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VWXYZV[Y
\]^_ `a`bc de fg_b_ eh ijklmklnlmo pjlk qr^hs tegcfb
tb`acau^eh v u]au ^_ v u]b _b`acau^eh ed w _egcfb_ dcex
y r^hbac x ^zugcb_ {]bh y | w } ~b bz`re^u u]b �� �m�
�pn� ed u]b _]ecu�u^x b �egc^bc ucah_decx {]bh a``r^bs
ue xg_^f ahs _`bbf] _^�har_ } � ^�bh u]b x ^z ^h� xa�
uc^z v a _`ac_b cb`cb_bhuau^eh ed u]b _egcfb_ ^_ e�ua^hbs
�� _er�^h� a re{�s^x bh_^ehar r^hbac `ce�caxx ^h� ��� �
`ce�rbx dec baf] ed u]b saua `e^hu_ pjkl� ljkljn��} �ec
y � � {b `ce`e_b a �� �mnl�n � �n� v fre_bs�decx _ergu^eh
ue u]^_ �� `ce�rbx u]au cb`cb_bhu_ baf] saua `e^hu a_
a r^hbac fex�^hau^eh ed u]b `a^c ed s^cbfu^eh_ u]au lj�
����l ^u } \]b x ^z ^h� x auc^z fah �b b_u^x aubs b^u]bc ��
x az^x ^�^h� a r^�br^]ees dghfu^eh v g_^h� u]b a�e�b ��
e`u^x ^�au^eh au u]b ^hubchar _ub` v ec { ^u] a ��i�nlmpj�ar�ec^u]x u]au �^�b_ a xgf] da_ubc _ergu^eh } �h u]^_
{ec� v dec y � � {b g_b a frg_ubc^h� ar�ec^u]x �a_bs
eh a uc^ah�grac `eubhu^ar dghfu^eh {]^f] ^hdbc_ �eu] u]b
x ^z ^h� xauc^z ahs u]b hgx�bc ed _egcfb_ }

tb�bcar bz`bc^x bhu_ ^h�er�^h� xg_^f ahs _`bbf]
_^�har_ acb sb_fc^� bs v ^hfrgs^h� u]b _b`acau^eh ed _^z
_egcfb_ dcex u{e x ^zugcb_ }

�� W���� X� Z[¡ X¡¢VZVY��� £ �Y¤
¥ �Z¡ X� Z[¡X Y¤V� ¥ �¦Y Z¡X

�bu §¨ � b ah y �s^x bh_^ehar fergxh �bfuec feccb_`ehs�
^h� ue u]b egu`gu ed y _bh_ec_ au a �^�bh s^_fcbub u^x b
^h _uahu © v ahs rbu ¦ �b ah y ª« xauc^z feccb_`ehs^h�
ue u]b _bh_ec saua au arr u^x b_ © � ¬ ® ® ®  « �^ }b }v ce{ ¯
ed ¦ v sbheubs ¦ °± v feccb_`ehs_ ue u]b ¯�u] x ^zugcb _^��
har� } �bu X �b u]b w ª « xauc^z ed ghsbcr� ^h� _egcfb
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_^�har_ ahs rbu V �b u]b y ª w x ^z^h� x auc^z } \]b
`ce�rbx ed ã�pjk ��im�l �l� �m�np�j äåæ v ^h u]b he^_brb__
fa_b v feh_^_u_ ed çhs^h� u]b _ergu^eh ue u]b derre{ ^h�
_�_ubx ed bègau^eh_

¦ � VX �¬�
{]bh V ahs X acb ijéj�êj} �ec egc `gc`e_b_ v a g_bdgr
decxgrau^eh ed u]^_ _�_ubx ^_ e�ua^hbs �� sbfex`e_^h�
V ^hue ^u_ fergxh_ ëì ahs bz`ahs^h� dec b�bc� saua
`e^hu

§¨ � íî
ìïð

ëì ñì̈  dec © � ¬ ® ® ®  « ® ���

\]bh v ^h u]b y �s^xbh_^ehar x ^zugcb _`afb v u]b ëì ò_
acb �bfuec_ ^hs^fau^h� u]b kpml�np�j� ed u]b _egcfb_ ahs
u]b ñì̈ ò_ acb u]b fex`ehbhu_ ed u]b saua `e^hu_ ^h u]e_b
s^cbfu^eh_ } t^hfb cb_gru_ acb heu aóbfubs �� cbf^`ce far
cb_far^h� ed u]b ëì ò_ ahs u]b ñì̈ ò_ v { ^u]egu re__ ed �bhbc�
ar^u� u]b ëì { ^rr � b ]bcbadubc a__gxbs ue �b hecx ar^�bs
ue gh^u rbh�u] }

�ec y � w v _b�bcar a``ceaf]b_ ue ôjkl� ljkljn
õ�o��jljn öj����p� ]a�b � bbh g_bs ^h u]b r^ubcaugcb
�_bb dec ^h_uahfb ä÷æ dec a cbfbhu _gc�b�� ue hgxbc^�
farr� _er�b bègau^eh �¬� {]^rb a__gx ^h� ehr� _uau^_u^far
^hsb` bhsbhfb ed u]b _egcfb fex`ehbhu_ ñì̈ } ød `acu^f�
grac ^hubcb_u ue u]b {ec� `cb_bhubs ]bcb ^_ u]b _e�farrbs
�� �m�l fa_b v ^h {]^f] ehr� a _x arr hgx�bc ed u]b ñì̈ ò_s^óbc _^�h^çfahur� dcex �bce } t`ac_^u� ^_ edubh xesbrbs
�� a �a`raf^ah s^_uc^�gu^eh ä¬ùæ }

