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Õ/ÂBÃDÔ^ÃÐikj�Î5ÃDÍB03Ä^Ã;Ñ".:Æ�ÈÅ2YÑnÄ^ÃDÔ,Æ@ÃDÍ5Ä^ÃDÔ;Ù

â�ÍÝ.]ÈkÈ�03ÇBÄn=Å03ÍYÑDÜh=k4�.<Í¾ÃD8àÇBÄaËpÆ�ÈÅ2YÑnÄ^ÃDÔWÕ/.3Ñ"ÃDÍYÆ@0s2BÍeÄ^ÃDÔ�Ã;Î�Ü`Ä^ÂBÃDÍ�Ä�ÂBÃÛÍBÃ@ÉBÄMÍB03Í�ÃD8àÇBÄaËpÆ�ÈÅ2YÑnÄ^ÃDÔWÕ/.3Ñ
Æ@03ÍYÎs=GÎ5ÃDÔ^Ã;Î�Ù
é�=ÅÐ32BÔ^Ãc�:ÑnÂB01Õ,Ñ"Ä^ÂBÃRÔ^Ã;Ñn25ÈÅÄPÑó0147ÃDÍYÆ@0BÎs=ÅÍBÐ¾Ä�ÂBÃML��;ôàÖeË L��]ôÒù�ÃDÍBÍY.�=Å8Ò.1ÐsÃÛÕã=ÊÄ�ÂÝ.àæBÉÏÃ;Î¼ÔP.1ÍBÐ3Ã
Ñ�=Å9DÃpò�õ~ÇpõB÷@ÙßÁ|ÂBÃ±Î5038Ò.]=ÅÍ�ÇY0501È,Æ@03ÍYÑ�=GÑnÄ^Ã;Î+014,õ 1	N 2uÍB03ÍB01ê3ÃDÔnÈG.1ÇBÇ5=ÅÍBÐ�Ö5ÈÅ0BÆ^×BÑáÂY.;ês=ÅÍBÐpÄaÕã=TÆ@ÃuÄ^ÂBÃ
ÔP.<ÍBÐ3Ã:Ñ�=Å9DÃ3Ù:Á|ÂBÃMO78Û�"-�Õ/.3Ñ"Æ@038:ÇB2BÄ�Ã;ÎpÕ|=ÅÄ^ÂB032BÄMÇx0eÑnÄ^ÇBÔ^0BÆ@Ã;Ñ^Ñ�=ÅÍBÐYÙRî�ÈkÈ7Ä^ÂBÃRÄn=Å8:Ã;ÑóÔ^ÃDÇY0sÔ^Ä^Ã;Îp.1Ô^Ã
8:Ã;.sÑn2BÔ^Ã;Îp03Í�.1Í�8�,,â"â�ÍYÎs=ÅÐ30eô�Ô^2BÍBÍ5=ÅÍBÐ¼.<ÍÝ-|õ3õ 1ß1 ÇBÔ^0ÏÆ@Ã;Ñ�Ñn03Ô;Ù:Á|ÂBÃàÄaÕ|0±Æ@2BÔ^ê3Ã;ÑáÆ@03Ô^Ô^Ã;ÑnÇx03ÍYÎpÄ^0
03ÇBÄ©=Ê0sÍYÑ7ôøòaç�03Ä^Â�÷K.1ÍYÎuìRònç�Ã;Ñ©ÄD÷².1ÍYÎøÄ^ÂBÃ,Öx0]ÉÏÃ;ÑèÄ^0Ûé�=GÑnÂBÃDÔ;?¯Ñ�Æ�ÈG.3Ñ^Ñ�=kæ¥ÆD.1Ä©=Ê0sÍßÑ^Æ^ÂBÃD8àÃ3ÙH6�Ã/8Ò.<×3Ã/Ä^ÂBÃ
4F01ÈkÈÅ0lÕã=ÊÍBÐu03ÖYÑnÃDÔ�êl.1Än=Å03ÍYÑÂí�3Ù|î¢ÑuÃ@ÉBÇYÃ;Æ@Ä�Ã;Î�Ü/=ÅÍYÆ@Ô^Ã;.sÑ�=ÅÍBÐ*Ä^ÂBÃpÍ52B8ÛÖxÃDÔ±014ÛÆ�ÈG.3Ñ^ÑnÃ;ÑÌÑnÃ;.1ÔPÆ�ÂBÃ;Î =Å8:ÇBÔ^01ê3Ã;Î Ä^ÂBÃ O78Û�"-MÙ/Á|ÂBÃ
=ÅÍYÆ@Ô^Ã;.3ÑnÃ±Õ/.3ÑóÈG.1Ô^Ð3Ã;Ñ©ÄÛÕ�ÂBÃDÍ .pô1Ø�Æ�ÈG.3Ñ^ÑàÑnÃ;.1ÔPÆ�ÂÝÔ�ÃDÇ5ÈT.sÆ@Ã;Î¹Ä^ÂBÃ5�DØ�Æ�ÈG.3Ñ^Ñ:Ñ©Ã;.1ÔPÆ�Â`Ù�Á|Âe2YÑdÜ�8:0eÑnÄ
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é�=ÊÐs2BÔ^Ã���í�Oç8Û�,- êÏÑdÙ�Íe2B8RÖxÃDÔ/014�Æ�ÈT.sÑ^ÑnÃ;Ñã4c03Ô|Ä^ÂBÃ'L��;ôáÖ5ËRL��]ôÛùhÃDÍBÍY.R=Å8Ò.1ÐsÃ3Ù
014/Ä^ÂBÃ:ÔP.<ÍBÐ3Ã:Ö5ÈÅ0ÏÆ�×BÑWÂY.sÎ�Ä^ÂBÃ@=ÅÔRÖYÃ;Ñ©ÄW8Ò.1Ä@Æ^ÂBÃ;Ñ¢=ÊÍ¹Ã@=ÅÄ^ÂBÃDÔRÄ^ÂBÃøæYÔPÑnÄW0sÔWÄ^ÂBÃÒÑ©Ã;Æ@03ÍYÎ�ÍBÃ;.<Ô^Ã;ÑnÄ
Æ�ÈÅ2YÑnÄ^ÃDÔ;Ù

