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��� �&'�(� )�*&"� �+ �� � #$&', -���.&� �����+����� ��,  -���.&� ��,

)#� �&%�/ 0�1� 2�345� �+ -+��&"� ���+ 6#�� -�7( � �� -� 089$� :, �+ ��  
��� �&'�(� 6�;<�9� =�� >�?�� 
� @#, .#��� �#;+ �" ������OCT   

)Optical coherence tomography��+ C�#��% ������ � ���� �'�� (.  

��� :�� )���  ��,�;<�9� � �E�� 
� )��.&"� �+ )�*&"� 3D-OCT1000  F#�Topcon  
�
�&"��G�+ HG( 
�I.J� K�%  �#;+ �" ������ L��� � #���/ ��� 

OCT .��+ :MN C�#��% -*�� �#;+ �� � ���� �'��  0�OP��� �+ �40  :MN �+ RS5���-;�85  >�?��=�*���� �+ �S��� =�<�� �� .!%�/  ������ T�9" 
� ���/


  =MU(��V 6���� �'�� �#;+ �" W� -/X�� ��,����+ � Y�O� Z[" 6#�  !"� �+ �, )#� \��]&"� ��, ��+ � =MU(��V �#;+ �� ������ � :, �+ -/X�� ��,��

 :&���*<� 
� )��.&"� �+ .#�#� )��� !O+�9�RANSAC )Random sample consensus !��I� �� � #���/ @^� L�#8� H+�� =��&I+ =�G]� �+ 0+�9� ��_ Y�O� 6(

����
 � C��O� 6F�O&��  ������ ���`� ���+ �� ��OCT �� C�#��% ������ �+ 
��� �&'�(� ��a$� �+ ���� �'��#�  !"� �+ 6��+ 
��� ��. 

����� ��: �&I+�= bc�� ��+ �,� )��� �,� �;<�9� � ���&"  �  d�� �� 0+�9�SURF )Speeded-Up Robust Features �+ �+��+ (100  ��$�M�+ � �SJ�% � +�=  Y�O�

 d�� ��RANSAC  �+ �+��+15 �9c �� ��+� ��*���= ) 2�;+��Mean square error �� MSE
  (  �,��� �+�R 0272/0  �0268/0 $gG, .#�  !"� �+�6=  !S3 �+

#8� ��(� >#3�L + �E�� =MU(��V�= )��� �,� OCT ��+ � C�#��% �� G]��= RANSAC6 )��.&"� 
� H+�� !,�8� �� �I$� ��O��� 6F�O&�� hc�N � O��C� �� a$��: 

�- �G��6# �+ �&��i �&I+� �?$� #,��c #� .LJ�� �9c� S�- ��+� 40 )��� � :MN 85�;- �+ j�]&�� ��O��� bc�� �,� I+�6�$ 0038/0 ± 0268/0 �+ !"� #� . 

����� :����  =MU(��V ������ 
��� �&'�(�OCT -*�� C�#��% ������ �6  ����� 2�345� 
��&+ �� ���5 �+OCT ��G� R���� �� C�#��% ����� �6 

-�  �� :MN 
� �#$G�
�� �������  2�345� #����:MN ���&c� #,� ���1 
�U�7V.  

:����� ������ ������ Optical coherence tomography )OCT6( �'�� 6���� :&���*<� 6
��� �&'�(� Speeded-Up Robust Features )SURF(6 
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��0 � �� �" ��� �����1.    ) ����3�% 4�#$ ���Optic nerve head( 

�6�" 78 "� �0 -�� ��	
� )� �69*:   78 ;<�� )� ��	
� �
#$ ��!

�� ���9$ ��*� ���=� ���3�% 4#$ ���� �%    >"��� ���� )� � �3!�

��  .����  � ��0 ��	
�� )� -9*: ���      �"��� ?�*�� 7���3$ ��% 4��@

)Optic disc�� ������ A�� ( �B<3� '���  ������ �    ����" � �	�� ��

 -���� ��	
��� C������D ������#� "� )1(7���*08 ���0 ������) .  � ���!

���� �� 4��8 7���F��  ��!  '��33�%      ��6G� �"��� ?�*�� ���	�9$

�� ) �� �!��� HG� ��� "� HB� �% �I3� � ���3-2 .(  

4��8 C��� �%  �"��9�% � �!       � �"��� ?�*�� ��0 �����) ���!

��	
� �� ���M� �" ��� �  ����#� ��"�% '�30 C���9! �D�� ���� 

) �"����Optical coherence tomography  ����OCT ?��*�� )� (
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78 N�
�"� OI3� � C����D ����#� � �"��  78 ��� "��: �P� � �!

   "��9�% H�G��� -�MQ 7�	�A1 � 7�##G6� ���% '��	
� �% �   ���!

