢hkxz~il¨ct¬��^cTcgb
�"cf�gsibdck�
�¾l"b�¬µcfbdjºhk�z�"loct¬
si�zl|��Öq×?sibihk��¶tl"b�uw~��zxzlosic¨si�zl)jou�~�h¢��u�ef�zj)l"�gs�r^l`sI¯«l"l"�
si�zl~ds�h¢sil§ck¬<si��l Õ³�zcf�T��u���l¢hkb���¹ l`}gck��}yuw�zeTØ_��ÖA× hk�z�Ësi�zl§��uw�zl�htb���¹Ll`}fct��}yu��zeª~ds�h2sil
l"~dsduwj|h2sil��"cf�fs�h2uw�zl"�§uw�si�zl��"cf�gsibdck����l"b�°��·���zl"l��W{^r¾l"��hkxz~il�si�zlÌ~ds�h2sil@}thtb�u´htr©��l"~��]h"}gl
r^l"l���bdl`s�h¢u���l��9¯Au�si�9si��l�uwb��z�f¹T~du���h¢�%j)l�ht�©u��zez{Ou�s�u�~��^cg~Ã~du�r©��l�sic¨~dsixz�T¹si�zlovyx]h2��u�sI¹
ck¬�l�~·sdu�j|h¢sdu�cf��ck¬�si��l�~·s�h2sil|hk�z�9sic§uw�T¬µl"b�si�zl)�"cg��~il"v©x�l��fs��zl"efbiht�Oh2sduwcg��ck¬��"cg�fsibdck�
cfxTsi�"cgj)lt°,�Fsquw~«�`��l�hkb�si�]h¢s � ��� !
uw~�¯«l`���Pl"~dsduwj|h2sil"�¿{©¯<�©u��wl��zbdcfegbdl"~i~du�}gl`��¹ � { � hk�z� �
�"cf�z�"xzb�j�cfbdlo�¾cTcfb���¹g{Whk~�~il"l"�9u�� 3¿u�efxzbdl"~ % {¾mO{¿ht�z���T°Ì½�u�}fl"��si�]h¢s@si��l��zcf�T��u���l¢h¢®
b�u�sdu�l"~�ck¬Ôsi�zlo�"cg�fsibdck�Ô~duweg�Oh2�Ôhk�z�9ct¬#si�zlocgx©si�zxTs�l�}fct�wxTsduwcg���Oh"}glÌr¾l"l"�9~ixz�z�zbdl"~i~Ãl��W{
r^l`sdsil�b-l�~·sdu�j|h¢sdu�cf�|ct¬Wsi�zl�~·s�h2sil�jou�ef�fs«r¾l�l0/��¾l"�`sil"�|¬µbdcgj?uw�z�`��x��Tu���e_si�zl"~il�uw�fsic_si�zl
l"~dsduwj|h2sicfb
�zl"~du�ef�¿°,±A�Tu�~"{fuw�|l &Wl"�`s�{y�wl�ht�z~#sic�si��l�hk�zcf�Tsduwcg�)ck¬�hk�)l7/©sil"�z�zl"�§Ü�h2�wj|ht�
Áz��sil"bÌÕF�
Ü 3#Øi°
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-270 Phase  

 Hz 

degrees 

F1(basic), F2(basic) 
F1(basic), F2(k=100.) 
F1(k=100.), F2(basic) 

F1(basic), F2(b=0.1,a=100.) 
F1(a=0.1,b=100.), F2(basic) 
F1(basic), F2(a=10.,b=100.,k=10.) 