ôBÙ 4 2BÔ�Æ�ÈG.3Ñ^Ñ�=kæ¥ÆD.1Än=Å03ÍàÕã.sÑ�Æ�ÈÊÃ;.<ÔnÈÅËÛ8à03Ô^Ã7.sÆDÆ@2BÔP.1Ä^Ã|Ä^ÂY.1ÍRé�=GÑnÂBÃDÔ;?¦ÑX03ÍBÃ3Ù�é�03Ô�Ã@É�.<8:Ç5ÈÅÃ3ÜeÑnÃ;.1Ô@Æ^Â5=ÅÍBÐ
=ÅÍÝ03ÍBÃuÆ�ÈT.sÑ^ÑMÕ|=ÅÄ^Â+03ÇBÄn=Å03ÍÝô�8Ò.3Î5Ã:2YÑ¢ÈÊ05ÑnÃ 1 Ùkö 1 ÎBç�.3ÑWÆ@038àÇY.1Ô^Ã;ÎpÄ^0u4F25ÈkÈãÑnÃ;.<ÔPÆ^Â+Õ/Â5=kÈÊÃ±.�DØ�Æ�ÈG.3Ñ^Ñ/Ñ©Ã;.1ÔPÆ�Â±Õ|=ÅÄ^Â¾é�=GÑnÂBÃDÔ;?¯Ñ/Æ�ÈG.3Ñ^Ñ�=kæ¥ÆD.1Än=Å03Í�Ñ^Æ�ÂBÃD8:Ã"ÈÅ0eÑnÄG�3Ù N �MÎBç#Ä^0á4F25ÈkÈèÑnÃ;.<ÔPÆ^Â`Ù
ìBÙ/Á`0�.1ÇBÇBÔ^0e.3Æ�Â¹Ä^ÂBÃ�4c25ÈkÈ¢ÑnÃ;.<ÔPÆ^Â æ¥Î5Ã@Èk=ÊÄnË3Ü�Õ7Ã±ÍBÃDÃ;Î5Ã;Î Ä^0�ÑnÃ;.1ÔPÆ�Â�=ÅÍ*03Í5ÈÅË*.Ì4FÃDÕ Í52B8RÖYÃDÔ:0<4
Æ�ÈG.3Ñ^ÑnÃ;ÑDÜ"ÍY.18àÃ@ÈÊË3ÜMì�03Ô±õxÙ�î Æ@038àÇY.1ÔP.1Ö5ÈÅÃ�ÇxÃDÔn4c0sÔ^8Ò.1ÍYÆ@ÃpÕ/.3Ñu.1Ä^ÄP.]=ÅÍBÃ;Î#Õã=ÊÄ�Â .¹ô<õ3Ø�Æ�ÈG.3Ñ^Ñ
ÑnÃ;.1ÔPÆ�Â±Õ|=ÅÄ^Âßé�=GÑnÂBÃDÔ;?¯Ñ/Æ�ÈG.3Ñ^Ñ�=kæ¥ÆD.1Än=Å03Í�Ñ^Æ�ÂBÃD8:Ã3Ù
õYÙ/Á|ÂBÃMÆ@038:ÇBÔ^Ã;Ñ^Ña=Ê0sÍ±ÔP.1Än=Å0RÕ/.3Ñ�Ã;Þ32Y.]È`Ä^0áõ ì ö;õ±Ù�6ã=ÊÐsÂBÃDÔ,Æ@038:ÇBÔ^Ã;Ñ�Ñ�=Å03Í±ÔP.1Än=Å0eÑ|ÆD.1ÍuÖYÃM0sÖBÄP.]=ÅÍBÃ;ÎÖeËu2YÑ�=ÅÍBÐuÖ5ÈÊ0BÆ�×ÏÑ�014²Îs=kí`ÃDÔ^ÃDÍ5Ä¢Ñ�=Å9DÃ;Ñ".3Ñ|Ã@ÉBÇ5ÈG.]=ÅÍBÃ;ÎßÖxÃ@ÈÅ0lÕáÙ

é�=ÅÐ32BÔ^ÃWôàÑnÂB01Õ,Ñ|Ä^ÂBÃIOç8Û�,- .sÑ/.á4F2BÍYÆ@Än=Å03Íß014XÃDÍYÆ@0ÏÎs=ÅÍBÐ±Än=Å8:Ã"4F03Ô/Ä^ÂBÃWÑ�.18:ÃMÄ^Ã;ÑnÄ@Ñ7.sÑ�=ÅÍßé�=ÊÐs2BÔ^Ã��3Ù6�ÃMÔ�ÃD8Ò.1Ô^×uÄ^ÂBÃ"4F01ÈkÈÊ01Õ|=ÅÍBÐqí
�3Ù 4 2BÔKÃDÍYÆ@0BÎs=ÅÍBÐWÑ^Æ�ÂBÃD8:Ã�ÍBÃDÃ;Î5Ã;ÎóÈÅÃ;Ñ^ÑXÄn=Å8:Ã�Ä^0|æYÍYÎMÐs0e0BÎM8Ò.<ÄPÆ^ÂBÃ;ÑdÙKéB0sÔ`Ã@É�.<8:Ç5ÈÅÃ3Ü3.1ÍWÃDÍYÆ@0BÎs=ÅÍBÐ
æ¥Î5Ã@Èk=ÊÄnË:0<4hì5öeÙ 1 L/ÎBç�Õ/.3ÑX03ÖBÄP.l=ÊÍBÃ;ÎÛ=ÊÍ N LMÑnÃ;Æ@03ÍYÎBÑèÕ|=ÅÄ^Â:03ÇBÄn=Å03Í:ôóÕ/Â5=kÈÊÃ�=ÅÄ�Ä^0503×:öSLß/MÑnÃ;Æ@03ÍYÎBÑ
Ä^0RÔ^Ã;.3Æ�Âßì5öeÙ 1 õøÎBç Õ|=ÅÄ^Âßé�=GÑnÂBÃDÔ;?¦Ñ/Ñ�Æ^ÂBÃD8:Ã3Ù
ôBÙ/éB03ÔMÄ�ÂBÃëÆ@03ÍYÑa=TÎ5ÃDÔ�Ã;ÎÝÎ5038u.]=ÅÍÝÇx0e01È�ÜX03ÇBÄn=Å03Í�ô±Õ/.3ÑW.<Ö5ÈÊÃàÄ^0ßÔ^Ã;Î52YÆ@ÃuÄ^ÂBÃÒÆ@0s8:Ç5ÈÅÃ@Ée=ÅÄnË�014/Ä^ÂBÃ
4c25ÈkÈ²Ñ©Ã;.1ÔPÆ�Â±ÖeË±.á4�.3Æ@Ä^03Ô|014�ô 1 Ù 1 öó.<Äã.ÛÈÊ05Ñ^Ñ/0<4 1 Ù��;/WÎBç"Ù