     .���% ��!��� -��9!� A���. 78 ���
M% �% 7���G% -$�� � �9��

�M� )� �	�  ��" �����        �0 �6�*�Q" 'R���!� ���� ��% 7����" ���! 7��

)Registration ����#� (OCT �� C����D ����#� �    ��S�$ .����%

         7������
�T�0 "��U3� ��% ���� ��0V �����#� 7���0 �6�*�Q" '��� �%

��F6����  �"���%�����#� ����!OCT �W���� -���9!�  �6��*�� .�"�� ��

 �"���%���#�OCT   �)����� ���/� )� ���X6�� �%     � >��� ���Y ���� 

  �Z��� ������ ��"�%   3��) "��� ���! ) (���6���D�6Interferometry (

��  ?������8 [<B� )� �" 
�% ���T�)" �% ��Z% �� �� �� ����#� �����

  ��� C�����D ���#� )� ���X6�� �% '��3\9! .���9� ��I�� ��	
�   7����

?� ]	$ �� ��Z% �F�" )� ;<�  ������  ���� )�  ���9Q  '��	
�� 

?*�� '�"�� 
�0�� � 4<: �X�� ��I�� ��9�.  

�$�9I� ���
� ���" '���#� 7��0 �6*�Q"   ���� )� �����X6� ��!

  ��� ��.�� ^�#6G� �6*�� ?� �%   ����%)4(���� .     -��� ��	9� ��!

]��	$ 7����) '�!"���*3� )� ^���$SY� '����Z6� ����! `��9$ '���!  ���� ���!

�� ���     �6�"��FT� '���� a��I�� ^��ZT�<� `
Y .���% b�6G� ��!   ���!

�� �" ���#� 7��0 �6*�Q" �6�� �� �% 7��� c�" �     C���� ��% ���!

��*B� ^�� C��� �% �� � � W��  ��0 ��3%)5(   �6�*�Q" ��3���D "� .

    ��% ��F�� ����#� � [
3� �� [Q�� ���#� 7��3$ �% ���#� ?� '7��0

�� �6D�  �U� "� OI3� �� R�! 7��3$  '7��0 �6*�Q" )� R�! .���

�� [Q�� ���#� �% R�! ���#� -
d �� � )��� ��%c�" .�  �36
� ��!

  �F6�*
9! ��!"��Z� `��Y )� �" ����#� "� ^�� ��!�FT� '^�� �%

)Correlation metrics ��� �*��B� (    c�" ��0 �T��. "� e��30   ���!

� W�� 7��� -B%�<� '� W�� �% �36
�   N��<� 'N�B� �3��� ���#� ��!

�� ���1 �" �!"�6��0 �  �30)6( .  

�6�"�FT� )� ���%     ?��3	� )� ��6D� �% '�� W�� `��
<� ��!   ���!

        78 "� ��0 �36�*! �����#� 7���0 �6�*�Q" �6��� a��I�� ���% �63�

 ) N��%�� ��630 N�B� '"����1�Corresponding control points  "� (

�� g�G6�� �" ����#�     ��% ?�������� ^"��/ �% �F�� �hZ% "� � �30

     )����"�	�8 7���\9! ��� W�� ��!)����"�	�8 )� ���X6����SURF 

)Speeded-Up Robust Features ��� g�G6�� � W�� N�B� '(   .����

)��� �"�� �:��. )� ��630 N�B� ���Z� �0 ���F3!   b���Z� ����%   ����

�����
� 4����3�  �6�"���FT� '�����% �6����% �����!  ���3���RANSAC 

)Random sample consensus( ��       ����
� i��� ?�� ����% ������

 j��) �3���Affine(      ����9� >��G6��� �" ���96$� ��%�: N�B� ���6M%

)8-7 '5.(  

���ZT�<� "�    ������#� ���0 ��OCT   ���F�" C������D �����#� �

 )� '���� �6*�Q"�3���%  �)��   ���X6��� �����#� ��� 7��� -!�
� [%��

 �� `%���<� N���B� � ������    )� ���X6���� ���% R���! � [��Q�� �����#�

���6�8       -!�
��] ^���X6� ���� ��� '78 )� ]�1 .��8 -�� �% �"�m 

)Similarity '(Affine �Q"� � ) �� �Quadratic���9� ���% [(   ���!

    7���0 �6�*�Q" ����% �I�6� ���6M% .�� �*��B� "�9�% � �Z�
Y ���

�Q"� ��� )� �Z�
Y ��� ����#�  �� �)9(     ��% "��9�% ���� ���% �

p" H�G�� -�$ ����  �/�. -!�
� ��� )� '�690 ��! )10( . 

   �����#� 7���0 �6*�Q" )� ��F�� O!�W1 "�OCT    7���3$ ��%

"�A%�   ��*��B� � �6���% -�:� ���% �      ���� �"��9�% ��.��� ��90 �

       �6�"���FT� A���� 7����0 �6��*�Q" �����% � ������  ���X6����SIFT   

)Scale-invariant feature transform "��0 �% (     ���� "� .��� ����%

 '� W�� N�B� �6D�� ���% c�"�3���%  ��3�90     C���B� ���hD 7���0

Gaussian  ���% �0SIFT �� �6D�  �U� "�    "���: ���X6��� �"�� '���

-MQ 'a�� �6*�! "���9� )� ���X6�� �% ]r� .-D�    ���P� 4�� ��!