3¿u�efxzbdlq� � ) htef�Tu�sixz�zl
¬µbdl"vyxzl"�z�`¹�bdl"~i�^cg�z~Ãl�~¿¬µcgb�¬µbdl�vyxzl"�z�`¹y®Û¯«l`uweg�fsil"�)»Ô¼�½²�"cf�fsibdct��®
�wl"bd~�°o±q��l�¬µcfbdj>ct¬
si�zloÁz��sil"bd~�uw~�h+Á]bd~·sd®Icfbd�zl"b@~·u�j)�T�wlo��l�hk�T®Û�´hteº�zl`sI¯«cfbd¶ � 3
Õ³~�Ø �
¶]ÕÃ����~ �kh©Ø �yÕÃ���<~ �2r^Øi°L3zcfb«si�zl@��c�¯A®I�]hk~i~-Áz��sil"b�3��t{�si�zl�r]hk~duw���"cg�©Á]egx�bih2sduwcg�¨�]hk~qsi�zl
¬µck���wc�¯Au��ze@}th2�wxzl"~ �,¶ � �f° �T{yh � �f° ��{tr � �T°å���@°L3zcfb#si�zl��Tu�ef�T®F�]ht~Ã~ÔÁz��sil"bM3Ô�T{ysi�zl�r]hk~duw�
�"cf�TÁ]efxzbih2sduwcf�§�]hk~«si�zl@¬µct����c�¯quw�ze_}th¢�wxzl"~��%¶ � �f° ��{Oh � �T°å���f{gr � �t°å�|°
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�·�9si��l��
Ü 3�{]si�zl_��cg�T��uw�zl�htb�~ds�h¢sil_l`}gck��x©sdu�cf�9ct¬qÕÃ�kØ�uw~@bdl`s�h¢u���l��sicfegl`si�zl"bA¯qu�si�
si�zl�l`}fct�wxTsduwcg�+ck¬Psi�zl�cfxTsi�zxTs-}thtb�u´htr©��l"�)ck¬�ÕÃ�g�2Ø,sic_¹yuwl`���h_�zcf�T��u���l¢hkb�l"~dsduwjºh¢sicfb«ct¬
si�zl@¬µcgbdj �������
��� ����!��� ��� !��� ��� !��' ! ����!

� ����� �
�����
� ��� � �  � �� �� � � � ��  � & !
� � � � !

� ����
�����
� ����!� ��� !� ��� !
' ! ����!

� ���� "
�����
, � ���/. ����!, � C ��/. ����!
��

� ���� "  � � � ����! ! �� ����! !ÕF�f�yØ

��� ��� ! � � � 7 9;: �
�� ����! ! ! �� ����! 4
687 �

�� ����! ! "   � � ����! ! �� ����! ! ÕF� �fØ
�� ��� ! � �� ����! = ÕF� JyØ

¯��zl"bdl  � hk�z�   hkbdl�~ixzrzj|h¢sib�u��"l"~qck¬Psi�zl�Ü�h¢�wjºhk�|Áz��sil"bqeyh2uw�  {O�"cf�fs�h2uw�Tuw�ze
rT�wcT��¶ºbdc�¯<~�ÕÃ�f{ ��{ % {å�yØ
ht���§mz{Obdl�~Ã�¾l"�`sdu�}fl`��¹g{^hk�z� , � ���/. ht�z� , � C ��/. hkbdl�si�zl�~il"�"cf�z��hk�z�
si�Tuwbd�9�"cgj)�^cg�zl"�fsi~qck¬�si�zl��zcg�©��uw�zl�htb-�zb�u�}yuw�ze)sil"bdj)~q¬µbdcfj ÕF�yØi°

