
���������	��
�����
���
��	��������������������� �����	�!��
�"$#��&%��&������%('����!)��*���+���	)*�

,�-/.103254�6�7981:	2/;+<	0 =90>-/.1?9@A03.1?�B�C179D E�2579:	?92GF�-/?9@ H�:�-/<	2525IKJA-/:	I9-/:

L�MONQPQR/PQS/TUNQM*V>WYX[ZO\Q]�MONQTUZOW�^1_+`aS/W/ZObUZOcOd�efMOg9ZO\QMONQZO\Qd h1bU_+`+NQ\QTU`+MOb3ifj�ZO]�k/R/NQ_+\+i/MOW/l�m5d5PQNQ_+]�P!h1W/cOTUW/_+_+\QTUW/c

^�n�Z�o�_+PQ_+MO\Q`aS�pGM�d o�_+W/PQPQ_+bUMO_+\�qAZObUd5NQ_+`aS/W/TU`�V>W/PQNQTUNQR/NQ_

q1\QTUW/`+_+NQZOWfifr�s�tOuOv�w5t5i/x!m5y ^1\QZ�dOi/r{z}|	~/|	uOt5i/x!m5y

•G€�•�‚OƒO„A…5‚

†a‡‰ˆ3ŠO‹•Œ�Ž/•aŽ/•a‘G’�•�•a“O•	”�‹•‡f•�ˆ3Š/•�•[•–•a—aˆ3Œ�˜š™›‘+•	‡fœO˜	”�•

Ž/Š/•	Œ	•&Œ>Ž/•	ˆ3‹>•�žAŒ	•	”�Ž9ž ‹•‡5Ÿ�˜	‡�ˆ3Š/•*˜aŽ/ˆ3‹>—a•�ž�—aŠ/•	‘+•O—aˆQ•a‘&‘+•a—a˜QŸ�•

‡/‹•ˆ3‹>˜	‡�Ž/‘+˜	—a•aŒaŒ	 �¡�•�ŒaˆQ•	‘+ˆ�¢a£!Ž/‘+•aŒ	•a‡/ˆ3‹•‡5Ÿ*•�œO•aˆQ•	‹3žU•aœ�•	‡f•�ž •

£�Œa‹•Œ�‹•‡�ˆ3Š/•�—a•	Œ	•�˜š™¥¤�•aœ	‹•”�•a‡/Œa‹>˜	‡f•�ž�Ž/•	ˆ3ˆQ•a‘+‡/Œ	 K¦�”�Ž/‹•‘+‹••

—a•�ž�œO•	ˆQ•�œO•a”�˜	‡/Œaˆ3‘+•	ˆQ•&ˆ3Š/•	ˆ&˜	§5‘�”�˜	œO•+žA‹•Œ*•O—a—a§5‘+•	ˆQ•	 G¡�•

ˆ3Š/•a‡�Ÿ�‹•¨O•G•a“aŽ/•a‘+‹•”�•a‡/ˆQ•�ž�‘+•aŒa§/ž ˆ3Œ©™ª˜	‘�”�˜	‘+•G—a˜	”�Ž9žU•a“	«*¬O•

œ	‹•”�•a‡/Œa‹>˜	‡f•�ž�Ž/•	ˆ3ˆQ•a‘+‡/ŒG­>‹> ••	  «&Ž/‘+‹•‡/ˆQ•aœ	«�Œ	—a•	‡/‡f•aœ�—aŠ/•	‘+•O—a•

ˆQ•a‘+Œ¯®° ²±OŽ/•	ˆ3‹>•�ž�Œ	•	”�Ž9ž ‹•‡5Ÿ�Œ	•a•a”�Œ�ˆQ˜�•O—a—a˜	§5‡/ˆ³™ª˜	‘G•GŒa‹UŸ�•

‡/‹ ´µ—a•	‡/ˆ�•	”�˜	§5‡/ˆ!˜š™¶ˆ3Š/•�¨O•	‘+‹>•O¢a‹3ž ‹•ˆ3£�Œ	•a•a‡�‹•‡�Ž/‘+•O—aˆ3‹>—a•	 

· ¸5¹�º/»/¼�½!¾!¿9º5ÀQ¼�¹

^�S/_GPQNQR/l/dKZÁXÂW/ZOTUPQ_GTUWKPQ`+MOW/W/_+lÃ`aS/MO\QMO`+NQ_+\QP+i*MObUZOW/c

n�TUNQS�NQS/_�l/_+ÄO_+bUZOk/]�_+W5N�ZÁX–PQd5W5NQS/_+NQTU`�`aS/MO\QMO`+NQ_+\�cO_+W/_+\QMÁÅ

NQZO\QP+i!S/MOP*MONQNQ\QMO`+NQ_+l�MGcO\Q_+MON�l/_+MOb!ZÁX³TUW5NQ_+\Q_+PQN�Z�ÄO_+\�NQS/_

k/MOPQN�NQS/\Q_+_&l/_+`+MOl/_+P&Æ uOiA|�i/~5i/vÈÇ¯É1^�S/_!TUPQPQR/_�ZÁXÊ_+Ä�MObUR/MONQTUW/c

W/ZOTUPQ_�]�Z5l/_+bUP©X[\QZO](NQS/_�PQNQMOW/l/k9ZOTUW5N�ZÁX¶NQS/_�Ë�j�oÌ_+\Q\QZO\

g9_+S/M�Ä5TUZO\�NQS/_+d*TUW/l/R/`+_�S/MOP�MObUPQZ&\Q_+`+_+W5NQbUd�\Q_+`+_+TUÄO_+l�MONQNQ_+WYÅ

NQTUZOW�Æ ÍOiAÎÈÇ¯É�Ï�Z�n�_+ÄO_+\+iA]�ZOPQN�k/\Q_+Ä5TUZOR/P�n�ZO\QÐ�MObUZOW/c*NQS/_+PQ_

bUTUW/_+P�S/MOP�\QMO\Q_+bUd�TUW5ÄOZObUÄO_+l*NQS/_�l/TU\Q_+`+N�`+ZO]�k/MO\QTUPQZOW*ZÁXÊ\Q_+MOb

MOW/l&PQd5W5NQS/_+NQTU`�`aS/MO\QMO`+NQ_+\QP+É�y!P1M!\Q_+PQR/bUN+iOTUNfMOk/k9_+MO\QP1NQS/MONAM

ÄO_+\Qd&PQTUcOW/T ÑÒ`+MOW5NÊÓ³MOW/l�`+ZO]�k/bU_+NQ_+bUd!R/W/M�ÄOZOTUl/MOg/bU_ÔÓ³PQZOR/\Q`+_

ZÁXY`aS/MO\QMO`+NQ_+\�Ä�MO\QTUMONQTUZOWfi+\QMOW/l/ZO]ÂÅ¯k/S/MOPQ_1PQk/MONQTUMObOPQMO]�k/bUTUW/c/i

S/MOP!g9_+_+W�bUMO\QcO_+bUd*Z�ÄO_+\QbUZ5ZOÐO_+l�Õ3ZO\!MON!bU_+MOPQN!R/W/l/_+\Q_+]�k/S/MÁÅ

PQTUÖ+_+l9×!g5d�NQS/_*Ë�j�oK`+ZO]�]*R/W/TUN>dOÉ�^�S/_�ZOg°ØÙ_+`+NQTUÄO_�ZÁXÔNQS/TUP

`+ZO]�]*R/W/TU`+MONQTUZOW�TUP�NQZGl/_+]�ZOW/PQNQ\QMONQ_�NQS/MON*\QMOW/l/ZO]ÚPQk/MÁÅ

NQTUMOb/PQMO]�k/bUTUW/c�W/ZOTUPQ_�cOTUÄO_+P�\QTUPQ_�NQZ&PQ_+ÄO_+\QMOb9\Q_+MOl/TUbUd�ZOg/PQ_+\QÄ°Å

MOg/bU_�k/S/_+W/ZO]�_+W/M*NQS/MON!g9_+MO\!l/TU\Q_+`+NQbUd�ZOW�ZOk/NQTU`+MObA`aS/MO\QMO`ÛÅ

NQ_+\�\Q_+`+ZOcOW/TUNQTUZOWfÉ�Ü�\Q_+MONQ_+\�MOk/k/\Q_+`+TUMONQTUZOWGZÁX–NQS/TUP&N>d5k9_�ZÁX

W/ZOTUPQ_�]�M�d&MObUPQZ&bU_+MOl*NQZ&]�ZO\Q_�\Q_+MObUTUPQNQTU`!PQd5W5NQS/_+NQTU`!`aS/MO\QMO`ÛÅ

NQ_+\!cO_+W/_+\QMONQZO\QP+É

m5k/MONQTUMOb!PQMO]�k/bUTUW/cGW/ZOTUPQ_�TUP�NQS/_�`+ZOW/PQ_+Ý5R/_+W/`+_�ZÁXÞNQS/_

\QMOW/l/ZO]�i�R/W/T X[ZO\Q]�bUd�l/TUPQNQ\QTUg/R/NQ_+l²l/TUPQk/bUMO`+_+]�_+W5N�ZÁX¥NQS/_

PQ`+MOW/W/_+\�PQMO]�k/bUTUW/c�cO\QTUlÃn�TUNQS²\Q_+PQk9_+`+NßNQZKNQS/_�`aS/MO\QMO`ÛÅ

NQ_+\QP+É�V>NQP&TU]�k9ZO\QNQMOW/`+_&bUTU_+P&TUW�NQS/_ÞX[MO`+N�NQS/MON&TUN�k/\QZ5l/R/`+_+P

`+ZO\Q\Q_+bUMONQ_+lfiA`aS/MO\QMO`+NQ_+\šÅ¯l/_+k9_+W/l/_+W5N�Ä�MO\QTUMONQTUZOW/P�NQS/MON!MÁàá_+`+N

Ë�j�o�PQd5PQNQ_+]�P�ÄO_+\Qd�l/T àá_+\Q_+W5NQbUd©X[\QZO]‰TUW/l/_+k9_+W/l/_+W5N+i/TUl/_+WYÅ

