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Ô&Õ q�ÖC×�Ø�ÙKÚ-Û�ÜN×#Ý�Ù�Ö
Þ J#L�c V�X[S1U[ß `ba cÁà X J6`�L V J^aN`�L _ L�c5à S(V e Z LNc S1UWá"S M S1á eWL Z¸S1U Lâà�ã�a�ä á"S¢å J UW]=S a U L ZfS1å L ß J X L ]
å L U�æl_ aNà5J U à S L Z L _W_[Z¢S(V L�à S a UW]�] e V�X L ]�Z a V L�à S1U[ß L _ J�c ] a UÁS1U L V c�a�ã á `bc5a åçS1å L ß J ] à�L \ J U
Y�æ~] e[c�MNJ S¢Z1Z L UWV J V L å J�c�L ]#èlé¸X[S(]Ç_ c�a Y[Z J åêV a U à�L S1UW] à�ãÎa å L S1UÐ] e Y ä _ c�a Y[Z J åT]#ë�ì�í î�ï^ð ï�ñò ï�î ò�ó�ô�õ L UWáÇì�í î�ïÇö�ï�÷ ó ø î�í ò�ó�ô�õ è Þ _ J V�S¢ù�V L Z1Z¢æ ú ß S M J U L UTS1å L ß J ú à X J ù c ] à ] à5J _TS(] à�a9J�û�à�c�L V àL Z¢Z�_ a ]�]=S1Y[Z Jlc�J ß S a UW] à X L�à åPS1ßNX à V a U à�L S1U L^`�L V J è:é¸X J ] J V a UWáâ] à�J _~S(] à5a V a åP_ L�c�J9à X JJ�û�à5c�L V à�J á `�L V J ] L ß L S1UW] àBà X J:`�L V JÁa�` S1U à�J�c�J ] à èÇü a�à X a�`!à X J ] J _ c5a Y[Z J åT] LNc5J:MNJ�c ævV�X L Z ä
Z J UWßNS1U[ßWè-ýþS à X aNe[à�L U�æÿí�ñ��&÷ ó�ô ÷ ó \�U a�ã Z J á"ß J¸L Y a e"à!à X J Z a V L�à S a U L UWáT]5S�� JBa�`KL�`�L V J S1U L U
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S1å L ß J ú ã�JBã S1Z¢Z�X L�MNJBà5a V a UW]5S1á J�cfL Z¢å a ] àfJ#MNJ�c æ:_ a ]�]5S¢Y[Z J Z a V L�à S a U L UWát]5S�� J ú Z J+L á"S1U[ß à�a:LM J�c æ/Z L�c ß J ] J+L�c V�X:]=_ L V J è���U L á[á"S à S a UKú�V�X L U[ß J ] à5a Z1S1ßNX à S1U[ß/V a UWá[S à S a UW]�ú `�L V�S L Z J�û _ c�J ]�]=S a UL UWá^_ a ] J å L \ J/à X J ] J#L�c V�X^]5_ L V JpJ�M J U6Z LNc ß J�cFL UWá^å aNc�J V a åP_[Z J�û è
� aNcF`�L V JpMNJ#c S¢ù�V L�à S a UKú"å J�à X a á[]FY L ] J á a UvV a c5c�J Z L�à S a U Q L U�á^U J�e[c�L Z�U J�à�ãÎa c \"] R LNc5J

