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‰&W!±.W[h^xAY•«�W‡h^j1p&²tŽohreAW´³µ±¥«�p&¶Vh^amkt\leAfmYN‰&·¸³º¹
f˜uCeA\^»š¼Š½¿¾rÀ

¡

nR–[~lÁl‚t¶6fmx�\lj&W•\^]6YA‰8W

·´\lxAY6»6f˜uCWiaby�Ž&xNW‡u1h^amkt\leAfmYN‰&·2x“]s\le�hlu&hrX&YAfmwtW�ÂoamYAWHeNfmj&koZVvGjC]s\leNYAŽ&jJh^YAWiabyCnJfmYAxVcd\ljCwtWHezƒ

ktWHjocdW�eqhrYAW�fmxÃ‰8fbkt‰&amyÄu„WHXoWijouCWHjCY2Ž8Xo\tjÅYN‰&W3cd\ljJuCfmYAfm\lj&fmj&k�\^]�YN‰&W3h^Ž&YN\&cd\leNeAWHa˜h^YNfm\lj

·�h^YAeNfÆ”•\^]�fbYNxÃfmj&X8Ž&YAx[Ç�YA‰&W�‰&fmkl‰8WHeÃYN‰&W�fmj&X&Ž&Y•WHfmklWHjCwlhrabŽ8W2xAX8eAW‡htu.n}YA‰&W�xAam\^»}WHe!YA‰8W

cd\tjCwlWHeNklWHjocŠW�\^]¥YN‰&W�hlu8h^X&YNfbwtW†»}WHfmkl‰CYNx‡Z

°

‰&fmx?X&eN\lÈ&amWH·ÉcHh^j!ÈJW�\^wtWHeqcŠ\l·2W}ÈCyÃX8eAWHX&eN\^ƒ

cdWixAxAfmj&k!YN‰&WVfmj&X&Ž8YAx6\^]RYA‰&W•±¥«3p�ÂoamYAWie6YA\2h^YNYAWH·´X&Y}YA\2uCW‡cŠ\leAeNWHa˜h^YNWVYA‰&Wi·•Z

‹�j&W2·´WHYA‰8\„u�YN\•uC\�xA\3fmx•YA‰&W�Œ�eqhtuCfmWHjCYV|�u8h^X&YNfbwtW•±—h^YAYNf˜cdW�³µŒ�|�±¥¶•h^amkl\teAfmYA‰8·

³zŒ�eAfÆÊ2YA‰8x‡n¥–[~l›tÁl¶HZ}•zj•Œ¿|�±?n8YA‰&W•xAfmktjoh^a—YA\2ÈJW�ÂoamYNWHeAW‡u�fmx�XohrxAxNW‡u3YN‰&eA\tŽ&kl‰�h•aghrYAYNfgcŠW

ÂoamYNWHe6»6‰&\lxNWVcd\CWdÊ•cdfmWHjCYAxVh^eNW�fbYNWHeqhrYAfmwlWiaby!Ž8XËu&hrYAW‡uÄ³sxAWiWÃÌ—fbkJZm–‡¶HZ

°

‰&W�xAfmktjoh^amx6X&eN\lXohÍƒ

kCh^YAfmj&kVhrab\tj&k�YN‰&W�ÈJ\lYNYA\t·,amfmj&W6\^].YA‰&W�a˜h^YAYNf˜cdW†xNWHeAwtWVh^x?fmj&X&Ž8YAx?YN\VYA‰&W�±—«3p%ÂoamYAWie‡ZR|�x

htu&h^X&Ydh^YNfb\tj3\^]6YA‰8W!aghrYAYNfgcŠW!X&eA\&cdWHW[uCx‡nRYN‰&WHxAW´xAfmkljJh^amx�YAWHjou�YN\3ÈJW‡cd\l·´WÃfmjou„WHXoWijouCWHjCY

\r]`\tj&W!h^j&\tYA‰&WHe[Z�|�xVh2cŠ\lj&xNW‡²tŽ&WHjocdWtnRYA‰&W!hlu&hrX&YqhrYAfm\lj�xNXoWHW[u�\^]†YN‰&WÎ±—«3p´ÂoamYNWHe�fbj„ƒ

cdeNW‡h^xNWHx‡Z}Ï6\^»}WHwlWie‡nCuCŽ&W6YA\�j&\tfmxAW}fbj•YA‰8W�hlu&hrX&YAfmwlW6cd\CWdÊ•cdfmWHjCYNx†\r]oYA‰&W6a˜hrYAYAf˜cdWtnlXJWHez]ºW‡cdY

uCW[cd\leNeAWHa˜h^YNfm\lj�fmx6j&WHwlWie6\lÈ&Ydh^fmj&W‡u.Z

•zj!YA‰8fbx“Xoh^XJWHe‡nt»}W�uCfmxqcdŽ&xNx†YN‰&W�XJWHeÐ]s\leN·•h^jJcdW6\^]¥Œ�|�±“nlh^jJu•»†W6X&eN\lXJ\lxNW�h^j!h^amYNWHezƒ

johrYAfmwlW}hlu&hrX&YqhrYAfm\lj�xqcN‰&Wi·2W}YA‰ohrY:hlcN‰&fmWHwtWHxRÈoWiYAYAWie?eAWHxNŽ&amYAx?»6fmYN‰V\lj&amy�h6xAamfmkl‰CY—fbjJcdeAW‡hrxAW

fmj•cŠ\l·2X8Ž&YqhrYAfm\ljohraËcŠ\lxAY[Z

+

+

+

+

+

+

x(n)