øhb ed u]b xe_u `e`grac �úû a``ceaf]b_ ^_ u]b �hde�
ü az ar�ec^u]x ä�æ } ~ ]bh _` bf^ar^�bs dec u]b �a`raf^ah
s^_uc^�gu^eh v ^u rbas_ ue u]b derre{ ^h� e�ý bfu^�b dghfu^eh

x ^hþ ÿ« re� � sbu £ � � î
ì¨

�£ ¦ �ì ¨  ���

{ ^u] £ �b^h� u]b b_u^x aub ed V �ð ahs �£ ¦�ì ¨ � ñì̈u]b b_u^x aub_ ed u]b _egcfb fex`ehbhu_ }
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\]b sca{�af� ed u]b a�e�b decxgrau^eh ^_ u]au ^u
a__gxb_ u]b bz ^_ubhfb ed u]b ^h�bc_b x auc^z £ } \]bcb�
decb v ^u ^_ gh_g^ua�rb dec u]b ijklmklnlmo pjlk fa_b
y | w } \]b arubchau^�b ^_ ue decxgraub u]b _bacf]
^h x ^z ^h� _`afb cau]bc u]ah _b`acau^eh _`afb } �bhbc�
ar^�^h� bègau^eh �¬� ue u]b fa_b { ^u] ass^u^�b �ag_�
_^ah he^_b ¦ � VX � � v a x az^xgx � ���nlmp�mp
re��`ce�a�^r^u� ahar�_^_ rbas_ ue u]b derre{ ^h� e�ý bfu^�b
dghfu^eh ä¬ù v ¬�æ

x ^h
� ��

¬
�� � ��VX ÿ ¦ ��� � î

ì¨
�ñì̈ � �� �

{ ^u] � � u]b �ac^ahfb ed u]b he^_b � } \]b çc_u ubcx
feccb_`ehs_ ue u]b _gx _ègacbs cbfeh_ucgfu^eh bccec v
ahs u]b _bfehs ubcx ^_ u]b ` bharu� dec heh�_`ac_^u�}
� � ¡ XY�¥VY��� Y¤¡ ¥ �¦��� ¥VYZ�¦

V�� Y¤¡ X� Z[¡X X¡¢VZVY¡�	
û_ e``e_bs ue u]b fa_b ed a _ègacb x ^z^h� x auc^z v
{]bcb çhs^h� £ axeghu_ ue _er�^h� u]b `ce� rbx
X � £ ¦ v ^h u]b ghsbcsbubcx ^hbs fa_b {b acb dafbs
{ ^u] nê � ^hubccbraubs `ce�rbx _ 
 b_u^x au^h� u]b x ^z ^h�
x auc^z V �jk b_u^x au^h� u]b _egcfb_ X } \c�^h� ue _er�b
�eu] ed u]bx au u]b _ax b u^x b a_ ^h bègau^eh �� � ^_ a
s^� fgru xgru^�ac^aub e`u^x ^�au^eh `ce�rbx }

�bu ^d {b a__gx b u]au u]b x auc^z V ^_ �^�bh v u]b
`ce�rbx ed çhs^h� u]b _egcfb_ fah �b decxgraubs pjkl�
� ljkljn�� dec baf] saua `e^hu  ¨ v rbas^h� ue « ucafua�rb
_x arr `ce� rbx _
x ^h
��

¬
�� � ��V �¨ ÿ §¨ ��� � î

ì
�ñì̈ � dec © � ¬ ® ® ®  « ® �÷�

øc v ^h u]b a�_bhfb ed he^_b v �� _er�^h�
x ^h
��

î
ì

�ñì̈ � _g�ý bfu ue V �¨ � §¨  dec © � ¬ ® ® ®  « 
�å�

{]^f] fah �b decxgraubs a_ a r^hbac `ce�caxx ^h� `ce��
rbx ä�æ }

\]b x ^z ^h� x auc^z V fah �b b_u^x aubs b^u]bc �b�
decb]ahs { ^u] a frg_ubc^h� ar�ec^u]x v a_ _]e{h ^h tbf�
u^eh � v ec �� bzubchar e`u^x ^�au^eh

x ^h
�

î
ì¨

�ñì̈ �V � � ���

{]bcb u]b ñì̈ �V � ò_ cb`cb_bhu v au baf] ^ubcau^eh v u]b _e�
rgu^eh ed bègau^eh �å� g_^h� u]b fgccbhu b_u^x aub ed V }

û _^x ^rac u{e�_ub` a``ceaf] fah �b deghs ^h ä� v �æ v
{]bcb a rbach^h� cgrb dec V ^_ sbc^�bs �� çuu^h� a xgr�
u^�ac^aub �ag__^ah aceghs u]b fgccbhu b_u^x aub ed u]b
_egcfb fex`ehbhu_ }