� e S à5J V a åPå a U3è � aNc�`�L V J á J�à5J V à S a UKú å L U�æ:å J�à X a á[]fV a UW]5S(á J�c V a Z aNc����lHbJ è ßWè1ú ]5\�S¢UTV a Z aNc
á[S1] à5c S¢Y e"à S a U g�a c å aNà S a U
	���S¢U `baNc å L�à S a U à5a ùWU�á à X J¸`�L V J¸c5J ßNS a U H ] g � e S(V�\�Z1æ ã S à X a e"à!c�J�ä
] aNc5à S1U[ß à�a9L U J�û X LNe ] à S MNJ ] J#L�c V�XKè Þ e V�XTS1U `baNc å L�à S a U3úNX a�ã�J�M J�c ú�S1]fU a�à�L Z ã�L æ"] L�M�L S1Z L Y[Z J è
� L V J á J�à�J V à S a Uvå J�à X a áW]/V L UÿY J V�Z L ]�]=S¢ù J á^S1U à5aPà�ã�a å L S1U V L�à5J ß aNc S J ]�ë�å J�à X a á[]·Y L ] J áa U `�L V�S L Z `bJ#L�à5e[c�J ]���
 aNc!`�L V J å a á J Z1]�� Q�� HbJ è ß�è¢ú à5J åP_[Z L�à�J�g!L UWáPå J�à X a á[]!Y L ] J á a U `�L V Jc�J _ c5J ] J U à�L�à S a UW]�Z J+L�c U J á `bc�a å L Z L�c ß J U e ålY J#cfa�`�J�û"L åP_[Z J ] Hb`�L V J S¢å L ß J ] g�e ]5S¢UWß:] à�L�à S1] äà S1V L Z L _[_ c5a�L V�X J ] HbJ è ß�è¢ú J S¢ß J U `�L V J ] g Q�QÎQ R aNc U J�e[c�L Z�U J�à�ã�aNc \"] Q � Q � è���U9ß J U J#c�L Z�ú�å J�à X a á[]
S1U à X J ] J V a UWá~V L�à�J ß a c æ LNc5J å a c5J _ c�L V à S(V L Z�]5S¢U�V JÁà X J æ L�c�J Z J ]�] à S1å J V a U�] e åPS1U[ß L UWá
á a U a�àBc�J Z1æ a Uÿ]=_ J V�S L Z `bJ#L�à5e[c�J ] a c å a á J Z1]#è

é¸X J å J�à X a á aN`:J S1ß J U `�L V J ] e ] J ] dfc S1UWV�S¢_ L Z�� a åP_ a U J U à ]��·U L Z1æ"]=S(] H�d ��� g Q 	 à5a
Z1S1U J#LNc Z1æz_ c�a���J V àBà X J S1å L ß J ]=_ L V Jpà�a^L Z a�ã á"S¢å J UW]=S a U L Z�] e YW]5_ L V JzH�J S1ß J U�]=_ L V J�g èBé¸X[S(]
] e YW]5_ L V J S(]·á J ùWU J áÿY�æ à X J _ c S1UWV�S¢_ L Z�V a åP_ a U J U à ] HbJ S¢ß J U `�L V J ] g�aN`�à X J á"S(] à5c S¢Y e[à S a U a�``�L V J S¢å L ß J ] H S�è J è1ú à X J å a ] à S¢åP_ aNc5à�L U àpJ S1ß J U MNJ V à5a c ] a�`fà X J V a�M�L�c S L UWV J å L�à5c S û a�`!à X J
] J�àÁa�`B`�L V J ] g è�� L V�X `�L V J S(] c�J _ c5J ] J U à�J á L ] L Z¢S1U J#LNc V a ålY[S¢U L�à S a U a�`Fà X J^J S¢ß J U `�L V J ]#è� S MNJ U L U^S1å L ß J ú[] e Y ä S¢å L ß J ] a�` á"S�� J#c5J U à ]5S�� J9L�c�J�J�û�à5c�L V à5J á L�àFJ#MNJ�c ætS1å L ß J Z a V L�à S a UKè
é a V�Z L ]�]=S ` æ L U^S1å L ß JpL ] Ll`�L V J ú[S à ]Bá[S1] à�L UWV Jp`bc�a å à X J9J S¢ß J UW]5_ L V J ]5_ L V J S(]BV a åÁ_ e"à5J á�è
��U Q � Q � ú c5J�à S1U L Z1Z¢ætV a U[U J V à�J á^U J�eWc�L Z&U J�à�ã�aNc \�] J�û"L åPS¢U J ] e Y ä¦ã S¢UWá a�ã ] aN`3à X J S¢å L ß J/à5a
á J V�S(á JPã X J�à X J#cÇà X J æâV a U à�L S¢U L^`�L V J è
� û�à5J UW]=S MNJÁà�c�L S¢U[S1U[ß e ]5S¢UWß L6c�J _ c�J ] J U à�L�à S MNJ ] J�àaN` Y a�à X `�L V JÇL UWázU a U ä	`�L V J/J�û[L åP_[Z J ]�S1] c�J � e S c5J á `ba cÎà X J U J�e[c�L ZCU J�à�ãÎa c \"] à5a Z J#L�c U à X J
V a UWV J _ àFaN`�`�L V J è
��U à X[S1]t_ L _ J�c ú ã�J S1U M J ] à S1ß L�à5J6à X J S(á J+L a�`pe ]=S1U[ß � J U J�à S1V �·Z¢ß aNc S à X[åT] H � �·] g Q �Q � à�a ] J+L�c V�X à X J S1å L ß JP`ba cÇà X Jt`�L V JTaN` S¢U à5J#c5J ] à è � �/] L�c�J ] J#L�c V�XÐ_ c5a V J á e[c�J ] ã XWS1V�X