NQTU`+MObUbUd�l/TUPQNQ\QTUg/R/NQ_+l�Õ3T3É T3É lfÉ ×!k9_+\QNQR/\Qg/MONQTUZOW/P�n�TUNQS&NQS/_�PQMO]�_

PQTUcOW/MOb Å¯NQZÁÅ¯W/ZOTUPQ_G\QMONQTUZ/Éãâ/R/\QNQS/_+\Q]�ZO\Q_�i*PQR/`aSÌPQMO]�k/bUTUW/cÁÅ

k/S/MOPQ_�W/ZOTUPQ_!`+MOW/W/ZON�g9_�_+bUTU]�TUW/MONQ_+l�g5d&NQ_+`aS/W/TU`+MObfPQ`+MOW/W/_+\

\Q_ÛÑÒW/_+]�_+W5NQP+i�MObUNQS/ZOR/cOS�TUNQP�_Ûàá_+`+N�`+MOW�g9_�]�TUNQTUcOMONQ_+l�g5d

TUW/`+\Q_+MOPQTUW/c*NQS/_�PQMO]�k/bUTUW/c&\Q_+PQZObUR/NQTUZOWfÉ

V>W‰NQS/TUP�k/MOk9_+\+i�n�_�_ÛäYMO]�TUW/_�NQS/_�_Ûàá_+`+NQP�ZÁXÂPQk/MONQTUMOb

PQMO]�k/bUTUW/c³X[\QZO]$PQ_+ÄO_+\QMOb1PQNQMOW/l/k9ZOTUW5NQP+É!pG_�g9_+cOTUW�g5d�k/\Q_ÛÅ

PQ_+W5NQTUW/c�M�g/\QTU_ÛX¶NQS/_+ZO\Q_+NQTU`+MOb�MOW/MObUd5PQTUP¶X[ZO\&NQS/_�`+MOPQ_�ZÁX³|ÛÅ

l/TU]�_+W/PQTUZOW/MOb�k/MONQNQ_+\QW/P�TUWKm5_+`+NQTUZOWÃ~5É Ë!R/\�]�Z5l/_+b�S/MOP

g9_+_+W�`+ZOWYÑÒ\Q]�_+l�_ÛäYk9_+\QTU]�_+W5NQMObUbUdÞÓåm5_+`+NQTUZOW�æ�cOTUÄO_+P�l/MONQM

NQZßPQR/k/k9ZO\QN�NQS/TUP+É�V>W‰m5_+`+NQTUZOW/P�wßMOW/l‰v5i�n�_G`+ZOW/PQTUl/_+\

NQS/_�]�ZO\Q_�`+ZO]�k/bU_Ûä³`+MOPQ_!ZÁXç~ÈÅ¯l/TU]�_+W/PQTUZOW/MObOk/MONQNQ_+\QW/P!ÕQ‹> ••	  i

`aS/MO\QMO`+NQ_+\QPa×aÉ&âATUW/MObUbUdOi5n�_&PQR/]�]�MO\QTUÖ+_�NQS/_&k/MOk9_+\!MOW/l�ZÁX•Å

X[_+\�PQZO]�_!`+ZOW/`+bUR/PQTUZOW/P�TUW�m5_+`+NQTUZOW�Í5É

è éß¹!êAë>ì!íOÀQíß¼1î�·fï�ðßÀQñ²òA¹!íOÀQ¼�¹!êAë�ó�ê1í5ò

V>WGNQS/TUP&PQ_+`+NQTUZOWfi�n�_*_ÛäYk/bUZO\Q_*NQS/_�_Ûàá_+`+NQP*ZÁX{PQMO]�k/bUTUW/c

Ä�MO\QTUMONQTUZOW*TUW�ZOW/_�l/TU]�_+W/PQTUZOWfÉ1pG_!PQS/MObUbfMOPQPQR/]�_!NQS/MON�NQS/_

cO\QTUl�PQS/T X[N�TUP&M�\QMOW/l/ZO]�Ä�MO\QTUMOg/bU_&R/W/T X[ZO\Q]�bUd�l/TUPQNQ\QTUg/R/NQ_+l

Z�ÄO_+\&M�l/TUPQNQMOW/`+_�_+Ý5R/MOb�NQZ�ZOW/_�PQMO]�k/bUTUW/c�TUW5NQ_+\QÄ�MOb3É�^�S/_

l/TUcOTUNQTUÖ+_+l�k/MONQNQ_+\QWGTUP�cO_+W/_+\QMONQ_+lGg5d�PQMO]�k/bUTUW/c*MOW�MOW/MObUZOc

k/MONQNQ_+\QW�MON�TUW5NQ_+cO\QMObf`+Z5ZO\Ql/TUW/MONQ_&k9ZOTUW5NQP!Õ3PQ_+_*âATUcOR/\Q_*|	×aÉ

â/ZO\!M�PQTUW/cObU_�g/bUMO`aÐ�PQNQ\QZOÐO_�ZÁXµbU_+W/cONQSGô�õ²ö3ifl/TUcOTUNQTUÖ+MÁÅ

NQTUZOW�k/\QZ5l/R/`+_+P!M�\QR/WYÅ¯bU_+W/cONQS�ZÁXÔ÷ g/bUMO`aÐ*k/T äY_+bUP�n�TUNQS�NQS/_

X[ZObUbUZ�n�TUW/c�k/\QZOg/MOg/TUbUTUN>d�l/TUPQNQ\QTUg/R/NQTUZOW�ZOW�÷�ø

q1\fÕQ÷$õ�ù�ú ô�õKö•×�õ

û

ü ýÌþ

ö ÿ���ö T XÊù�õ

þ

ö ÿ��ß|

|��

þ

ö ÿ

�

öÚT XÊù�õ

þ

ö ÿ

t ZONQS/_+\Qn�TUPQ_

V>W�NQS/_*`+MOPQ_*ZÁX{MOW�MOW/MObUZOc�k/MONQNQ_+\QW�]�MOl/_&R/k�ZÁX{]*R/b Å

NQTUk/bU_�PQNQ\QZOÐO_+P+ifn�_�k/bUMO`+_&NQS/_&k/MONQNQ_+\QW�MObUZOW/c�M*`+Z5ZO\Ql/TUW/MONQ_

MÁäYTUP+É!y!P!n�_&PQbUTUl/_&TUN!MObUZOW/c�NQS/_�MÁäYTUP�g5d�PQ]�MObUbfMO]�ZOR/W5NQP+i

NQS/_�\Q_+PQR/bUNQTUW/c*l/TUcOTUNQTUÖ+_+l�k/MONQNQ_+\QW�`aS/MOW/cO_+P+É�pG_�PQ_+_�M*W/_+n

k/MONQNQ_+\QW�MOPAPQZ5ZOW&MOPAZOW/_�ZÁXÒNQS/_�g9ZOR/W/l/MO\QTU_+P1`+\QZOPQPQ_+P�M�PQMO]ÂÅ

k/bUTUW/c*k9ZOTUW5N+i9MOW/l�n�_�`+ZOW5NQTUW5R/_&NQZ�PQ_+_�NQS/_�PQMO]�_�k/MONQNQ_+\QW

R/W5NQTUb/MOW/ZONQS/_+\�g9ZOR/W/l/MO\Qd�`+\QZOPQPQ_+P�M&PQMO]�k/bUTUW/c!k9ZOTUW5N+É�âATUcÁÅ

R/\Q_�|�PQS/Z�n�P�M&g/TUW/MO\Qd�n�M�ÄO_ÛX[ZO\Q]²MOW/l*NQS/_!`+ZO\Q\Q_+PQk9ZOW/l/TUW/c



�
t���|���PQNQ\QTUW/cOP�k/\QZ5l/R/`+_+l�MONÊX[ZOR/\�l/T àá_+\Q_+W5N�l/TUPQk/bUMO`+_+]�_+W5NQP

ZÁXÊNQS/_&PQMO]�k/bUTUW/c�cO\QTUlfÉ

Sampling points

Bitmaps1-D pattern

Reßectance
signal

1.0

0.0

1

0

1.0

0.0

1.0

0.0

1.0

0.0

1

0

1

0

1

0

âATUcOR/\Q_*|�ø�m5k/MONQTUMObfPQMO]�k/bUTUW/c&TUW�|ÛÅ¯l/TU]�_+W/PQTUZOWfÉ

V>N�`+MOW�g9_*PQS/Z�n�W�NQS/MON�NQS/_*W5R/]*g9_+\�ZÁXµk9ZOPQPQTUg/bU_�l/TUcOT Å

NQMObAÄ�MO\QTUMONQTUZOW/P�_+Ý5R/MObUP�NQS/_�W5R/]*g9_+\�ZÁXÔg9ZOR/W/l/MO\QTU_+P&Õ3`+ZObUZO\

NQ\QMOW/PQTUNQTUZOW/Pa×!TUW�NQS/_*MOW/MObUZOc*k/MONQNQ_+\QW�ÆU|O|ÙÇ¯É*â/R/\QNQS/_+\Q]�ZO\Q_�i

cOTUÄO_+W�NQS/_�`+Z5ZO\Ql/TUW/MONQ_�bUZ5`+MONQTUZOW/P1ZÁXáNQS/_�NQ\QMOW/PQTUNQTUZOW/P1TUW*NQS/_

MOW/MObUZOc!k/MONQNQ_+\QWfi5NQS/_�l/TUPQNQMOW/`+_�NQS/_�k/MONQNQ_+\QW*`+MOW�g9_�]�Z�ÄO_+l

g9_+N>n�_+_+W�N>n�Z�PQR/`+`+_+PQPQTUÄO_&g9ZOR/W/l/MO\Qd*`+\QZOPQPQTUW/cOP�_+Ý5R/MObUP�NQS/_

\Q_+bUMONQTUÄO_!k/\QZOg/MOg/TUbUTUN>d�n�_!n�TUbUb9PQ_+_&NQS/_�`+ZO\Q\Q_+PQk9ZOW/l/TUW/c*l/TUcÁÅ

