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

:<;4=?>A@CBED�F�GHBEDJIKCGHLMDN=POQGHL�R�S9T*OMDNU6VW;4XW>WIDHLQY6Z!DN=[X�\?]_^�R�Sa`�DNB4bPGNX
c9dNe$e.fMgMhjilkEmnhodHgMpqkEgQrtsuhPvNg<kEw*xzy{dCi�|�pnp{hogMv�}0y{dHfQ~*�

� |�~<kEynm{e�|�gCmdJ�z��wo|�i�mny{hoilkJw�kEgQrt�zwP|%i�m{yndHgMhoi6��gQvHhogM|�|�ynhogMv<�
� e$~�|�y{h�kJw�c9dNwPwo|�vN|�dE�zsui�ho|�gMi�|H����|�iW�MgMdNwodHvH�C�CkEgMr/��|�rQhPi%hPgQ|H�

� gMho�H|%y{p{hom��.dJ���-dHgMrQdHg
sC���.�E�9��� �6� �.�

|W��e�kEhow��am � �MdE�CkH�3hoi � kEi � fM�

�$+��*��#$�����
��gQ| dJ�0mn�M|"�[fMgMr<kJe$|�gCmWkEw!~MyndH¡Mwo|�e�p6hog�sCmn|�y{|%dH~M�MdNgMhoi

¢�i�dNfMp{mnhoi���iW�Md c!kJgMi�|�wow�kEmnhodHg¤£[sC¢��qc!¥�woho|�p�hog mn�M|$e�hop_kEru�
¦WfMpnm{e$|%g§m¨hog6mn�M|9©<wom{|�y�i�dC|Wª$i�ho|�gCm{pqrQfM|!m{d�m{�Q|m�«9d�p{m{yndHgMvNwo�
i�dHyny{|�w�kJm{|�r¬iW�<kJgMgM|�wj��hPgQ~MfMm{p �.� gm{�Mhop�~<kE~�|�y4�*«9|.p{mnfMrM�/mn�M|
|W®a|�i�mdE�.m{�M|¬gMdNy{e�kEwohop_kEmnhodHg¬��kEi�mndHyl� � �3«!hom{�Mhog¯m{�M|¬m�«9dE�
iW�<kEgMgQ|�wa°±�¨�/s/£ � ��°±�¨�/sM¥9kEwovHdNy{hom{�Qe²�³dHyqpnfM¡M¡<kJgMr/sC¢±�qc
kEgMr¬pn�MdE«²mn�<kEm�m{�M|�dH~MmnhPe�kEw¨i_�QdHhoi�|.e�k4��¡�|.i�wodHpn|$m{d�mn�M|
�HkEynh´kJgMi�|�dE�±mn�M|$iW�<kJgMgM|�wj��hogM~MfMm�r<kEmWk �¬� gµm{�M|�pnhPe.fQw´kJm{hodHg
p{mnfMrM�.«!hom{�.yn|lkEwapn~<|�|%i_��r<kJm_kJp{|�mnpl�MhomqhopqdN¡Mp{|%y{�H|%r�mn�<kEm9p{fQ¡C�
¡<kEgQr6pnm{|�yn|�d�|�iW�Md�i4kEgMi�|%wPwo|�ynpqfMpnhPgQv±mn�M|�¶�kEp{m��a|lkJp{msu·§f�kEy{|%p
£[¶��*sQ¥±kJwovHdHynhom{�Me¸hog/wodE«|�y3¡<kEgQrMp�kEgMr/mn�M| � ��°±�¨�/s/kJwPvNdE�
y{hom{�Qe �!«!hom{�¯m{�Q| dN~Mm{hoe�kJw�gMdNy{e�kEwohop_kEmnhodHg¬��kEi�mndHy�p{|�mnm{hogMv��
hog��MhovN�M|�y��[y{|%·§fQ|�gMi��
¡<kJgMrMp/i4kEg¯hPe�~My{dE�N|/e$hopWkEwohovHgMe�|�gCm
~<|%y��[dNy{e�kJgMi�|3p{hovHgMhj©<i4kEgCm{wo��i�dHe�~<kEyn|�r.«!hom{�$fQp{hogMv�dNgMwo�6mn�M|
¶��*skEwovHdNy{hom{�Me¸hog kEwow¨p{fM¡M¡�kEgMrMp ��� g kJrMrMhom{hodNg*�akEy{dNfMgMr �¹�
º rM�»�[fMynm{�M|%y�e$hop_kJwohPvNgMe�|�gCm~�|�y��³dHy{e�kEgMi%|�hoe$~MyndE�H|�e�|�gCmhop
dH¡MmWkEhogM|�r�¡C��kJ~M~Mwo�ChogMv�p{e�dCdHm{�QwP�.mnhoe$|W���HkEyn�§hogMv�kJwPwo~<kJp{p9©<wj�
m{|�ynp�hog�m{�M|�wodE«9|�y9�[y{|%·§fQ|�gMi���¡<kJgMrMpl�Q«!�Mhowo|�hogCm{y{dCrMfQi�hogMv.gMd
~<|%y{i�|�~Qm{ho¡Mwo|6kEfQrMhom{dHyn�$rM|%vHy_kJr<kEmnhodHg �

¼�½ ������#���(�)"�0���4���
� g¾p{hom{f�kEm{hodNgMp.«!�M|�yn|/p{~<kJm{h�kEw!yn|lkEwohop{e�hop.rM|�pnhPyWkE¡Mwo|H�3kEp

hog$m{|%wP|%i�dHgC�³|�y{|�gQi�hogMv<�Qi�dHe�e.fMgMhoilkEmnhodEgMp�p{�Cp{mn|�e$p9e.fMp{m��<k4�H|
m{�M|9~�dHm{|%g§mnh�kEwMmnd�dH~�|�yWkEm{|!hog.k!pnm{|�yn|�dH~M�QdHgMhoi!e$dCrM| �a� g6pnfMiW�
kEg¬|�gC�Choy{dNgMe$|�gCm4�*mn�M|$fMpn|�dE��p{mn|�y{|%dH~M�MdNgMhoi�kJi�dHfMpnm{hoi$|%i_�Qd
ilkEgQi�|�wowo|�y{p3hPp3gM|�i�|%p{p_kJy{�/mnd.y{|�rQfMi�|�m{�M|�fQgMrM|�pnhPyWkE¡Mwo|�|�iW�MdC|�p
y{|�pnfMwom{hogMv'�[y{dNe¿mn�M|/i�dNfM~MwohogMv¬¡<|%m�«|�|%g�mn�M| wodNfMrMp{~�|lkJ�H|�ynp
kEgMrm{�Q|.e$hoi�y{dN~M�MdNgM|$ÀoÁWÂ � ¶¨hPv � Á6rQ|�~Mhoi�m{p�m{�M|.rMh�kJvHy_kJe5dE�
sCm{|%y{|�dN~M�MdHgQhPi�¢�i�dNfMp{mnhPi���iW�Md$c!kEgMi%|�wow´kJm{hodHg£[sC¢��qc!¥ �

Ã |�i�|%g§mnwo�§��m�«9d$rMhj®a|�y{|�gCm�°±�¨�/s�m��C~�|6kEwovHdNy{hom{�Qe$p9�<k4�H|
¡<|%|�g¾~MyndH~�dHp{|%r¾�[dNy�su¢±�qc2ÀÄ�%Â{�9g<kEe�|�wo� mn�M|/m�«9dE��i_��kEgMgM|%w
°±�¨�/s�kEgQr�m{�M|9|�Å3m{|�gMrQ|�r��¨�/s�£�Å±�¨�/sM¥¨kEwovHdNy{hom{�Me�p � �!�M|
w�kEm{mn|�y�kJwovHdHynhom{�Me�ilkEg»¡<|�ChP|%«|�r
kEp�k¬e�d§rQhÆ©�|�r¤�H|�ynp{hodHg
dE��mn�M|�m�«dJ��iW�<kJgMgM|�w9°±�¨�/sÇkJwPvNdHynhPmn�MeÈ�[dHy�sC¢±�qc���«!�QhPiW�
m_kJ�H|�p3hPgCmnd$kEi�dNfMgCm!m{�M|�hog§mn|�y���i�dNy{y{|%w´kJm{hodHg�¡�|�m�«9|�|�gm{�M|�m�«9d
iW�<kEgMgQ|�wj��hogM~MfQm{p �

� g
~My_kJi�m{hoi�|H��m{�M|¬°��*�/s»m��C~<|ÇkJwovHdHynhom{�Me�p$|�e�~MwodE��k
p{e�kEwowMi�dNgMp{mWkEgCm � hog�m{�M|�rM|�gQdHe$hog<kJm{dNy�«!homn�Mhog.m{�M|�gMdNy{e�kJwj�
hop_kEmnhodHg$mn|�y{e¸hog�dHy{rQ|�y!m{d$k4�NdHhor$gCfMe�|�y{hoilkJw<rMhjª$i�fQwPm�� �

� g mn�M|6pnhogMvHwo|�iW�<kJgMgM|�wqi4kEp{|N�ahom±��kEp�¡�|�|�g¬mn�M|�dNy{|�mnhPi4kEwowo�
p{�MdE«!g»m{�<kJml�9fMgMwoho�H|�m{�Q|/dHynhPvNhog<kEw!°��*�/s¤kEwovNdHy{homn�Me ��mn�M|
� ��°��*�/s/kJwovHdHynhom{�Me5�<kJp�pnm_kEmnhop{m{hoilkJwq¡�|��<k4�ChodHfMy3rM|�~�|�gMrM|�gCm
fM~�dHg�m{�M|9hogM~MfMm¨~<dE«9|�y�wo|��H|�w¨À º Â � ��d3r<kEmn|H�Ep{|%�H|�yWkEw�gMdHyne�kEwohj�
p_kJm{hodHg�p{|%m{m{hogMvNp*�<k4�N|�¡<|�|%g�~My{dN~<dNp{|�r.kEyndHfMgQr±mn�Mhopap{iW�M|�e�|�À ÉM�
Ê �EË4Â �a� g�À Ê Â{�Em{�M| � ��°��*�/s�kEwovNdHy{homn�Me�hop��Cho|�«|%r6hog�mn�M|9�[dHyne
dE�qk�gMdNgC��wPhogM|4kEy{wo��e$dCrMhj©<|�r$�¨�/s�kEwovHdNy{hom{�QeÌkEgQr�¡�dHmn��kJgC�
kEwo�Cm{hoilkJw<kEgMr.i%dHe$~QfMm{|�y�p{hoe.fMw�kEmnhPdNg�p{m{fQrMho|�pdNg.m{�M|3¡<kEpnhopqdE�
«!�Mhom{|$}�kJfMp{pnh�kEghPgQ~MfMm�r<kEmWk�kEy{|.~Qy{dE�ChorM|�r � ¶QdHy�mn�M|$m�«9dE�
iW�<kEgMgQ|�w*ilkJp{|�pnfMiW� k�gMdHgC��wohogM|lkEynhom��.e�k4��«!�Mhom{|�g�m{�Q|±dNy{hovHhj�
g<kEwNiW�<kEgMgQ|�wj��hogM~MfQm{pqkEgMr�m{�M|�yn|�¡C���M|�wo~�rQ|W��i%dHy{yn|�w�kEmn|!m{�M|qm�«9d