X L�MNJ ]5X a�ã U à5a _ J#c=`ba c å ãÎJ Z¢Z ã X J UÐV a UW]5S1á J�c S¢U[ß6Z L�c ß J ] J#LNc V�Xâ]=_ L V J ]�] e V�X L ] à X JÁa U J
V a UW]5S(á J�c�J á S¢U à X[S1] ãÎa c \Cè � �/] a _ J�c�L�à�J S à�J�c�L�à S MNJ Z¢æ a U L _ a _ e Z L�à S a U aN` ] à�c5e V à5e[c�J ]#úJ+L V�X a U Jza�`¸ã X[S1V�X c�J _ c�J ] J U à ] L V L UWá"S(á L�à�J ] a Z e"à S a U à5aÿà X J _ c�a Y[Z J å L�à X L UWá�è�� L V�X
] à5c�e V à5e[c�J ú�S(]�å a á[S§ù J á:S1U L å e V�X à X J ] L å J�ã¸L æ à X L�à _ a _ e Z L�à S a UW] a�` S¢U�á"S M S(á eWL Z1] J�M a Z MNJe UWá J�c U L�à�e[c�L Z3] J Z J V à S a UKè�! L�c S L�à S a UW] L å a U[ß à X J S¢U�á"S M S(á eWL Z1]·S¢U à X J _ a _ e Z L�à S a U c5J ] e Z à
S1U ] a å J S¢U�á"S M S(á eWL Z1]·Y J S¢U[ßzå a c5J ù àBà X L U a�à X J�c ] H S�è J è1ú�Y J�à5à5J#c ] a Z e"à S a U�] g è���U à X J _ L ] à ú� �/]pX L�MNJ Y J#J U e ] J á à5a ] a Z M JlM�LNc S aNe ]�á"S�"tV e Z à _ c�a Y[Z J åT]p] e V�X L ] à�L�c ß J�àpc�J V a ßNU[S à S a UQ 
 ú `�L V�S L Z `bJ+L�à�e[c5JpJ�û�à�c�L V à S a U Q � ú L UWá a Y ��J V àBc�J V a ßNU[S à S a U R � R Q è
��U[S à S L Z1Z1æNú à X J � � ] à�L�c5à ]KY�æ J�û�à�c�L V à S1U[ß c�L U�á a å ] e Y ä	ã S1UWá a�ã ] `bc5a å à X J S¢U[_ e"à S1å L ß J è

