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_̀abc_db
efghijkjljmlnohnpgljqrosgtpjiqjhlglnohlootgnqunhiglnkjhlnvwnhimfghijpnhnqgijpjlposnqgijpjuxyjhmjpgllzokn{jsjhllnqjp|}ghwmfghijkjljmlnohgtiosnlfqpfg~j�jjhrsoropjko~jslfjrgplkjmgkjvoslfjijhjsglnohov~nkjoo��jmlpnhgznkjsghijovgrrtnumglnohp�sghinhivsoqnhljsgmln~jqytlnqjknglosjqoljpys~jnttghmj|}oplovlfjpjgtiosnlfqpgsjlgntosjklolfjprjmn�mgrrtnmglnohglfghk|�fjsjvosjlfjsjnpghjjkovgijhjsgtqokjtvosmfghijkjljmlnohzfnmfmoytkpyrurosllfjmfonmjovlfjorlnqgtmfghijkjljmlnohplsglujiw|�jrsjpjhlgyhn�jkgrrsogmflomfghijkjljmlnoh�gpjkohg�upljrqokjt|efghijkjljmlnohgtiosnlfqprsoropjknhlfjtnljsglysjgsjghgtwpjknhljsqpovlfjvoys�yntknhi�tom�povlfjrsoropjkqokjt|�fnpplykwnpypjvytholohtwvossj~njznhilfjplgljovlfjgslovmfghijkjljmlnoh��ylgtpovossj�hnhighknqrso~nhimfghijkjljmlnohqjlfokp��wrso~nknhiypjvytiynkjutnhjpvoslfj�jlljsypjovlfjgtiosnlfqp|
�������������
efghijkjljmlnohnpghnqroslghllootvosqghwmoquryljs~npnohgrrtnmglnohppymfgpqytlnqjkng�~nkjopys~jnttghmj�sjqoljpjhpnhi�nhljsgmln~jghknqqjspn~jigqnhi|��mnjhlghkgmmysgljljmfhnxyjpgsjsjxynsjklokjljmlghktg�jtlfjmfghijpnhnqgijpjlposnqgijpjxyjhmjp�jlzjjhkn{jsjhllnqjnhplghlp|�fjijhjsgtsjxynsjqjhlpvosmfghijkjljmlnohgtiousnlfqpgsjgmmysgmwnhlfjkjljmlnohovo��jmlmohloysp������������������ghkljqrosgtplg�ntnlwovlfjkjljmulnoh��� �¡����¡¢���£���|}osjo~js���£����¤���ghk�¡¥¦���£���gsjkjpnsg�tjvjglysjpnhgmfghijkjljmlnohgtuiosnlfq|§jhpnln~nlwsjvjsplolfjg�ntnlwovkjljmlnhimfghijpovpqgttqgihnlykj|̈o�yplhjppmgh�jpjjhgplfjrsorjslwovrso~nknhiiookgmmysgmwyhkjs~gswunhimohknlnohp�vosj©gqrtjnttyqnhglnohmfghijp|ªlfjssjxynsjqjhlpqgwgtpo�jnhlsokymjkkjrjhknhiohlfjgrrtnmglnoh|«osj©gqrtj�����¡��mohplsgnhlpovprglngtmohhjmln~nlwmgh�jgrrtnjk�nvlfnprsorjslwmfgsgmljsun¬jplfjlgsijlovlfjkjljmlnohrsomjpp|vzjkjholjlfjnqgijyhkjsljplgp®�̄°±°²��zfjsjḡhk±gsjlfjprglngtmoosknhgljp�lfjrso�tjqov