1(n)h (n)h2

g (n)1
g (n)2

1(n)h (n)h2

(n)e

x (n)2

(n)x1

d
y

(n)
Σ

(n)

source

Transmission RoomReceiving Room

^ ^

¶¨hovHfMyn|$ÁH�9sCiW�M|�e�kJm{hoi � h´kJvHyWkEeÍdJ�zsCmn|�y{|�dN~M�MdNgMhoi6¢3i�dHfMpnm{hoi
��iW�Md�c!kEgMi�|%wPw�kJm{hodHg£�dHgQwP��k�p{hogMvNwP|A��iW�<kJgMgM|�w¨|�iW�MdE��ilkEgQi�|�wowo|�y
hop!rM|�~Mhoi�mn|�r��[dNyi%w´kJy{hom��M¥

iW�<kEgQgM|�wj��hogM~QfMm{p �
� g/m{�QhPp3~<kE~�|�y4�<«9|�©<ynp{mnwP��hogC�H|�pnm{hov§kJm{|�m{�Q|6|W®a|�i�m�dJ�zmn�M|

gMdNy{e�kJwohPpWkEmnhPdNg���kEi�mndHy�hog"�[fMwowj��¡�kEgMr¬sC¢±��c²mn�My{dNfMvH�¬pnhoe.fC�
w�kEmnhPdNg.p{mnfMrM�.«!hom{��y{|lkJwap{~�|�|�iW�/r<kJm_kEpn|�m{p�£?gMdHm9«!�Mhom{|�}�kEfQp��
p{h�kJg�hogM~QfMm�kJp.fMp{|�r¯hog
À ÉM� Ê Â[¥$kJgMr¤p{�MdE«5mn�<kEm.mn�M|dH~MmnhÆ�
e�kJw<iW�MdNhoi�|�e�k4��¡<|�i�wodHpn|�m{d�m{�Q|��HkEynh´kJgMi�|3dE��mn�M|�iW�<kJgMgM|�wj�
hogM~MfMm�r<kJm_k �Í� g¯m{�M|¬pnhPe.fQw´kJm{hodHgµp{mnfMrM�¾dJ��mn�M| pnfM¡M¡<kJgMr
sC¢��qc²ÀÄ�C�MÎ%Â{�C«9|±kEwopnd6pn�MdE«¾m{��kEml�Chog�i�dHe�~<kEynhPpndHg�«!hom{�$mn�M|
ilkJp{|�«!�M|�yn|/m{�M|�m�«9dE��iW�<kEgMgQ|�wÏ¶�kEpnm$�a|lkJp{m.sC·Cf<kEyn|�p £³¶��*sM¥
kEwovNdHy{homn�MeÐÀÄ�%ÂqhPp!fQp{|�rhogtkJwow��[y{|�·CfM|%gMi��/¡<kJgMrMp4��k�pnfM¡M¡<kJgMr
p{mn|�y{|%d¬|�iW�Md i4kEgMi�|%wPwo|�y�fMpnhPgQv/¡<dNm{�¬mn�M|�¶��*sµkEwovHdNy{hom{�Qe5hPg
wodE«|%y$¡<kJgMrMp/kEgMr»m{�M|dH~Mmne�kJwPwo�N��i�dHgC©�vHfMyn|�r � ��°±�¨�/s¾kJwÆ�
vHdNy{hom{�Qe7hog��MhovH�M|%y9�[y{|�·CfM|%gMi��/¡<kJgMrMp3vHho�H|�p!pnhovHgMhj©<ilkJgCm!hPe��
~MyndE�H|�e�|�gCm�hog.mn|�y{e�pqdE�*e�hPpWkEwohovHgMe.|%g§ma~�|�yÑ�[dHyne�kEgQi�|H�N«!�MhowP|
e�kJhog§mWkEhogMhogMv!wodE«¤i�dHe�~MfMmWkEm{hodNg<kEwCi�dNe$~Mwo|�ÒChom�� � � g�kErMrQhÆ�
m{hodNg*�k"gM|�«¸p{e�d§dNm{�M|%rÇ�H|%y{p{hodNg�dJ�±mn�M|�m{hoe$|W���HkEyn�ChPgQvtkJwowÆ�
~<kJp{p"©<wom{|�ynp hogÓÀ Ô¹Â�kEyn|�kJ~M~Mwoho|�r�hog
mn�M|ÇwodE«9|�y��[yn|�·CfM|�gMi��
£�¡�|�wodE«¿Á%�CÕ�Öl¥�¡<kJgMrMp/hog¾dNy{rM|�y"m{d¤rM|W��i�dHyny{|�w�kJm{|Çmn�M|m�«d
iW�<kEgQgM|�wj��hogM~QfMm{p � �¬|�m{�M|%gÇp{�QdE«²m{��kEm�e�hPpWkEwohovHgMe.|%g§m!~�|�yÑ�
�[dNy{e�kJgMi�|3ilkEg�m{�Q|�y{|�¡C��¡�|�hoe$~MyndE�H|�r��[fQy{m{�Q|�yl��«!�Mhowo|�hogCm{yndE�
rMfMi%hPgQv/e.fMiW� wo|�pnp�kJfMrMhom{dNy{�rM|�vNy_kEr�kEm{hodNg*�*hog¬i�dNe$~<kJy{hop{dNg
«!hom{�¯m{�M|¬dNy{hovHhog<kJw3�[fMwowj��¡<kJgMr�kJwPwo~<kJp{p�©<wom{|%y{hogMv¾kE~M~Qy{d§kJiW� �

�!�M|�i�dNgCm{y{ho¡MfQm{hodHg�dE�qm{�Mhop!~<kJ~<|%y�hopmn�M|�yn|W�[dHyn|6m�«9dE�³�[dNwPr¨�
£�h�¥�mn�M|/p{mnfMrM�¤dE��mn�M|/dH~Qm{hoe�kJwgMdNy{e�kEwohop_kEmnhodHg��kJi�m{dNy.p{|�mÑ�
m{hogMvNp«!homn�Mhog$m{�Q|�m�«9dE��i_��kEgMgM|%w � ��°±�¨�/s$kJwovHdHynhom{�MeÓhog$pnfM¡C�
¡<kJgMrÇsC¢±��c7£?hoh´¥3mn�M|$fMmnhowPhom���dE��mn�M|.p{e�dCdHm{�Q|�r �N|�y{pnhodHg¬dE�
m{�Q|�m{hoe�|W���HkJy{�ChogMv�kEwowo~<kJp{p�©<womn|�y{p!kE~M~QwPho|�r�hog.dHgMwo��wodE«9|�y��[yn|W�
·CfM|�gMi%�¾¡<kEgQrMp�m{dÇrQ|W��i%dHy{yn|�w�kEmn|�[fMy{mn�M|�y�m{�Q| m�«9dE��iW�<kEgMgQ|�w
hogM~MfMmnpl�E«!�QhPwo|9hog§mny{dCrMfMi%hPgQv±gQd±~�|�yni�|�~MmnhP¡QwP|�kJfMrMhom{dNy{��rQ|�vHyWk4�
r<kJm{hodHg �



�a½ ��&��Í��� ���l��&��$��������������������0��	��
�$�� /��#�����&����

�!�M|fQ~<r<kJm{|!|�·Cf<kJm{hodHg0�[dHy¨m{�M|�©<wom{|�y�i�dC|Wª$i%hP|%g§mnp����!kEgMr����kEm�m{hoe�|hogMrM|%Ò���	/Á9«!hom{�.mn�M|!m�«9dE��i_��kEgMgM|%wM°±�¨�/s�m��C~�|
kEwovHdNy{hom{�Qe$pqhop9«!y{hom{mn|�g/hog$mn�M|��[dNy{e �
������������������������������ 
�������������������� � ����� 
�!#"$��%&'�(�)�+*,% � �(�)�,�!.-���%&'�(�)�+*,% � �(�)�,� � * �/���
«!�M|�yn|10N£,�M¥�hop�m{�M|�|�yny{dHy.¡�|�m�«9|�|�g¾mn�M|�rM|�pnhPyn|�r¤y{|�pn~<dNgMp{|2�£,�M¥!kJgMr$pnfMe7�HkJwofM|�dJ�zmn�M|3©<wom{|�y3dHfMmn~MfMmnpl�

 ���)� � 3 ���)�&4 -5 687 " �:9;<�(�)�/% ; �(�)�=* ��>$�
kJgMr¬£@?Ä¥/A¬rM|�gQdHm{|%p��H|%i�m{dNy�m{yWkEgMpn~<dNp{| �
�a½?¼<½ �CBED/��F�GM�4�HB�I&J�J�DLKÏ�Ñ�A���9���Ç�MK/N:GPO�Q,R)B�S

¶MdNy$m{�Q| m�«9dE��iW�<kEgMgQ|�w � ��°±�¨�/s¾kJwPvNdHynhPmn�MeUT)VW£@?Ä¥/£/WYX
Á[ZW�H¥9kEyn|±gQdHgC��wohPgQ|lkEy9m{yWkEgMpÑ�[dHyne�kEmnhodHg��[fMgQi�m{hodHgQp!vHho�H|�g�¡C�!#"���%&\�����=*,% � �����/� � !@]_^L`Ca\b " �����/%&'�(�)�=*!.-���%&\�����=*,% � �����/� � !@]_^L`Ca\b - �����/% � �(�)�=*!.]_^c`�adb 6 ���)� � ef 6 ��g�%&'�(�)�+g.-h��g�% � �(�)�+g.- * �ji��
«!�M|�yn|�k¬hop±k�wo|lkEyngMhogMv$i�dNgMp{mWkEgCml� � V kEy{|�p{e�kEwow�i�dHgMpnm_kJg§mnpl�
kEgMrmln?�l)o�rM|�gMdNm{|�p�p�o�gMdNy{e �
�a½j�a½ �rq�s�DLO�Q,SmDLJ_R�I&KC�ntLI&K/u�I&R�Q/GPJMv@GPOnR�B�D��ws�R�Q/SmI&K<��GPO4�SmI&K/Qyx#I&R)Q,GPJ¤��DcR)R)Q,J�N
�!�M| � ��°±�¨�/s¾kEwovNdHy{homn�Me8hop$hogMhom{h�kJwPwo�¬kE~M~QwPho|�r»hPgµ�[fQwPwj�

¡<kEgQr sC¢��qc �9� g�mn�M||�ÒC~<|�ynhoe$|�gCm_kJw�|��HkEwof<kJm{hodHg*� � V £,WzX
Á[ZW�H¥�«9|�yn|��N|�~Mm�horM|�gCm{hoilkJwq�[dNy�|lkJi_�¤iW�<kJgMgM|�w���h � | � � � V X �4�
¶¨hPynp{mnwP�C� � «!kEp�p{|�m�m{d�ÁN�n{ � ÁH�n{ � {QÁH��{¤£?«!hom{�¾i�dNgMp{horM|%y{hogMv
m{�M|�iW�<kJgMgM|�wj��hPgQ~MfMmq~�dE«|%y_¥��MkJgMr$horM|%g§mnhoilkEwamnd�m{�M|�k4�N|�y_kJvH|�r
D�|�X�\?GHX�\ �HkEynh´kJgMi�|�dE��m{�Q|$iW�<kEgQgM|�wj��hogM~QfMm6~�dE«9|�y � ¶QdHy�mn�M|
p{|�mnm{hogMv � X}{�«!hom{�m{�M|�~<dE«9|�y�i�dNgMp{horM|%y_kEmnhodHg*��gMd�«9|�hovH�Cm
fM~�r<kEmn|�hop�~<|%y��[dNy{e$|%r¬«!�M|�g¤m{�M|�~�dE«|%y6dJ�±m{�Q|$m_kJ~C��hPgQ~MfMm
�H|�i%m{dHy�hop�¡<|%wPdE«²k�vHho�H|%g/m{�Myn|�p{�QdHwor � �!�Q|6mn�My{|�pn�MdHwor¬�HkJwPfQ|
«ÏkJp!rM|�mn|�y{e�hPgQ|�r�¡§��ilkEwoi�fQw´kJm{hogMv�m{�M|�|�gM|�ynvH��dE�qm{�Q|�©<y{pnmHp
p_kJe$~Mwo|�p4�*«!�M|%y{|~p hop�m{�M|�m_kJ~¬hPgQ~MfMm��N|�i�m{dNy6wo|�gQvHm{� � �!�M|
�[dHwowodE«!hogMv�e$dCrMhj©<ilkJm{hodHg.hogÀ Ê Âa�[dHy!|%·§g � £ º ¥9«!kEp�kJwop{d�fMp{|�r¨�![�]_^L`Cadb 6 �(�)� � ���� e �Yg�%  �����=g@-��Yg�%��������=g@- �j� � �$*,>$�=��!�M|�i_��kEgMgM|%wÆ��hogM~MfMmnp�kJgMr�m{�M|qe�dCrM|�wowo|�r�yn|�i�|�ho�ChogMv!y{dCdHe
hoe$~MfMwopn|�yn|�p{~�dHgQp{|�p9fMp{|%r$kEy{|9m{�Q|pWkEe$|9kEp*rQ|�p{i�ynho¡<|�r�hog6sC|�iW�
m{hodHg�É �

¶*hovNp � �µ£[kH¥.kJgMr�£?¡<¥�p{�QdE«7mn�M|�e$hop_kJwPhovNgMe6|%g§m�~�|�y��³dHy��
e�kJgMi�|�dH¡MmWkEhogM|�r�[dNy�m�«d�rMhj®a|�y{|�gCm�p{~�|�|�iW�¤p{hovHg�kEwop �M� kEy{hj�
dHfMp9�HkEwofM|%pqdE� � kEyn|!i�dHe�~<kEyn|�r/£�hogMi�wofMrQhPgQv � X6Á)��k/kEp�hPg/À Ê Â[¥
hogÇm{�Q| � ��°��*�/sµkEwovHdNy{hom{�Me2fMpnhogMv�p�X Ê { � �!�M|�e�d§rQ|�wowP|%r
y{|�i%|�ho�§hogMvy{dCdNeÐhoe$~MfQwPpn|6yn|�p{~�dHgQp{|�p.fMpn|�rÇ«9|�yn|�vN|�gM|�yWkEmn|�r
kEgMr�e$dCrMfQw´kJm{|�r�«!hom{���HkEy{h�kJm{hodHgMp¨p{hoe.fMw�kEmn|�r�¡C�0k��ny_kEgQrMdHe��
«ÏkJwo�c��y{|%vHy{|%p{p{hodNg e�d§rQ|�wqÀoÁHÁnÂ �9� g/m{�M|0©<vHfMyn|�pl��mn�M|�p{hoe.fMw�k¹�
m{hodHgµy{|�pnfMwom{p�kEy{|�pn�MdE«!g¤hPgµm{�M|�~Myn|�p{|%gMi�|dE�±gQdHhop{|�hogÇmn�M|
|�iW�MdE��~<kJm{��hog�mn�M|�y{|�i%|�ho�§hogMv.yndCdHe5kEm!sC° Ã X º {ErM� �

0 0.5 1 1.5 2

x 10
4

−20

−15

−10

−5

0

Sample No.

M
is

al
ig

nm
en

t (
dB

)

(1) & (5) 

(6) (3) & (4) 

(2) 

0 0.5 1 1.5 2

x 10
4

−20

−15

−10

−5

0

Sample No.

M
is

al
ig

nm
en

t (
dB

)

(1) & (5) 

(6) (3) & (4) 

(2) 

�j���������+�+�/�n�j�$�$�$�����)� �

0 0.5 1 1.5 2

x 10
4

−20

−15

−10

−5

0

Sample No.
M

is
al

ig
nm

en
t (

dB
) (1) & (5) 

(6) 
(4) 

(2) 
(3) 