� ] e Y ä¦ã S¢U�á a�ã S(] c5J�à�L S¢U J ázS1Uÿ] e Y�] J � eWJ U à ß J U J�c�L�à S a U�]ÎS ` S à V a U à�L S1UW] Ll`�L V J ú J ]5_ J V�S L Z1Z1æ
S ` S à S1] à X JT`�L V Jtã�JtL�c�J Z a�a \�S¢U[ß `ba c è�� L V�X ] e Y ä	ã S1UWá a�ã S1] J�M�L Z eWL�à�J á e ]5S1U[ß L ù à U J ]�]`be UWV à S a U ã X[S(V�XâV a U à�L S¢U�] à�ã�atà�J�c åT]�èÁé¸X J ù c ] àpà5J�c å `�L�MNa c ]/] e Y ä	ã S1UWá a�ã ]pV a U à�L S¢U[S1U[ß`�L V J ] H ì�íNî�ï~ð ï ò ï�î ò�ó�ô�õ ò ï�÷$# g9ã X[S1Z J6à X J ] J V a UWá à5J�c å `�L�MNa c ]Á] e Y ä¦ã S¢UWá a�ã ]lV a U à�L S¢U[S1U[ß`�L V J ]·]5S¢åPS1Z LNcFà5azà X J:`�L V J:a�` S¢U à�J�c�J ] àÁH ì�í î�ïÁö�ï�÷ ó ø î�í ò�ó�ô�õ ò ï�÷$# g è·ü a�à X à�J�c åT]BX L�M J Y J#J U
á J�c S M J á e ]=S1U[ß à X JÇà X J#aNc æ a�`�J S1ß J UW]5_ L V J ] Q5QÇQ R H�J S1ß J U `�L V J ] g è%��U à X JÇa c S1ßNS1U L Z J S¢ß J U `�L V JL _[_ c�a L V�XKú L ]5S¢UWßNZ J�J S1ß J U�]=_ L V J�ã¸L ] e ] J áKú+Y e S¢Z à3`bc�a å L Z LNc ß J ] J�à3a�` S1å L ß J ] `bc5a å á[S&� J�c�J U à
S1UWá"S M S1á eWL Z(]�èÐü a�à X `�L V J á J�à�J V à S a U L UWá c�J V a ßNU[S à S a U ã�J�c�J _ J�c5`baNc å J á e ]5S1U[ß à X J ] L å J
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J S¢ß J UW]5_ L V J:H S�è J è1ú"Y�ætV a åP_ e[à S1U[ß à X J�
 á"S(] à�L UWV J·`bc�a å `�L V J ]5_ L V J�
:L UWá 
 á"S(] à�L UWV J S1U `�L V J
]5_ L V J�
�g è�
 J#c5J ú ãÎJpe ] J9L ] J _ L�c�L�à�J/J S¢ß J UW]5_ L V J/`baNcFJ#L V�X6V L ] J è