TUNQMObfk/MONQNQ_+\QWfÉ�âATUcOR/\Q_�~&k/bUZONQP{X[\Q_+Ý5R/_+W/`+TU_+PšÅ¯ZÁX•Å¯MOk/k9_+MO\QMOW/`+_

X[ZO\&NQS/_�k/MONQNQ_+\QW/P*ZÁX¶âATUcOR/\Q_�|*MON�N>n�Z�PQMO]�k/bUTUW/c�\Q_+PQZObURYÅ

NQTUZOW/P+É

resolution = 300 dpi

0.0

0.1

0.2

0.3

0.4

0.5

Pat1 Pat2 Pat3 Pat4
0.0

0.1

0.2

0.3

0.4

0.5

Pat1 Pat2 Pat3 Pat4

resolution = 303 dpi

âATUcOR/\Q_&~5ø��!TUcOTUNQTUÖ+_+l�k/MONQNQ_+\QW�k/\QZOg/MOg/TUbUTUNQTU_+P+É

y!P*M�l/TU\Q_+`+N�`+ZOW/PQ_+Ý5R/_+W/`+_�ZÁX¶PQk/MONQTUMOb�PQMO]�k/bUTUW/c�Ä�MO\QT Å

MONQTUZOWfi�n�_�W/ZONQ_�NQS/MON*PQNQ\QZOÐO_�bU_+W/cONQSßTUP�W/ZON*R/W/TU]�Z5l/MObUbUd

l/TUPQNQ\QTUg/R/NQ_+lfÉ�^�S/_�S/TUPQNQZOcO\QMO] X[ZO\&M�PQTUW/cObU_*g/bUMO`aÐ�PQNQ\QZOÐO_

S/MOP�M�PQTUl/_+bUZOg9_�ZOW�NQS/_*\QTUcOS5N!T XµTUNQP�bU_+W/cONQS�TUPµØÙR/PQN�R/W/l/_+\

MOW�TUW5NQ_+cO\QMOb1W5R/]*g9_+\!ZÁXµPQMO]�k/bUTUW/c�TUW5NQ_+\QÄ�MObUP+ifMOW/l�ZOW�NQS/_

bU_ÛX[N�T XÊTUNQP�bU_+W/cONQS�TUPÊØÙR/PQN�Z�ÄO_+\�Õ3PQ_+_�âATUcOR/\Q_&æO×aÉ

� �
	�êAëQ¾!êAº5ÀQ¼�¹�¼1î�·fï�ðßÀQñ²òA¹!íOÀQ¼�¹!êAë�ó�ê1í5ò

^1Z�NQ_+PQN�NQS/_�Ä�MObUTUl/TUN>dGZÁXÞZOR/\�]�Z5l/_+b3i!n�_�`+ZOW/l/R/`+NQ_+l

MOW�_ÛäYk9_+\QTU]�_+W5N�`+ZO]�k/MO\QTUW/c&NQS/_&k/\Q_+l/TU`+NQ_+l�MOW/l�ZOg/PQ_+\QÄO_+l

k/\QZOg/MOg/TUbUTUNQTU_+PáX[ZO\fM!PQTU]�k/bU_Ak/MONQNQ_+\QWfÉ�â/ZO\fTUW/k/R/N+iOn�_�R/PQ_+l&M

bUTUW/_+MO\fg/MO\šÅ¯`+Z5l/_µX[\QZO]²ÆU|	tªÇ¯ÉA^�S/_�k/MONQNQ_+\QW�n�MOPfk/bUMO`+_+l&n�TUNQS

NQS/_�g/MO\QP&PQbUTUcOS5NQbUd�NQTUbUNQ_+l�Õ�� ~�
+×�NQZ�PQTU]*R/bUMONQ_�M�R/W/T X[ZO\Q]

0.0

0.2

0.4

0.6

0.8

1.0

19 20 21
0.0

0.2

0.4

0.6

0.8

1.0

19 20 21

resolution = 297 dpi resolution = 303 dpi

âATUcOR/\Q_&æ5ø�m5NQ\QZOÐO_ÛÅ¯bU_+W/cONQS�S/TUPQNQZOcO\QMO]�P+É

��‘+˜O¢a•O¢a‹3ž ‹•ˆ3£

��§9•	‡/ˆ3‹���•aœ ��‘+•a• �!¢aŒ	•a‘+¨O•aœ

�!•	ˆ3ˆQ•a‘+‡ œ	‹>—aˆQ•aœ �f•aŒaˆ �/‘+•	‹•‡/‹•‡5Ÿ���¨O•a‘+•�ž•ž

w/i �5i w/i w/i æOi v5i æ t5É t/| t5É tOÍOÍ t5É tO~Ov t5É t�w9|

w/i �5i æ5i v5i æOi v5i æ t5É•|	Î t5É•|��Ot t5É•|	uOt t5É•|��OÍ

æ5i u5i æ5i v5i æOi v5i æ t5É w5t t5É ~OÎOt t5É æOÎOt t5É æOvOt

æ5i �5i w/i v5i æOi v5i æ t5É tO~ t t5É tOæ/| t5É t/|	Î

æ5i �5i w/i w/i w5i w/i w t5É ~�w t5É ~OuOæ t5É ~O~Ot t5É ~�w5æ

æ5i �5i w/i w/i æOi v5i w t5É tO~ t5É tOÍOÍ t5É tOæ/| t5É t�w5v

æ5i �5i w/i w/i æOi v5i æ t5É•|	~ t5É tOuOv t5É tOu�� t5É tOuOÍ

�!•	‘+ˆ3‹>•�ž9±/§5” |�É t t5É ÎOÍO~ t5É ÎOv�� t5É ÎOvOÎ

æ5i �5i w/i v5i æOi w/i w t t5É t/|	~ t t5É tOt��
æ5i �5i w/i w/i w5i v5i æ t t5É tOtOÍ t5É t/|	Î t5É t/|O|

æ5i u5i æ5i w/i w5i v5i æ t t5É t/|	u t5É tOtOÎ t5É t/|	v

æ5i �5i w/i w/i w5i w/i æ t t5É tOtOÍ t t5É tOt�w

æ5i u5i æ5i v5i æOi w/i w t t t5É tOtOÎ t5É tOt�w

^1MOg/bU_�|�ø�hÊäYk9_+\QTU]�_+W5NQMOb1_+Ä�MObUR/MONQTUZOW�ZÁX{MG|ÛÅ¯l/TU]�_+W/PQTUZOW/MOb

k/MONQNQ_+\QW�`+ZOW/PQTUPQNQTUW/c�ZÁX1X[ZOR/\�g/bUMO`aÐ�PQNQ\QZOÐO_+P+É

PQS/T X[NšÅ¯\QMONQ_&TUW�NQS/_&bUZOW/cOTUNQR/l/TUW/MObfl/TU\Q_+`+NQTUZOWfÉ!^�S/_�PQ`+MOW/W/TUW/c

PQk9ZONšÅ¯PQTUÖ+_�n�MOP�PQ_+N�MON�|����Ov�ZÁXÔMOW�TUW/`aSfÉ!^�S/_&\QZ�n�P!ZÁXÔNQS/_

\Q_+PQR/bUNQTUW/c*PQ`+MOW/W/_+l�k/MONQNQ_+\QW�n�_+\Q_�R/PQ_+l�MOP�|ÛÅ¯l/TU]�_+W/PQTUZOW/MOb

PQMO]�k/bU_+P+Éß^�S/_�NQZONQMOb�W5R/]*g9_+\�ZÁX¶k/MONQNQ_+\QW/P�PQZGZOg/NQMOTUW/_+l

n�MOP!~OÍ��5É

V>W/l/TUÄ5TUl/R/MOb�PQNQ\QZOÐO_�n�TUl/NQS/PAn�_+\Q_�_+PQNQTU]�MONQ_+l¶X[\QZO]KM!k9ZO\šÅ

NQTUZOW�ZÁX–NQS/_�PQMO]�k/bU_*PQ_+N�Õa|	Í/|*ZÁX¶NQS/_�k/MONQNQ_+\QW/Pa×aÉ�^�S/_+PQ_

n�_+\Q_�R/PQ_+l�NQZ�k/\Q_+l/TU`+N�NQS/_�k9ZOPQPQTUg/bU_�l/TUcOTUNQTUÖ+_+l�k/MONQNQ_+\QW/P

MOW/l�NQS/_+TU\!\Q_+PQk9_+`+NQTUÄO_*k/\QZOg/MOg/TUbUTUNQTU_+P�ZÁXÔMOk/k9_+MO\QMOW/`+_�É�^�S/_

\Q_+PQR/bUNQP&n�_+\Q_�NQS/_+WG`+ZO]�k/MO\Q_+l�NQZ�NQS/_*ZOg/PQ_+\QÄO_+l X[\Q_+Ý5R/_+WYÅ

`+TU_+PÊX[ZO\ANQS/_�\Q_+]�MOTUW/l/_+\fZÁXÒNQS/_�PQMO]�k/bU_1PQ_+N�Õa|	tOÍ�k/MONQNQ_+\QW/Pa×aÉ

^1MOg/bU_�|�k/\Q_+PQ_+W5NQP!NQS/TUP�l/MONQM/É

m5TU]�TUbUMO\1_ÛäYk9_+\QTU]�_+W5NQP�n�_+\Q_�`+MO\Q\QTU_+l�ZOR/N�n�TUNQS�ZONQS/_+\&|ÛÅ

l/TU]�_+W/PQTUZOW/MObfk/MONQNQ_+\QW/P�ÆU|O|ÙÇ¯É�V>W�MObUbA`+MOPQ_+P&n�_©X[ZOR/W/l�NQS/MON

ZOR/\�PQk/MONQTUMOb&PQMO]�k/bUTUW/cG]�Z5l/_+b�`+ZOR/bUlKk/\Q_+l/TU`+N�NQS/_G]�ZOPQN