��� �6D�  �U� "� ���6*0� R��Y� "�  �% � W�� "���% �4096   ��#3$

   ��*��B� ��% `%��<� N�B� .����  b�/��  ���/�D �    ���!"���% 7���� �

�� ���1 � W��   ��ZT�<� "� .����   '"�0m�� �    ��" ��% 7���0 �6�*�Q"

  ������� ����#�ONH )Optic nerve head    ?�� )� ��0 
�0��� � (

 �� a�I�� '��% ��� �6D�  "�9�%)11(.  

�ZT�<� "� �6�"�FT� )� �s�. �       C���� ��% 7���0 �6�*�Q" ���!

  �����#� 7��0 �6*�Q" ���% � W��OCT     �����#� � �"��� ?�*��

  �����#� ��	Q��1 ��6%� �0 4���� ���% .�� ���X6�� C����D �F�"

OCT p" � ��8 -�� �% �"�� ?*��    � ���� ��/�. ����#� ��!

p" ���#� .����  >��G6�� C����D ����#�   ���	Q��1 ��!OCT 

      [�Q�� ����#� 7���3$ ��% C�����D ���#� � R�! ���#� 7��3$ �%

       �� W�� )���"�	�8 )� ���X6��� ��% .��� g��G6�� 7��0 �6*�Q" ���%

SURF  �6�"�FT� �RANSAC  �Q" ����% �3���� c�" '   7���0 �6�*

 ����#�OCT  �6�"�FT� ���% � W�� .��8 -�� �%SURF    ��% -
�*�

 O����� � C����B� ���% -
��*� ���m��1�����=� '���F�� ��!)����"�	�8

��      ��� A���96� �� W�� ��!)���"�	�8 ����� )� �" 78 �0 ���%   .�)���

 ]����� )� ���X6�� -�$ �% '��3\9!Hessian  c�" "�SURF ��� '

�%�: � "����1 )��"�	�8 �� "��	�   ���X6��� -�$ �% c�" ��� "� .���%

   ��� O!��0 "���*% ^�
��P� 7��) '���#� ���F6�� )�     -��$ ��% .��%��

 c�" "� ���m1"��	� -��%�:RANSAC  ���X6��� �% �0 �Y�B� ���Z� '

�� `%�<� �F��	� �% c�" ��� )�    c�" ��% -
�*� '��3%��    ��F�� ���!

c�" ��� ���% -�A� 7��3$ �% �0 -�� �6��% �� g�*P� ���.  
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����  ���ZT�<� ����!    �"���%�����#� �6��*�� )� ���X6���� ���% ���s�. �  

3D-OCT 1000  �����)Topcon )� (40   ���Z�
Y ����� ���% ����D 
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[9Q   .�� �"�8  

���� �����! ����� �����Z%  ��"�� �"����� ?���*�� �)������� �   

650  ×512  ×128 Voxel � ����	� �����T�)"� 72/11  ×88/46  ×54/3 

��% �6���	��. ����      ��"�� '��F6��� 7��9! )� ���� m��� ��Z% �� ��!

 �)����� � ��� C����D �F�" ����#�  �1536  ×1612 Voxel   ���%

)12(��.�� "� . O�1 � F���� )� ���X6�� �% 'c)���1��   v�<�� )� ��� 

 ��Z% �� ����#�OCT ��F����) �"�� ?*��  )� ��� 128   '(;<��

 ����#� ��	Q��1OCT  ���#� 7��0 �6*�Q" 7��6% �� ��8 -�� �%

 ��Z% �� ���#� �% C����D ��Z% ��OCT    �	��) ���0 ���1 �"1 .(

'p" >��G6�� �6�"�FT� )� ���X6�� �% p"     � ���	Q��1 �����#� ���!

�F�" C����D 78 )� a��0 �! �% �w�36� �� >��G6�� �!  a��  .���   ���!

�� ��) v�� �% �/S� ^"�/ �% �6�"�FT� ��� ���% )13(:  

1- O�1 p" -��B� ���% ���#� c)���1 ()�� � ?��0 ��!  