mfghijkjljmlnohmohpnplpnh�hknhi�vosjgmfvsgqj²�g�nhgswqgr³�̄°±°²��kj�hnhilfjrn©jtpnh®�̄°±°²��zfnmffg~jmfghijkznlfsjprjmllolfjsjvjsjhmjnqgij®�̄°±°́�|�fj�nhgswqgp�³�̄°±°²��sjpytlnhivsoqlfjmfghijkjljmlnohghgtwpnp�npkj�hjkgp
µ¶·̧¹̧º»¼½¾¿ÀÁÂÃÁÄÅÆÇÂÂÈÉÉÆÊÁË¶·̧¹»ÁËË¿ÌÆºÍÎÇËÃÆÉÏ¿ÐÆÑ ¶¾»Òn{jsjhlplsgljinjpmgh�jgkorljklomoqrylj³�̄°±°²�gpgvyhmlnohov®�̄°±°²�ghk®�̄°±°́�|�jrsoropjgkjmoqropnlnohovlfjmfghijkjljmlnohrso�tjqnhlovoysqg�ospljrp�hgqjtwÓ�������Ô������¡£�Ó�������£�������������Õ����¡£�ghk�¡��¥��¡�����£Ö|�fnpijhjsgtplsymulysjgttozpyplomoqrgsjlfjkn{jsjhlljmfhnxyjprsouropjknhlfjtnljsglysj|�fj�tom�kngisgqovlfjrsouropjkpmfjqjnppfozhnh«niysj×|�fjmfonmjpsjtgljklolfjmfghijkjljmlnohgtiousnlfqmoqrsnpjlfjvjglysjploj©lsgmlvsoq®�̄°±°²�ghk®�̄°±°́��lfjknplghmjqjlsnmloxyghlnvwmfghijp�ghklfjmtgppn�mglnohplsgljiwlokjljmlmfghijp|�fjpjmfonmjpgsjknpmyppjknhlfjvottoznhipjmlnohp|
Ø_ÙÚÛ�ÜÝÞ��Üßà���áâ�ãÜ�Ü�Ü�����
Øä�åÜâ���ÜÜæ��â������gmfnhrylvsgqj®�̄°±°²�nplsghpvosqjknhlolfjqoplgrrsorsngljvjglysjprgmjvoslfjprjmn�mgrrtnmglnoh|�fjsjpytlovlfjvjglysjj©lsgmlnohpljrnpgpjxyjhmj�ç�̄°±°²��ohzfnmflfjmfghijkjljmlnohorjsglnohzntt�jrjsvosqjk|�fjpnihgtç�̄°±°²�npkjsn~jkvsoqohjnqgijohtw�n|j|�nlkojpholmohlgnhqolnohnhvosqgulnoh�|�opnqrtnvwlfjholglnohnhlfnppjmlnoh�zjznttoqnllfjlnqj~gsng�tj²|�fjpnihgtç�̄°±�qgwsjrusjpjhllfj�� �£�£��è×�é�ê���ë�ìí�lfj�¡�¡�moqurohjhlpèî�ïí�osqosjmoqrtj©vjglysjp|}osjmoqurtj©vjglysjpgsjypygttwjqrtowjknhgrrtnmglnohpzfjsjlfjnttyqnhglnohovlfjpmjhjmghhol�jjgpntwqokjtjk|ðj~jttnhjpè×ñí�jkijqgrpè××í�~jmlossjrsjpjhlglnohovnqgijsjinohpè×éí�ghkgt�jkonqgijpè×êígsjj©gqrtjpovvjglysjpzfnmfgsjqosjso�ypllfghnhljhpnlwnqgijpvosmfghijkjljmlnohyhkjs~gswnhinttyqnhglnoh|ðjlypj©gqnhjlfjkn{jsjhlvjglysjp|òqjlfok�gpjkoh��¤����£�nqgijsjrsjpjhlglnohnprsjpjhljknhè×ñí|



− adaptive threshold

− empirical threshold− differentiation

− ratioing

− likelihood ratio

− on binary mask

− on binary mask and

   original image

feature analysis

− memory

index

computationreference

frame
metric

post−

processing
classification

distance 

− absolute value

− square value

− edges

− higher order statistics

− delay

− normalization

− homomorphic filter

feature 

extraction

− color space conversion

− edge detector

− level line extractor

− second order statistics
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�fnpgrrsogmfj©rtonlplfjvgmllfglgito�gtnttyqnhgulnoh~gsnglnohmfghijplfjhyq�js��ylhollfjlfjijuoqjlswovlfjtj~jttnhjp|òtj~jttnhj�nplfj�oyhkgswovgtj~jtpjl|òtj~jtpjl��mohpnplpovgttnqgijrn©jtropnlnohpznlfgtyqnhghmj~gtyjgltjgpljxygtlo��
�����̄°±��®�̄°±����� �é�
�fjnqgijmohlgnhnhilfjtj~jttnhjpmgh�jj©rsjppjk�plgslnhivsoqlfjnhryl®�̄°±��gpg��¤����£� ���ç�̄°±�|òtj~jttnhjqgrmgh�jkj�hjkgp
ç�̄°±��
½¾¿À	¶·̧¹»¼
�Ï¿ËÃ�¼¾̧̧�ÍÎÇËÃÆÉÏ¿ÐÆÍ