`+ZO]�]�ZOW�l/TUcOTUNQMOb5k/MONQNQ_+\QW/P+i/MOW/l�MObUPQZ&k/\QZ�Ä5TUl/_�M&\Q_+bUMONQTUÄO_+bUd

MO`+`+R/\QMONQ_�_+PQNQTU]�MONQ_*ZÁX–NQS/_+TU\©X[\Q_+Ý5R/_+W/`+TU_+PšÅ¯ZÁX•Å¯MOk/k9_+MO\QMOW/`+_�É

ef_+PQP�NQS/MOWK|	t��(ZÁX¶NQS/_�k/MONQNQ_+\QW/P*TUWß_+MO`aSß`+MOPQ_�l/TUl�W/ZON

g9_+bUZOW/cGNQZGNQS/_�k/\Q_+l/TU`+NQ_+lKPQ_+N�ZÁX³Ä�MO\QTUMONQTUZOW/P+É�V>N�TUP*_+Ä5T Å

l/_+W5N�NQS/_+\Q_�MO\Q_�ZONQS/_+\ÔX[MO`+NQZO\QP1NQS/MON�MÁàá_+`+N�NQS/_�l/TUcOTUNQTUÖ+MONQTUZOW

k/\QZ5`+_+PQP+i�]�MOW5d�\Q_+bUMONQ_+lGNQZ�NQS/_*PQ`+MOW/W/TUW/c�S/MO\Ql/n�MO\Q_*MOW/l

l/T �Â`+R/bUN�NQZ&MOW/MObUd5Ö+_�i/g/R/N�`+bU_+MO\QbUd*\QMOW/l/ZO]ÂÅ¯k/S/MOPQ_�W/ZOTUPQ_�TUW

PQMO]�k/bUTUW/c�TUP�TUNQPQ_+b XÔM�]�MÈØÙZO\ÔX[MO`+NQZO\�n�ZO\QNQS�PQNQR/l/d5TUW/c/É



� � ¼�½!òfëQíGî+¼�»�èAï�ðßÀQñ²òA¹!íOÀQ¼�¹!êAë�ó�ê1í5ò

p�S/TUbU_*|ÛÅ¯l/TU]�_+W/PQTUZOW/MOb9k/MONQNQ_+\QW/P�MO\Q_&MO]�_+W/MOg/bU_!NQZ�\QTUcÁÅ

ZO\QZOR/P�MOW/MObUd5PQTUP+i&]�ZO\Q_�`+ZO]�k/bU_Ûä ~ÈÅ¯l/TU]�_+W/PQTUZOW/MOb!PQS/MOk9_+P

Õ+•	  Ÿ5  ifk/\QTUW5NQ_+l�`aS/MO\QMO`+NQ_+\QPa×&MO\Q_�W/ZON+É&V>W�NQS/TUP�PQ_+`+NQTUZOWfiAn�_

l/_+PQ`+\QTUg9_*MOW�_+]�k/TU\QTU`+MObf]�Z5l/_+bçX[ZO\�`aS/MO\QMO`+NQ_+\QTUÖ+TUW/c�l/TUcOTUNQT Å

Ö+MONQTUZOW�W/ZOTUPQ_�TUW�~ÈÅ¯l/TU]�_+W/PQTUZOW/MOb/k/MONQNQ_+\QW/P+É

pG_�MOPQPQR/]�_�M&PQMO]�k/bUTUW/c�cO\QTUl�ZÁXáPQÝ5R/MO\Q_!`+_+bUbUP�MO\Q\QMOW/cO_+l

TUW�ÄO_+\QNQTU`+MOb&`+ZObUR/]�W/P*MOW/lKS/ZO\QTUÖ+ZOW5NQMOb�\QZ�n�P+É$h1MO`aSK`+_+bUb

`+Z�ÄO_+\QP�MOW*MO\Q_+M�_+Ý5R/MOb9NQZ&ZOW/_�R/W/TUN+i5n�S/TU`aS�TUP�MObUPQZ�NQS/_!PQTUÖ+_

ZÁX{M�k/T äY_+b3É�âATUcOR/\Q_*w�TUbUbUR/PQNQ\QMONQ_+P�NQS/_*Ä�MO\QTUMOg/TUbUTUN>d�`+MOR/PQ_+l

g5d�l/T àá_+\Q_+W5N!k/bUMO`+_+]�_+W5NQP�ZÁXÔNQS/_�PQMO]�k/bUTUW/c&cO\QTUlfÉ�j�bU_+MO\QbUdOi

T XÔNQS/_�cO\QTUl�TUP!k9_+\šX[_+`+NQbUd�MObUTUcOW/_+l�n�TUNQS�NQS/_�g/TUNQ]�MOk�g9_+TUW/c

PQMO]�k/bU_+lfi1_+MO`aSß`+_+bUb�n�TUbUb�`+Z�ÄO_+\�_ÛäYMO`+NQbUdGZOW/_�k/T äY_+b!Õ+•	  Ÿ5  i

NQS/_�R/k/k9_+\�k9ZO\QNQTUZOW�ZÁX{âATUcOR/\Q_&w5×aÉ&Ï�Z�n�_+ÄO_+\+iATUW�NQS/_�`+MOPQ_

NQS/_�cO\QTUl�TUP!PQS/T X[NQ_+lfiA`+_+bUbUP!]�M�d�Z�ÄO_+\QbUMOk�PQ_+ÄO_+\QMOb�k/T äY_+bUP!ZÁX

l/T àá_+\Q_+W5N�`+ZObUZO\QP�Õ+•	  Ÿ5  i�NQS/_�bUZ�n�_+\&k9ZO\QNQTUZOWGZÁX¶âATUcOR/\Q_�w5×aÉ

x�W/l/_+\!ZOR/\�]�Z5l/_+b3i5n�_�l/_+`+TUl/_&M�`+_+bUbATUP�n�S/TUNQ_�T XÊNQS/_�MO\Q_+M

TUN�`+Z�ÄO_+\QP�TUP�]�ZO\Q_!n�S/TUNQ_�NQS/MOW�g/bUMO`aÐ9É

âATUcOR/\Q_�w/ø���MO\QTUMONQTUZOW�l/R/_�NQZ*PQMO]�k/bUTUW/c�cO\QTUl�k/bUMO`+_+]�_+W5N+É

V¯X–NQS/_�TUW5NQ_+cO\QMOb�ZÁX–NQS/_�k9ZOTUW5N�PQk/\Q_+MOl X[R/W/`+NQTUZOW�TUP�MOkYÅ

k/\QZÈäYTU]�MONQ_+bUd�bUTUW/_+MO\�W/_+MO\�NQS/_GNQS/\Q_+PQS/ZObUlfi�NQS/_+W‰NQS/_G_ÛX•Å

X[_+`+NQP*ZÁX¶NQS/\Q_+PQS/ZObUlßÄ�MO\QTUMONQTUZOWG`+MOW�g9_�MOk/k/\QZÈäYTU]�MONQ_+l�g5d

M&\QMOW/l/ZO]²l/TUPQk/bUMO`+_+]�_+W5N1ZÁXçNQS/_�PQMO]�k/bUTUW/c!l/_+bUNQM³X[R/W/`+NQTUZOW

Õ3PQMO]�k/bUTUW/c&PQk9ZONa×�n�TUNQS�\Q_+PQk9_+`+N�NQZ*NQS/_&_+l/cO_�TUW�NQS/_�TUW/k/R/N

TU]�MOcO_*ÆU|O|ÙÇ¯É*Ï�Z�n�_+ÄO_+\+i1PQR/`aSGMOW�MOk/k/\QZÈäYTU]�MONQTUZOW�TUP�Ä�MObUTUl

ZOW/bUd!ZOW�MONfNQS/ZOPQ_�_+l/cO_�k9ZOTUW5NQPfTUW�NQS/_�Ä5TU`+TUW/TUN>d!ZÁX°n�S/TU`aS&NQS/_

_+l/cO_�TUP�\QZOR/cOS/bUd*PQNQ\QMOTUcOS5N+É�^�S/_�MOk/k/\QZÈäYTU]�MONQTUZOW&l/Z5_+P�W/ZON

\Q_��Ò_+`+N�MO`+`+R/\QMONQ_+bUdOiYX[ZO\�_ÛäYMO]�k/bU_�iONQS/_!\QZOR/W/lYÅ¯R/k*k/S/_+W/ZO]ÂÅ

_+W/MGMON�`+ZO\QW/_+\QP�TUW/l/R/`+_+lßg5d�NQS/_�PQ_+W/PQZO\�� P*k9ZOTUW5N�PQk/\Q_+MOl

X[R/W/`+NQTUZOWfÉGpG_*NQS/_+\Q_ÛX[ZO\Q_�MOk/k/bUd�MOW�MOl/l/TUNQTUZOW/MOb�g/bUR/\Q\QTUW/c

k/\QZ5`+_+PQP�MON!NQS/_&`+ZO\QW/_+\QP�ZÁXÔM*`+ZOW5NQZOR/\!k/\QTUZO\�NQZ*NQS/\Q_+PQS/ZObUl

Ä�MO\QTUMONQTUZOWfÉ

âATUcOR/\Q_�v5Õ3M5×�PQTU]*R/bUMONQ_+P*\QMOW/l/ZO]ÂÅ¯k/S/MOPQ_�PQk/MONQTUMOb�PQMO]ÂÅ

k/bUTUW/c�ZOWGNQS/\Q_+_�TUW/PQNQMOW/`+_+P�ZÁX–MG|	~ÈÅ¯k9ZOTUW5N&Ï�_+bUÄO_+NQTU`+M	�UL
�UÉ

âATUcOR/\Q_�v5Õ3g9×�TUP&NQS/_�PQMO]�_�\Q_ÛX[_+\Q_+W/`+_�`aS/MO\QMO`+NQ_+\*l/TUcOTUNQTUÖ+_+l

n�TUNQSGM�PQ]�MObUb1MO]�ZOR/W5N!ZÁX{TUW/l/_+k9_+W/l/_+W5N+i�TUl/_+W5NQTU`+MObUbUd�l/TUPšÅ

NQ\QTUg/R/NQ_+l‰NQS/\Q_+PQS/ZObUl‰W/ZOTUPQ_�É(^�S/_G_Ûàá_+`+NQP�ZÁXÞ`+ZO]*g/TUW/TUW/c

\QMOW/l/ZO]ÂÅ¯k/S/MOPQ_�PQMO]�k/bUTUW/c�n�TUNQS*NQS/\Q_+PQS/ZObUl�W/ZOTUPQ_�MO\Q_�TUbUbUR/PšÅ

NQ\QMONQ_+l�TUW�âATUcOR/\Q_�v5Õ3`	×aÉÃâ/ZO\*`+ZO]�k/MO\QTUPQZOWfi�âATUcOR/\Q_�v5Õ3l9×