é�=ÅÐ32BÔ^ÃWìRÑnÂB01Õ,ÑèÄ^ÂBÃ"Íe2B8RÖYÃDÔ�014²Î5038Ò.l=ÊÍYÑè=ÅÍ±Ã;.3Æ�Â±014KÄ^ÂBÃáölôRÆ�ÈÅ2YÑnÄ^ÃDÔPÑdÙ�é�=ÅÐ32BÔ^Ã;Ñ�õ:.1ÍYÎMLRÑnÂB01Õ#Ä^ÂBÃ
Ô^Ã;Ñ©25ÈÊÄ@Ñ/014�Ñ�=Å8R=kÈT.<ÔMÄ^Ã;ÑnÄPÑè4F03Ô/Ä^ÂBÃWô$Lß2RÖeË±ô$L�2g8e.1Íßé�ÔP.1ÍYÆ�=GÑ^Æ@0à=Å8Ò.1Ð3Ã3Ù
â�ÍÝ032BÔWÑ©Ä^2YÎ5ËpÄ^ÂBÃ:03ÇBÄn=Å8Ò.lÈ7Í52B8ÛÖxÃDÔW014,Æ�ÈÅ2YÑnÄ^ÃDÔ@ÑMÂY.3ÑóÍB03ÄMÖYÃDÃDÍ�=ÅÍ5ê3Ã;ÑnÄn=ÅÐe.1Ä�Ã;Î�ÙÒé�=ÅÐ32BÔ^Ã�2�Ð1=Åê3Ã;Ñ
Ä^ÂBÃIOç8Û�,- êBÑDÙ�Än=Å8:ÃRÆ@2BÔ^ê3ÃMÕ/ÂBÃDÍÌêl.1Ô^Ës=ÅÍBÐ:Ä^ÂBÃáÍe2B8RÖYÃDÔ�014èÆ�ÈÅ2YÑnÄ�ÃDÔ¢Æ@ÃDÍ5Ä^ÃDÔPÑDÙ4 2BÔ:Æ�ÈG.3Ñ^Ñ�=kæ¥ÆD.1Ä©=Ê0sÍ ÆD.1Í�ÖYÃß.1ÇBÇ5Èk=ÅÃ;Î¹Ä�0¾Ö5ÈÅ0BÆ^×BÑR014/ê1.1Ôn=G.1Ö5ÈÅÃ¾Ñ�=Å9DÃ;ÑRÃDÍY.<Ö5È�=ÅÍBÐ¹.ßÞs2Y.3Î5Ä^Ô^ÃDÃDØFÖY.sÑnÃ;Î
ÃDÍYÆ@0BÎs=ÅÍBÐ Ñ^Æ�ÂBÃD8:Ã3Ù -/.1ÍBÐ3Ã;Ñp.1ÍYÎ Î50s8Ò.]=ÅÍYÑÌ014Ò.]ÈkÈøÞs2Y.3Î5Ä^Ô^ÃDÃpÈÅÃDê3Ã@ÈGÑ�.<Ô^Ã�ÇB2BÄ±=ÅÍ Ä^ÂBÃ@=ÅÔ�ÆD.1ÍB03Í5=ÅØ
ÆD.]È"ÇY0eÑ�=ÅÄn=Å03Í`Ù Á|ÂBÃDÍ`Ü�Ä�ÂBÃßÑ�=Å9DÃß014MÄ^ÂBÃ±03ÖBÄP.l=ÊÍBÃ;Î Ö5ÈÅ0ÏÆ�×ÏÑÛ=TÑàÔ^Ã;Î52YÆ@Ã;Î Ä^0O�;2pÖ5ËÝÇ5=kÉBÃ@È¢.]ê3ÃDÔP.1Ð1=ÅÍBÐYÙ
Á|ÂBÃ:Æ�ÈÅ2YÑnÄ^ÃDÔWÆ@ÃDÍ5Ä^ÃDÔPÑM.<Ô^ÃÛÆ@038àÇB2BÄ^Ã;Î�4cÔ^0s8 Ä^ÂBÃ:ÑnÃDÄ"014�ÇBÔ^0sÓaÃ;Æ@Ä�Ã;Î¾Î50s8Ò.]=ÅÍpÖ5ÈÊ0BÆ�×ÏÑ;T-UWVX * U D X Ü�Õ/ÂBÃDÔ^Ã
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é�=ÅÐ32BÔ^ÃWìxí��/2B8RÖxÃDÔ,014�Î5038Ò.]=ÅÍYÑã=ÊÍÌÃ;.3Æ�Â±014²Ä�ÂBÃRölô:Æ�ÈÅ2YÑnÄ^ÃDÔPÑã4F03Ô|Ä^ÂBÃKL��]ôWÖ5Ë�L��;ôRù�ÃDÍBÍY.ø=Ê8u.1Ð3Ã3Ù
D X r�m ë òE7 [Z µ ò�Ï Xj ÷^÷�p£h@r���p;Ù]Ù;Ù�p�Æ� X t5Ù²6�ÃDÔ^Ã]\�.1ÍYÎM\1^BÎ5ÃDÍB03Ä^Ã"Ô^Ã;ÑnÇxÃ;Æ@Än=Åê3Ã@ÈÅËÒÄ�ÂBÃ/8R=ÅÍ5=Å8Û2B8&.1ÍYÎàÄ^ÂBÃ8Ò.lÉe=Å8R2B8�Þ32Y.sÎ5Ä^Ô^ÃDÃRÈÅÃDê3Ã@È�Ü�.1ÍYÎ`Æ  X Î5ÃDÍB03Ä�Ã;ÑMÄ^ÂBÃRÍ52B8ÛÖxÃDÔW014/Î5038Ò.]=ÅÍ�Ö5ÈÅ0BÆ^×BÑÐÏ Xj .1ÄWÞs2Y.3Î5Ä^Ô^ÃDÃÈÅÃDê3Ã@È � Ù²é�=ÅÍY.]ÈkÈÅË3Ü�.1Ä|ÃDê3ÃDÔ^ËRÈÅÃDê3Ã@ÈK0<4KÄ^ÂBÃWÞs2Y.3Î5Ä^Ô^ÃDÃ3Ü5Õ|Ã,ÃDÍYÆ@0BÎ5ÃWÄ�ÂBÃ,ÔP.<ÍBÐ3Ã,Ö5ÈÅ0BÆ^×BÑ".3Ñ�Ã@ÉÏÇ5ÈG.]=ÅÍBÃ;Î±ÖxÃDØ