� � X¢VZX�Y	 V�� X¡�¡[Y��� �� Y¤¡
Z¡¢Z¡X¡�YVY��� ��¥V��

�bc� edubh u]b ca{ saua seb_ heu _au^_d� u]b cbèg ^cb�
x bhu ed _`ac_^u�} �h u]b fa_b ed a _ègacb x ^z ^h� x auc^z
�ees cb_gru_ fah _u^rr � b e�ua^hbs v �gu ^h u]b ghsbc�
sbubcx ^hbs fa_b _`ac_^u� ^_ a cbèg^cbxbhu dec a �ees
�l� �m�ãp�pn� ed u]b _egcfb_ v b�bh ^d u]b x ^z ^h� x auc^z
^_ �he{h } �h b^u]bc fa_b v {]bh u]b saua ^_ j�n _`ac_b
bheg�] v a g_bdg r a``ceaf] ^_ ue g_b a cb�bc_^�rb r^h�
bac ucah_decx ed u]b x ^zugcb_ ^hue a sex a^h { ^u] ^x �
`ce�bs _`ac_^u�v cbar^�b u]b _b`acau^eh ^h u]au sex a^h v
ahs ucah_decx u]b cbfe�bcbs _egcfb_ �af� ^hue u]b ec^��
^har sex a^h } \]^_ a``ceaf] {a_ `ce`e_bs ^h ä¬�æ v ahs
g_bs ^h u]b _ègacb x ^z ^h� x auc^z _^ugau^eh { ^u] _gf�
fb__dgr cb_gru_ }

\]b �bhbçu_ ed _gf] ah a``ceaf] acb frbac ^h �^��
gcb ¬v {]bcb u]b ��\ ucah_decx {a_ g_bs } t^z �gub
_^�har_ `ra�^h� s^óbcbhu heub_ �_bb u]b t^z�rgub_ bz�
ax`rb ^h tbfu^eh å� {bcb _�hu]bu^farr� x ^zbs ^hue u{e
x ^zugcb_ areh� bègarr� _`afbs s^cbfu^eh_ } � ^�gcb ¬a
`cb_bhu_ a _fauubc `reu ed u]b cb_gru^h� saua � �̈ a�a^h_u
 ð̈ dec b�bc� ©� v _]e{ ^h� a _^h�rb �^� fregs } û _ ^u
fah �b _bbh v u]b s^óbcbhu _egcfb_ acb ^hs^_u^h�g^_]a�rb }
\]bh baf] x ^zugcb {a_ ��\�ucah_decx bs ahs u]b _fau�
ubc ` reu ed u]b saua ^h u]b dcbègbhf� sexa^h ^_ _]e{h
^h �^�gcb ¬� �^ }b }v �� a�a^h_u �ð dec b�bc� � � } \]b
s^óbcbhfb ^_ bzucaecs^hac�} �e{ arxe_u arr u]b saua
`e^hu_ acb hbaur� frg _ubcbs areh� u]b _^z s^cbfu^eh_ ed
u]b fergxh_ ed u]b x ^z^h� x auc^z v u]g_ `ce�^s^h� �bc�
�ees _b`aca�^r^u�}

�h ah a�g_b ed heuau^eh v u]b ubx`ecar ^hsbz © ^_
bzubhsbs ]bcbadubc ue ah� cb`cb_bhuau^eh sex a^h �^ }b }v
u^x b _ax`rb_ v dcbègbhf� �^h_ v buf }� v ahs u]b afugar
{ec�^h� sex a^h { ^rr � b x asb bz`r^f^u {]bh hbfb__ac�}

� � ¢�Y¡�Y�V� �� �[Y��� WVX¡�
[� XY¡Z��� ��Z ¡XY�¥VY��� Y¤¡

¥ �¦��� ¥VYZ�¦
û_ ]a_ ý g_u � bbh _]e{h v {]bh u]b _^�har_ acb _`ac_b
u]b s^_uc^�gu^eh ed saua ^h x ^zugcb _`afb decx _ a _bu ed
breh�aubs frg _ubc_ areh� u]b s^cbfu^eh_ ed u]b fergxh_
ed u]b x ^z ^h� x auc^z } � _u^x au^h� u]b x ^z ^h� x auc^z v
u]bh v feh_^_u_ ed çhs^h� u]b s^cbfu^eh_ ed x az^xgx
saua sbh_^u�} øgc a``ceaf] feh_^_u_ ed sbçh^h� a `e�
ubhu^ar dghfu^eh ^h u]b _`afb ed s^cbfu^eh_ } ~b a__e f^aub
a re far `eubhu^ar dghfu^eh { ^u] s^cbfu^eh ed baf] saua
`e^hu v ahs u]bh fex`gub u]b `eubhu^ar dghfu^eh a_ u]b
_gx ed u]b ^hs^�^sgar fehuc^�gu^eh_ } �e far x az^x a ed
u]b `eubhu^ar dghfu^eh feccb_`ehs ue u]b x ^z ^h� s^cbf�
u^eh_ ed u]b _egcfb_ }

\]^_ a``ceaf] ^_ sb�bre` bs ]bcb dec u]b fa_b y � � v
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b) frequency domain

�^�gcb ¬ 
 tfauubc ` reu ¦ � ± � _ ¦ ð± ed _^z �gub heub_
x ^zbs ^hue u{e x ^zugcb_ areh� bègarr� _`afbs s^cbf�
u^eh_ ^h u]b �a� u^x b ahs ��� dcbègbhf� sex a^h_ }

{]bh x ^zugcb _`afb ^_ a `rahb ahs u]b s^cbfu^eh_ fah
�b `acax buc^�bs g_^h� ehb s^x bh_^eh v ah ah�rb � } �bu�¨ � � � ð̈ �� � � �̈ �� ahs � ¨ � uah�ð � �̈ � ð̈ � � b u]b
cas^g_ ahs ah�rb v cb_` bfu^�br�v ed saua `e^hu §¨ v ahs rbu
� �b u]b cbrau^�b ah�rb �bu{bbh ah ac�^ucac� s^cbfu^eh
ahs � ¨ } ~b sbçhb a ����� � �nljnp�� � ij�np�j � ¨ aceghs
saua `e^hu §¨ a_ a uc^ah�grac dghfu^eh ed u]b ah�rb � v
_farbs �� u]b `e^hu cas^g_ �¨ 