PQS/Z�n�P�NQS/\Q_+_�PQ`+MOWYÅ¯l/TUcOTUNQTUÖ+_+lÃPQMO]�k/bU_+P�k/\QTUW5NQ_+lÃR/PQTUW/cKM

ÍOtOt&l/k/TfbUMOPQ_+\Qk/\QTUW5NQ_+\+É

(d) scanned(b) threshold(a) spatial (c) combined

âATUcOR/\Q_&v5ø�m5d5W5NQS/_+PQTUÖ+_+l�MOW/l�\Q_+MObA`aS/MO\QMO`+NQ_+\!g/TUNQ]�MOk/P+É

� �
	�êAëQ¾!êAº5ÀQ¼�¹ ¼1î�èAï�ðßÀQñ²òA¹!íOÀQ¼�¹!êAë�ó�ê1í5ò

V>W�NQS/TUP�PQ_+`+NQTUZOWfifn�_&k/\Q_+PQ_+W5N�M*PQNQR/l/d�ZÁXÔNQS/_&_Ûàá_+`+NQP&ZÁX

PQk/MONQTUMOb Å¯PQMO]�k/bUTUW/c�ZOWßNQS/_�PQS/MOk9_�ZÁX³~ÈÅ¯l/TU]�_+W/PQTUZOW/MOb�k/MONšÅ

NQ_+\QW/P+É

pG_Gg9_+cOTUWÃg5dK`+ZOW/PQTUl/_+\QTUW/cKPQZO]�_GPQTU]�k/bU_�PQNQMONQTUPQNQTU`+MOb

]�_+MOPQR/\Q_+P+É�âATUcOR/\Q_�Í�PQS/Z�n�P�NQS/_�l/TUPQNQTUW/`+N�_Ûàá_+`+NQP�ZÁX–NQS/_

PQMO]�k/bUTUW/c�k/S/_+W/ZO]�_+W/ZOW�ZOWGNQS/_�]�_+MOPQR/\Q_+lGMO\Q_+M¥X[ZO\�ÎOtOt

TUW/PQNQMOW/`+_+P&ZÁX{MG|	~ÈÅ¯k9ZOTUW5N�j�ZO]�k/R/NQ_+\&L�Z5l/_+\QW�m5MOW/P&m5_+\QT X

� _��UÉ�Ï�TUPQNQZOcO\QMO]$Õ3M5×1TUPµX[ZO\�PQk/MONQTUMOb9PQMO]�k/bUTUW/c/i5Õ3g9×ÔX[ZO\�T3É T3É lfÉ

NQS/\Q_+PQS/ZObUl�W/ZOTUPQ_�i�Õ3`	×³X[ZO\�NQS/_�`+ZO]*g/TUW/_+l�_Ûàá_+`+NQP�ZÁX{PQMO]ÂÅ

k/bUTUW/c!MOW/l�NQS/\Q_+PQS/ZObUl*Ä�MO\QTUMONQTUZOWfi�MOW/l�Õ3l9×ÊX[ZO\1\Q_+MOb/PQ`+MOW/W/_+l

`aS/MO\QMO`+NQ_+\QP+É�m5TU]�TUbUMO\QbUdOi+âATUcOR/\Q_ ��PQS/Z�n�P1PQNQ\QZOÐO_ÛÅ¯n�TUl/NQS&S/TUPšÅ

NQZOcO\QMO]�P³X[ZO\�NQS/_�PQMO]�_�PQ_+NQP�ZÁX¶`aS/MO\QMO`+NQ_+\QP+ÉKV>N�TUP*Ý5R/TUNQ_

`+bU_+MO\+iáX[ZO\!_ÛäYMO]�k/bU_�i9NQS/MON!M�ÄO_+\QMOcO_&PQNQ\QZOÐO_�n�TUl/NQS�TUP!]�ZO\Q_

MÁàá_+`+NQ_+l�g5d�PQMO]�k/bUTUW/c�NQS/MOW�g5d�NQS/\Q_+PQS/ZObUl�W/ZOTUPQ_�É

r�_ÛäYN+i�n�_�`+ZOW/PQTUl/_+\�NQS/_�_Ûàá_+`+NQP�ZÁX¶l/TUcOTUNQTUÖ+MONQTUZOWGZOWßM

`aS/MOTUWYÅ¯`+Z5l/_�\Q_+k/\Q_+PQ_+W5NQMONQTUZOW*ZÁXÒNQS/_�`aS/MO\QMO`+NQ_+\�� P�g9ZOR/W/l/MO\QdOÉ

y�`aS/MOTUWYÅ¯`+Z5l/_�`+ZOW/PQTUPQNQP�ZÁXáM&PQNQ\QTUW/c&ZÁXáPQd5]*g9ZObUPA\Q_+k/\Q_+PQ_+W5NšÅ

TUW/c�NQS/_�ÄO_+`+NQZO\QP³ØÙZOTUW/TUW/c�N>n�Z�W/_+TUcOS5g9ZO\QTUW/c�k/T äY_+bUP�MObUZOW/c

NQS/_�g9ZOR/W/l/MO\Qd!ZÁXYM�PQS/MOk9_!Æ wÁÇ¯ÉApG_1]�_+MOPQR/\Q_1NQS/_�l/T àá_+\Q_+W/`+_

g9_+N>n�_+_+W�N>n�ZGPQS/MOk9_+P�g5d�`+ZO]�k/MO\QTUW/c�NQS/_+TU\*`aS/MOTUWYÅ¯`+Z5l/_+P

R/PQTUW/c�n�_+bUb Å¯Ð5W/Z�n�W�PQNQ\QTUW/c�]�MONQ`aS/TUW/c�NQ_+`aS/W/TUÝ5R/_+P�ÆU|	~Oi�æÈÇ¯É

âATUcOR/\Q_&u�PQS/Z�n�P+iÒX[ZO\�_ÛäYMO]�k/bU_�i5N>n�Z*TUW/PQNQMOW/`+_+P!ZÁXÊNQS/_&bU_+NšÅ

NQ_+\
� Å��Ui/NQS/_�`aS/MOTUWYÅ¯`+Z5l/_³X[ZO\�_+MO`aSfi9MOW/l�NQS/_&l/T àá_+\Q_+W/`+_�g9_ÛÅ

N>n�_+_+W�NQS/_�N>n�Z�TU]�MOcO_+P1TUW�NQ_+\Q]�P�ZÁXÊPQNQ\QTUW/c�_+l/TUN�l/TUPQNQMOW/`+_�É

â/\QZO]$NQS/_�\Q_+PQR/bUNQP&ZÁXµNQS/_�PQNQ\QTUW/c�]�MONQ`aS/TUW/c/i9n�_&`+ZO]�k/R/NQ_

MOW�_+\Q\QZO\!l/TUPQNQ\QTUg/R/NQTUZOW�k/\QZÁÑÒbU_&MObUZOW/c&NQS/_&`aS/MOTUWYÅ¯`+Z5l/_&ZÁXÊM

`+MOW/ZOW/TU`+MObf\Q_ÛX[_+\Q_+W/`+_�`aS/MO\QMO`+NQ_+\+É



(a) spatial

0

50

100

150

200

240 250 260 270 280

(d) scanned

0

50

100

150

200

240 250 260 270 280

(b) threshold

0

50

100

150

200

240 250 260 270 280

(c) combined

0

50

100

150

200

240 250 260 270 280

âATUcOR/\Q_&Í5ø1y!\Q_+M�S/TUPQNQZOcO\QMO]�PÔX[ZO\!j�L � _��UÉ

(c) combined

0

200

400

600

800

3.0 3.5 4.0 4.5 5.0

(b) threshold

0

200

400

600

800

3.0 3.5 4.0 4.5 5.0

(a) spatial

0

200

400

600

800

3.0 3.5 4.0 4.5 5.0

(d) scanned

0

200

400

600

800

3.0 3.5 4.0 4.5 5.0

âATUcOR/\Q_ �5ø�m5NQ\QZOÐO_ÛÅ¯n�TUl/NQS�S/TUPQNQZOcO\QMO]�PÔX[ZO\!j�L � _��UÉ

â/ZO\�ZOR/\�NQ_+PQNQP+iAn�_&cO_+W/_+\QMONQ_+l�N>n�Z*PQ_+NQP�ZÁXÊ_ÛäYk9_+\QTU]�_+WYÅ

NQMOb9l/MONQM/i5g9ZONQS�g/MOPQ_+l�ZOW�`aS/MO\QMO`+NQ_+\QP�N>d5k9_+PQ_+N�TUW�|	~ÈÅ¯k9ZOTUW5N

Ï�_+bUÄO_+NQTU`+M/ø

|�É!j�S/MOTUWYÅ¯`+Z5l/_+P¶X[ZO\�PQd5W5NQS/_+PQTUÖ+_+lG`aS/MO\QMO`+NQ_+\QP&k/\QZ5l/R/`+_+l

g5d�PQMO]�k/bUTUW/c�NQS/_&\Q_ÛX[_+\Q_+W/`+_�`aS/MO\QMO`+NQ_+\!g/TUNQ]�MOkfÉ

~5É!j�S/MOTUWYÅ¯`+Z5l/_+P X[ZO\�\Q_+MOb*`aS/MO\QMO`+NQ_+\QP�NQS/MON�S/MOlÃg9_+_+W

k/\QTUW5NQ_+l�MOW/l�PQ`+MOW/W/_+lfÉ

^�S/_�_ÛäYk9_+\QTU]�_+W5NQPAn�_+\Q_�\QR/W�n�TUNQS&NQS/\Q_+_�l/T àá_+\Q_+W5N1`aS/MO\šÅ

MO`+NQ_+\�k/MONQNQ_+\QW/P+ø � Å��Ui � _��UiOMOW/l �UL
�UÉ/|�i tOtOt�TUl/_+W5NQTU`+MOb/`aS/MO\QMO`ÛÅ