2-  ���
� )� ���X6��Curvelet    O��1 �����#� ��" ��%   c)����1

-MQ ����#� �% 7���" "�U3� �% ��� "��  

3- �
��P� �W�� ����B� �   ]������ �Hessian    `6��� ]r�� �

�
��� -MQ ����#� a�� � "��  

4- �� W�� � �W�� ����B� ���P� � ��AI  ���% ��Y � ^�� ��!

p" ���y� a�$ � ���y� ��T�� ��!.  

p" ����#�    ���� >��G6��� ���!     ��% ���	Q��1 � C�����D �

  "� 7���0 �6*�Q" ���% R�! ���#� � [Q�� ���#� 7��3$ �% 4����

�� �6D�  �U�       [�Q�� � R��! ����#� �6D��  ��U� "� )� ]1 .����

  �	�� "� ��� ���� 7��� a�� ��� (��% �% `%�<�2   �6�*�Q" ��.��� '

�� ^"�/ 7��0  ��� (��% ��� -9*: .���     -�B%�<� (���% ��� a�� �

 �6�"���FT� ���% N���%��SURF   �6�"���FT� ���% N���%�� a�� -9��*: �

RANSAC ��     c�" )� ���X6��� ��% ��0 ^"�/ ���% e���%SURF 

     ����!"���% � HG��� R���! � [�Q�� �����#� �� "� �� W�� N��B�

 ��� >��G6�� N�B� ��� ���% � W��       )� ���X6��� ��% N��B� ���� � ����

?�������A� c�" ��������*9! ���������  �"����6������� ������% �SSD   

)Sum of squared differences( �� `%�<� �! �%     ��% ]r�� .����� 

 �6�"�FT� )� ���X6��RANSAC   � g��G6�� ��6D�� `�
<� N�B� ���6M% '

H���     78 )� ���X6��� ��% 7���0 �6�*�Q" ��!      ���� C���� ��% � ��!

�� �
��P� '�%�G6�� .����  

�������� SURF 

c�" �.��� SURF  )� ^"�
$»    � -�MQ 7��� '�� W�� N��B� ���Z�

`%�<� � � W�� "���% j�#6�� «�� .���%  

      'C���B� ���m�1�����=� ��% 7����" ����% c�" ?� ��0 "�Y �%

C��B� "� ���#� ��"�%  C��B� ��hD a��0 �! �0 -�� ^��X6� ��!

�� ������    �6�*! 7���% "��0 �% �% ��� ��� � ���  �Gaussian   `�BP�

����  .�����  c�"SURF   � v�<��� ���% �" C����B� ��!���hD����60� 

)Octave( �� ��*B�  7�� �%��% �� �% ��60� ?� .�30σ   N��%�� -��� 

�� ��*B� -���3	� �/��D �% �.�<� �% �  .���SURF  )� a�! ?�

��B�   ��� ���I�� ��60� "� b�6G� v�<� �% |��1 ��!    �6�"��FT� .��30

SURF "� �" �������#� '����� W�� N�����B� �����% 7�������" �������%   

  

  
 
��1�� ������� 
���� . ��� � ���� ������ ���  

-9*: bT� :��9� �� ��Z% OCT )Optical coherence tomography� (?*� "��'�  -9*:g :"�  
�%��9� ��	Q��1 OCT ?*�� "���  �����1 "� ��9� �� ��Z% C����D 

�F�"  :> -9*: �p" ��9� ��! ��	Q��1 � C����D  
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                                    ��                                                                                                  !  

 
��2# $�%& .'��(�� ��)#�* ��+,  

(��% :bT� -9*:  �6�"�FT� ��!SURF )Speeded-Up Robust Features(��% :g -9*: � (  �6�"�FT� ��!RANSAC )Random sample consensus(  

  
C��B� �6*! )� ���X6�� �% ^��X6� ��!  �Gaussian  ]���"�� �%σ  "�

�� �U�  .���  ���330 Rm. �Q��� N�B� '�U� �"�� N�B� -��M� "�  �

  ����@ ������B��3�����% � )Non-maximal-suppression 7���3����� (

 ]�����Hessian ��      7���� "� � ;<�� ?�� "� ��0 �3��%8  ��<B�  �

 � �F��*9!9  � ��
�% ;<� )� �<B�9     �����1 ;<�� )� ��<B�  ���9$�

�� ]�����) ���  Hessian  ^�B6�� �% ���#� ���T���0 )� ���X6�� �%

 ���
��� ����AQ  a�� ��6��*!  �Gaussian  ]�����"�� �σ  ���/�.

��  .(��� ]�����Hessian  ��<%�" "� ��� ���� 7��� ]����� `
Y  �

1 ���"� � �<%�" `
Y 78 ��!  ��!2  �3 �� .���%  
  

�<%�"  �1         H�x,σ� � �Lxx �x,σ� Lxy �x,σ�
Lxy �x,σ� Lyy �x,σ�
			  

  

�<%�"  �2                     Lxx(x,	σ) = I(x) * δ2/δx2 g(σ)  
 

�<%�"  �3                    Lxy(x,	σ) = I(x) * δ2/δxy g(σ)  
  

    �����#� ����F6�� )� "��0 ���" �% 7���G% -$�� ���% '��3\9!

�� ���X6�� ) [:�� "� .���x(I     ��% ��<B� ��! 78 "� �0 -�� ����#�

�9! i�9I� ^"�/ �*	�1 � ��.�� "� �!  ]����� �% ���<6*� �   ���!