� ¨ �� � � �¨ �¬ ÿ
�� �� �  dec �� � | � �� 

� ù br_b{]bcb ® �� �
~b hbzu _`ah arr ` e__^�rb s^cbfu^eh_ �^ }b v dcex ù ue �cas� { ^u] ah bègarr� _`afbs �c^s { ^u] � �c^s `e^hu_�	 � � ��� � 
� �� v 
 � ¬ ® ® ® � v ahs {b fex`gub u]b
ah�rb_ �bu{bbh baf] saua `e^hu © ahs �c^s s^cbfu^eh 
 v
� ¨	 � �� ¨ ÿ �	 �} \]bh v {b sbçhb u]b � �nljnp�� � ij�np�ja_ �

�
  � � � î
¨

� ¨ ��� ¨	 � � �
{ ^u] � a `acax bubc ue asý g_u u]b sb_^cbs ah�grac { ^su]
ec cb_ergu^eh ed u]b re far fehuc^�gu^eh_ } t`ahh^h� eh a
_^h�rb s^x bh_^eh �u]b ah�rb� v re far x az^x a ed

�
�
 � acb

ba_^r� sbubfubs ahs feccb_`ehs ue u]b s^cbfu^eh_ ed u]b
fergxh_ ed u]b x ^z^h� xauc^z } �eu^fb u]au { ^u] u]^_
a``ceaf] ^u ^_ heu hbfb__ac� ue �he{ u]b jio ãlm ed
_egcfb_ � bdecb]ahs v _^hfb ^u ^_ l�npo �nlk �� u]b hgx�bc
ed re far x az^xa ^h u]b `eubhu^ar dghfu^eh }

\]b fex`guau^ehar fe_u ed u]^_ ar�ec^u]x ^_� �« ª � � } �h `cafu^fb v ahs { ^u]egu re__ ed ` bcdec�
x ahfb v u]b hgx�bc ed saua `e^hu_ « fah �b cbsgfbs _^��
h^çfahur� �� s^_facs^h� u]e_b { ^u] _x arrb_u cbrb�ahfb }
\]au ^_ v �� cghh^h� u]b frg_ubc^h� ar�ec^u]x ehr� { ^u]

u]b saua _au^_d� ^h� �¨ � � v { ^u] � ah asýg_ua�rb u]cb_]�
ers } øh u]b eu]bc ]ahs v uee _x arr a hgx�bc � ed
�c^s `e^hu_ ^_ ghsb_^ca�rb v � bfag_b u]b _ax`r^h� cb_e�
rgu^eh �¬�ù��� � {egrs �b uee `eec } �bu v {]bh ]^�]
affgcaf� ^_ cbèg^cbs v ehb fah _uacu u]b fex`guau^eh_
{ ^u] a feac_bc �c^s v ahs cbçhb u]b cb_g ru_ raubc { ^u] a
u] ^hhbc �c^s ^h u]b hb^�]�ec]ees ed u]b e�ua^hbs frg_�
ubc fbhubc_ } �gcu]bc ^x`ce�bx bhu ed affgcaf� x a� �b
e�ua^hbs �� fehu^hgeg_ xaz^x ^�au^eh ed u]b `eubhu^ar
dghfu^eh �� dec baf] frg_ubc ^hsb` bhsbhur�v ec { ^u] u]b
e`u^x ^�au^eh _ucaub�� ed tbfu^eh � }

û _^x ^rac a``ceaf] ue u]b b_u^x au^eh ed u]b x ^z^h�
x auc^z {a_ sb_fc^� bs ^h ä¬¬æ dec u]b fa_b y � w � � v
g_^h� a ]^_ue�cax cau]bc u]ah a `eubhu^ar dghfu^eh v ahs
^x a�b ahar�_^_ ueer_ �a_bs eh _brd ec�ah^�^h� x a`_ {bcb
g_bs ^h äæ dec u]b ahar�_^_ ed _b�bcar ^h`gu s^_uc^�gu^eh_ v
^hfrgs^h� �úû }

� � V X¤�ZY¡XY ¢VY¤ �¡[�¥¢�X�Y���
��Z Y¤¡ X� Z[¡X

��bh {]bh u]b x ^z^h� x auc^z ^_ �he{h v _^hfb u]b _�_�
ubx ^h bègau^eh �¬� ^_ ghsbcsbubcx ^hbs v ^u_ _ergu^eh ^_
heu gh^ègb } \]b _`ac_b a``ceaf] ue �úû feh_^_u_ ed
çhs^h� u]b _ergu^eh u]au x ^h^x ^�b_ u]b �ð hecx v a_ ^h
bègau^eh �å� } ~ ]bh u]b fergxh_ ëì acb hecx ar^�bs v
u]b e`u^x ar cb`cb_bhuau^eh ed u]b saua `e^hu

§¨ � î
ì

ëì ñì̈
u]au x ^h^x ^�b_ � ì �ñì �v { ^rr ^h frgsb au xe_u w ed u]b
ëì ò_ v feccb_`ehs^h� ue u]b �bcu^fb_ ed u]b o pjpo �� �po �
� �l� bhfre_^h� u]b s^cbfu^eh ed �bfuec §¨ } \]b heh��bce
fex`ehbhu_ ed u]b e`u^x ar sbfex`e_^u^eh feccb_`ehs
u]bh ue u]b �� �mnl�n � �n� dcex u]b ec^� ^h ue u]b saua
`e^hu v {]bh ehr� u]b s^cbfu^eh_ ed u]b x ^z ^h� x auc^z
x a� �b g_bs }