NQ_+\QP�n�_+\Q_�k/\QTUW5NQ_+l�ZOW*M&k/MOcO_!MON�ÍOtOt�l/k/T9MOW/l*PQ`+MOW/W/_+l�MON

æOtOt�l/k/T3É�^�n�Z�PQ_+NQP�ZÁX{PQd5W5NQS/_+NQTU`�l/MONQM�n�_+\Q_*cO_+W/_+\QMONQ_+lfi

_+MO`aS�`+ZOW5NQMOTUW/TUW/c�|�i tOtOt!PQMO]�k/bU_+P+É1V>W�NQS/_–ÑÒ\QPQN�PQ_+N+i/n�_�MOkYÅ

k/bUTU_+l�ZOW/bUd�\QMOW/l/ZO]$NQS/\Q_+PQS/ZObUl�Ä�MO\QTUMONQTUZOWfÉ�V>W�NQS/_&PQ_+`+ZOW/l

PQ_+N+iONQS/_�PQMO]�k/bU_+PAn�_+\Q_�NQS/_�\Q_+PQR/bUN1ZÁXYNQS/_�`+ZO]*g/TUW/_+l�_Ûàá_+`+NQP

ZÁXÊ\QMOW/l/ZO]$cO\QTUl�PQS/T X[NQP�MOW/l�NQS/\Q_+PQS/ZObUl�Ä�MO\QTUMONQTUZOW

Reference bitmapScanned bitmap

00000000000224444444444466000000000002344444444456 Chain-codes

Locations of
string edits

Edit location histogram

âATUcOR/\Q_�u5ø*x�PQTUW/c�PQNQ\QTUW/c�]�MONQ`aS/TUW/c�NQZ�l/_+PQ`+\QTUg9_�NQS/_�l/T X•Å

X[_+\Q_+W/`+_+P�g9_+N>n�_+_+W�`aS/MO\QMO`+NQ_+\!PQS/MOk9_+P+É

âATUcOR/\Q_+P1Î{ÓÞ|O|�PQS/Z�nGS/TUPQNQZOcO\QMO]�P9ZÁXÒNQS/_�W5R/]*g9_+\fZÁXÒ_+lYÅ

TUNQP1k9_+\šX[ZO\Q]�_+l&MON1_+MO`aS*`aS/MOTUWYÅ¯`+Z5l/_�k9ZOPQTUNQTUZOW³X[ZO\1NQS/_�|�i tOtOt

`+ZOk/TU_+P�ZÁX � Å��Ui � _��Ui5MOW/l �UL
�Ui5\Q_+PQk9_+`+NQTUÄO_+bUdOÉ�^�S/_!R/k/k9_+\�S/MOb X

ZÁX¶_+MO`aS ÑÒcOR/\Q_�\Q_+k/\Q_+PQ_+W5NQP�NQS/_�PQd5W5NQS/_+NQTU`�l/MONQM�MOW/l�NQS/_

bUZ�n�_+\!S/MOb XÔNQS/_*\Q_+MOb1l/MONQM/É&y!P�`+MOW�g9_*PQ_+_+WfiANQS/_*k/\QZÁÑÒbU_+P

X[ZO\�NQS/_�\Q_+MObfl/MONQM�MO\Q_!Ý5R/TUNQ_�l/T àá_+\Q_+W5N{X[\QZO]²NQS/ZOPQ_¶X[ZO\�NQS/_

PQd5W5NQS/_+NQTU`�É�V>N�TUP�_+Ä5TUl/_+W5N!NQS/MON�NQS/\Q_+PQS/ZObUl�Ä�MO\QTUMONQTUZOW*MObUZOW/_

MO`+`+ZOR/W5NQP{X[ZO\�bUTUNQNQbU_�ZÁXÊNQS/_!l/TUPQNQZO\QNQTUZOW�n�_!ZOg/PQ_+\QÄO_+l�TUW*NQS/_

l/TUcOTUNQTUÖ+_+l�k/MONQNQ_+\QW/P+É

800

600

400

200

0

200

0 5 10 15 20 25

Synthesized

Scanned

âATUcOR/\Q_�Î5øAm5NQ\QTUW/c!_+l/TUNAS/TUPQNQZOcO\QMO] X[ZO\ � Å��OÕ3NQS/\Q_+PQS/ZObUl&ZOW/bUd/×aÉ

p�S/_+W�`+ZO]*g/TUW/_+l�n�TUNQS�PQk/MONQTUMObAPQMO]�k/bUTUW/c&W/ZOTUPQ_�iAS/Z�n{Å

_+ÄO_+\+i/NQS/_!\Q_+PQR/bUNQP�MO\Q_!]*R/`aS�`+bUZOPQ_+\�NQZ&NQS/_�\Q_+MObfl/MONQM/É�âATUcÁÅ

R/\Q_+P�|	~ÞÓ |+w�PQS/Z�nÃS/TUPQNQZOcO\QMO]�P!ZÁXµNQS/_*W5R/]*g9_+\!ZÁXµ_+l/TUNQP

k9_+\šX[ZO\Q]�_+l�MON*_+MO`aSß`aS/MOTUWYÅ¯`+Z5l/_�k9ZOPQTUNQTUZOW X[ZO\�NQS/_G|�i tOtOt

`+ZOk/TU_+P!ZÁX � Å��Ui � _��Ui/MOW/l
�UL
�Ui/\Q_+PQk9_+`+NQTUÄO_+bUdOÉ�y!P!g9_ÛX[ZO\Q_�ifNQS/_

R/k/k9_+\�S/MOb XçZÁXá_+MO`aSÂÑÒcOR/\Q_!\Q_+k/\Q_+PQ_+W5NQP!NQS/_!PQd5W5NQS/_+NQTU`!l/MONQM

MOW/l&NQS/_�bUZ�n�_+\AS/MOb XYNQS/_�\Q_+MOb/l/MONQM/ÉA^�S/_�`aS/MO\QMO`+NQ_+\QP�cO_+W/_+\šÅ

MONQ_+l&R/PQTUW/c!NQS/_�`+ZO]*g/TUW/_+l�PQk/MONQTUMOb

�
NQS/\Q_+PQS/ZObUl&]�Z5l/_+b�PQ_+_+]



800

600

400

200

0

200

0 20 40 60 80 100

Synthesized

Scanned

âATUcOR/\Q_�|	t5øKm5NQ\QTUW/cß_+l/TUN�S/TUPQNQZOcO\QMO] X[ZO\ � _��&Õ3NQS/\Q_+PQS/ZObUl

ZOW/bUd/×aÉ

600

400

200

0

200

0 50 100 150 200 250

Synthesized

Scanned

âATUcOR/\Q_G|O|�ø�m5NQ\QTUW/cG_+l/TUN�S/TUPQNQZOcO\QMO] X[ZO\ �UL
��Õ3NQS/\Q_+PQS/ZObUl

ZOW/bUd/×aÉ

NQZ*]�MONQ`aS*NQS/_&PQ`+MOW/W/_+l�`aS/MO\QMO`+NQ_+\QP�Ý5R/TUNQ_�n�_+bUb3É

^�S/_�_Ûàá_+`+NQP�ZÁXµPQMO]�k/bUTUW/c�W/ZOTUPQ_�ZOW�`aS/MOTUWYÅ¯`+Z5l/_�\Q_+k/\Q_ÛÅ

PQ_+W5NQMONQTUZOW/P&MO\Q_�W/ZOWYÅ¯R/W/T X[ZO\Q] � \QMONQS/_+\+i�NQS/_+dG_ÛäYS/TUg/TUN�`+_+\šÅ

NQMOTUW�PQNQ\QR/`+NQR/\QMOb�k/MONQNQ_+\QW/P+É h1MO`aSK`aS/MO\QN�S/MOP�W5R/]�_+\QZOR/P

`aS/MO\QMO`+NQ_+\QTUPQNQTU`�k9_+MOÐ5P+É�^�S/_*PQ`+MOW/W/_+l�`aS/MO\QMO`+NQ_+\QP�PQ_+_+](M

g/TUN��a\QTU`aS/_+\+É � ^�S/TUP�PQR/cOcO_+PQNQP�NQS/_+\Q_GMO\Q_�ZONQS/_+\�PQZOR/\Q`+_+P

ZÁX{W/ZOTUPQ_�n�S/TU`aS�`+ZOW5NQ\QTUg/R/NQ_*NQZ�l/T àá_+\Q_+W/`+_+P�TUW�NQS/_*`aS/MOTUWYÅ

`+Z5l/_+P+ÉÃm5NQTUbUb3i�NQS/_�bUZ5`+MONQTUZOW/P*ZÁX¶]�ZOPQN�ZÁX¶NQS/_�k9_+MOÐ5P�MO\Q_

l/R/k/bUTU`+MONQ_+l�k/\Q_+`+TUPQ_+bUd�TUW�NQS/_&PQd5W5NQS/_+PQTUÖ+_+l�`aS/MO\QMO`+NQ_+\QP+É

� ó�¼�¹!¿9ëQ¾!íOÀQ¼�¹!í

V>W$NQS/TUP�k/MOk9_+\+iGn�_‰S/M�ÄO_K_ÛäYk/bUZO\Q_+l NQS/_‰_Ûàá_+`+NQP‰ZÁX

\QMOW/l/ZO]ÂÅ¯k/S/MOPQ_�PQk/MONQTUMOb�PQMO]�k/bUTUW/c�ZOWGPQ`+MOW/W/_+l�k/MONQNQ_+\QW/P+É

pG_�ÄO_+\QT ÑÒ_+l‰Mßk/\Q_+l/TU`+NQTUZOWKNQS/MON�NQS/_GPQTUÖ+_GZÁX©Mßk/MONQNQ_+\QW

ÕQ‹> ••	  i5NQS/_�W5R/]*g9_+\�ZÁXçg/bUMO`aÐ�k/T äY_+bUPa×1S/MOP�M&l/TUPQNQTUW/`+NQbUd�]*R/b Å