�ê�
zfjsj�nplfjhyq�jsovtj~jttnhjpmohpnkjsjkvosmsjuglnhilfjqgr|�gpjkohlfjpgqjrsnhmnrtjgptj~jttnhjp�gtiosnlfqp�gpjkoh��Ö��g~onknttyqnhglnoh~gsnglnohplo�jnhuljsrsjljkgpplsymlysgtmfghijpè××í|�fjypjovjkijprso~nkjpiookprglngtgmmysgmw|hgkknlnoh�pnhmjjkijqgrpgsj�nutj~jtnqgijp�lfjwgsjmoh~jhnjhlvsoqmoqurylglnohghkplosgij~njzronhlp|òholfjsnttyqnhglnohnh~gsnghlvjglysjvosmfghijkjuljmlnohnplfj��¦��¡� �Ö�|�fjgt�jkonqgijsjrsjupjhlplfjsj�jmlghmjmoqrohjhlovghnqgij�zfnmfnpnhkjrjhkjhlvsoqlfjnttyqnhglnohghkmohlgnhpqgnhtwrfwpnmgto��jmlnhvosqglnoh|vzjqokjtlfjnhljhupnlw®�̄°±�gplfjrsokymlovsj�jmlnoh́�̄°±�ghkntutyqnhglnoh��̄°±��®�̄°±��́�̄°±���̄°±��nlnproppn�tjloj©lsgmllfjsj�jmlghmjmoqrohjhl�gt�jko��wgrurtwnhigfoqoqosrfnm�tljsè×êílolfjnhrylnhljhpnulnjp|«nspl�lfjnttyqnhglnohghklfjsj�jmlghmjmoqrouhjhlgsjpjrgsgljk�wgrrtwnhigtoiu�tljs�toi®�̄°±��toí�̄°±��toi��̄°±��zfnmflsghpvosqplfjqytlnrtnmguln~jsjtglnoh�jlzjjh́�̄°±�ghk��̄°±�nhloghgkknln~johj|ðoigsnlfqnmgttwlsghpvosqjknqgijp�gpnmgttwfg~jlzoprjmlsgtmoqrohjhlp�gtozuvsjxyjhmwrjg�gppomnugljkqgnhtwznlfnttyqnhglnoh�ghkgqnkughkfnifuvsjxyjhmwrtgljgygppomngljkqgnhtwznlfsj�jmlghmj|�oj©lsgmllfjsj�jmlnohmoqrohjhl�lfjfnifvsjxyjhumnjpgsjjtnqnhgljklfsoyiftozurgpp�tljsnhi���
�¶·̧¹»¼�·���ÇÅ	¶·̧¹»������ÇÅ	¶·̧¹»�¸¶ »