?��0 �<B� ^�#6G� )� ��     ��� �����V ��U� �"��� �  6�� .����  ����F

�<%�" "� ���#�  �4    .-��� ����8 ����9�    "� �F���*9! v�<�� )� ��

 �	�3 �<B� '}�" A��: �*	�1 .-�� ��� ���� 7���  �"�� � W�� �

�� 7��� �" �U� .�!�  
  

�<%�"  �4    I(x) = ∑ ∑ I�x, y����������	��� 

  

  
 
��3. .��/0 1� ������*�  2��3��)14(  

  

/��) � W�� >��G6�� ���%b�      ��% ��6MQ -��� a)
 ���6%� '(� 

      "���U3� �����% .���%�� j���#6�� ���U� �"���� N���B�|����1  ����!  

Haar wavelet  )15( -��MQ "�  ����!X  �Y  �F����*9! ������ "�

R�! ���#� [Q�� ���#� 

����0 N�B� �)��"�	�8 

)Keypoint detection( 

����0 N�B� �)��"�	�8  

)Keypoint detection( 

  

b�/����330 N�B� ��!

)����0Keypoint descriptor( 

b�/����330 N�B� ��!

)����0Keypoint descriptor( 

  

-B%�<� Matching Correct matching 

����#� C��B� ���=� � O��� 

[Q�� � R�! ����#� ����6*�Q" 

Outliers rejection 
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 ���� ��	� � ���� ���	� ���	��� � 

�����  i�Z� �% ��s6  ��<B� R��Y� "�  �   �����0 �
���P�  ���   .����s 

 ��<B� �0 -�� ����B�        .-��� ���� "�	��8 C���B� 78 "� �����0 �

�
��P� �% ��/� -MQ �9! i�9I� � |��1 � ��I31 ���� �!  �6MQ �

 �)����� �% 7�A=T  ���   ��� ��) ���9G�       ��% ���I31 ��! "� -�MQ .����

�
��P� |��1 i�9I� � �% ���9$ � �BD� -MQ "� �!     ���� ��Q "��Y

�� �
��P�   "� ���P� -MQ "���% �% �I3� �0 ���  ��� ���I31   .���� 

��I31 a�9� "� -MQ �����3�%  7��� �! ��3!� �� ��/� -MQ � .���%  

 ����.�� '-��MQ 7���� HG���� )� ]��1 �)������ ���% ���Z%�� �  �  

s20 × s20 �<B� R��Y� "�   ��� �6D�  �U� "� ����0 �   ]r�� .����' 

�� ������� �%�G6�� -MQ ���6�� "� ��.�� ��� .��� ��.��   �%��G6�� �

 �	� �3���4    ��Z%�� �.������) �%4  ×4   ��� ���*B�     ��! ��0 ���� 

 ����Z%� ��"�� ����.����)5  ×5 |����1 .-����  ����!Haar wavelet   "�

 �BD� -MQdx   ����9$ �dy   ��� �
���P�      � ��BD� -�MQ ��0 ����

  ��<B� �%��G6�� -MQ �% -
*� ���9$     ��� ���I3�� �����0 �   .����

|��1 ]r�  ��!Haar wavelet  dx  �dy  [9Q �! �% ��.����) �! "�

�$�9I� '��� ��T�� � �� ��	�� �" � W�� "���% )� ��   "��U3� �% .�!�

�6�"S1 �"�� "� ���$SY� �% ���6��     `��<� "��: '^��� ^����=� �

�� �
��P� A�� ����B� ��� �<%�") ���  �5 .(  

��.����) �! "� '����%�3%' b�/�� "���% ?�  � 4    ��	��� ���Z%

����  �.����� �6D���  ���U� "� ���% .�����4  ×4 ���% ���I3� ~����6� ����� '

b�/��  �Z% �% �� 64 )64-SURF) �� �!��� (16.(  
  

�<%�"  �5                   v � �∑�� , ∑ �� , ∑|��| , ∑�����  

. 

  b��/�� ���!"���% `%�<� ���%     c�" )� '��s�. `��BP� "� �� 

?��A� �F��*9! ���� ) 7"�B6�Nearest neighbor symmetric  ��% (

 �"����6��SSD �6�� ��6%� c�" ��� "� .�� ���X6�� ?��A� )� ��  ����

/���b �!�  )� �#��� [Q�� ��%� �! a��0 )� /���b  ��!� �  ��#��� 

R�! >��G6�� �� ���  ."� ����� �"�%�� ��� "�0 "��	� ��  ���� . ]r��' 

�
��P� �% �  �"����6��SSD  ��<%�" )� ���X6�� �% � 6  �90� ��3 � "�   ��U�

% `%�<� '|��1 �6D� �� � "���% ��� W� � ^"�/�  ��� )17(.   