G (n)1

G (n)1    G  (n)2

G  (n)2 

b  (n)0

f  (n)0

b  (n)1

f  (n)1

b  (n)2

f  (n)2

b     (n)M-1 b   (n)M

f     (n)M-1 f   (n)M

+LMS  Filter
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\lÈ8xAWHeNwlh^YAfm\tj•»6fmama¥ÈJWÃŽ8xAWd]sŽ8a:a˜hrYAWHe[ZVÌ&\te�j&\^»VnJ»}WÃ\tj&amy2»6fmxA‰�YA\´WH·2X&‰Jh^xAfn8HW%YA‰&W%]µhlcŠY

YA‰Jh^Y!YA‰8W•hlu&hrX&YqhrYAfm\lj$\^]�W‡hlcN‰
xNW‡cdYAfm\tjÅfmx!XJWHez]º\leA·´W‡uL, - lt¼�o&¼ - ll¼ - ½µÀqp�\^]�YA‰&W�\lYN‰&WHe

xAW[cdYAfm\lj8x‡nJŽ&xAfmj&k2h´À
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¾^ÀtxAYN\„cN‰ohrxAYNfgc¿kleqhtuCfmWHjCY‡Z

|�abYN‰&\lŽ8kl‰�YA‰&W}XJWHez]s\teA·�h^jocdW“\^]oŒ�|�±�fmx¥klWij&WHeqhramaby�xAŽ&XJWHeNfb\teRYA\�YN‰oh^Y—\^]oX8Ž&eAW†±—«3p.n

YA‰8W3k
hrfbj$fmx!\^]sYNWHj
uCW‡cdWHfmwCfmj&klamy1am\^»VZ
‹�j&W3eNW‡h^xN\lj$]s\le!YN‰oh^Y!fmx!YN‰&W�wlWHeNy htu&h^X8YAfmwlW

johrYAŽ&eNW•\r]�YA‰&W´eAWDrJW‡cdYAfm\tj cŠ\
WŠÊ•cdfmWHjCYAx!fmj1YA‰&W´a˜h^YAYNf˜cdWlZ1‘?W[cHh^Ž&xNW�YA‰&WHy h^eNW•hlu8h^X&YNW‡u

»6fmYA‰1h´xAYA\&cN‰ohrxAYAf˜c!±—«3ptƒzYzy
XJW2h^amkt\leAfmYN‰&·•nCYN‰&WHxAW�cd\CWdÊ•cdfmWHjCYAx%xA‰&\^» ·2fmxqhtu&sdŽ&xNYA·2Wij
Y

j&\tfbxNWlZ d \tfmxAW2X8eA\lXJh^k
hrYAfmj&k3h^Y%YA‰&W!\tŽ&YAX&Ž8YÃ\r] xNW‡cdYAfm\tjt'�ÈoW‡cŠ\l·2WixVfmj&X&Ž&YVj8\lfmxAW!YN\

xAW[cdYAfm\lj�'u� –lnRh^jou1cHhrŽ&xAWixÃYN‰&W2\tX&YAfm·•hraRxA\lamŽ&YNfm\lj�]s\leVYN‰&fmxVxAW[cdYAfm\lj$YA\3ÈJW!È&f˜h^xNW‡u.Z

vBwixDy{z+|f}2~i�f|9��|9���#�&���A�&z1z��i}W�T�D�f���
x����2��|9���i�1z��D�O�kz+|9�D�O�D�9z��Dy��Ty��
�D���n�
�������\�+|9xD�W�1x2���O�a�
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�
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‰&W6È8fghrx?h^jou•·´fbxdhlu&sŠŽ&xAYN·2WHjCY.j&\tfbxNW6fmjÃxNW‡cdYAfm\tj�'%��–6fmj•YAŽ&eNj!X&eA\tXoh^kCh^YNW6YA\VxNW‡cdYAfm\tj

'u��œ&n?hrjou�YA‰8W•xNfmkljohra?YA\�j&\lfmxNW!eqh^YNfm\lx•\^]�YA‰8W2xAŽJcHcdWHxNxAfmwlW3xNW‡cdYNfb\tj&x!X&eN\lkleNWHxAxNfmwlWHamy

uCWiYAWHeNfb\teqhrYAWlZ

•zj1hlu&uCfmYNfb\tj¥n.fmYVcHh^j�ÈJW!xA‰&\^»6j ³z‘?W‡hrŽC]µh[yCx‡n“–‡~l~r•
¶�YA‰Jh^Y�WHwlWij1f ]6YA‰8W!·2fmxqhtu&sdŽ&xNYzƒ