lfyprso~nknhilfjnttyqnhglnohnh~gsnghlvjglysjohzfnmflfjmfghijkjljmlnohghgtwpnpmgh�jgrrtnjk|òkn{jsjhlgrrsogmfloj©lsgmlnhivjglysjpç�̄°±�vosmfghijkjljmlnohnh~ot~jpqokjtnhilfjnhljhpnlwknplsnu�ylnohovlfjpnihgt®�̄°±�|�fjqokjtnpijhjsgttwmfgsgmljsn¬jk�wsjinoh�gpjkplglnplnmp|òpjmohkosukjsqokjtnpypygttwjqrtowjklokjpmsn�jlfjtomgtnhuljhpnlwknplsn�ylnohnhgsjinohovghnqgij�vosj©gqrtjlfj~gsnghmjghklfjqjghovlfjsjinohè×�í�gxygksglnmvyhmlnohqokjtnhilfjsjinohè×ëí�osnlprgslngtkjsn~guln~jpèéí|�fjpjqjlfokp�gpjkohpjmohkuoskjsplglnpulnmpfg~j�jjhjqrtowjknhjgstwmfghijkjljmlnohljmfuhnxyjp|�fjwgsj�gpjkohqokjtnhilfjyh�hozhpnihgt|�fjwgsjholypjknhqokjshmfghijkjljmlnohghklfjwgsjsjrosljkfjsjohtwvospg�jovmoqrtjljhjpp|
ØäØåÜâ���Üâ�âß!Û�Ûhoskjslokjljmlpnihn�mghlmfghijp�vjglysjpnhlfjmyssjhlvsgqjç�̄°±°²�gsjmoqrgsjklolfopjnhgsjvujsjhmjvsgqjç�̄°±°́�|�fjsjvjsjhmjvsgqjqgw�jlfj���¤�¡��Ó�� �nhlfjpjxyjhmj�osghnqgijsjrsjpjhlnhilfj¦��"Ö�¡�£�ovlfjpmjhj|�fj�gm�isoyhkvsgqjmgh�j�©jk�osnlmgh�jyrkgljkrjsnoknmgttw|hlfjvosuqjsmgpj�nlnpypygttwgvsgqjlg�jhvsoqlfjpjxyjhmj�j|i|�lfj�splvsgqjèë�îí�|hlfjtglljsmgpj�ljqrosgtnhljisglnohovlfjrsj~noypvsgqjpè×ìínpypjk|�jsjrsjpjhllfjijhjsgtlsghpvosqglnoh#vosmoqurgsnhilfjvjglysjpgpgmoqropnlnohovgknplghmjorjsglos#$ghkgvyhmlnoh#%�polfgl&�̄°±°²��
&%�&$�ç�̄°±°²�°ç�̄°±°́���|�fjknplghmjorjsglosrsou~nkjpgrn©jttj~jtvjglysjknplghmjghkmgh�jnqrtjuqjhljkgprn©jtuznpjkn{jsjhmj�nqgijsglnonhi�~jmloskn{jsjhmj�osgkn{jsjhmjqjlsnm�gpjkohpjmohkoskjsplglnplnmp|'�Ô��¥(�����)���£���nqgijkn{jsjhlnglnoh�mgh�jj©rsjppjkgp&$�̄°±°²��ç�̄°±°²�*ç�̄°±°́�|�fnporjsglosnpgrrtnjklonhljhpnlwnqgijpsjrsjpjhlnhityqnhghmjè×ìíosmotosèîí�ghklo�nhgswqgrpsjrsjupjhlnhijkijpè××íostj~jttnhjpè×ñí|+���¡���)���£��npgknplghmjqjlsnmlfglorjsgljpoh~jmlosvjglysjp|�fj~jmlospqgwmohpnplovmotosvjglysjpossjinohvjgulysjpè×éí|�fj� �Ö�����¡sjrsjpjhlplfjsglno�jlzjjhlfj~gtyjovnhljhpnlwovlfjpgqjrn©jtnhkn{jsjhllnqj



nhplghlp� ��¶·̧¹»¼�¶·̧¹̧º»�¶·̧¹̧�» ¶�»�fnpmoqrylglnohmgh�jkohjglrn©jtosglsjinohtj~jtghknpso�ypllonttyqnhglnoh~gsnglnohp|Òn{jsujhmjqjlsnmp�gpjkoh���¡£�¡��������������mghgtpo�jypjk|�fjpjljmfhnxyjpmoqrgsjlfjnhljhpnlnjpnhgsjinohpyssoyhknhijgmfrn©jtnhç�̄°±°²�ghkç�̄°±°́��wqjghpovpoqjmfgsgmljsnplnmvyhmlnohp|òkn{jsjhmjqjlsnm�gpjkohpjmohkoskjsplglnplnmpnhgsjinoh�nplfj��"�¢¡¡�����¡è×�í��¶·̧¹̧º»¼�¼¾�����	
�
�����	������	�����¶�»