�<%�"  �6    D (Ij, T) =∑ ∣ I�,� � T� ∣ !��"  

 
 
��4. 7�80 � #�9��  ,:��  �()16(  

  

 �6�"�FT�SURF         [�%��� )� ���X6��� ��% ���� ��0V ��.��� ����%

Extract features 'Detect SURF features  �Match features 

�� `BP�  ���Q �% `%�<� ��� �0V [%��� ���% ����0 ^�9�U3� .�%��1 

�ZT�<� "� ��Q� ���% � �� �s�.    H���� .����%Metric threshold 

��$ ���6�8 �0 -�� �6
��  �G6�� ���% �" �� ���: g�   �� W�� �����   ��!

�� HG�� .�30  H���Method     ���!"���% `%��<� �%��G6�� c�"

�� HG�� �" � W��   �)����� "���Z� � �30    �6��"��1 '78 ���� Metric 

 .�� ���� ;�s�� O�1 -9*: "� �0 -��Match threshold  ���$

 ��%0  ��100 �� ���6�8 � ���% ��: g�G6�� ���% �� `%�<� ����    ��% ��!

�� "�9� ��" .Pre-normalized  7��% ����� H�G�� ���% �#���

   ��0 -��� � W�� ��!"���%True       ���!"���% 7���% ������ ��3Z� ��%

 � ��� W��False         ���% )����� ���!"���% ���0 -���� ���3Z� ����� ���%  

����� .��"�� �)��  

 ��������RANSAC 

`%�<� 'R�! � [Q�� ����#� `%�<� )� ]1    ���X6��� ��% g��<��� ��!

 c�" )�RANSAC`%�<� � Rm. '   c�" .���8 -�� �% ���M� ��!

RANSAC    H����� ���9G� �����% �"���	� c�" ?��   ����� ���!

 ��� ��Q�� ^�$SY� ��" )� �s��"   .����%     ��% �6�"��FT� ���� ����"

a�  ^"�/  ��!1  ��5  -��)18(  :  

  

<��� 1 .=>�,2�/ %*,�� �������� SURF )Speeded-Up Robust Features(  

��	
  ��	� ����� �� ��	���� ����� 	� � ��	
 ��� ��  ��	���� ����� 	� � ��	
 ��� !�" 

Metric threshold  100 1000  

Method  Nearest neighbor symmetric  Nearest neighbor ratio  

Metric SSD SSD 

Match threshold  80  10  

Prenormalized  True  False  

SSD: Sum of squared differences 
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 ���� ��	� � ���� ���	� ���	��� � 

��T�� ���
� [%�� ��9G� � �<B� �� �D��#� g�G6�� :��� a�  

�F�� N�B� )� ���X6�� �% ���
� [%�� -P/ ��"�% :a�� a�  

a�     �� W�� N��B� b#� )� ���y� �"�� N�B� �0 ��"�/ "� :a��

   �D���#� N��B� ��" )� ���Q ���
� [%�� �"�%�� '�3��
� �����) ���#�

�� ��) ��9G� ���Q .��� 

 -MQ 4��3� ���
� [%�� �% 7���" �� a�� a�  "��	� :a"�M� a� 

;�P/ ��@ `%�<� N�B� Rm. 

�
��P� :�I31 a�    ������ ��% ��� ��<� � �    )� ��/�. ���<�

4��3� ��� g�G6�� � ��� ���� H�G�� ;�P/ N�B�  

     c�" )� ���X6��� ��% ��0 �Y��B� �0 )� �%�G6�� N�B� � � [:�� "�

?��A�          ^"��/ ��% [�Q�� ����#� "� '��36D�� `%��<� ����*9! �����

[x1,y1] '[x2,y2]  �[x3,y3]    ^"��/ ��% R�! ���#� "� �<B� �� �

[x’ 1,y’1] '[x’ 2,y’2]  �[x’ 3,y’3]   '���� �6D�  �U� "�6   � ��T��Z�6 

�� ��I�� ��MI� .���   
  

�<%�"  �1          ax1 + by1 + c = x’1    dx1+ ey1 + f = y’1  

  

�<%�" � 2         ax2 + by2 + c = x’2    dx2 + ey2 + f = y’2    
 

�<%�"  �3         ax3 + by3 + c = x’3    dx3 + ey3 + f = y’3  
 

 "�U3� �% 
�% "� ��� �0V ��MI� �� � �T��Z� �� )� �0 �*�����

 c�" ���% �3�9G� ���
� [%�� �% 7���"RANSAC �� ��I��   '����

�<%�" ^"�/ �%  �4   .-��  
  

�<%�"  �4    #$1 &1 1$2 &2 1$3 &3 1) *
+,-. � #$/1&/2$′3)		  

  

H��� 7�"�8 -�� �% �%  ��!a 'b  �c  �"��� ���
� [%�� ��T�� '

�� -�� �% �U� ]r� � ��8' a�  `
Y   ��0V 
�% "� �0 a�� � a�� ��!