�����P���)�+�+�,�n�j�$�#�$�����)� o
¶¨hovHfMyn|��M� `����,�# ���¡$¢�£n¤@¢)¥�¦&¤@§©¨«ª$§/£n�$¢�¬+¤nPª$£n®��$§/���,ª#¢�¯ f(° ]h^L`�a±  �¡#ª$§,��¥/²�£ � a)]h³ � i$´$µ�¶�· ¸ �E¹ ´�� ¯ �/��� f � �$º ´�·$��>$� f � ´�º��$·)�«i)� f � ´'º ´��$·�j»�� f=¼ � µ ¤.¢�¥/��¬@�# �¥,ª½¥,²�¤���¾$¤.§,�#¡$¤ µ�¿nÀ'Á+Â(Ã.Á+Â ¾��$§,���#¢�¬@¤�ª�¨:¥/²�¤�¬+²��#¢�¢�¤@  °��¢�®�Ä�¥/� ·)� ¹ � f � ��� e ·L�jÅ�� f � ´�Æ ��¥,²�P²��$¢�¢�¤@  °�Ç ¢�®�Ä�¥\¦&ª Æ ¤.§hPª$¢��,� µ ¤.§,� °¥/��ª$¢
�-½«Èa½ (ÉQ+x)Ê�u�x�x#Q/G:J
¢�p�p{�QdE«!g�hog0¶¨hov � �M�4m{�Q|rMhj®a|�y{|%gMi�|!hog�m{|%y{e$padJ�<m{�Q|e�hPpÑ�

kEwohovHgQe$|�gCm�~�|�yÑ�[dHyne�kEgQi�|.¡<|%m�«|�|%gÇm{�Q|$gMdNy{e�kJwohPpWkEmnhPdNg�p{|�mÑ�
m{hogMvNphopqpnfM¡Mpnm_kEgCmnh´kJw�kJmw�kJm{|�y9hom{|�yWkEm{hodNgMp �¨� g$mn�M|�|��HkJwof<kEmnhPdNg
p{mnfMrM�C�C«|�kEwop{d�dH¡Qp{|�yn�H|�r�m{��kEm9m{�M|�~�|�y��[dNy{e�kEgMi�|3rMhj®�|%y{|�gMi%|
¡�|�i�dHe�|�p*pne�kJwPwo|�yakEp¨m{�M|�m_kE~�hogM~MfQm*�H|%i�m{dNy*wo|�gMvNm{��hogMi�yn|lkEpn|�p �

�!�M|�pn|6pnhPe.fQw´kJm{hodHgQpqp{fMvNvH|�pnm�mn�<kEm!mn�M|�~�|�y��[dNy{e�kEgMi�|�rM|W�
~�|�gMrMp�fM~�dHg$£?h�¥aiW�<kEgQgM|�wChogM~MfMm¨~<dE«9|�yqkEgMr�£�hoh�¥Q©<wom{|�y¨wP|%gMvHmn� �
�!�M|9rM|�~�|�gMrM|%gMi�|�fQ~<dNg�hogM~MfMm�~�dE«|�y¨hop�i%dHgMpnhPpnm{|�gCm�«!hom{��mn�M|
©<gMrQhPgQvHp�dE��À º Âhog«!�Mhoi_�hop�p{mWkEmn|�rÇk�wodCdHp{|�¡�dHfMgMr¬dNg mn�M|
dH~Qm{hoe�kJwMy_kJgMvH|3dE� � kJp �½Ë�Ë �HkEy{h�kJgMi�|�dJ�*m{�M|�hogM~MfQmpnhPvNg<kEw �
¶Qy{dHe
mn|�p{mnp~�|�yÑ�[dHyne$|�r�hog6mn�Mhop�pnm{fMrQ�§�E�QdE«|��N|�yl�Nhom*�<kJpq¡�|�|�g
dH¡Qp{|�yn�H|�r/mn�<kEm!mn�M|�¡<|%p{m�~�|�yÑ�[dHyne�kEgQi�|�«ÏkJp!dH¡MmWkEhogM|�r�«!�M|�g
� «ÏkJp±pn|�m�i�wodHp{|.mnd/m{�Q|.�HkEy{h�kJgMi�|�dE��m{�Q|.|�gCm{hoy{|.pnhPvNg<kEw �.� g
~<kJy{m{hoi�fQw´kJyl�Cmn�Mhop!©<gMrQhPgQv6�<kJp!¡<|%|�g i%dHgC©<yne$|�r��[dHy�k�pn~<|%|�iW�
p{hovNg<kEw�p{i4kEwo|�rm{d��<k4�H|�fMgMhom��HkEy{h�kJgMi�|�fMpnhogMv � ��°±�¨�/s�«!hom{�p�X Ê { � �!�M|�rM|�~�|�gMrQ|�gMi�|.fM~�dHgt©<wom{|�y!wo|�gMvNm{�/i%dHe$|%p�kE¡�dHfMm
p{hogMi%|H�<kJpÌpÇhogMi%y{|lkJp{|�p4�<mn�M|�|�pnm{hoe�kJm{|�p9dE�Ìl)Í��Ll�o�kEgQrÎl)Í � l�o
vHdE�N|�y{g"m{�M|.kEr<kJ~Mm_kJm{hodHg�vCkEhoghÏMmn�M|�~My{|�pn|�gMi�|�dE� � e�k4��«|�wow
m{�Q|�g/¡�|±wo|�pnp�|W®a|�i�mnho�H| �

� g¾m{�Q|�|%�HkEwof<kEmnhodHgÇpnm{fMrQ�§�!hom.«!kEp$kJwPpnd dN¡Mp{|%y{�H|%r�mn�<kEm
m{�Q|��HkEynh´kJm{hodHgQp¡�|�m�«9|�|�g/mn�M| � ��°��*�/s�kJwPvNdHynhPmn�MeÍ«!hom{��rMhj���
�[|�yn|�gCm.gMdHyne�kJwPhopWkEm{hodNg���kEi%m{dHy.pn|�m{mnhogMvHp.fMpn|�r¾kEgMrµm{�M|/¶��*s
kEwovNdHy{homn�Me2¡<|�i%dHe$|%p$e$dNy{|�kE~M~<kJy{|�gCm$kJp$m{�Q|$©�wPmn|�y$wo|�gQvHm{�



hogMi�y{|4kEp{|%p � �!�Mhop�hogMrMhoilkJm{|�p�m{��kEm�m{�M||W®a|�i�mnhP�N|Çi�dNgMrMhom{hodNg
gCfMe.¡<|%y±dJ�Ïmn�M|.hogM~MfMm�i�dNy{yn|�w�kEm{hodNg¬e�kEmny{hoÒ$¡�|�i�dNe$|�p�e.fMiW�
e$dNy{|�pnhovHgMhj©<ilkJgCmÏkJp!m{�M|�gCfMe.¡�|�y9dE��m{�M|�mWkE~Mp!hop!hogMi�yn|lkEpn|�r �

� g
~My_kJi�m{hoi�|H���MdE«9|��H|�y4��m{�M|%y{|¬e.fMpnm�¡�|¬m{yWkErM|A��dJ® Ï.kEwj�
m{�MdNfMvH�»m{�M|dE�H|�yWkEwow�~�|�yÑ�[dHyne�kEgQi�|/«9dHfMwor¤¡<|vHyn|lkEmnwo��hoe��
~My{dE�N|�r/kEm!wodHgQv�©<womn|�y!wo|�gMvHmn�Mp!¡C�.|�e$~QwPdE�ChogMv�wo|lkJp{m!pn·§f�kEy{|%p
m��C~<|6kJwovHdHynhom{�Me�pqp{fMiW�¬kEp�¶��*s-�Mm{�Q|6dCi�i�fQy{y{|%gMi�|.dE�qgCfMe�|�y��
hoilkEw¨hPgQp{m_kJ¡MhowohPm��$kJp�«9|�wow�kJp�m{�Q|6hogMi�yn|lkEpn|6hog�i�dNe$~MfMmWkEmnhPdNg<kEw
i�dHe�~Mwo|�ÒChom��«!howowE¡<|�~My{dN¡Mwo|�e�kJm{hoiH��|%p{~�|�i�h�kEwowo��«!�M|%g�m{�M|��HkEy{hj�
kEgMi%|6dJ�zmn�M|�i_��kEgMgM|%wÆ��hogM~MfMm3hop��H|%y{�/pne�kEwow�£�hog���kJi�ml��rMfQy{hogMv
m{�M|�pnhPe.fQw´kJm{hodHg¨�lhomq«!kEp9dH¡Qp{|�yn�H|�r/mn�<kEm9m{�Q|±~�|�yÑ�[dHyne�kEgQi�|!dE�
m{�M|�¶��*s¬kEwovNdHy{homn�MeÐ«!kEp�·CfMhomn|$rM|�~�|�gMrQ|�gCm.fM~<dNg¬m{�M|��[dHyÑ�
vH|�mnm{hogMv���kJi�m{dNy_¥ �

�!�Mhop*��kEi�m�e$dNm{ho�HkEmn|�p*mn�M|9i�dHgMpnhorM|�y_kJm{hodHg�dE�ap{fQ¡M¡<kEgQr�kJ~C�
~My{dCkEiW�M|�p�«!hPmn�/m{�Q|6dN~Mm{hoe�kJwowP�N��i�dHgu©<vHfMyn|�r$°��*�/s"m��C~<|.kEwj�
vHdNy{hom{�Me�pq«!hom{�Mhog�sC¢±�qc �

È-½ �-)�+�+6����(��*����#����Ð����&"�8�0���"�0�3��9��#Èa½?¼<½ ��SmG�GPR�B�K � ��Q/SmDN����I&O � Q/JEN�MK/K,s�I:x)x�1�Q/K,R)DLO[x
� g�ÀÄ�M��Á){4Âk�p{hovHg<kJw�i�dHgMrQhPmnhodHgMhogMv�e$|�mn�MdCr/¡<kEpn|�r¬fM~�dHg