·´WHjCY?j&\lfmxNW�»}WHeAW�WHamfb·´fmjoh^YNW‡u!³ ]s\le}Wd”oh^·´X&amWln^ÈCy!eAW[uCŽocdfmj&k•YA‰&W�amW‡hreAj&fmj&kVedh^YNW�fmj2W‡htcN‰

xNW‡cdYAfm\tjo¶HntYA‰&W6xN\lamŽ&YNfb\tjVYA\•_?²JZ •�»†\tŽ&a˜uVxNYAfmamaCÈoW6È&f˜hrxAW‡u%]s\te?h^jCy<^�amWHxAx?YN‰oh^j•\lj8WlZ

°

‰8fbx

htu&uCfmYAfm\ljJh^a&È&f˜hrx�h^amxA\•X&eA\tXoh^kCh^YNWHx6YA‰&eN\lŽ&kt‰2YN‰&W�aghrYAYNfgcŠWlnohrjou!YN‰&WVcd\l·!È&fmj&W[u!W��.W‡cdY�\^]

fmjCYAeNfbj8xAf˜c•È&f˜h^xNWHx2h^jou ·2fmxqhtu&sdŽ&xNYA·´WHjCY�j&\tfbxNW2Ž&amYNfb·�h^YNWHamy•cHh^Ž8xAWHx!YN‰&W�fbj8X&Ž&YAx•YA\�YA‰8W

±—«3p�ÂoamYAWHe6YN\!eAWH·�h^fmj2²tŽ&fmYAWVcd\leNeAWHa˜hrYAW‡u.Z

‹�j&W!xA\tamŽ&YAfm\lj�YA‰ohrY�eNWH·2W[uCfmWHx�Èo\tYA‰�X&eA\tÈ&amWH·2x�cd\lj&xNfmxAYAx%\^] cN‰&\txAfmj&k3h2™GW‡cdŽ&eNxAfmwlW

± W‡h^xNYÃp&²tŽoh^eNWHx´³µ™�±—p&¶ºƒzYzyCXoW!·´WHYA‰8\„u�YA\�hlu&hrX&YVYA‰8W!aghrYAYNfgcŠW2cd\CWdÊ•cdfmWHjCYAx!fmj&xNYAW‡htu�\^]

h�·2WHYN‰&\&u�Èoh^xNW‡u�\lj�±¥«3p.Z—Ï6\^»}WHwlWHe[n.ÈJW‡cHh^Ž8xAW2\r] hlu8uCW‡u�cd\l·´X&amWd”&fbYzyCn&XJ\lxNxAfmÈ&amW•fbj„ƒ

xNYqh^È8fbamfmYzyCn?h^jou Èohlu$YAedhlcB3Cfmj&k1XoWiez]s\teA·•hrjocdW´fbj j&\tj&xAYdh^YNfb\tjoh^eNy1WHjCwCfbeN\lj&·´WHjCYAx[n?YA‰8fbx

xN\lamŽ&YAfm\tj2»6fmamaoj&\tY6ÈoWVuCfmxdcdŽ&xAxNW‡u�‰&WHeAWtZ
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•zj&xNYAW‡htu�\^]JfbjJuCWHXJWHjouCWHjCYNaby�·´fbj8fb·!fn8Hfmj&kA'#xAWiXoh^edh^YAW6cd\txAY.]ºŽ&jocdYNfb\tj&x‡nr»†W†cih^jV\tX&YAfm·2fn8HW

YN‰&W2½

Ÿ

½A¾^À8WHeAeN\le!: �	��
��
��D:O�!nT0&,����CÀ’½A¾ - ¼

Ÿ

�m0HÀ9p�]º\le�hrama:YN‰&W!���ÃZ%¹
‰&fmamW�YA‰&W :O�Éfmj

Œ�|�±�»†WieAWÃ²tŽohtuCeqhrYAf˜c�]sŽ&jJcdYAfm\lj8x�\^]?YN‰&WHfme�xNfbj8klamW�»†WHfmkt‰
YW� �ÃnR:•fmx�h•j&\lj3²tŽohlu„eqh^YNf˜c

]sŽ8jocdYAfm\tj!\^]:h^amaJYA‰&W�»}WHfmkl‰CYAx[Z

°

‰8W�kledhluCfmWHjCY}Ž&xAW[u!]º\le†htu&h^X&Ydh^YNfb\tj!fmx†xNYAfmamaoxNYA\&cN‰oh^xNYAf˜c^n

È&Ž8Y†fmY}·!Ž&xAY?ÈJW�Wiwlh^amŽoh^YNW‡u j À

Ÿ�� ¾^À˜Àqp}]s\le}YA‰8W�»6‰&\tabW�a˜h^YAYNf˜cdWlnC»6‰&f˜cN‰2j&\^»�h^X&XJW‡h^eNx hrx�h

j&\tj&amfmj&W‡h^e}YAfm·´WdƒÐu„WHXoWijouCWHjCY6xAYNeAŽocŠYAŽ&eNWlZ
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