4F03Ô^Ã3Ù�Á|Â52YÑDÜ3ÑnÃ;.1Ô@Æ^Â5=ÅÍBÐM=GÑ�ÆD.1Ô^Ôn=ÅÃ;Îà032BÄX4c0sÔ�Ä^ÂBÃ*�;21Ø�Îs=Å8:ÃDÍYÑ�=Å03ÍY.]Èx4cÃ;.<Ä^2BÔ^Ã/ê3Ã;Æ@Ä�03ÔPÑ�ÖB2BÄ7Æ@038:ÇB2BÄ@.1Än=Å03ÍYÑ
014|Ä^ÂBÃáÈÅÃ;.3ÑnÄWÑ^Þs2Y.1Ô^Ã;Ñ�ÃDÔ^Ô^03Ô@Ñ,.1Ô�ÃøÎ50sÍBÃW4F03ÔMÖ5ÈÅ0BÆ^×BÑM.1Ä"Ä^ÂBÃRÔ^Ã;.]È7Ñ�=Å9DÃ3ÙÐÍ"01Õ/ÍBØ[æBÈÅÄ^ÃDÔn=ÅÍBÐp.]ÈkÈ7Î5038Ò.]=ÅÍYÑ
.1ÍYÎøÔP.1ÍBÐ3Ã;ÑèÄ^0ÛÎs=Å8:ÃDÍYÑ�=Å03Í`�±2"ÂY.3Ñ�Ä^ÂBÃ".3Î5êl.1Í5ÄP.1ÐsÃ/014`Ô^Ã;Î52YÆ�=ÅÍBÐRÄ^ÂBÃ/8:ÃD8:0sÔ^ËRÔ^Ã;Þ325=ÅÔ^ÃD8àÃDÍeÄPÑ²4c0sÔ�Ä^ÂBÃ
4FÃ;.1Ä^2BÔ^ÃàÖ5ÈÊ0BÆ�×ÏÑ:.<ÍYÎ�ÑnÇYÃDÃ;Îs=ÅÍBÐ�2BÇ�Ä^ÂBÃ±Æ@038:ÇB2BÄP.<Än=Å03ÍYÑó=ÊÍ5ê301ÈÅê3Ã;Î¼=ÅÍÝÄ�ÂBÃë.]ÈÅÐ30sÔn=ÅÄ^ÂB8ßÙß6�01Õ7ÃDêsÃDÔ;Ü�=ÅÄ
=Å8:Ç5Èk=ÅÃ;Ñ"Ä^ÂY.1Ä/Ä�ÂBÃWÑn2YÆDÆ@Ã;Ñ^Ñ�014²Ä�ÂBÃM8:ÃDÄ^ÂB0BÎà=TÑ�ÍB0:8:0sÔ^ÃMÔn=ÅÐ303Ô^0s2YÑ�ÈÅËWÓn2YÑnÄn=kæYÃ;ÎÌÖeË±Á|ÂBÃD03Ô�ÃD8È�3Ù
îMÑ�Ñn2BÐ3Ð3Ã;Ñ©Ä^Ã;ÎMÖ5Ë:û|=ÅÃDÍ`Ü å ï ð ý 03ÍBÃ|8Ò.]ËM2YÑnÃ�æBÉBÃ;ÎÛÆ�ÈÅ2YÑnÄ�ÃDÔ�Æ@ÃDÍeÄ^ÃDÔ@Ñ�Æ@038:ÇB2BÄ^Ã;Îó4FÔ^038�.,ÑnÃDÄ�0<4¥ÑnÃDê3ÃDÔP.]È
=Å8Ò.1ÐsÃ;Ñ:Ä^0�.;ês01=GÎ¹Ä^ÂBÃÌÇBÔ^ÃDÇBÔ^0BÆ@Ã;Ñ^Ñ�=ÅÍBÐ¹Än=Å8:Ã±=ÅÍ5ê301ÈÅê3Ã;Î =ÅÍ#Ä^ÂBÃ¾Æ@038àÇB2BÄP.1Än=Å03Í 014ó.sÎB.1ÇBÄn=Åê3Ã¾Æ�ÈÅ2YÑnÄ�ÃDÔ
Æ@ÃDÍ5Ä^ÃDÔPÑDÙ�é�=ÅÐ32BÔ^Ãáö,ÑnÂB01Õ,ÑèÄ^ÂBÃ/ÔP.1Ä�ÃDØ�Îs=TÑ©Ä^03Ô^Än=Å03ÍuÆ@2BÔ^ê3Ã/014`Ä^ÂBÃã4c01ÈkÈÅ01Õ|=ÅÍBÐ:Ñ^Æ^ÂBÃD8àÃ;Ñ�í�é�=TÑ©ÂBÃDÔ;Ü303ÇBÄ©=Ê0sÍëôBÜ
03ÇBÄ©=Ê0sÍÒìW.1ÍYÎø03ÇBÄn=Å03ÍÒì"Õ|=ÅÄ^ÂàÇBÔ^Ã;Æ@038:ÇB2BÄ^Ã;ÎuÆ�ÈÅ2YÑnÄ^ÃDÔ|Æ@ÃDÍeÄ^ÃDÔ@Ñ|òaé�=kÉ�÷PÙ`î�ÈkÈ�Æ@2BÔ�ê3Ã;Ñ�Æ@03Ô^Ô^Ã;Ñ©ÇY03ÍYÎàÄ^0W.Mì1Ø