NQTU]�Z5l/MOb!l/TUPQNQ\QTUg/R/NQTUZOWfÉ$y!`+`+ZO\Ql/TUW/cßNQZßZOR/\�]�Z5l/_+b3i!NQS/_

\Q_+bUMONQTUÄO_�S/_+TUcOS5NQP�ZÁXÔNQS/_&k9_+MOÐ5P�l/_+k9_+W/l�ZOW�]�TUW5R/NQ_�Ä�MO\QTUMÁÅ

NQTUZOW/P1TUW&PQMO]�k/bUTUW/c�\Q_+PQZObUR/NQTUZOWfiO`aS/MO\QMO`+NQ_+\šÅ¯l/TU]�_+W/PQTUZOWfi�MOW/l

PQNQ\QZOÐO_!n�TUl/NQSfÉ���MO\QTUMONQTUZOW/P1TUW*NQS/_!bUMONQNQ_+\�MO\Q_!cO\Q_+MONQ_+\�NQS/MOW

`+MOW�g9_�MO`+`+ZOR/W5NQ_+låX[ZO\�g5d*T3É T3É lfÉAk/T äY_+bfW/ZOTUPQ_�É�pG_!l/_+]�ZOWYÅ

PQNQ\QMONQ_+l�NQS/MON�NQS/_+\Q_!_ÛäYTUPQNQP�M�PQTUcOW/T ÑÒ`+MOW5N�MO]�ZOR/W5NAZÁXáPQNQ\QR/`ÛÅ

NQR/\Q_�TUW�NQS/_�Ä�MO\QTUMONQTUZOW/P�TUW�`aS/MOTUWYÅ¯`+Z5l/_!\Q_+k/\Q_+PQ_+W5NQMONQTUZOW/P�ZÁX

`aS/MO\QMO`+NQ_+\�g9ZOR/W/l/MO\QTU_+P+É�â/R/\QNQS/_+\Q]�ZO\Q_�i5n�_�PQS/Z�n�_+l*NQS/MON�TUN

800

600

400

200

0

200

400

600

800

0 5 10 15 20 25

Synthesized

Scanned

âATUcOR/\Q_�|	~5øAm5NQ\QTUW/c�_+l/TUN1S/TUPQNQZOcO\QMO] X[ZO\�� Å��OÕ3`+ZO]*g/TUW/_+l&PQk/MÁÅ

NQTUMOb

�
NQS/\Q_+PQS/ZObUl9×aÉ

800

600

400

200

0

200

400

600

800

0 20 40 60 80 100

Synthesized

Scanned

âATUcOR/\Q_!|	æ5ø1m5NQ\QTUW/c�_+l/TUN1S/TUPQNQZOcO\QMO] X[ZO\ � _��5Õ3`+ZO]*g/TUW/_+l�PQk/MÁÅ

NQTUMOb

�
NQS/\Q_+PQS/ZObUl9×aÉ

TUP1k9ZOPQPQTUg/bU_�NQZ�PQNQMONQTUPQNQTU`+MObUbUd&k/\Q_+l/TU`+N�k/MONQNQ_+\QW*Ä�MO\QTUMONQTUZOWføfMOP

MåX[R/W/`+NQTUZOW�ZÁX��aTUl/_+MOb���PQS/MOk9_�i1PQMO]�k/bUTUW/cÞX[\Q_+Ý5R/_+W/`+dOi1MOW/l

NQS/\Q_+PQS/ZObUl�W/ZOTUPQ_�É

y�N�NQS/TUP&_+MO\QbUd�PQNQMOcO_�i1n�_*S/M�ÄO_*ZOW/bUd�TUW5ÄO_+PQNQTUcOMONQ_+l�NQS/_

_Ûàá_+`+NQP�ZÁX{PQMO]�k/bUTUW/c�W/ZOTUPQ_*ZOW�bUZ�n�_+\šÅ¯bU_+ÄO_+bÔX[_+MONQR/\Q_+P*ÕQ‹> ••	  i

k/T äY_+bUPa×aÉ1y�]�ZO\Q_�`+ZO]�k/bUTU`+MONQ_+lfi	g/R/N1ÄO_+\Qd&TU]�k9ZO\QNQMOW5N+i	NQMOPQÐ

TUP*NQZG`aS/MO\QMO`+NQ_+\QTUÖ+_�NQS/_�_Ûàá_+`+NQP�ZÁX³PQMO]�k/bUTUW/c�ZOWßS/TUcOS/_+\šÅ

bU_+ÄO_+bÁX[_+MONQR/\Q_+P1MOW/l&NQS/_�k9_+\šX[ZO\Q]�MOW/`+_�ZÁXYÄ5TUPQTUZOW�MObUcOZO\QTUNQS/]�P

MOW/l�PQd5PQNQ_+]�P!MOP!M�n�S/ZObU_�É�Ë!W/_�PQR/`aS�k/\Q_+bUTU]�TUW/MO\Qd�PQNQR/l/d

TUP&k/\Q_+PQ_+W5NQ_+lßTUW�ÆU|	æªÇ¯É�yÌcOZOMOb�ZÁX{ZOR/\©X[R/NQR/\Q_*n�ZO\QÐ�TUP&NQZ

PQNQR/l/d�NQS/_�\Q_+bUMONQTUZOW/PQS/TUk/P�g9_+N>n�_+_+W�NQS/_�PQ`+MOW/W/TUW/c*k/\QZ5`+_+PQP+i

k/MONQNQ_+\QWßPQS/MOk9_�i�MOW/l�NQS/_�]�MONQS/_+]�MONQTU`+MOb�MObUcOZO\QTUNQS/]�P�n�_

R/PQ_&NQZ�k/\QZ5`+_+PQP�NQS/_+]�É



600

400

200

0

200

400

600

0 50 100 150 200 250

Synthesized

Scanned

âATUcOR/\Q_G|+w/ø�m5NQ\QTUW/cG_+l/TUN*S/TUPQNQZOcO\QMO] X[ZO\ �UL
��Õ3`+ZO]*g/TUW/_+l

PQk/MONQTUMOb

�
NQS/\Q_+PQS/ZObUl9×aÉ

•G…

���������
	��
�
��	��
‚O•

pG_�n�ZOR/bUl�bUTUÐO_&NQZ�NQS/MOW/Ð �!\+ÉA^�TUW��!MO](Ï�ZåX[ZO\�k/\QZÁÅ

Ä5TUl/TUW/c�NQS/_*`aS/MO\QMO`+NQ_+\�ZOR/NQbUTUW/_+P�n�_�R/PQ_+lGTUW�PQZO]�_&ZÁX{ZOR/\

PQNQR/l/TU_+P+É�Ü�_+ZO\QcO_*r�MOcOd�cO\QMONQ_ÛX[R/bUbUd�MO`aÐ5W/Z�n�bU_+l/cO_+P�NQS/_©Ñ/Å

W/MOW/`+TUMOb�PQR/k/k9ZO\QN&ZÁX{NQS/_�r�ZO\QNQS/_+\QWYÅ¯^1_+bU_+`+ZO]

���
r!o²h1l/RYÅ

`+MONQTUZOW/MObfMOW/l�o�_+PQ_+MO\Q`aS�r�_+N>n�ZO\QÐ5TUW/c*q1\QZOcO\QMO]�É

y²k9ZO\QNQTUZOW�ZÁXµNQS/TUP�n�ZO\QÐ�n�MOP�`+ZOW/l/R/`+NQ_+lGMON�NQS/_�r�_+n

zµZO\QÐßm5NQMONQ_�j�_+W5NQ_+\åX[ZO\*y!l/Ä�MOW/`+_+l�^1_+`aS/W/ZObUZOcOdßÕ>j�y�^!×

TUW�y!R/NQZO]�MONQTUZOW�MOW/lGo�ZOg9ZONQTU`+P!MON&o�_+W/PQPQ_+bUMO_+\�qAZObUd5NQ_+`aSYÅ

W/TU`!V>W/PQNQTUNQR/NQ_�É�^�S/_&j�y�^�TUP�k/MO\QNQTUMObUbUd©X[R/W/l/_+l�g5d*M�g/bUZ5`aÐ

cO\QMOW5N–X[\QZO]$NQS/_�r�_+n zµZO\QÐ�m5NQMONQ_*m5`+TU_+W/`+_�MOW/l�^1_+`aS/W/ZOb Å

ZOcOd�â/ZOR/W/l/MONQTUZOWfÉ

y‰bUZOW/cO_+\�ÄO_+\QPQTUZOW�ZÁXÔNQS/TUP�k/MOk9_+\�MOk/k9_+MO\QP!MOP&Æ �ªÇ¯É

�
òfî+òA»/òA¹!¿fòAí

ÆU|ÛÇ³Ï�É1m9É

�
MOTU\QlfÉ�j�MObUTUg/\QMONQTUZOW�ZÁXµl/Z5`+R/]�_+W5N!TU]�MOcO_�l/_ÛÅ

X[_+`+N�]�Z5l/_+bUP+ÉAV>W ��‘+˜	—a•a•aœ	‹•‡5Ÿ�Œ&˜š™–ˆ3Š/•�±/£�”�Ž/˜	Œa‹•§5”�˜	‡

��˜	—a§5”�•a‡/ˆ��!‡f•�ž £�Œa‹•Œ�•	‡fœß†a‡È™ª˜	‘+”�•	ˆ3‹>˜	‡��!•aˆ3‘+‹>•a¨O•�ž i

k/MOcO_+P�|ÛÓá|	Í5i/efMOP ��_+cOMOP+i9r �&i9y!k/\QTUb�|	ÎOÎOæ5É

Æ ~ÈÇ³L�É

�
R/`aS/]�MOWfÉ��!TUPQNQZO\QNQTUZOW�]�Z5l/_+bUTUW/c³X[ZO\�l/Z5`+R/]�_+W5N

TU]�MOcO_+P+ÉGV>W ��‘+˜	—a•a•aœ	‹•‡5Ÿ�Œ�˜š™Âˆ3Š/•��!†����� !� ¡�˜	‘#"	•
ŒaŠ/˜aŽG˜	‡
�!•+Ÿ5•$��•a—a˜	”�Ž/˜	Œa‹•ˆ3‹>˜	‡/«$%1Š/•	‘+•O—aˆQ•a‘$�!•a—a˜QŸ�‡/‹••