zfjsj����°���ghk����°����gsjlfj~gsnghmjghklfjqjghnh�vosmyssjhlghksjvjsjhmjnqgijp�sjprjmuln~jtw|òvljslfjknplghmjorjsglos#$�lfjnqgijp&$�̄°±°²�mgh�jvyslfjslsghpvosqjklokjsn~jlfjgmln~nlwnhkj©zfnmfnpypjkvosmfghijkjljmlnoh|hpoqjmgpjp�lfjsjupytl&$�̄°±°²�ovlfjknplghmjorjsglosnplg�jhknsjmltwgpgmln~nlwnhkj©�ghklfjvyhmlnoh#%nplfjsjvosjlfjnkjhlnlwvyhmlnoh|�©gqrtjpovlfnplsghpvosqglnoh#%gsjg�potylj~gtyj�pxygsj~gtyj�pjmohkosvoyslfoskjsqoqjhlp�ghkjkijp|�fjwmgh�jgrrtnjklokn{jsjhlprglngtpyrroslp|vlfjvjglysjpgsjnqgijnhljhpnlnjpos�nhgswqgp�p�lfglnp�jkijpostj~jttnhjp�lfj�¦�¡¥����os������¤����npgrrtnjkgvljslfjknplghmjorjsuglos� �Ö���)���£��|�fjh&�̄°±°²���&$�̄°±°²���znlf���×°é��sjrsjpjhlnhilfjg�potyljospxygsj~gtyj�sjprjmln~jtw|�¡ �£��ohsjmlghiytgsznhkozp�gsjmoqryljkzfjhvjglysjpgsjnhljhpnlwnqgijp�tyuqnhghmjosmotosmoqrohjhlp�|hlfnpmgpj�lfjnhkj©gppyqjplfjvottoznhivosq�¶·̧¹̧º»¼¾������� !"#$%&'
¶��¶�̧(̧º»��»)¶*»

zfjsj&$�̄°±°²�npjnlfjsgkn{jsjhmjnqgijosgsglnonqgij�+nplfjoskjsovlfjqoqjhl�ghk�lfjqjgh|Òn{jsjhlmoq�nhglnohov&$�̄°±°²�ghk+fg~j�jjhypjklomoqryljlfjgmln~nlwnhlj©|hè×í�&$�̄°±°²�nplfjsjpytlovnqgijkn{jsjhmnhiohtyqnhghmjnhljhpnlnjpghk+���lfglnp&�̄°±°²�npgvoyslfoskjsqoqjhl|hèé�×éí�&$�̄°±°²�nplfjsjpytlovnqgijsglnonhiohtyqnhghmj~gtyjpghk+�é|�fyp&�̄°±°²�nppjmohkoskjsqoqjhl�pfgknhiqokjt�|�fnpnhkj©ovgmln~nlwmgh�jgllsn�yljklolfjjhlnsjsjinohèéí�o~jstgrrjkznhkoznhi�oslolfjmjhlsgtrn©jtè×éí�hohuo~jstgrrjkznhkoznhi�|�fnppjmohkpotylnohrso~nkjpg�jlljsprgulngtsjpotylnoh|«nhgttw�gh��Ö�������¡�mgh�jypjkgp#%gvljslfjknplghmjqjlsnmlorso~nkjso�yplhjpplonttyqnhglnoh~gsnglnohpèîí|
Øä,dßâÛÛ�-�â�����fjnhknmglosovlfjtj~jtovgmln~nlw&�̄°±°²�moqryljknhlfjrsj~noyppjmlnohfgplo�jmtgppn�jknhohjovlfj