�� ��9$� A�� �F�� �B%�<� N�B� ��" �% [%�� ��� '��    ���� "� � ����

���6�8 '��.��   ��� "���: ���X6�� �"�� �"�m       ��% 7����" ����% .���� 

�<%�" )� "��	� ^�ZD�  �5 �� ���X6��   :���  
  

�<%�"  �5      P = 1-(1- pn)k 

 �0n ���9� ���Z�  ���� �6D�     � "���	� ��! "�p    N��B� ���96.�

 � -�"� �6D�� `%�<�P      )� ��Z% -��BD�� ?�� �:���. ��96.�k   "��%

�� O���)8 ) ���%20-19.( 

�<%�" �% �Q�� �%    ��.��� ����Z� 7�"�8 -�� �% ���% ��� �0V �

�<%�" '"��	�  �6 �� -�� �%  78 "� �0 ��89/0  =P ��  ���%)21(.  
  

�<%�"  �6      k � 234�"56�234�"57!�	  
  

 �6�"�FT�RANSAC a�� "�  "�AD�Matlab    "�6��� )� ���X6��� �%

EstimateGeometricTransform  ��� `BP�  ���� )22(  ^��9�U3� .

   ����Q `�
Y ���X6�� �"�� ����02  ���� ����%     ��U� "� ��ZT�<� ���!

 H��� .�� �6D� Transform type      ��) ���9G� ����
� [%��� i���

 )� ���X6�� �% ���RANSAC   ��� HG��� �"   .��30MaxDistance 

��/�D �� 7��� �" `%�<� N�B� 7��� �  � �!�MaxNum Trials  ���Z�

 7���9! ���0 �" c�" "����	� ^���ZD�k ���<%�" "�  '-���� ����� ���0V �  

�� 7��� .�!�  

-��M� "�'   c�" )� ��0 �3�M% ���
� [%�� ��" )�RANSAC   ��%

�� -��         � R��! ����#� ����=� ����% C���B� � �����) '���B6�� '��8

�� �/�. C����D ���#� �% 78 7�� �6*�Q"  .���   � �����) '���B6��

   ���	Q��1 ��0 R�! ���#� )� ��Z% ��" �% '���8 -�� �% C��B�

�� ��9$� '-�� ��� �/�. 78 )�  7��0 �6*�Q" �% -��M� "� � ��� 

���#� OCT  �"�� ?*���� C����D � �� `��Y ���% .��"   7����

.-D�� -�� ����#� ��� 7��� N�
�"� �%  

  

���"	 	
  

 �6�"���FT� ��� "���0 ���% )� ���/�. ~����6�SURF  ������#� ��" ���%

p" ��� >��G6�� ��!  C�����D � �"�� ?*�� ��	Q��1 �   ����%

����  �	� �1    g��G6�� [�Q�� � R�! ���#� 7��3$ �% 4���� �% �0

 �% '��� �	� "� ���9� ^"�/5 .-�� ���8  

 c�" )� �/�. ~��6�RANSAC    ̀ %��<� ����Z� "��U3� �%   ���!

    �	�� "� ���� 7��9! ���% -�"�6      '���3\9! .-��� ���� ����"�

�6D��  )� ���X6�� �% 7��0 �6*�Q" ��!RANSAC   R��! ����#� ���%

���� 7�9! "�  �	�) ��
: �7���� �� � (  �	�) �F�� �Z�
Y �8  ��% (

��3$.-�� ��� ���� 7��� ���9� 7  

  

 <���2 �������� 2�/,=>� .RANSAC )Random sample consensus(  

��	
  ��	
 ��� ��	� ����� �� ��	���� ����� 	� �  ��	
 ��� ��  ��	���� ����� 	� � !�"  

Transform type  ) *�+���Similarity(  Affine  

MaxDistance  15 5/1  

MaxNum Trials  100000  1000  
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 ���� ��	� � ���� ���	� ���	��� � 

 
 
��5 ����� ��,(��* @& A���0 .SURF )Speeded-Up Robust Features(  

  

  
 
��67#�# ���& @* B,8: .C&�D� E�C0 :! G/+H � @�I�� J&�D� E�C0 .��/� : �� G/+H .  1� 7#�3��� �& 
KH 
�� �  

RANSAC )Random sample consensus !���0� (7�� .�0�  

  

  
 
��77#�# ���& )#�* ��+,�� 1� 
:�� A���0 . 
KH 
�� � 

) ^�Z%�� ��F���� ��<� 'C��B� '����)Mean square error   ���

MSE) �BD� "�P� ��6��" "� ��B6�� '(Tx  "��P� ��6��" "� ��B6�� � (

) ���9$Ty( ���9� ?� ���%    �	��) ��Z�
Y ��� �7  �<����� "� (

 �0Match threshold  ���Q "� '�"�� �X�6G� ����B�3    ���� ����"�

7�9! .-��   ���� ��0 ����      ��� 7���� ����Q ���!     ����% ��<� '��!�  

100  =Match threshold .��% "��B� ���690  

 ���Q "�4'  7�A��MSE    b��6G� �����B� ���%MaxDistance 

��/�D "��B� �0)  "� N�B� 7��� �RANSAC �� 7��� �"    ����% (��!�

 "� �<� �:��. �0 -�� ��� ��"�8 ���� 7�9!15  =MaxDistance 

  .��8 -�� �%  

 ���Q "�5'    � -!�
�� ����
� [%�� �� ��<� "��B�Affine   ��%
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 ���� ��	� � ���� ���	� ���	��� � 