_����������	����
�����������������������������  	!�"#����$��%�'&������)(*$	+�� Ù]Ù;Ù

27.5

28

28.5

29

29.5

30

1234 8 24 72

P
S

N
R

(d
B

)Q

Number of classes

Both
Best

Fisher

é�=ÅÐ32BÔ^Ã"õqí�O78Û�"- êÏÑdÙ�Íe2B8RÖxÃDÔ70<4�Æ�ÈG.3Ñ�ÑnÃ;Ñè4c03Ô�Ä^ÂBÃMô$L�2MÖ5ËÒô$Lß2G8e.1Íëé�ÔP.1ÍYÆ�=GÑ^Æ@0á=Å8Ò.1Ð3Ã3Ù�-/.1ÍBÐ3Ã;Ñ�ÂY.3Î
Ä^ÂBÃ"æBÉBÃ;ÎßÑa=Ê9DÃàò�õ9Ç±õB÷@Ù�Á|ÂBÃWÎ5038Ò.l=ÊÍÌÇY0501È²Æ@03ÍYÑa=TÑ©Ä^Ã;Î±0147� 1 ô1õRÍB03ÍB01ê3ÃDÔnÈG.1ÇBÇ5=ÅÍBÐuÖ5ÈÅ0ÏÆ�×ÏÑdÙ

27.5

28

28.5

29

29.5

30

0 20 40 60 80 100 120

P
S

N
R

(d
B

)Q

Time (sec)

Both
Best

Fisher

é�=ÅÐ32BÔ^ÃKLxí`Oç8Û�,- êBÑDÙ�Än=Å8:Ãó4c03Ô|Ä^ÂBÃWô	L�2RÖ5Ëëô$Lß298e.<Í¾éBÔ@.1ÍYÆ�=GÑ^Æ@0R=Å8Ò.1Ð3Ã3Ù



���������	����
F����Â���|���	���{�7���������  	!�"#����$��%�'&������)(*$	+�� Ù]Ù;Ù>a

35.8

36

36.2

36.4

36.6

36.8

37

37.2

0 100 200 300 400 500 600 700

P
S

N
R

 (
dB

)Q

Time (sec)

144 clusters
72 clusters

288 clusters

é�=ÅÐ32BÔ^Ã`2�í>O78Û�"-�êBÑDÙ#Än=Å8:ÃÌ4c0sÔÒÄ^ÂBÃ>L��;ôpÖ5Ë<L��;ô+ù�ÃDÍBÍY.+=Å8Ò.1Ð3Ã3Ù�4¾.<ÇYÑ:014Wê1.1Ôn=Å032YÑuÑ�=Å9DÃ;Ñ±.1Ô^Ã
Æ@03ÍYÑa=TÎ5ÃDÔ�Ã;Î¹ò^ö1ôBÜ��DõsõYÜ`ô�/�/5÷@ÙÛÚèÍYÆ@0ÏÎs=ÅÍBÐÌ=GÑWÕã=ÊÄ�Â�03ÇBÄn=Å03ÍÝô�Ù9Í"03ÄPÑMÆ@03Ô^Ô�Ã;ÑnÇY03ÍYÎ¼Ä^0±Ä^ÂBÃ:Í52B8RÖYÃDÔW0<4
Æ�ÈG.3Ñ^Ñ©Ã;Ñ,ÑnÃ;.<ÔPÆ^ÂBÃ;ÎÌò£�3Ü¦ôBÜ¦ì�Ü¤õYÜ�/BÜ¯ô;õ�÷PÙ
Æ�ÈG.3Ñ^Ñ�ÑnÃ;.1ÔPÆ�Â`Ù�Á|ÂBÃ|8Ò.]É5=Å8Û2B8�ÔP.1ÍBÐ3Ã/Ñ�=Å9DÃ/Õ/.3Ñ�ìsô7ÇWì3ô/.1ÍYÎøÄ^ÂBÃ|8R=ÅÍ5=Ê8R2B8'Õ/.3Ñ�õFÇMõYÙKÁãÂBÃ,Î5038Ò.]=ÅÍ
Çx0e01È�Æ@03ÍYÑ�=GÑnÄ^Ã;Î�014²ÍB0sÍB0lêsÃDÔnÈG.1ÇBÇ5=ÅÍBÐßÑn2BÖYÑ^Þs2Y.1Ô^Ã;Ñ|ÂY.]ês=ÊÍBÐuÄnÕ|=GÆ@ÃMÄ^ÂBÃWÔ@.1ÍBÐ3ÃWÑ�=Å9DÃ3Ù|Á|ÂBÃÛÆ@038àÇBÔ^Ã;Ñ^Ñ�=Å03Í
ÔP.<Än=Å0¾Õ/.3Ñóêl.1Ô©=ÊÃ;Î�Ö5ËÝÆ�ÂY.1ÍBÐ1=ÅÍBÐ�Ä^ÂBÃuÔ^0503ÄR8:Ã;.1Í¹Ñ^Þs2Y.1Ô^ÃuÄ^01ÈÅÃDÔP.1ÍYÆ@ÃuÄ^ÂBÔ^Ã;ÑnÂB0<ÈTÎ�Ù ñëé�=ÅÐ32BÔ^Ãe/pÑnÂB01Õ,Ñ
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Ñn2YÆDÆ@Ã;Ñ�Ñ�4c25ÈYÕ�ÂBÃDÍWÖ5ÈÅ0ÏÆ�×BÑX014Yêl.1Ô©=T.<Ö5ÈÊÃ"Ñ�=Å9DÃ;ÑXÕ7ÃDÔ�Ã�2YÑnÃ;Î�Ùû81=ÅÍYÆ@Ã/032BÔKÆ�ÈG.3Ñ�Ñ�=kæ¥ÆD.1Än=Å03Í:Õ/.3Ñ�8:03Ô^Ã�.sÆDÆ@2BÔP.1Ä^Ã
Ä^ÂY.<ÍÝé�=GÑnÂBÃDÔ;?¦Ñá03ÍBÃ3Ü�Ð30e0BÎ+8Ò.1ÄPÆ�ÂBÃ;Ñ"Õ|ÃDÔ^ÃR4F032BÍYÎÝ.<ÄÛ.±Â5=ÅÐ3ÂBÃDÔáÈÅÃDê3Ã@È/014|Ä^ÂBÃëÞs2Y.3Î5Ä^Ô�ÃDÃ:ÇYÃDÔ^8ø=ÊÄ�Än=ÅÍBÐ
ÖxÃDÄ^Ä^ÃDÔWÆ@038:ÇBÔ�Ã;Ñ^Ñ�=Å03Í�ÔP.<Än=Å0eÑDÙÐ��03Ä^ÃRÂB01Õ ÃDÍYÆ@0BÎs=ÅÍBÐpÕ|=ÅÄ^ÂÌæBÉÏÃ;Î�Æ�ÈÅ2YÑnÄ�ÃDÔÛÆ@ÃDÍ5Ä^ÃDÔPÑ"032BÄ^ÇxÃDÔn4F03Ô^8:Ã;Îp.]ÈkÈ
03Ä�ÂBÃDÔ,ÃDÍYÆ@0BÎs=ÅÍBÐeÑ"=ÅÍÝÑnÇxÃDÃ;ÎÌÃ£ÔëÆ�=ÅÃDÍYÆ@Ë�Õ/Â5=kÈÅÃ:ÇBÔ^01ê3=GÎs=ÅÍBÐ±Ä^ÂBÃ:Ñ^.18àÃM=Å8Ò.1Ð3Ã:Þs2Y.]Èk=ÅÄaË3ÙáÁ|ÂBÃá4�.3Æ@Ä"Ä^ÂY.1Ä
Ä^ÂBÃ;Ñ©ÃWÆ@ÃDÍeÄ^ÃDÔ@Ñ|Õ|ÃDÔ^Ã,ÍB0sÄãÆ@0s8:ÇB2BÄ^Ã;Îu4FÔ^038'Ä^ÂBÃ"Ä^Ã;ÑnÄ�=Å8Ò.1ÐsÃWÎs=TÎ�ÍB03Ä/ÑnÃDÃD8&Ä^0RÂ5=ÅÍYÎ5ÃDÔ"Ä^ÂBÃWÑn2YÆDÆ@Ã;Ñ^Ñ|0<4
Ä^ÂBÃM8àÃDÄ^ÂB0ÏÎ�Ù�éB2BÔ^Ä^ÂBÃDÔ�Ä^Ã;ÑnÄPÑ|Õã=ÊÄ�Âß03Ä^ÂBÃDÔ�=Å8Ò.1ÐsÃ;Ñ,Æ@03Í5æYÔ�8:Ã;ÎuÄ^Â5=GÑ/Ô�Ã;Ñn25ÈÅÄ;Ù