¦ l��zcksilqsi�]h¢s�si�Tuw~�uw~��zcts
si�zl��"cfj��©��l`sil��
Ü 3�{©~duw�z�"lqsi�zl�Ü�h¢�wjºhk�)e©h¢uw�|jºh¢sib�u /¿{
 {fuw~���cfj)�zxTsil"�|xz~duw�zeoh�Á /�l"�|��uw�zl�hkb�u<;�h¢sdu�cf�)ct¬Wsi�zl��<ÖA× �T¹T�]htjouw�"~�°#� ¬µxT���W�
Ü 3
¯«cfxT�w�Lx�~il|si�zlº��cT��h¢����uw�zl�htb�uI;�h2sduwcg��~�hkr¾cfxTs��"xzbdbdl"�fs|�zbdl"�Tuw��sil"�²hk�z�¸Á���sil"bdl"��~ds�h2sil
l"~dsduwj|h2sil"~,sic���cfj)�zxTsil  °#±q��l�u������wxz~duwcf��ck¬zsi�zlActsi��l�b#�zcf�T��u��zl�hkb%hk~i�^l��`si~,ct¬^~ds�h2sil
hk�z��cfxTsi�zxTs�l`}fct�wxTsduwcg����c§�zc�¯«l`}fl�b���l�b�u�}gl)¬µbdcfjÅsi�zl|�
Ü 3 hk�z��hkbdl�uw�z�"cfbd�¾cfbih2sil"�
sic�zbdc�}yuw�zl)j�cfbdl)bdl`��u´htr©��l)~ds�h¢sil�l"~dsduwj|h2sil"~�°�±q�zlo�zl"~duweg� ht~i�^l"�`si~@ck¬q�
Ü 3�~�bdl�ÂOl��`s
r]hk~duw��h2����¹osi�zcf~il�ct¬Wsi�zl�Ü�h¢��j|hk�)Áz��sil"b
¯Au�si�+~Ãcgj)l�j�cT�©u�Á]��h¢sdu�cf�z~�° ) cf~ds
�zcks�htrT��¹g{yuw�
cfbd�zl"b�siccgrTs�h¢uw��ht�¸�
Ü 3À¯<�©u�����u�����cfbd�^cgbih¢sil"~�~icgj)l)bdcfrzxz~dsi�zl"~i~�sic��u���l¢hkb�uI;¢h¢sduwcg�
l"bdbdcfbd~�{Au�s+u�~º�zl"��l"~i~�htb�¹Ësic�xz~il�h�}th¢�wxzl9ct¬ �7��¯��Tu����\uw~|�´htbdefl"b)si�]ht�Àsi�zl9}th¢��xzl
�"cfbdbdl�~Ã�¾cf�z�Tuw�ze¨sic�si��l§ht�`six]h¢�
~ds�h2sil|��ctuw~ilo}thtb�u´hk�z�"l|l��fsil"b�uw�ze9si�zl|~ds�h¢sil|bdl"��x�bd~du�cf�
uw�²si�zl9�zcf�T��u��zl�hkb)�¢hk~il ( »�h 1y��h¢�ZhÌl`s@h¢�F°�{¿�¢�f�g�9+F°/½qu�}fl��Lsi�]h2s�{�¯«l9�]h"}fl����zcf~il"��sic
xz~Ãl_hÌ}thtb�u´ht�fs�ct¬#»Ô¼�½ �k»T±<pÀuw�§si�zlÌ�zl"~duweg�¨ct¬�si��l���u��zl�hkbq�"cf�gsibdck����l"b«si�Oh2s�l�j)�T�wc�¹T~
h�bdl"�zxz�"l"� }th2�wxzl�ck¬ � ��°*���z�zl"l"�¿{<¯«l¸�]h�}gl¸h¢��bdl�hk�T¹ ���zcg~Ãl�� h�~dsibih¢sil"et¹\¯��Tuw���
uw~)��cf�z~duw~dsil"�fs_¯Au�si��si�Tuw~)cgrT�dl"�`sdu�}glt{
~duw�z�"l+uw�z�"bdl�ht~·u��ze �7�uw� si��l+��u��zl�hkb���l�~·u�ef�¸uw~
l"vyxTu�}th2�wl"�gs�sic)�zl"�"bdl¢hk~duw�ze ����°
����� � � � 3 ��)- ��� 	 � � � 5 � �
� � ������	 �
� � - �������� ������� 	 �.-����� -
������uwl"�/¯qu�si�/si�zl��zcf�T��u��zl�hkb�~ds�h¢sil l"~dsduwj|h2sduwcg�Ú¹©uwl`���©u��ze si�zl�l"~dsduwjºh¢sil �' ��� !i{)si�zl
�"cf�gsibdck�P��h2�w�"xT�Zh¢sduwcg�¨bdl�j|h¢u���~«Á /�l"��hk~«��u���l¢hkb«~ds�h¢sil`®Û}thkb�uZhkrT�wl�l"~dsdu�j|h¢sil�¬µl"l���r]ht��¶|etu�®
}fl��rf¹ ÕF�f�©Ø �  ����! � " �� ��� !
±A�]h2s�uw~�{¾si�zl+»Ô¼?�"cf�gsibdck�Ô�´h"¯?bdl�j|h¢u���~�xz�z���Oht�zefl"��¬µbdcfj si��l�¬µx©����¹9��uw�zl�htb�}fl"bd~du�cf�
hk�z��cf�T��¹Ysi��l|l�~·sdu�j|h¢sdu�cf���]hkb�s�u�~Ìh2��sil"bdl��W°|±A�Tu�~@u�~_h¨�]hkb�sduZh¢�
�zcg�©��uw�zl�htb�uI;�h2sduwcf��ct¬
si�zlº�zbdl`}©uwcfxz~��"cf�fsibdct��bdl"etuwj)lt°9��~_��hk�¸r^l|~il"l��ª¯<�zl"�Ë�"cgj)�]hkb�u���eYbdl"~ix©��si~ocg� 3Pu�®
efxzbdl"~ �©{EJT{å�ªbdl�~Ã�¾l"�`sdu�}fl`��¹�¯qu�si�²si�zcf~ilcg� 3Puwegxzbdl"~ % { mz{ ��{�¬µcfb�uw�zl"�fsdu���h¢�@�"cf�fsibdct����l"b
�]hkbihkj�l`sil"bd~�{Or^ctsdsicfj;�zbdckÁz�wl_hk�z����ÖA×/u��Tu�sdu´h2��~du�six]h¢sdu�cf�¿{�si�zl"bdlohtbdl�bdl�h¢�Wu�j)�zbdc�}fl`®
j)l"�fsi~<cf�+si�zl�r¾cksdsicgj��zbdctÁ���l�¬µck���wc�¯Au��zez°,���z�zl"l"�¿{��
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� ��~@��hk��r¾lÌ~il"l"��cg�����]htb�si~_Õ³r¾ØA¬µbdcfjÅl¢hk���9sF¹T�¾lock¬-r^cksdsicgj ~du�jÌxT�´h2sduwcg�W{Wsi�zl
sdu�j)l�¬µcgbA��cf�f}gl"bdefl�����l�u�~�j_x�����~i�zcfb�sil"bÌÕFhk�z�zbdc	/Tuwj|h2sil`��¹§si�zbdl"l�sdu�j)l"~�Øi°�3�xzb�®
si�zl"bdj)cgbdlt{�si�zl�j|h,/©u�j|h¢�,h¢��sdu�sixz��l�¬µbdcgj�~i¶fu��z�©u��ze)l'&Wl��`si~Au�~�h2sA��l�hk~dsqbdl"�zxz�"l"�
rf¹§�]h¢��¬·°