kE~M~QwP�ChogMv3gMdHgC��wohogM|lkEynhom���hog6mn�M|!iW�<kEgMgQ|�wj��hogM~MfQm{pqhopq~MyndH~�dHpn|�r
hog$dHynrM|�y!mnd6rM|A��i�dNy{yn|�w�kEm{|�mn�M|�i_��kEgMgM|%wahPgQ~MfMm{p4�MkEgMr�hom{p!p{fQ¡C�
p{mWkEgCm{h�kEwCrM|A��i�dNy{yn|�w�kEm{hodNg.|W®�|%i�mhop�rM|�e�dHgMpnm{yWkEm{|%r ��� g�ÀÄÔ%Â{�HkJgC�
dHmn�M|�y�p{hovHg�kEw�i�dHgQrMhom{hodHgMhogMv�e$|�mn�MdCr/¡<kJp{|�rfM~�dHg~Mp{�CiW�Md§k¹�
i�dHfQm{hoilkEw�p{m{fQrMho|�p kEgQr�fMpnhogMvÇmnhPe�|W���HkEy{�ChogMvÇkJwPwo~<kJp{p�©<wom{|�ynp
hop6~MyndH~�dHpn|�r*�kJgMrÇmn�M|�e$|�mn�MdCr¬hop�kJ~M~Mwoho|�r¬hog�k��[fQwPwj��¡<kEgQr
p{iW�M|�e�| � Õ�dE«9|��N|�yl��hogC�[dNy{e�kJw�wohop{mn|�gMhogMv¾mn|�p{mnp i�dNgC©<yne$|�r
m{�<kJm!m{�M|�pndHfMgMr�rMhopnm{dHynm{hodHg�hop9p{m{howowa�M|lkJy{r/«!homn�$m{�Q|�~<kEyWkEe��
|�m{|%y�p{|�mnm{hogMv�~Myn|�p{|�gCmn|�rÇhog/mn�<kEm3~<kE~�|�y ��� g mn�Mhop�~<kJ~<|%yl�¨«|
fMp{|3hogMp{mn|lkEr�p{e$dCdNm{�Mwo��mnhPe�|W���HkEy{�ChogMv�kEwowo~<kEpnp�©<wom{|�ynp!hog.dHgMwo�
wodE«|�y��[yn|�·CfM|�gMi��¤¡<kJgMrMp�hPgµdHynrM|�y$mnd e�kEhogCm_kJhPggM|�vNwohPvNho¡Mwo|
kEfMrQhPmndHyn��rM|�vNy_kJr<kEmnhPdNg � �!�Mhop*hop*¡<kJp{|�r�fM~<dNg�m{�Q|pWkEe$|�~MynhogC�
i�ho~Mwo|�~MyndH~�dHpn|�r/hog ÀÄ�%Â@ÏC«!�M|�g�gMdNgC��wohogM|lkJyqm{yWkEgMpÑ�[dHyne�kJm{hodHg.hop
kE~M~QwPho|�r�dHgMwo��hog�mn�M|9wPdE«9|�y-�[y{|�·CfM|%gMi���¡<kEgMrQpl�4m{�M|9rMhop{mndHynm{hodHg
hop*i�dNgC©<gM|�r�m{d3m{�M|�wPdE«9�³�[yn|�·CfM|�gMi���¡<kEgMr � �!�M|!kEwowo~<kEpnp�©<wom{|�ynp
fMp{|%r kJy{|�mn�M|�©�y{p{mÑ��dNy{rM|%y�©�wPmn|�y{p�rM|%p{i�ynhP¡�|�r¡C�tk�p{hogMvNwP|�~<k¹�
y_kJe$|�mn|�y�� V £,�M¥�£/WhX
Á\Z_�N¥q«!homn�$m{�Q|��[y{|%·§fQ|�gMi���y{|%p{~�dHgMpn|$ÀÄÔ%Â

�
6 ����*,�)� �  
	��� 4�� 6 ���)���4�� 6 �����  	��� �j»��

� g�dNy{rM|%y��³dHy!m{�Q|�p{mWkE¡Mhowohom��$dE�qmn�M|6kEwowo~<kJp{p9©<wom{|%y{p�vNho�H|�g
kE¡�dE�H|H�9mn�M| kE¡Qp{dHwofMmn|/�HkEwofM|%p.dE���_VW£,�M¥.kJm$mnhPe�|$hogMpnm_kEgCmÉ�
e.fMp{m3¡<|�wo|�p{p�m{�<kJg/fMgMhom��/kEgMr¬kEwopnd$¡�|.y{|lkJw��akJp0kJwow�pnhovHg<kJwPp
kEyn|±yn|lkEw � �!�M|�fM~<r�kEm{|�ynfMwo|��³dHy�� V £,�Q¥9hPp!mn�M|�g/vNho�H|�g�¡§�

�
6 �(�_�Y��� � �

6 �(�)�L��� 6 ���)�+* � ¹ ��/¤@¥ � 6 �(�_�Y��� � �
6 b ����� � ¨ � 6 �������������

6 b ����� *�/¤@¥ � 6 �(�_�Y��� � �
6 b � 6 � � ¨ � 6 �(�����������

6 b � 6 � *
«!�M|%y{|�� V! "$#
% kEgMr&� V! "�V�' kJy{|�y{|�pn~<|�i%m{ho�H|�wo�¬pn|�m�m{dY{�kEgMr
( {*)ÄÔ¾ÀÄÔ4Â�iW�MdNp{|�g
¡<kJp{|�r
fQ~<dNg�~Mpn�Ci_�Qd§kEi%dHfMpnm{hoilkEw�p{m{fQrMho|�p �
+ VW£,�Q¥�hop6kEg¬k4�H|�yWkEvN|�r¬�HkEwofM|.dE�N|�y6k�vHho�H|%g¬«!hPgQrMdE«²wo|�gMvNm{�p-, X º {�dE�kJg�h � h � r � yWkEgMrQdHe¸�HkEy{h�kJ¡Mwo|��<k4�ChogMv.k�fMgMhj�[dHyne
~ � r � � � dE�H|�y!mn�M|�hPgCmn|�y{�HkJwqÀ ( {.) º {*) º Â �Èa½j�a½ ��R)O�u�Ê�R)uEO�D

�!�M|$pnm{y{fQi�m{fMyn|�dE��m{�Q|.p{fM¡M¡�kEgMrµp{m{|%y{|�d|�iW�MdilkEgMi%|�wowP|%y
fMp{|%r¬hPg¬mn�Mhop�~<kE~�|�y�hPp�rM|%~Mhoi�m{|�rµhog ¶¨hov �aºM��� g¬m{�M|�©<vNfMy{|N�
/��09rM|�gMdNm{|�p!mn�M|�|�p{mnhPe�kEmn|�r.©<womn|�y!i�dC|Wª$i�ho|�gCm{p!�N|�i�mndHy!hog$mn�M|W�mn�ÇpnfM¡M¡<kJgMr�kJgMr ��0�m{�M|��H|�i�mndHy�dE��mn�M|$e�d§rQ|�wowPhogMv�y{dCdHe
hoe$~MfMwopn|!y{|�pn~<dNgMp{| �

.  .  . .  .  . (k)h(k)h

(k)1

(k)d 2

dN

d

(k)e 2 N1 e (k)

e (k)

(k)

(k)h

.  .  .
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