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O�A¶T`a&ßbK�T`JLà_áNFNG&B�P`âCP`J»F\TbJY]¶B�F\TQJ»á�à�K�TQJLa&FãXQä¶XST`B�ßbXæå¼O¹ç;è[éCê�âCP`a�ëpJL]¶B�ì+JY]¶B�íLä
A�X[Bo]ïîNJ»a&ð
ß1B�TQP`JLàÏTQBoà!ZCFCJYñ\ACB�X�DEa&P�âÃB�P!X[akFNK?ígJL]¶B�F\TQJ»á�à�K?TQJLa&F4ò#ç;J»FNG&B�P`âCP`J»F\T!X�ZNKeëkBIT`ZCBµâNPQakâ�B�P[T`J»BoX
a?D�]¶JLX[TQJLFNà�TQJLë&B�FNB�X`X�a&PbJLFN]¶JLë\JY]¶ANK&í»J»TSä&MgK?FN]ïTQZNB�áNFCG&B�PQâNPQJLF\T`X1a?D�K´âNK?PQTQJYà�ACíYK?PbâÃB�P!XQa&F
PQB�ß�K&J»F�XWK&í»ß�a\XST¯TQZNB<XQK&ß1B�åEâÃB�P!XQJLX[TQB�FNà�BeêWa�ë&B�PgTQJLß�B&òN^¯ZNB�XQB,âNPQakâ�B�P[T`J»BoX¯ß�K&ó&B¹áNFCGkB�PQð
âCPQJLF\T`X#XQACJ»T`K?îNí»BWDEa&P-îCJLa&ß�B�TQP`JLàWANXQB�X�ò�O�ç;è[é¶X�K&PQBWANXQANK?íLí»ä�î�K&XQB�]�a&F1ß1JLFpA¶TQJYK?B¯ßbK�T!à!ZCJLFCG
ô õ M�ö�÷�M�öeø¶M�ö�ù?ú½òvû$JLF\ACTQJYK?B&MvakP,ü¾K?í»TQakF4ý X¹à!ZNK&P`Kkà�T`B�P`JLX[TQJYà�X ô ö&ö�ú-K&PQB�í»a¶à�K?í	]CJLX`à�akFkT`J»FpACJ»TQJLB�X
J»FµTQB�PQßbX¯a?D	TQB�PQß�JLFNK�T`J»akFNX¯K?FN]ÏîCJUDEANP`à�K�TQJLa&F�X¯a?D:T`ZCB¾PQJY]¶GkB�þNa�ìÿâNK�TQTQB�P`FNXgTQZ�K�T�à�akFNX[TQJ»ð
TQA¶T`B,K�áNFCGkB�P`âCPQJLF\T�òp^¯ZCB�XQB�TSìWa<TSäpâÃB�XWa?D4ß�JLFpA¶TQJYK?B,ZNKeë&B�î�B�B�F�à�a&F�X[JY]¶B�P`B�]�îpäIçNB�]¶B�P`K&í
VgANPQBoK?A
a&D,èyFpëkB�X[TQJLGkK�T`J»akFÓDEa&PbJY]¶B�FkT`JUáÃà�K�T`J»akFïâNACPQâÃakXQB�X ô �?õ ú½ò�O ]¶B�T`K?JLíLB�] ]¶JYXQà�ANXQXQJLa&F
a&F
K&í»ígTQZCB�K&XQâÃB�à�T!X�a&D�â�B�P`XQa&F�K?íWJL]¶B�F\TQJ»á�à�K?TQJLa&F ANXQJLFCGæáNFNG&B�P`âCP`J»F\T�KkX�K&F JLß1âÃa&PQT`K&F\T
îCJ»akß�B�TQP`JYà+TQBoà!ZCFCJYñ\ACB¹à�K?FIîÃB�DEakACFN]IJLF��\K?JLFIB�T¯K?í½ò ô öeø¶M�ö õ ú½òpO�ç;è[é�î�K&XQB�]bakFIß�J»FpA¶T`JLK&B
ß�K?T`à!ZCJLFCG�JLF\ëka&íLë&BoXW]CJ��vB�P`B�F\T�X[T`K?GkB�X¾å¼XQB�B�ç;JLG&ACP`B�ö¾DEa&P�K?F_JLí»íLANX[TQP!K�TQJLa&FÃê��
ö&òpáNFCGkB�P`âCP`J»F\T+J»ßbK&G&B�K&à�ñkANJLXQJUT`J»akF��
� ò¶âCP`B�âCP`a¶à�BoXQXQJ»FNG�a&D:TQZNB¾áNFCG&B�PQâNPQJLF\T¯JLßbK?GkB	�
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 òpDEB�K?TQACP`B�B��pT`P`Kkà�TQJLa&F´åEBkò G�òCß�J»FpA¶T`JLK&BoêgDEP`a&ß T`ZCB�J»ßbK&G&B	�
÷Nò¶ßbK�T!à!ZCJ»FNG1a&D	á�FCG&B�PQâCP`JLFkT+JLßbK?G&BoXgDEa&P+JY]¶B�F\TQJ»á�à�K�TQJLa&F:ò