�h `acu^fgrac v dec u]b u{e�_bh_ec fa_b �_bb �^��
gcb �� v u]b _]ecub_u `au] ^_ e�ua^hbs �� f]ee_^h� u]b
fergxh_ ë � ahs ë� {]e_b s^cbfu^eh_ uah�ð ���� ���ð � ahs
uah�ð ���� ���ð � acb u]b fre_b_u dcex �bre{ ahs dcex
a�e�b v cb_` bfu^�br�v ue u]b s^cbfu^eh � ¨ }

�bu £ � � äë �ë� æ�ð � b u]b mlki�lk w ª w ^h�bc_b
x auc^z v ahs rbu � �̈ �b u]b mlki�lk sbfex`e_^u^eh areh�
s^cbfu^eh_ ë � ahs ë� } \]b fex`ehbhu_ ed u]b _egcfb_
acb u]bh e�ua^hbs a_

� �̈ � £ �§¨ 
ñì̈ � ù  dec � �� �  � ® �¬ù�

�h `cafu^fb v £ � hbbs ehr� �b fex`gubs ehfb dec arr
saua `e^hu_ � bu{bbh ah� u{e `a^c_ ed x ^z ^h� s^cbfu^eh_ }



90

[ �

2

$

$©

%

%©
;�

;�

D
�

D
�

D
�

�
�

�^�gcb � 
 \]b �� �mnl�n � �n� dcex u]b ec^�^h ue u]b saua
`e^hu §¨ feh_uca^hbs �� u]b s^cbfu^eh_ ëì ed u]b x ^z ^h�
x auc^z ^_ ø�û�§¨ �ec ø�û ò�§ ¨ � } \]bcbdecb v § ¨ sbfex �
`e_b_ a_ ø�û ò areh� s^cbfu^eh ëð v a_ ø�û areh� s^cbfu^eh
ë� ahs �bce areh� s^cbfu^eh ë� } �eu^fb u]au §¨ ]a_ fex �
`ehbhu_ s^óbcbhu dcex �bce ehr� areh� u]e_b s^cbfu^eh_
u]au lj����l �¨ dcex �bre{ ahs a�e�b �^ }b }v ë ð ahs ë� v
cb_` bfu^�br� � }

� � ¡¦¢¡Z�¥¡�YX V�� Z¡X �YX
\]b a``ceaf] {a_ çc_u ub_ubs g_^h� u]b t^z�rgub_ saua
_bu 
 u]b _eghs ed a �gub `ra�^h� _ubas�v ^_e raubs heub_
{a_ cbfecsbs au ]^�]�ègar^u� ^h ah afeg_u^farr� ^_eraubs
�eeu] { ^u]egu cb�bc�bcau^eh v ahs _ax`rbs au �� }¬�]�
{ ^u] ¬å �^u_ cb_ergu^eh ä¬æ } t^z ��� x_ bzfbc`u_ ����å�
_ax`rb_� {bcb _brbfubs dec u]b _egcfb_ v feccb_`ehs^h�
ue u]b heub_ a� v s÷ v d÷ v �÷ v få ahs s�å } \]b_b _^z
_egcfb_ {bcb u]bh hecx ar^�bs _e u]au u]b� arr ]as u]b
_ax b bhbc�� rb�br ahs x ^zbs ^hue u{e x ^zugcb_ areh�
bègarr� _`afbs s^cbfu^eh_ } ~ ^u]egu arubc^h� u]b cbrau^�b
rb�br_ v u]b s�hax ^f cah�b ed u]b x ^zugcb_ {a_ asýg _ubs
ue çu ^h u]b �� ¬v¬� ^hubc�ar } �af] ed u]b x ^zugcb _^�har_
{a_ u]bh `ce fb__bs { ^u] a ���å� _ax`rb ��\ �^ }b }v u]b
{]erb rbh�u] ed u]b bzfbc`u_� ahs u]b cbar ahs ^x a�^�
hac� `acu_ ed u]b `e_^u^�b _`bfuca {bcb g_bs a_ ^h`gu
ue u]b _b`acau^eh _�_ubx } �h bz`bc^x bhu t^z�rgub_ � v
u]b frg _ubc^h� ar�ec^u]x ed tbfu^eh � {a_ cgh { ^u] `a�
cax bubc � � ÷ ahs u]cb_]ers � � ù ®� v ahs a �c^s { ^u]� � �ù bègarr� _`afbs s^cbfu^eh_ {a_ g_bs v _e u]au baf]
ed u]b x auc^z s^cbfu^eh_ {a_ `bcdbfur� ar^�hbs { ^u] ehb
ed u]b �c^s `e^hu_ } \]b frg_ubc^h� {a_ _gffb__dgr ahs
u]b x ^z ^h� x auc^z {a_ `cbf^_br� cbfe�bcbs } 	b_g ru_ acb
_]e{h ^h \a�rb ¬} ~ ]bh r^_ubh^h� ue u]b cbfeh_ucgfubs
_^�har_ u]b feccbfu heub_ {bcb �bc� frbac v �gu a r^uurb
�af��ceghs he^_b {a_ `cb_bhu �u]b affgxgraubs _eghs_
ed u]b `ra�bc �re{ ^h� ^hue u]b �gub v ` rg_ _ex b ucafb_
ed fce__�uar� � } t^x ^rac cb_gru_ {bcb e�ua^hbs { ^u] u]b
bzubchar e`u^x ^�au^eh a``ceaf] ed tbfu^eh � v {]bh u]b
_uacu^h� _uaub {a_ heu uee dac dcex u]b _ergu^eh v ec ^u