� ±q�zl��"cf�gsibdck�W~du�ef�]h¢�¾uw�z�zx©sqcg�º���]hkb�si~@Õ³�¾Ø#uw~«�zcoj)cgbdl��©u�ef�T��¹º���]h¢sdsil�bdl"�¿°%±q�Tuw~
u�~Ì�zxzl|sic9si��l+r¾l`sdsil"bol�~·sdu�j|h¢sdu�cf�z~_ck¬q��Öq×�}thtb�u´htr©��l"~ � hk�z� � Õ³���]hkb�si~¨Õ³�2Ø
ht���ªÕ³�¾ØdØ-xz~duw�zeosi�zl��zcf�T��u���l¢hkb«l"~dsduwj|h2sicfb�ÕF�f�¢Ù�� J©Øi°

� ±q�zl"bdlAu�~«h<��l"~i~il"b
�zl`}yuZh¢sduwcg�|ck¬ �� {tsi�zl�l"~dsdu�j|h¢sdu�cf�)ct¬Wsi�zl�r^ctsdsicfj cfb�uwl��fs�h¢sdu�cf�
}thtb�u´h¢sdu�cf�ªÕ³���]htb�s_Õ³eTØdØi{�¯<�Tuw���¨si�zl"�§Á�si~<r^l`sdsil�b-si�zl�bdl�h¢�¿}th¢�wxzlt°