^¯ZCB�âCP`B�âCP`a¶à�BoXQXQJ»FNGWâNZNK&XQB�JYX4ópFCa�ì+F,TQa�à�a&FNXQACß�B£K&í»ß�akX[T õ�
 ð õ���� a?DpTQZCB£TQa&T`K?í?TQJLß1B
a?DNá�FCG&B�PQâCP`JLFkT#JY]¶B�F\T`JUá�à�K�T`J»akF1K&FN]1ë&B�P`J»á�à�K?TQJLa&F ô 
 úiò?^¯ZNK?T-JYX-T`ZCB+PQBoK&XQa&F�K¾à�a&FNXQJL]CB�P!K?îCíLB
K?ß�a&ACF\T+a?D-P`B�XQB�K?P!à!ZIZNKkX¯î�B�B�F_DEa¶à�ANX`XQB�]_a&FµTQZCJYX�K&PQBoKCò

Fingerprint image
      acquisition

Fingerprint image
    preprocessing

Enhancement

Ridge Extraction

   Feature extraction
e.g. minutiae extraction, 
fingerprint classification

Matching Reference fingerprint
           database

Final result

   Segmentation 
         and/or
    binarization
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B�FCZNK&FNà�B�ß�B�F\T�ò\O�íYX[a�M&ìWB�îCP`J»B�þNä�]¶JYX`à�ANX`X£K&FN]�PQB�ëpJ»B�ì XQB�Gkß1B�F\T`K�T`J»akFbK?FN]�îCJLFNK&PQJ���K?TQJLa&F
ß1B�TQZCa¶]CX�K?âCâCíLJLB�]ÏTQa�áNFCGkB�P`âCP`J»F\T+J»ßbK&G&B�X�ò
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K?í»TQB�P`FNK?TQJLFCG�P`JL]CG&B�X	K?FN]<ëeK&í»íLB�ä¶X�ò�BgakFpë&B�F\T`J»akFNK?íkJ»ßbK?GkB£âCP`a¶à�BoXQXQJ»FNG�B�FCZ�K?FNà�B�ß�B�F\T:T`B�à!Z¶ð
FCJLñ\ACBoX�K&PQB�FCa&T�ë&B�PQä´X[ACJ»T`K&îCíLB�DEa&P�K_á�FCG&B�PQâCP`JLFkT<JLßbK?GkB ô ù?ú½ò:ç;JLFCG&B�PQâNPQJLF\T<J»ßbK?GkBbB�F¶ð
ZNK?FNà�B�ß�B�F\TbK?íLG&akPQJ»TQZCßbX1K?P`B_Keë�K&J»íYK?îCíLBÏîÃa?T`Z DEakP1îNJ»FNK&PQä K&FN] GkP`Keä´íLB�ë&B�í¯J»ßbK?GkB�X�ò#O
îCJ»F�K?P`äµá�FCG&B�PQâCP`JLFkT,J»ßbK&G&B�à�a&FNXQJYXST!X�a&D£PQJY]¶GkB�X¹ß�K&PQókB�]$KkX¹akî¶RSB�à�T1å[öoê�âCJ��¶B�íLX¾K?F�]$TQZNB



�
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ANX[Bo] îpäON¾a�ëJPK&à�XSðRQ�K�RSFNK ô ö�ù�úiò�S´BIZNKeëkBIK?íYX[a$ANXQB�]ÊT`ZCJLX�B�FCZ�K?FNà�B�ß�B�F\T�K&í»Gka&P`JUT`ZCßÉJLF
a&ACP+ìWa&P`óba�ì+J»FNG�T`a�JUT!X�X[JLß�âCíLJLà�JUTSäÏK&FN]_B�íLB�G\K?FNà�B&ò
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èyF$í»J»TQB�P`K?TQACP`B<à�akFNà�B�PQFCJLFCG1áNFCGkB�P`âCP`J»F\T`X�MNXQa&ß�B<K?ACTQZCakP`X+Z�Keë&B¾ANXQB�]_TQZNB�TQB�PQß X[B�G&ß�B�FCð
T`K�T`J»akF«T`aµß�BoK?FæT`ZCB�âCP`apà�B�X`X,a?DgGkB�FCB�P`K?TQJLFCGµKµîCJLFNK?P`ä$JLß�K&G&B�DEPQakß KÏGkP`Keä\ðií»B�ë&B�í4áNF¶ð
G&B�P`âCP`J»F\T+JLß�K&G&BkòCVgACT�M�KkX+X[ANG&G&BoXST`B�]µJ»F ô ö õ ú½MpT`ZCB<ß�akX[T�ì+JY]¶B�íLäÏZCB�íL]_ëpJLB�ì K?îÃa&A¶T�XQB�G&ð
ß1B�F\T`K�T`J»akF�a?D#K1áNFCG&B�PQâNPQJLF\T¯JLßbK?GkB�JLX¯T`ZCB�âCP`a¶à�B�X`X¯a?D�XQB�âNK&P`K?TQJLa&Fµa?D;áNFCG&B�PQâNPQJLF\T+K&PQBoK
åEP`JL]¶GkB&Mpë�K?íLí»B�äbK?FN]µX[íLa&âÃB,K&PQBoK&XgJ»Fµî�B�TSìgB�B�FµPQJY]¶G&B,K?FN]Ïë�K?íLí»B�äIK?P`B�K&X!ê-DEP`a&ß�T`ZCB¾J»ßbK?GkB
îNK&à!ópG&P`a&ANFN]�ò-^¯ZCB$âCP`apà�B�X`X1a?D,XQB�Gkß�B�F\T`K?TQJLa&F JLX�ANXQB�DEANí+TQa B��pT`P`Kkà�Tba&A¶Tbß�B�K&FCJLFCG?DEACí
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