\a�rb ¬ 
 t
� cbfeh_ucgfu^eh ^hs^fb_ �sq � dec u]b s^d�
dbcbhu bz`bc^x bhu_ �_bb ubzu� }

�������� � �� �� �� �� �� �� �� �� �� �� ����
�������� �� � ��� �� �� �� �� � ��� �� �� �� ��
�������� ��� �� �� �� �� �� �� �� �� �� �� �� ��
�������� � ! ��� !� �� !� �� !� �� !� �� !� ��
�"�# "�$�� � ��� �� �� �� �� �� ��
��%��"&'� �� �� �� �� �� �� �� �� �� ��
������(��") �� �� �� �� �� �� �� �� �� �� �� ��

{egrs �bu uca``bs ^h re far x ^h ^x a }
\]b bz`bc^x bhu {a_ u]bh cb` baubs _b�bcar u^x b_ g_�

^h� cahsex x ^z ^h� x auc^fb_ } \]b x auc^z {a_ ar{a�_
feccbfur� b_u^x aubs { ^u]^h u]b � sb�cbb_ ed affgcaf�
`ce�^sbs �� u]b �c^s v �gu u]b cbfeh_ucgfu^eh ^hs^fb_
sce``bs } \]b derre{ ^h� u{e bz`bc^x bhu_ {bcb u]bh sb�
�^_bs ue x ba_gcb u]b _bh_^u^� ^u� ed u]b _b`acau^eh ar�
�ec^u]x ue u]b affgcaf� ^h u]b b_u^x au^eh ed u]b x a�
uc^z ahs ue u]b fre_bhb__ ed u]b _egcfb_ v ^hsb`bhsbhur�}
�z`bc^x bhu t^z�rgub_ �� {a_ ^sbhu^far ue t^z�rgub_ �
bzfb`u dec u]b �c^s `e^hu_ v {]^f] {bcb _]^dubs � sb�
�cbb_ dcex u]b^c ec^� ^har `e_^u^eh_ ahs u]bcbdecb {bcb
he reh�bc ar^�hbs { ^u] u]b x ^z ^h� s^cbfu^eh_ } ûdubc
frg_ubc^h� v u]b b_u^x aubs x ^z ^h� s^cbfu^eh_ {bcb arr eó
�� � sb�cbb_ v a_ bz`bfubs v ahs cb_gru_ ed u]b _b`aca�
u^eh �\a�rb ¬� {bcb ^x`a^cbs �� � }¬sq ^h a�bca�b }
�h bz`bc^x bhu t^z�rgub_ ��� u]b x ^z ^h� s^cbfu^eh_ {bcb
rgx`bs ue�bu]bc ^h a ueuar _`ah ed å sb�cbb_ v _e u]au
baf] _egcfb s^cbfu^eh {a_ _b`acaubs �� ehr� ehb sb�cbb
dcex u]b hbzu } \]b hgx�bc ed �c^s `e^hu_ {a_ _bu ue
u]b � � ÷�ù _e a_ ue �gacahubb u]b ar^�hx bhu v ahs� � ÷÷ {a_ cbèg ^cbs ue �bu bheg�] cb_ergu^eh } ~ ^u]
u] ^_ _buu^h� v u]b x ^z ^h� xauc^z {a_ a�a^h ` bcdbfur� cb�
fe�bcbs ahs _b`acau^eh ^hs^fb_ acb _]e{h ^h \a�rb ¬}
\]b re__ {a_ he{ ehr� � }¬sq ^h a�bca�b { ^u] cb_`bfu
ue u]b t^z�rgub_ � bz` bc^x bhu v {]^f] ^rrg_ucaub_ u]b cbr�
au^�b ^h_bh_^u^�^u� ed u]b _b`acau^eh `ce fbsgcb ue u]b
`cez ^x ^u� �bu{bbh u]b _egcfb_ }

�ec u]b _a�b ed fex`ac^_eh v u]b ra_u bz` bc^x bhu
�t^z�rgub_ �� � {a_ fehsgfubs eh u]b _ax b saua _bu
g_^h� u]b x ^zugcb_ ^h u]b u^x b sex a^h ^h_ubas ed ^h
u]b dcbègbhf� sex a^h } \]b x az^xa ed u]b `eubhu^ar
dghfu^eh {bcb he reh�bc ^h u]b s^cbfu^eh_ ed u]b x ^z^h�
x auc^z v _e u]b cb_g ru^h� b_u^x aub {a_ x bah^h�rb__ } \]b
_b`acau^eh {a_ u]bh auubx`ubs g_^h� u]b ec^�^har x ^z�
^h� x auc^z v �gu u]b ar�ec^u]x ueuarr� da^rbs ue _b`acaub
u]b _egcfb_ v a_ _]e{h ^h \a�rb ¬}