é¸X J ù c ] à9J S1ß J UW]5_ L V J S(]9Y e S¢Z à:e ]5S1U[ßvS¢å L ß J ] `bc�a å á"S�� J#c5J U à S¢UWá[S M S(á eWL Z(]#ú L ]ÇS¢U à X Ja c S1ßNS1U L Z L _W_ c5a�L V�XKú L UWá S1] e ] J á à�a á J ùWU Jlà X J ù c ] à/à5J#c å a�`fà X J ù à U J ]5] `be U�V à S a U H�`�L V J
á J�à5J V à S a U à�J�c å g è!é¸X J�c�J S1] L á"S�� J#c5J UWV J ú"X a�ãÎJ#MNJ#c ú�Y J�à�ãÎJ#J U à X JÇa c S1ßNS1U L Z L _[_ c�a L V�X L UWáà X J:a U J:e ] J ávX J�c�J ë ã�J á a U a�à�e ] J9à X Jla c S1ßNS1U L Z�S¢å L ß J ]·Y e"à S¢å L ß J ]BùWZ à5J�c�J á Y�æ Þ a Y J Za _ J#c�L�à5a c R�R è�� e[cBJ�û _ J#c S1å J U à ]FS1UWá"S(V L�à5JÇà X L�à·à X[S(]F_ c�J _ c�a V J ]5]5S¢UWßP] à5J _ J U[X L UWV J ] `�L V�S L Z`bJ+L�à�e[c5J ] HbJ è ß�è¢ú `�L V J V a U à5a e[c ú J æ J ]�úNå a e"à X3úNU a ] J�g å L \�S¢U[ßpS à å aNc�J¸c5a Y e ] à-à�a á"S(] à S¢U[ß e S(]=X
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found and stop.
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_ a S1U à ] ã�J�c�Jtà X J U e ] J á à�a U a c å L Z1S�� JzJ+L V�X `�L V J^à5a ] L å J ]�V L Z J ú aNc S J U à�L�à S a U L UWá _ aNä
]5S à S a UKè6é¸X J U aNc å L Z1S�� L�à S a U ã¸L ]Ç_ J�c5`baNc å J áâY�æâå L _W_[S¢UWß à X JP`�L V�S L Z `bJ+L�à5eWc5J ] à5a ] a å J
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� ò ï � � ë IKJ�à��� Y JÎLFM J V à5aNc�ã X[S(V�X:V a U à�L S1UW] à X JÎL�M J�c�L ß J _ a ]5S à S a UW] a�`[J#L V�XÇZ L Y J Z J á `bJ#L�äà�e[c�JBa�MNJ#c!L Z1Z�] e Y[S1å L ß J ]�è���U[S à S L Z1S�� J �� ã S à X à X J·`bJ#L�à�e[c�J Z a V L�à S a U�]�S¢U à X J ù c ] à ] e Y[S1å L ß J� Q è
� ò ï �!  ë/é¸X J:`bJ#L�à�e[c�J V a�a c á"S1U L�à5J ]/S1U �� L�c�J9à�c�L UW] `baNc å J áv] azà X L�à/à X JPL�MNJ�c�L ß J Z a V L�äà S a UW] a�`Bà X J6J æ J ] H � Q L UWá � R g:L U�á à S1_ a�`Bà X J U a ] JÐH � � g9L _[_ J#L�cPL�à _ c�J á J�à5J#c åPS1U J á

Z a V L�à S a UW] H��
"QÎú �
"R ú �
"� c�J ]5_ J V à S M J Z1æ g S1U L 5 û#� ã S1UWá a�ã H ] J#J � S1ß e[c�J � g è � ��$ û ��%ã S1UWá a�ã ã¸L ] e ] J á S1U a e[c·J�û _ J#c S1å J U à ]#è��BU L "TU J9à�c�L UW] `ba c å L�à S a UvS(] e ] J á à5a^c5J ßNS(] à�J�cà X J S1å L ß J ]�ë �
"Q = � � Q'&�( H � g
�
"R = � � R &�( H � g
�
"� = � � � &�( H*)Ng

é¸X J9L Y a�M J/J � eWL�à S a UW]FV L U^Y JÇc5J#ãFc S à=à�J U L ]
�,+ Q =.-�/ H $ g
�,+ R =0-�1 H32�g

ã X J#c5J

� =
4576 Q98CQ O6 R 8 R O6 � 8 � O

:;

- / = 45 6 "Q6 "R6 "�
:;



� ¹����¦�f�f�=���¦�5�1¡1���9����ªP­��5��¡ Ê&�¦���(¡¢���^£"¥¦¡§�#¶ � �5���=�(¡1��� �¦������³

-�10= 45 8 "Q8 "R8 "�
:;

+ Q =
45�� Q�Q� Q R(#Q

:;