lzomtgppjp��¢�£Ö��os�£�¢�£Ö��|�oo�lgnhlfnpmtgpupn�mglnoh�&�̄°±°²�np�nhgsn¬jk�wlfsjpfotknhi|�fjlfsjpfotkmgh�jpjljqrnsnmgttwèé�×é�×�íosmoqryljkgkgrln~jtwè×ì�×�ê���.�ì�×ê�ïí|hlfjvosqjsmgpj�lfjlfsjpfotknp�©jkvosgttrn©jtpnhvsgqjghkgttlfjvsgqjpnhlfjpjxyjhmj|�fj~gtyjnpypygttwkjljsqnhjkj©rjsnqjhlgttw�gpjkohgtgsijkglg�gpj|hlfjtglljsmgpj�lfjlfsjpfotknpgkgrljkgmmosknhilopoqjsytjp|�omoqryljgh������¤�ghk�¡���lfsjpfotk�gsjinoh�gpjkplglnplnmgtghgtwpnpmgh�jypjknvlfjrso�g�ntnlwkjhpnlwvyhmlnohovlfjmgqjsghonpjnp�hozh|�fjplgulnplnmgtghgtwpnpnp�gpjkohqokjtnhilfjnhljhpnlwknpulsn�ylnohovhonpjè×ì�×�ê���ìí|hpljgkovlfsjpfotknhilfjkn{jsjhmjnqgij�lfnpgrrsogmfmoqrgsjplfjplgulnplnmgt�jfg~nosovgpqgtthjnif�osfookgljgmfrn©jtropnlnohnhlfjkn{jsjhmjnqgijlogqokjtovlfjhonpjlfglmoytkg{jmllfjkn{jsjhmjnqgij|�fjmoqrgsnpohnp�gpjkohgpnihn�mghmjljpl|òkn{jsjhlzgwovmoqrylnhigh������¤�ghk�¡���lfsjpfotknprsjpjhljknhè.í�zfjsjlfjprglngtmohlj©ulygtnhvosqglnohovjgmfrn©jtnplg�jhnhlogmmoyhl|�fjlfsjpfotkvoslfjljplnpgkgrljklolfjtg�jtmohpljttgulnoh³�̄°±°²�ovgêu�wuêznhkoz�|�fjhpmghhnhilfjnqgij�ohtwvoyshjnif�osnhitg�jtpnhlfjmgypgtrgslovlfjhjnif�osfook�gsjg~gntg�tj|«oslfnpsjgpoh�lfj~gtyjovlfjolfjsvoysnpgrrso©nqgljkznlflfjtg�jtpovlfjrsj~noypmtgppn�mglnoh³�̄°±°²*×�|v/�̄°±°²�kjholjplfjhyq�jsovrn©jtpkjljmljkgpmfghijknhlfjhjnif�osfook�gllnqj²�lfjhjzljpl�jmoqjp�¶·̧¹̧º»01�23� �4¶·̧¹̧º»� ¶5»
znlfñ6/�̄°±°²�6.�ghk7%npgropnln~jroljhulngtzfnmfkjljsqnhjplfjsghijov&�̄°±°²�|�fnpprgulngttwgkgrln~jlfsjpfotkgttozplfjmsjglnohovmoqrgmlghkpqoolftwpfgrjksjinohpovmfghij�ghksjkymjppmglljsjkjssospmgypjk�whonpj|òhj©ljhpnohovlfnpqjlfoknprsjpjhljknhè×êí|�jpnkjpmohlj©lygtprglngtnhvosqglnoh�ljqrosgtnhvosqglnohnpnhljisgljknhlfjmoqrylglnohovlfjgkgrln~jlfsjpfotk|hlfnpmgpj�lfjtg�jt³�̄°±°²*×�ovrn©jt�̄°±�nhlfjrsj~noypvsgqjnpgtpomohpnkjsjk|�fjprglnouljqrosgttwgkgrln~jlfsjpfuotknpin~jh�w�¶·̧¹̧º»01�23� �4¶·̧¹̧º»��2��Î��µ¶·̧¹̧º�¾»�¶8»
znlf³�̄°±°²*×�9�ñ°×��ghk7%ghk7%gsjropnln~jroljhlngtp|
ØäÙ:�Û�ÚÝ���ÜÛÛ��ã�fjsjpytlovlfjmtgppn�mglnohpljr�³�̄°±°²��npg{jmljk�wkn{jsjhl�nhkpovhonpj|�©gqrtjpgsjgslnvgmlpnhfjsujhllolfjprjmn�mmfghijkjljmlnohgtiosnlfqp�pfgkuozp�yhmo~jsjk�gm�isoyhk�ghkmgqjsghonpj�zfnmfqgw�jholmoqrtjljtwjtnqnhgljk�wlfjkjljmlnohgtuiosnlfq�|òttlfjpjpoysmjpovhonpjgsjsjprohpn�tjvosvgtpjgtgsqpnhlfjmfghijkjljmlnohqgp�³�̄°±°²�|
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