��µ·Ä R � "���À � "b"c�3� }3{�� � _Ò~ ��d �2�fe�{ R � �f�g"/� {
Á|ÂBÃ"æYÔ@ÑnÄ,.1ÇBÇBÔ^05.3Æ^ÂuÄ^0ÒÆ�ÈÅ2YÑnÄ�ÃDÔn=ÅÍBÐÒÕ|=ÅÄ^ÂßÑ©Ã@È�4FØF03Ô^Ð5.1Í5=Å9@=ÊÍBÐ±8u.1ÇYÑè4c03Ôã4cÔP.sÆ@ÄP.]ÈY=Å8Ò.<Ð3ÃÛÆ@038àÇBÔ^Ã;Ñ^Ñ�=Å03Í
Õ/.3Ñ�ÇBÔ�03ÇY0eÑ©Ã;ÎMÖ5ËÐ4ßÃ;.sÎ50lÕ"Ñ¥.<ÍYÎWç�03ÐeÎB.1Í`Ù¯å ñ Á|ÂBÃ�Ô�ÃDÇY03Ô^Ä�Ã;Î"Ô^Ã;Ñn25ÈÅÄPÑ�Õ7ÃDÔ�Ã3Ü;ÂB01Õ|ÃDê3ÃDÔ;Ü]ÍB03ÄKÑ^.<Än=GÑ�4cËs=ÅÍBÐYÙ
Á|ÂBÃ�01íKÑnÃDÄæÜ�Õ/.3ÑXÍB03Ä�2YÑ©Ã;Î�Ü38Ò.]Ë5ÖYÃ/ÖxÃ;ÆD.12YÑnÃ|=ÅÄ�Õ|0325ÈGÎRÂY.]ê3Ã|Ô^Ã;Þs25=ÅÔ^Ã;ÎRÄ^ÂBÃ�ÍB03Ô^8Ò.]Èk=Å9;.1Än=Å03ÍàÐ1=Åê3ÃDÍ:Ö5Ë
Á|ÂBÃD0sÔ^ÃD8È�3ÜBÕ�Â5=TÆ�ÂpÂY.3Ñ|ÍB03Ä�ÖYÃDÃDÍß×5ÍB01Õ/ÍßÖ5ËuÄ^ÂBÃÛ.12BÄ�ÂB03ÔPÑDÙ�î ÈG.1Ô^Ð3ÃMÍBÃDÄnÕ|03Ô^×±Æ@03ÍYÑ�=GÑnÄ©=ÊÍBÐu014F�;2 1�1
ÍB0BÎ5Ã;Ñ/Õ/.3ÑãÃD8:Ç5ÈÅ0lËsÃ;Î�Ù7Á|Â5=GÑ�Ô^Ã;Ñn25ÈÅÄ^Ã;Î�=ÅÍ±ÈÅ03ÍBÐuÇBÔ^ÃDÇBÔ^0BÆ@Ã;Ñ^Ñ�=ÅÍBÐuÄn=Å8:Ã3Ù7ÁãÂBÃWÄ^ÔP.l=ÊÍ5=ÅÍBÐ±ÑnÄ^ÃDÇ`ÜYÎ50sÍBÃW03Í
Èk=ÅÍBÃ3Ü�Ä^0503×Òô�� 1 8R=ÅÍ52BÄ^Ã;Ñ�03Íß.k832BÍ`83ÇY.<ÔPÆMô�h
ù�ÃDÇYÑ�ú1ËW.1ÍYÎRû|=ÅÃDÍ üDð ý ÑnÂB01Õ|Ã;Î"Ä^ÂY.1ÄXÄ^ÂBÃ�Æ@0BÎ5ÃDÖY0503×WÖ5ÈÅ0BÆ^×áÄ^ÂY.1Ä`8ø=ÊÍ5=Å8R=Å9DÃ;ÑèÄ^ÂBÃ�ÈÅÃ;.3ÑnÄ�Ñ^Þs2Y.1Ô^Ã;Ñ�ÃDÔ^Ô^03Ô�àò�Ï>j	p�Éá÷`=GÑ|Ä�ÂBÃM03ÍBÃ,Ä�ÂY.1Ä|8Ò.]É5=Ê8ø=Ê9DÃ;Ñ���âGÉ>p ë ò�Ï>j[÷�� ï Ù�Á|ÂBÃMÆ@Ôn=ÅÄ^ÃDÔn=Å03Í�4c2BÍYÆ@Ä©=Ê0sÍu4c03Ô|Ä^ÂBÃWÆ�ÈÅ2YÑnÄ�ÃDÔn=ÅÍBÐ
Õ/.3Ñ|Î5Ã@æYÍBÃ;Îp.3Ñ &5rji�k * åMl2m� jn* å ��âGÉ k ð j	p�i k � ï p ò�õB÷