� ��cfj)�]htb�uw�ze�si�zl�~duwj_xT�´h¢sdu�cf��bdl"~ix©��si~#¬µcfbÔ}thkb�u�cfxz~�hk�T}tht����l"j)l"�fs�}fl`��cT�`u�sdu�l"~«Õ 3Pu�®
egx�bdl�~Ì� % {��¢�T{�� ��¬µcfb ��� �  � 
 %�� � {�3Puwegx�bdl�~ �y{ JT{ �o¬µcgb � � � ! � 
 %�� � {�3¿u�efxzbdl"~�¢�T{ �z�t{å� % ¬µcfb � � � � � 
 %�� � Øi{Pu�s�hk�z�^l¢hkbd~�si�]h¢s�{,si�zl)sduwj)l+ck¬«��cf�f}gl"bdefl�����l)uw~~i�zcfb�sil"b_¬µcfb_uw�z�"bdl�ht~·u��ze9}fl`��cT�`u�sdu�l"~�{Ô¯<�Tu���lºsi�zl��cf�fsibdct��ht�`sduwcg�z~)hkbdl+�wc�¯«l"bdl��W°
±q�Tuw~)uw~|�zxzl¨sic�si�zl9r^l�sdsil"b)uw�z�"bdl�ht~duw�ze�l78|�`u�l"�z�`¹²ck¬�j)cfrTu���l¨¯quw�zef~�uw�²si�Tuw~
biht��eglAct¬W~i�^l�l"�¿°��Fs
u�~#¯«cfb�si�|�zcksdu��`uw�ze�si�]h¢s#si�zl<j|h,/©u�j|h¢�¾h2��sdu�sixz�zl��zl`}©u´h¢sdu�cf�z~
bdl"jºh¢uw�§si�zl�~�htj)lt{�j)l¢hk�Tuw�zeosi�]h¢sqsi�zl_h¢��sdu�sixz��l�j|h /©uwjºh¢�P�zl`}yuZh¢sdu�cf�z~�htbdl���cts
�zl"�¾l"�z��l��fsqcf�)si�zl�h,/©uZh¢��hk�T}thk�z�"l"j�l"�fs�}gl`�wcT�`u�sF¹g°M3zx�b�si�zl"bdj�cfbdlt{©u�¬��"cfj��Ohtbdl"�
sic§si��l|~dsib�u��`sd��¹ »Ô¼�½ �t»T±�p ��u��zl�hkb��"cg�fsibdck���wl"b�bdl"~ixT��si~_cfrTs�h¢u��zl"�¸h¢s�uw�zl"�fsdu���h¢�
}gl`�wcT��u�sduwl�~"{Tsi��l�bdl"~ixT��sdu��ze|�"cf�fsibdct��hk��sduwcf�z~<hkbdl�j_xz�����c�¯«l"bdl"�¿°

� 3zcfbW}thtb�uwcfxz~�uw�Tu�sduZh¢�T��cf�z�Tu�sduwcg�z~
Õ � � � � ! = � � � ! !��� � � = � !dØi{¢si��l«»Ô¼�½ �k»T±<p ���
Ü 3�"cg�fsibdck���wl"bqr^l��Oh"}gl"~qjÌxz���9r^l`sdsil�bA¯qu�si�~i�zcfb�sil�b-sdu�j)l�ck¬%�"cf�f}gl"bdegl"�z�"lt{�r¾l`sdsil"b
~ds�h¢sil�l"~dsdu�j|h¢sdu�cf�¿{^hk�z�jºh¢uw�T��¹¨~du�ef�Tu�Á]��ht�fsA��l"~i~il"bAjºh,/©u�jÌxzj h¢��sdu�sixz��l��zl`}yuZh¢®
sdu�cf�z~�Õ³~il"l 3Puwegxzbdl"~���J�Ù % �2Øi°

� ��~�¬µcfb%»Ô¼�½ �t»T±�p¸�"cf�fsibdct����l"b�{f~�h2sixzbih¢sduwcg�z~,cg�Ì¯quw�zef~�sixzbd�©u��ze��zc��zcks%�zbdl`}gl"�fs
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Éditeur

INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)

ISSN 0249-6399