ˆ3‹>˜	‡/«*•	‡fœ&��•	ˆQ•�±/ˆQ•	‡fœO•	‘+œ	Œai�Ï�MO\Qk9_+\�� P�â/_+\Q\QdOi�p �&i

y!R/cOR/PQN�|	ÎOÎOæ5É

Æ æÈÇ¶s/É�h1PQMOÐOZ�Ä9i �&É�qAÉ�efZOk/\Q_+PQNQT3i!s/É�m9É�m5MOW/l/g9_+\Qc/i�MOW/l

s/É�'9S/ZORfÉ�V>PQPQR/_+P&TUW�MOR/NQZO]�MONQTU`�Ë�j�o‰_+\Q\QZO\�`+bUMOPQPQT Ñ/Å

`+MONQTUZOWfÉ�V>W ��‘+˜	—a•a•aœ	‹•‡5Ÿ�Œ�˜š™–ˆ3Š/•
�AŠO‹•‘+œ(�!‡/‡/§9•�žA±/£�”�•

Ž/˜	Œa‹•§5” ˜	‡)��˜	—a§5”�•a‡/ˆ*�!‡f•�ž £�Œa‹•Œ�•	‡fœ�†a‡È™ª˜	‘+”�•	ˆ3‹>˜	‡

�!•aˆ3‘+‹>•a¨O•�ž i�k/MOcO_+P�w5t/|ÛÓ°w9|	~5i�efMOP ��_+cOMOP+i�r �&i�y!k/\QTUb

|	ÎOÎ�w/É

Æ wÁÇ³Ï�ÉOâ/\Q_+_+]�MOWfÉ/j�ZO]�k/R/NQ_+\fk/\QZ5`+_+PQPQTUW/c&ZÁXÒbUTUW/_�l/\QM�n�TUW/c

TU]�MOcO_+P+É(%�˜	”�Ž/§5ˆQ•a‘�±/§5‘+¨O•a£�ŒaifÍ5ø v��ÈÓYÎOu5i9|	Î���w/É

Æ vÈÇ¶^�É��!MOW5R/W/cOZ/i9o�É9Ï�MO\QMObUTU`aÐ9i5MOW/l�VaÉfq1S/TUbUbUTUk/P+É�Ü�bUZOg/MOb

MOW/l�bUZ5`+MObfl/Z5`+R/]�_+W5N�l/_+cO\QMOl/MONQTUZOW�]�Z5l/_+bUP+É1V>W ��‘+˜	•

—a•a•aœ	‹•‡5Ÿ�Œ�˜š™–ˆ3Š/•!†a‡/ˆQ•a‘+‡f•	ˆ3‹>˜	‡f•�ž�%�˜	‡È™ª•a‘+•a‡f—a•�˜	‡&��˜	—a•

§5”�•a‡/ˆ$�!‡f•�ž £�Œa‹•Œ*•	‡fœ��!•a—a˜QŸ�‡/‹•ˆ3‹>˜	‡/ifk/MOcO_+P �OæOtÈÓ �OæOu5i

^�PQR/Ð5R/g/M�m5`+TU_+W/`+_�j�TUN>dOi/sOMOk/MOWfiA|	ÎOÎOæ5É

Æ ÍÈÇ!z©É5efT3i��&ÉOefZOk/\Q_+PQNQT3i5MOW/l�y&ÉO^1ZO]�Ð5TUW/P+É ��MObUTUl/MONQTUZOW�ZÁX

l/Z5`+R/]�_+W5N1TU]�MOcO_1l/_ÛX[_+`+N�]�Z5l/_+bUPçX[ZO\AZOk/NQTU`+MOb/`aS/MO\QMO`ÛÅ

NQ_+\&\Q_+`+ZOcOW/TUNQTUZOWfÉ�V>W ��‘+˜	—a•a•aœ	‹•‡5Ÿ�Œ*˜š™©ˆ3Š/• �AŠO‹•‘+œ*�!‡/•

‡/§9•�ž�±/£�”�Ž/˜	Œa‹•§5”Ú˜	‡+��˜	—a§5”�•a‡/ˆ!�!‡f•�ž £�Œa‹•Œ�•	‡fœ�†a‡/•

™ª˜	‘+”�•	ˆ3‹>˜	‡)�!•aˆ3‘+‹>•a¨O•�ž i�k/MOcO_+P�|	æ��ÈÓá|	vOt5i�efMOP ��_+cOMOP+i

r �&i9y!k/\QTUb�|	ÎOÎ�w/É

Æ �ÈÇ �&É!efZOk/\Q_+PQNQT3i&Ü�É�r�MOcOdOi!qAÉ!m5MO\QÐ�MO\+i!MOW/l�s/É!'9S/ZORfÉ

m5k/MONQTUMOb�PQMO]�k/bUTUW/c�_Ûàá_+`+NQP TUWÚZOk/NQTU`+MObK`aS/MO\QMO`+NQ_+\

\Q_+`+ZOcOW/TUNQTUZOWfÉA^1_+`aS/W/TU`+MObfo�_+k9ZO\QN$,*ÎOvÈÅšÍOÎOæ/|�iOo�_+W/PQPQ_ÛÅ

bUMO_+\!qAZObUd5NQ_+`aS/W/TU`�V>W/PQNQTUNQR/NQ_�i9^1\QZ�dOi9r{z©i/y!k/\QTUb�|	ÎOÎOv5É

Æ uÈÇ³Ü�É�r�MOcOdOÉ Ë!WÃNQS/_�MOR/NQZÁÅ¯`+ZO\Q\Q_+bUMONQTUZOW X[R/W/`+NQTUZOW‰ZÁX

W/ZOTUPQ_�TUW&PQMO]�k/bU_+l&N>d5k9_+n�\QTUNQNQ_+W*`aS/MO\QMO`+NQ_+\QP+ÉfV>W*†Q¦�¦�¦

�!•3Ÿ�‹>˜	‡�†Q†Q†*%�˜	‡/¨O•a‡/ˆ3‹>˜	‡-�!•a—a˜	‘+œ	i/r�_+nKË!\QbU_+MOW/P+i9efy&i

|	ÎOÍOu5É

Æ ÎÈÇ³Ü�É�r�MOcOdOÉ ��MObUTUl/MONQTUZOW‰ZÁX¥PQTU]*R/bUMONQ_+lÃË�j�oÚl/MONQM

PQ_+NQP+ÉKV>W ��‘+˜	—a•a•aœ	‹•‡5Ÿ�Œ�˜š™Âˆ3Š/• �AŠO‹•‘+œ&�!‡/‡/§9•�ž�±/£�”�•

Ž/˜	Œa‹•§5” ˜	‡)��˜	—a§5”�•a‡/ˆ.�!‡f•�ž £�Œa‹•Œ�•	‡fœ�†a‡È™ª˜	‘+”�•	ˆ3‹>˜	‡

�!•aˆ3‘+‹>•a¨O•�ž i�k/MOcO_+P�|	~��ÈÓá|	æOv5i�efMOP ��_+cOMOP+i�r �&i1y!k/\QTUb

|	ÎOÎ�w/É

ÆU|	tÈÇ¶^�ÉAqAM�Ä5bUTUl/TUP+i9s/É1m5n�MO\QNQÖ�iAMOW/l¥z©ÉAqAÉfpGMOW/c/É&â/R/W/l/MÁÅ

]�_+W5NQMObUP�ZÁXçg/MO\�`+Z5l/_!TUWYX[ZO\Q]�MONQTUZOW�NQS/_+ZO\QdOÉAV>W�†Q¦�¦�¦

%�˜	”�Ž/§5ˆQ•a‘+i/k/MOcO_+P ��wÁÓYuOÍ5iA|	ÎOÎOt5É

ÆU|O|ÛÇ³qAÉ5m5MO\QÐ�MO\+Éfo�MOW/l/ZO]‰k/S/MOPQ_�PQk/MONQTUMOb/PQMO]�k/bUTUW/c�_Ûàá_+`+NQP

TUW�l/TUcOTUNQTUÖ+_+l�k/MONQNQ_+\QW/P+É!L�MOPQNQ_+\�� P!NQS/_+PQTUP+iAo�_+W/PQPQ_+bUMO_+\

qAZObUd5NQ_+`aS/W/TU`�V>W/PQNQTUNQR/NQ_�if^1\QZ�dOi/r{z©iA|	ÎOÎ�w/É

ÆU|	~ÈÇ³o�Éfy&ÉfpGMOcOW/_+\�MOW/lGL�Éfs/ÉAâATUPQ`aS/_+\+É&^�S/_�PQNQ\QTUW/cÁÅ¯NQZÁÅ

PQNQ\QTUW/c�`+ZO\Q\Q_+`+NQTUZOWGk/\QZOg/bU_+]�É�/9˜	§5‘+‡f•�ž�˜š™©ˆ3Š/•.�*%���i
~/|�Õa|	×aø•|	ÍOuÈÓá|��Oæ5i9|	Î���w/É

ÆU|	æÈÇ¶s/É*'9S/ZORÃMOW/l �&É&efZOk/\Q_+PQNQT3É o�_+k9_+MONQ_+lÃPQMO]�k/bUTUW/c

NQZ�TU]�k/\QZ�ÄO_�`+bUMOPQPQT ÑÒ_+\&MO`+`+R/\QMO`+dOÉ*V>W ��‘+˜	—a•a•aœ	‹•‡5Ÿ�Œ�˜š™

ˆ3Š/•�†�� �
�$¡�˜	‘#"	ŒaŠ/˜aŽ�˜	‡-�G•O—aŠO‹•‡f•-0A‹•Œa‹>˜	‡���ŽOŽ9ž ‹>—a•	•

ˆ3‹>˜	‡/Œai�k/MOcO_+P�æ�w5ÍÈÓYæOv/|�i��!M�n�MOPQMOÐ5T3i1sOMOk/MOWfi��!_+`+_+]ÂÅ

g9_+\�|	ÎOÎ�w/É