 ��MaxDistance ���� ���% ^��X6�     .-��� ���� ����"� �U� �"�� �

 �% '��0 "�Y �% ���40 ����   ���� � �T���   ��% �Match threshold '

MaxDistance       ���� ��0V �����Q `�
Y ��0) -!�
� ���
� [%�� �

     ^����Z%�� ��F������� �����<� '(�36���*! ����3�M% [%����� � �������B�  

0038/0 ± 0268/0 7�9! .��8 -�� �% O�1 �0 ���     ���� ;��s�� ���

     ��ZT�<� "� ?�������� c�" )� ���X6��� -��A� '���   7����) '��s�. �
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 <���3@0���N �,,O� 1� 7��N G�# @& ��DP � Q�,C� R@���1 . @%��� � ����� S� ���& .(T�� GC&�D� �  

Match threshold  50  60  70  80  90  100  

�./�0  8712/0  8483/0  1721/4  8712/2  9663/1  9123/0  

1�23�  0182/1  9405/0  0057/1  0182/1  0005/1  9404/0  

MSE  0300/0  0273/0  0284/0  0300/0  0288/0  0272/0  

Tx 3512/352 -  3128/334 -  1505/341 -  2476/339 -  0558/346 -  2912/346 -  

Ty 8036/157 -  8480/162 -  7879/160 -  7279/154 -  7029/159 -  1937/165 -  

MSE: Mean square error 

  

<��� 4 .��DP @& G�# 7��N 1� 2��,,O� @%:�I � �)�,  �# E�C0RANSAC )Random sample consensus( 

MaxDistance  12  13  14  17  16  15  

MSE  0275/0  0292/0  0272/0  0278/0  0277/0  0268/0  

MSE: Mean square error 

  

 <���5�&��� ���& �DP ���C� .  2��3��  

Transform function Similarity  Affine  Similarity  Affine  
MaxDistance  15  15  10  10  

MSE  0277/0  0281/0  0282/0  0270/0  

MSE: Mean square error 
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-9*: bT� :�% c�" RANSAC  ) Random sample consensus  ( � SURF  ) Speeded-Up Robust Features (   -9*: �g :�6*�Q" 7��0 �% c�" �F6*
9!  
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Registration of Optical Coherence Tomography (OCT) of Optic Nerve Head and 

Fundus Images Using Speeded-Up Robust Features (SURF) and Random Sample 

Consensus (RANSAC) Algorithms 

 
Alieh Ahdi1, Hossein Rabbani PhD2, Alireza Vard PhD2 

 
Abstract 
Background: Registration of images is the process of matching two images of an area or a scene with different 
conditions or imaging times or taken by different sets to achieve more accurate and detailed information. The 
purpose of this study was registration of three-dimensional optical coherence tomography (OCT) optic nerve 
head and fundus images. 

Methods: Data used in this study were taken via 3D-OCT (Topcon model 1000) and contained images of three-
dimensional OCT and two-dimensional colored fundus. This study was performed on 40 volunteers with normal 
eyes. In the first step, the projection of 3D-OCT images was gotten; then, the projection images of extracted 
vessels of two-dimensional fundus were achieved. Speeded-up robust features (SURF) algorithm was used to 
find the points and their feature vectors and then to match the feature vectors. In the next step, eliminated outliers 
points were deleted using Random sample consensus (RANSAC) algorithm. Finally, the scale and the angle for 
changing optic disc OCT images to be registered with fundus image were achieved. 

Findings: Combining the projections of OCT and colored fundus images were well done using SURF and RANSAC 
algorithms. The best obtained parameters were match threshold of 100 in SURF algorithm and maximum distance 
of 15 in RANSAC algorithm with the mean square errors of 0.0272 and 0.0268, respectively. Due to lack of 
conversion of projection between the data of OCT and fundus images, for estimating the RANSAC algorithm, 
similarity function that just adjusted the values of transfer, rotation and scale, would lead to better results. The 
overall error for the data of 40 normal eyes selecting optimal values of parameters was 0.0038 ± 0.0268. 

Conclusion: Registration of projection of OCT and fundus images via combining the information of OCT and 
fundus images can provide valuable anatomical information from the eyes for ophthalmologists. 

Keywords: Optic disk, Optical coherence tomography (OCT) images, Registration, Speeded-up robust features 
(SURF) algorithm, Random sample consensus (RANSAC) algorithm 
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