\]b �gub heub_ ^h u]b t^z�rgub_ saua _bu a�e�b {bcb
�bc� _ubas�v {]^f] arre{bs dec a �bc� rac�b ��\ {^h�
se{ _^�b } \]b cbxa^h ^h� u]cbb bz`bc^x bhu_ `cb_bhubs
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]bcb {bcb `bcdecx bs eh xgf] xecb s�hax ^f _^�har_ v
ahs `cb`ce fb__^h� {a_ cbèg^cbs �a_bs eh a _]ecu�ubcx v
dcax b����dcax b ahar�_^_ } û _ � bdecb v u]b _egcfb_ {bcb
çc_u hecxar^�bs ue u]b _ax b bhbc�� rb�brð v x ^zbs ^h
u]b u^x b sex a^h v ahs u]b x ^zugcb_ cb_farbs _e a_ ue
çu ^h u]b �� ¬v¬� ^hubc�ar } �af] x ^zugcb {a_ u]bh `ce�
fb__bs { ^u] a � ahh^h� { ^hse{ ed rbh�u] � v ahs a
�]e`� s^_uahfb � �bu{bbh u]b _uacu^h� `e^hu ed _gf�
fb__^�b dcax b_ �^ }b v e�bcra`` ^h� � ÿ �� } �af] dcax b {a_
��\�ucah_decx bs ahs u]b cbar ahs ^x a�^hac� `acu_ ed
u]b `e_^u^�b _`bfuca {bcb e�ua^hbs } �ec baf] x ^zugcb v
u]b ^h`gu ue u]b _b`acau^eh _�_ubx {a_ u]bh a _^h�
�rb �bfuec fehua^h^h� u]b fehfaubhau^eh ed u]b feb� �
f^bhu_ ed arr u]b dcax b_ ^h u]au x ^zugcb } ûdubc u]b _b`�
acau^eh �`e_u�`ce fb__^h�� v u]b b_u^x aubs _^�har_ {bcb
cb_�hu]b_^�bs �� cbfeh_ucgfu^h� u]b dcax b_ v cb�ceg`^h�
u]b cbar ahs ^x a�^hac� `acu_ v ua�^h� ^h�bc_b ��\ ahs
^h�bc_b { ^hse{ ^h� } \]b e�bcra` {a_ cbxe�bs �� �bb`�
^h� eh r� u]b fbhucar `acu ed u]b dcax b �u]g_ a�e^s^h�
u]b s^_uecu^eh au u]b bs�b_ u]au edubh a``bac_ adubc dcb�
ègbhf� sex a^h x ah^`grau^eh � ahs u]b cbfeh_ucgfubs
_^�har {a_ e�ua^hbs �� _^x`rb fehfaubhau^eh ed u]b cb�
_g ru^h� ` ^bfb_ }

\]b bz`bc^x bhu_ {bcb fehsgfubs eh u]b derre{ ^h�
_bu_ ed _^�har_ 
 û �egc�e^fb_ saua _bu { ^u] degc � } _bf
_bhubhfb_ `ceheghfbs �� degc s^óbcbhu `be`rb �u]cbb
dbx arb_ ahs a x arb� v cbfecsbs au �� vù÷ù �� ahs � �^u_
{ ^u] a re{ ègar^u� x ^fce`]ehb eh a ]ex b `bc_ehar fex �
`gubc } �cb�`ce fb__^h� {a_ sehb { ^u] � � �ù�� ahs
� � å¬� _ax`rb_ } û �^�bteh�_ saua _bu { ^u] ç�b ÷ _bf
reh� dgrr�bh_bx�rb xg_^f `^bfb_ �u{e fra__^far ahs u]cbb
`e`
de r� xg_^f� bzucafubs dcex _uahsacs ú� _ ��� v¬ùù
��
¬å �^u_� v se{h_ax`rbs ue ¬¬vù�÷ � � xehe`]eh^f
ahs `ce fb__bs { ^u] � � �ùå ahs � � ¬��� _ax �
`rb_ } � ^harr�v a t^z�rgubü bres^b_ saua _bu ä¬æ ^hfrgs�
^h� _^z ÷ }� _bf reh� �gub x bres^b_ �u]b u{e �e^fb_ ed
a faheh v u]b u{e �e^fb_ ed a sgbu ahs u{e ghcbraubs
x bres^b_� { ^u] a ]^�]�ègar^u� cb�^_ucau^eh au �� v¬ùù
��
¬å �^u_ v se{h�_ax`rbs ue �� vù÷ù �� ahs `ce fb__bs
{ ^u] � � � ¬� ahs � � ���å _ax`rb_ }

�h arr u]cbb fa_b_ u]b x ^z ^h� xauc^z {a_ decx bs
{ ^u] bègarr� _`afbs s^cbfu^eh_ v ahs u]b hgx�bc ed �c^s
`e^hu_ {a_ _brbfubs dec `bcdbfu ar^�hx bhu �� � �å  �÷
ahs �ù v cb_`bfu^�br�� ^h ecsbc ue � b a�rb ue x ba_gcb
u]b x az^xgx _b`acau^eh a�^r^u� ed u]b _�_ubx } û_ u]b
t^z�rgub_ bz`bc^x bhu_ ]as _]e{h v u]b b_u^x au^eh ed u]b
x ^z ^h� xauc^z {a_ ar{a�_ _gffb__dgr v _]e{ ^h� �bc� r^u�
urb _bh_^u^� ^u� ue � �bègarr� �ees cb_gru_ {bcb e�ua^hbs
{ ^u] � ^h u]b cah�b dcex � ue ÷ù� } 	b_g ru_ ed u]b _b`a�
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a) Mixtures

b) Sources and Recovered Signals

�^�gcb � 
 �egc�e^fb_ bz`bc^x bhu } �a� ü ^zugcb_ }
�� � tegcfb_ ahs cbfe�bcbs _^�har_ �`a^c{ ^_b� }