4F03ÔMw|w�i k w|wçr �3Ü|Õ/ÂBÃDÔ^Ã>o =GÑuÄ^ÂBÃÌÍe2B8RÖYÃDÔu014WÆ�ÈÅ2YÑnÄ^ÃDÔßÆ@ÃDÍ5Ä^ÃDÔPÑ9i k Ü/.1ÍYÎp7 k =GÑuÄ^ÂBÃ±Í52B8ÛÖxÃDÔÒ0<4
ÔP.<ÍBÐ3ÃWÖ5ÈÅ0BÆ^×BÑ*É k ð jX=ÅÍpÄ^ÂBÃRÆ�ÈÊ2YÑ©Ä^ÃDÔMÕ|=ÅÄ^ÂÌ=ÅÍYÎ5Ã@Érq�ÙY<�03Í5Ä^ÔP.1Ô�ËÒÄ^0à032BÔ¢.<ÇBÇBÔ^0e.3Æ�Â`ÜYÄ�ÂBÃWÔP.1ÍBÐsÃWÖ5ÈÅ0ÏÆ�×BÑ.1ÍYÎ¼ÍB03ÄMÄ^ÂBÃ:Æ@0ÏÎ5ÃDÖx0e0s×�Ö5ÈÅ0ÏÆ�×ÏÑá.1Ô^Ãá=ÅÍeês01ÈÅê3Ã;ÎÌ=ÅÍÝÄ�ÂBÃøÆ@0s8:ÇB2BÄP.1Än=Å03Í+0147Ä^ÂBÃ:Æ�ÈÅ2YÑnÄ^ÃDÔRÆ@ÃDÍeÄ�ÃDÔPÑDÙ:Á|ÂBÃ
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8Ò.<×3Ã;ÑMÄ^ÂBÃ±Æ@038:ÇB2BÄ@.1Än=Å03Í�014,Ä^ÂBÃ±Æ@ÃDÍeÄ�Ô^01=GÎÝÑ©Ä^ÔP.]=ÅÐ3Â5Än4F03Ô^Õ/.1ÔPÎÌÕ/ÂBÃDÍ�Ä^ÂBÃ±ù`ç-, .]ÈÅÐ303Ôn=ÅÄ^ÂB8)=GÑá2YÑnÃ;Î
4F03ÔWÄ�ÂBÃëÆ�ÈÅ2YÑnÄ^ÃDÔ©=ÊÍBÐxÙßâ�4,Õ|Ãë.3Ñ�Ñn2B8:Ã:Ä^ÂY.<ÄWÄ^ÂBÃuÔP.1ÍBÐ3ÃàÖ5ÈÊ0BÆ�×ÏÑR.1Ô^ÃuÄ^ÂBÃ:Ä�ÔP.]=ÅÍ5=ÅÍBÐ�ê3Ã;Æ@Ä^03Ô@ÑDÜ`Ä^ÂBÃDÍ�Ä^ÂBÃ
Æ@Ôn=ÅÄ^ÃDÔ©=Ê0sÍ±4F2BÍYÆ@Än=Å03Í¾ÆD.1ÍÌÖYÃMÄP.<×3ÃDÍß.3Ñ

&`r i�k * å l2m� j+* å w|w
ë
ò�É k ð j ÷)y`i k w|w ï ì òvL5÷

Á|ÂBÃ|ÍBÃ;.1Ô�Ã;ÑnÄKÍBÃ@=ÅÐ3Â5ÖY0sÔ7Æ@03ÍYÎs=ÅÄn=Å03Í:Æ@03ÍYÑ�=GÑnÄ@ÑX014Y8R=ÅÍ5=Å8R=Å9@=ÊÍBÐàÄ^ÂBÃ7Îs=GÑnÄ^0sÔ^Än=Å03ÍR8:Ã;.3Ñn2BÔ�ÃYw�w ë ò�Éá÷nyÐi k w�w ï Ü
.1ÍYÎuÄ�ÂBÃÛÆ@ÃDÍ5Ä^Ô^01=GÎu014�Ä^ÂBÃWÆ�ÈÅ2YÑnÄ^ÃDÔ"Õ|=ÅÄ^Â±=ÅÍYÎ5Ã@É6q�Ô^Ã;Î52YÆ@Ã;Ñ/Ä�0ÛÄ�ÂBÃW.1Ôn=ÅÄ^ÂB8:ÃDÄn=GÆá.;êsÃDÔP.1Ð3Ã