+ R = 45 � R Q� R�R( R
:;
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é¸X JvL Z¢S1ßNU[å J U àPL Z1ß a c S à X[å V a U MNJ#c ß J ] e ] eWL Z¢Z1æ ã S à X[S1U ] J�M J U S à5J#c�L�à S a UW]#è � a cPJ#L V�X
] e Y[S1å L ß J ú�S à æ�S J Z(á[] L U L "TU Jlà5c�L UW] `baNc å L�à S a U à X L�à å L _W] à X L�à ] e Y[S1å L ß J:à�azà X J ��$ û
��% ã S1UWá a�ã èTé avL�MNa S(á ß L _W]pS1U à X J U a c å L Z¢S�� J áâ] e Y[S1å L ß J ú J#L V�X~_ a S1U à S¢U à X J á J ]5S c�J á
] e Y[S1å L ß Jtã�L ] L V à5e�L Z1Z¢æ á J�à5J�c åPS¢U J á à X c5a e ßNX à X J S¢U MNJ#c ] JzL "PU JTà5c�L UW] `baNc å L�à S a U H ] J�J
� S1ß e[c�J � g è�é¸X J S¢U MNJ#c ] J/à5c�L UW] `baNc å L�à S a U^S1]BßNS MNJ U^Y�æ&ë
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� Q�Q � R�R � � R Q � Q R

45 � R�R � � R Q %� � Q R � Q5Q %� R Q�( R � � R5R (�Q � Q R (�Q � � Q5Q�( R � Q5Q � R�R � � R Q � Q R

:;

(X,Y) (X’,Y’)

X’ = a11.X + a12.Y + b1

Y’ = a21.X + a22.Y + b2

Original Image Normalized
Image
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�·Z¢Z à X J S1å L ß J ]pS¢U à X JPà5c�L S1U[S1U[ßv] J�à9ãÎJ#c5J _ c�J _ c5a V J ]5] J á L ] J�û _[Z L S¢U J áâS¢U à X J _ c�J�M S a e ]
_ L�c�L ß c�L _WXKè�é¸X JÁc�J ] e Z à5J á S1å L ß J ] ã�J�c�J:e ] J á à5a V a åP_ e"à5Jlà X JÁJ S¢ß J UW]5_ L V J:c�J _ c5J ] J U à�L�äà S a UKè �/] ãÎJ X L�MNJ6L Z c5J+L á"æ á"S(]�V e ]�] J á�ú ã�J6LNc5J^e ]5S¢U[ß à�ã�a á"S�� J�c�J U àÁJ S¢ß J UW]5_ L V J ]#ë à X J
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V a åP_ e"à S¢UWß à X J S1å L ß J ß c�L á"S J U à¸e ]5S¢U[ß à X J Þ a Y J Z a _ J#c�L�à5a c R�R è�� � û �Áå L ]5\ ã¸L ] e ] J á
S1U aNe[c¸J�û _ J�c S¢å J U à ]�è�é¸X Jpc�J ] e Z à5J á^S1å L ß J ] ã�J�c�J/à X J U à X c5J ]=X a Z(á J á H S	è J è¢ú"S `�L:M�L Z e[Jpã¸L ]
Y J Z a�ã ��%[úCS àÇã¸L ]�] J�à/à�a �

J�c�a ú aNà X J#c5ã S(] J úCS àÇc�J å L S1U J á e UWV�X L U[ß J á gFL UWá e ] J á à�a Y e S¢Z àà X J ù c ] àPJ S1ß J U�]=_ L V J è � S1ß eWc5J ) ]5X a�ã ]Á] L åÁ_WZ J S¢å L ß J ] L UWá à X J ù c ] àl`bJ#ã J S¢ß J U `�L V J ]#è
é a Y e S1Z1á à X J ] J V a U�á J S1ß J UW]5_ L V J ú ã�Jÿe ] J á á"S&� J�c�J U à S1å L ß J ] `bc�a å à X J S1UWá"S M S1á e�L Z a�`
S1U à5J#c5J ] à è�é aPL Z1Z a�ãÑ`ba c�c�a Y e ] à U J ]�]#ú à X J S¢å L ß J ] ã�J�c�J/a Y à�L S¢U J á e U�á J�c á"S�� J�c�J U à Z1S1ßNX à S1U[ß
V a UWá[S à S a UW]�ú `�L V�S L Z J�û _ c5J ]5]5S a UKú L UWá6_ a ] J è
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aspect ratio of the sub-window,

   = (BRy - ULy) / (BRx - ULx)

 = aspect ratio of the training images.

BRx - ULx >= MinX

BRy - ULy >= MinY
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