cau^eh dec � � ÷ ahs � � ù ®� acb _]e{h ^h \a�rb ¬} û r�
u]eg�] �ees bheg�] ^h u]bx _br�b_ v u]b cbfeh_ucgfu^eh
^hs^fb_ ed u]b s�hax ^f _^�har_ {bcb _^�h^ç fahur� `eecbc
u]ah u]e_b ed u]b t^z�rgub_ � bz` bc^x bhu v ^h `acu sgb ue
u]b ^huc^h_^f s^� fgru^b_ ed u]b _]ecu�ubcx ahar�_^_ ahs
cb_�hu]b_^_ } 	bfeh_ucgfu^eh ^hs^fb_ {bcb eh u]b _axb
cah�b dec u]b u]cbb bzax`rb_ v cb�acsrb__ ed u]b hgx �
�bc ed �e^fb_ v { ^u] _ex b]e{ {ec_b cb_gru_ ^h u]b fa_b
ed u]b �^�bteh�_ v `ce�a�r� sgb ue u]b ]^�]bc fex`rbz�
^u� ed u]b _eghs_ } \]b `reu ed u]b cbfe�bcbs _^�har_
{a_ ^h arr fa_b_ �bc� _^x ^rac ue u]b `reu ed u]b ec^�^har
_egcfb_ v a_ ^rrg_ucaubs ^h �^�gcb � dec u]b �egc�e^fb_
fa_b } �cex a _g�ý bfu^�b r^_ubh^h� `e^hu ed �^b{ v u]b
_b`acau^eh ed u]b �egc�e^fb_ bzax`rb {a_ cbxac�a�rb
dec u]b ]^�] ^hubrr^�^�^r^u� ed u]b cbfe�bcbs _bhubhfb_ v ^h
_`^ub ed _ex b �af��ceghs he^_b ahs fce__�uar� } �h u]b
fa_b ed u]b �^�bteh�_ v u]b cbfeh_ucgfubs _eh�_ {bcb
ar_e �bc� frbac �gu u]b ègar^u� ed u]b _eghs {a_ _bh�
_^�r� sb�casbs �� �af��ceghs he^_b v fce__�uar� ahs a
�auubh^h� ed ` bcfg__^�b _eghs_ ahs _]ac` ucah_^u^eh _ }
� ^harr�v ^h u]b t^z�rgubü bres^b_ bzax`rb v aru]eg�] u]b
cbfe�bcbs x bres^b_ {bcb frbac v a _ecu ed c^h�^h� acu^dafu
a``bacbs ^h u]b ucah_^u^eh_ �bu{bbh heub_ v ahs _exb
dcax b�caub cauur^h� he^_b {a_ `cb_bhu } teghs bzax`rb_
dec u]b a�e�b bz`bc^x bhu_ acb a�a^ra�rb eh�r^hb ^h ä�æ }

� � � �X[ XX��� V�� � ZY¤¡Z £�Z

�h u]b fehubzu ed ghsbcsbubcx ^hbs qr^hs tegcfb tb`a�
cau^eh �^ }b }v qtt { ^u] db{bc x ^zugcb_ u]ah _egcfb_� v u]b
u]cbb x a^h fehuc^�gu^eh_ ed u]^_ `a`bc ]a�b � bbh u]b
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�bhbçu_ ed `bcdecx ^h� �r^hs _egcfb _b`acau^eh ^h u]b
dcbègbhf� sex a^h �cau]bc u]ah ^h u]b u^x b sex a^h � �
a frg _ubc^h� ar�ec^u]x dec u]b b_u^x au^eh ed u]b x ^z�
^h� xauc^z ^h u]b u{e�_bh_ec fa_b � ahs a _]ecub_u `au]
_b`acau^eh `ce fbsgcb u]au �^brs_ u]b xe_u _`ac_b cb�
feh_ucgfu^eh ed u]b _egcfb_ dcex u{e x ^zugcb_ } tb�bcar
bz` bc^x bhu_ ]a�b �bbh `cb_bhubs ^h�er�^h� xg_^f ahs
_` bbf] _^�har_ v { ^u] cau]bc �ees cb_gru_ v ^hfrgs^h� u]b
_gffb__dgr _b`acau^eh ed _^z _egcfb_ dcex u{e x ^zugcb_ }

�cex u]b a�e�b u]cbb `e^hu_ u]b xe_u bóbfu^�b feh�
uc^�gu^eh ue a _gffb__dgr _b`acau^eh ]a_ `ce�a�r� �bbh
u]b bz`re^uau^eh ed _`ac_^u� ^h u]b dcbègbhf� sex a^h
_^hfb v a_ bz` bc^x bhu_ ]a�b _]e{h v ehr� u]b ucah_decx bs
saua _au^_d� u]b a__gx`u^eh_ ed _`ac_^u� cbèg^cbs ��
u]b frg_ubc^h� ahs _b`acau^eh ar�ec^u]x _ } \]b b_u^x a�
u^eh ed u]b x ^z^h� x auc^z ]a_ ar{a�_ �bbh _gffb__dgr v
{ ^u]^h u]b affgcaf� `ce�^sbs �� u]b _ax`r^h� �c^s v ahs
u]b _b`acau^eh {a_ xecb as�bc_br� aóbfubs �� ah ^haf�
fgcaub b_u^x aub ed u]b x ^z ^h� s^cbfu^eh_ u]ah �� u]b
`cez^x ^u� ed u]b x ^zbs _egcfb_ ue baf] eu]bc } t
�
cbfeh_ucgfu^eh ^hs^fb_ ]a�b _]e{h bzfbrrbhu _fecb_ dec
_ubas� �gub heub_ u]au fegrs �b `ce fb__bs { ^u] a _^h�rb
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