�7 k l2m� jn* å
ë
ò�É k ð jF÷ ì ò�25÷

î"ÍB03Ä^ÂBÃDÔÌ8:ÃDÄ^ÂB0BÎ#2YÑ�=ÅÍBÐ æBÉÏÃ;Î Æ�ÈÅ2YÑnÄ^ÃDÔ¾Æ@ÃDÍ5Ä^ÃDÔPÑÌÆ@038:ÇB2BÄ^Ã;Î 4FÔ^038 .*Ñ©ÃDÄß014RÄ^ÔP.]=ÅÍ5=ÅÍBÐ =Ê8u.1Ð3Ã;Ñ
Õ/Â5=GÆ�Â Î50eÃ;ÑuÍB03Äø=ÊÍYÆ�ÈÅ2YÎ5Ã�Ä^ÂBÃßÄ�Ã;ÑnÄ:=Å8Ò.<Ð3Ã±=GÑuÄ^ÂBÃp.1ÔPÆ�ÂBÃDÄaË5ÇYÃpÆ�ÈG.3Ñ^Ñ�=kæ¥ÆD.1Än=Å03Í ÇBÔ^Ã;ÑnÃDÍ5Ä^Ã;Î¹Ö5Ë*ç�0eÑ^Ñ
.1ÍYÎ+ä3.3Æ@03ÖYÑDÙ å üRî Æ�ÈÅ2YÑnÄ�ÃDÔøÆ@ÃDÍ5Ä^ÃDÔàòaÆD.]ÈkÈÅÃ;ÎÝ.1Ô@Æ^ÂBÃDÄnË5ÇYÃ1÷/4F03ÔW.ÌÑnÃDÄW014|Ä^ÔP.]=ÅÍ5=ÅÍBÐ�Æ@0ÏÎ5ÃDÖx0e0s×�Ö5ÈÅ0ÏÆ�×ÏÑó=GÑ
Î5Ã@æYÍBÃ;Î�.sÑ/Ä^ÂY.<Ä,ÇY.1Ô�Än=GÆ@25ÈT.<ÔWÆ@0ÏÎ5ÃDÖx0e03×ÌÖ5ÈÅ0ÏÆ�×ßÄ^ÂY.<Ä¢ÆD.1ÍpÖxÃ;ÑnÄWÆ@01ê3ÃDÔ,.]ÈkÈ�03Ä^ÂBÃDÔ@Ñ|=ÅÍpÄ^ÂBÃR2YÑn2Y.]ÈXÈÅÃ;.3ÑnÄ
Ñ^Þs2Y.1Ô^Ã;Ñ�ÑnÃDÍYÑnÃ3Ù�é�03Ô,.:ÑnÃDÄ�014²Ö5ÈÅ0BÆ^×BÑFÏ>jXÄ^Â5=GÑã=TÑ�Ä^ÂBÃMÖ5ÈÅ0BÆ^×eÏ k ÜÏ k r .1Ô^Ð�8R=ÅÍ

m
�jEw* k 8R=ÅÍ�Dð Ö w�w'Ï>jqy�ò�ÚÏ k �zÜ�ÝR÷�w|w ì

é�03Ô/.WÐ<=ÊêsÃDÍßÄ^Ã;ÑnÄ�=Å8Ò.1ÐsÃ,Ä^0:Æ@038àÇBÔ^Ã;Ñ^ÑDÜBÄ�ÂBÃ¢Æ�ÈG.3Ñ^Ña=�æ¥ÆD.<Än=Å03Í±=GÑ/Î503ÍBÃMÖ5Ë±.3Ñ^Ñ�=ÅÐ3Í5=ÅÍBÐ:Ã;.3Æ�Â±ÔP.1ÍBÐsÃ,Ö5ÈÅ0BÆ^×
.1ÍYÎpÎ5038u.]=ÅÍ�Ö5ÈÅ0ÏÆ�×pÄ^0±Ä^ÂBÃ:Æ�ÈG.3Ñ^Ñ"014|Ä^ÂBÃ:.1ÔPÆ�ÂBÃDÄaË5ÇYÃàÄ^ÂY.1ÄMÆ@0lêsÃDÔPÑ�=ÅÄMÖYÃ;ÑnÄ;Üh=�Ù¤Ã3Üx4c0sÔMÃ;.3Æ^ÂpÖ5ÈÅ0BÆ^×pÄ^ÂBÃ
ÈÅÃ;.3ÑnÄMÑ^Þs2Y.1Ô^Ã;Ñ".1ÇBÇBÔ^0]É5=Ê8u.1Än=Å03Í±=GÑ�8R=ÅÍ5=Å8R=Å9DÃ;Îp01ê3ÃDÔ,Ä�ÂBÃWÑnÃDÄ,0<47.1ÔPÆ�ÂBÃDÄaË5ÇYÃ;ÑdÙ/Á|Â5=GÑ,Îs=kí`ÃDÔPÑã4cÔ^0s8&032BÔ
.1ÇBÇBÔ�0e.3Æ�Â�=ÊÍ¹ÄnÕ|0�.3ÑnÇxÃ;Æ@ÄPÑDÙÝé�=ÅÔPÑ©ÄnÈÅË3Ü/.1Í .<ÔPÆ^ÂBÃDÄnË5ÇYÃu=GÑ:.p8àÃD8ÛÖxÃDÔ:014,Ä�ÂBÃ±Ä^ÔP.]=ÅÍ5=ÅÍBÐ Ñ©ÃDÄÛÕ�ÂBÃDÔ^Ã;.3Ñ
032BÔRÆ�ÈÅ2YÑnÄ^ÃDÔ:Æ@ÃDÍeÄ�ÃDÔPÑW.1Ô�Ã:ÍB03ÄÛÑa=ÊÍYÆ@ÃuÄ^ÂBÃDËÝ.<Ô^Ã:03ÇBÄn=Å8R=Å9DÃ;Î+ÖeË�.ÌÆ�ÈÊ2YÑ©Ä^ÃDÔn=ÅÍBÐÝ.]ÈÅÐ303Ô©=ÊÄ�ÂB8ßÙc83Ã;Æ@03ÍYÎsÈÅË3Ü
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