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Retinal pigment epithelium )RPE �(Verhoeff's memberane )VM �(Outer segment layer )OSL�(Inner collagenous layer )ICL�(   

Inner synaptic layer )ISL - (Outer limiting membrane )OLM( 343� E70�. 
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�= J���D �����4�- �� � ��� ��     �� ��� W��) ����� L� L� X�

Y�$ �� Z3� ��� ���4�- )Cartoon( ���� � )Texture( � �����  "���� .

4 +�[���$D���3�  �����#�  ���-Morphological component analysis 

)MCA( ��$8"� �� ���� �$�0$ ��  .�� �� �6��J�4   �� ����  "���� 4� .

J�4 .��� � \�� ��: 8"��&� B�#K�� �-     �� ��!�-� �8"��  "�#'

 B�#K�� ��y1, y2, ..., yM  � BC6)��� :"���  
  

)1 (      y = y1 + y2 + ... + yM + v 
  

�-  4�? �� B�0	� BC6)�v ��       .�K$���� ��� ��)��# � "�X�� ^4�_

��	� `�<$� � X_ 4σ  6��4�= .���σ 4� �-   B�6#- a�,��   8"�##- �   ��
)

�� "��� �b$� ��+�� �� �7�� �� �BC6)� � c�36$� ����� ��� )5 -4(.  

J�4 .�� ;�(<� 4�� � \�� ���  "#$�� Z3� �yi � �4� ���� 

��  ;_�> ^4�_   �#�& �� cT Ai    L�#� P���T 4�xi   �O$ 4�

�[��	� ;> �� Z3� � L#� P��T .��: � � ;_�> ��� :���  
  

)2 (    ∥ y − A1x1 − A2x2 …− AMxM ∥
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 ���yi ��0$ �!��<� �� ; � ��:  
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�$�6�D � c��7 �P��#� ��� Z�= ��6X: �� "#$��� ���� � ���4�-  L�� 

���4�- Z3� ��� ��[�� �#& �� ."#��0$ F3&� �4 �����  P�(h� 

;�"��!� �� ��� � ����� ���� .����[��4 �6[)Multi resolution ( "��#$��

) �[���6( �� "��� � �-� "$���   "�#$�� ���� �5�� N$�-� ^�/C?�

�![ 4� ."#- jX> �4 �� [�>�  �- ���� Z3� ���� ;�"!� ��  ���� ;�k� � 

Discrete cosine transform )DCT(  �� 8��X6���  ����    ��[�> ��-

) "$4�� �$���$5.(  

 ;�(<� � ��+1� J�4 ���3�4 ���#�    ��$���� ��&��l= ���4�- 4�

8��X6��   ��� �- ��� 8"�� �$�0$� ���� :��0$ 84��� �� �4��� ��  

Y�1$� ^�	[�
� 4�   4� �6�: ;��(<� � ��1�   ���4��- ����6(��- 

���� ���� �  J�4 ������4�-MCA  �  Z��$  J�4 .��� 4�  ;�0/

 `m��>BC6��)� = %����� �;��9 � ����� �� �����  ���6�4  �������   

)Image in painting (��  4�? %�  ���� �4��  8"� ) ���7.(  

	[�
��  �K�� � ��&$���  ��� �-    %�� ^4��_     J����D ��� �����

�=�� ��� �� ����  `m> "#$�� �!$�7 `�"�� �� BC6)� ���� +�$  � ���� .

 .�� 4���	[�
� 4�, 8��X6�� �4�� B�#K�� Z��0$ 4� L#� B"�   ��6�:

+�� %6�4�K[� � )Bayesian(  8��X6��� ���� � ���4�- L� X� 4�    8"��

��� )6(.  

 4���	[�
�� �  ���K��   ;�����6� �����"0� ���h W����) 4�   

)Mutual incoherence �( %�� ��!o� ���    J�4 �� ��7�) ����:

MCA  �6�: L0-��� p ��  4��?�   ��-   ������� ����� �  8"��  ��� �

���o$ ���� �� �� "> 4�  L��+$��� )8.(  

  Z��l�= L�� �? �.�#E0�  ���8o� : ���    � ���4��- ������ ��

����� h B"�� 
)�  �6�: O$ 4� ���� ��� "�� �     �� 8�C�/ ��-

� jX>� �:l�  ����   ��
) B"���  ���  "�$���   ��� ��  ;��(<� � ���+1� 

P��#� �� ���� %��� ���� ��� �4 )9.(  

J�4 ��4� 4� ��� 8�&� ���� � 8��� ��&$ �����  ����   ��-

�= J���D J�4�� ���    J�4 ���� ��� ��9���� 4�  ����   ��O$ B��"�6� 

Principal component analysis )PCA �(  4� �6��&�� ���4���-

 ���� �(_� ^�/C?� � �4�� ��	�� Z��-  J�4 .��� 4�   j�X> �6o�

�� ��: )10.(  

Z3� "#�� 5��   ��()�� ����  �� !���     �D 4� ��- ���� �"�#���

5 t�
��������� ������  �� !���� ;������12  ����� g
����Y����$ ������   

Retinal pigment epithelium )RPE �(Verhoeff's memberane 

)VM �(Outer segment layer )OSL �(Inner collagenous layer 

)ICL �(Inner synaptic layer )ISL(� Outer limiting membrane 

)OLM(� Outer nuclear layer )ONL �(Outer plexiform layer 

)OPL �(Inner nuclear layer )INL(� Inner plexiform layer 

)IPL �(Ganglion cell layer )GCL � (Nerve fibre layer 

)INFL� F3&� (�   ; �� .���1    ��$�0$ ����� L�� � ���� �� �

 t�
� 8�0� �� �� !�12 ��&$ �4 �$�:�� ."��  

Z3� ���  "�#� �5 ���     ��� !�� ��()�� ����   ��&��l= ����4�-

  4� ���- ����� ���6�: ^4���_ ���$����5 �(��_� 8���: A-SCAN   

)21-11 �(B-SCAN )25-224�6$����- �����6-� �( )32-25( J����� �

 �/�#��)35-33O$ � (��   `��: �)42-36 �6��� (  "�#��  8"��   ."�$�

 ��"	�g
� �� F�3&� �8���  8"�  .�� 4�J�4 ��  �u6� ���   � "����

� Y�"- P��	� � ���+� ��4�� �W��3�  ��)��  �- "#�����    ;���X�

�	[�
� 4�  �#��� .�� 4� ���4�� �4�� 4�, �6�: ) ���42.(  

    ;���(<� � ���+1� J�4 �� ��	[�
� .��� 4� ��3�4  ����#� ���� � 

  �� ���4�- Z3� W��) Z3� 4�O#� "#�� 5��     �� !�� .���� ����

8��X6��       ;��[� ��� ����� L�� ���4�- �- ��� �4�D��� �� Y�5 ."�

�![ .6��� ��� gT��� �� "$���  ���Z3� �"#�   ��o6#� �6o� v��6$ ��

 ���)5.( � ��+� �a,�� 4�Z3� �(_    ;��(<� � ���+1� J�4 �� �"#�
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�3�4 ���#�   ����$� 8��0� ��  ��9��$    ��(>� `m�> �����=  Z��= �  

Z3� ��7� ��� J���= �"#�       ��� ���4��- ����� ��- ��' p���

 �o7 P��#� ����� ^��_��) ��4�� � BC6)� ",�� �8"�D ���

��5 w�36�� �� �� ."���  

  

 
��� 1 .��	
� �� ��� ���� )43(  

RPE: Retinal pigment epithelium; VM: Verhoeff's memberane; 
OSL: Outer segment layer; ICL: Inner collagenous layer;  

ISL: Inner synaptic layer; OLM: Outer limiting membrane; 
ONL: Outer nuclear layer; OPL: Outer plexiform layer;  

INL: Inner nuclear layer; IPL: Inner plexiform layer;  
GCL: Ganglion cell layer; INFL: Nerve fibre layer 
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 �"� �6X: �E$�#'MCA �$�0$ �� J�4 �� ��    ����� L�� L�� X� �

 ��Z3� �� ���� � ���4�- ��� "���4� . �4�_� �-   ^5���	�MCA 

   ) ���4��- Z�3� �� ;���� �T� ���� L� ���yc � ( ) �����yt (

 �4 �����$���:���� %����) �%�#- �9�  
  

)5(             y = yc + yt + v 
  

 �B�>�� ) ���4�- Z3� ����yc ( ��� �4   ̂ 4��_  ;�_�>   c�T 

�#& �� ) ���4�-Ac(� #� P��T 4�L ) ���4�- Z3�xc4� (   �O$

.��:  �- .�� \� ��yc  B"� ��Mc  �#�& �� �� Ac  �yt   B"�� ��

M t �#& �� �� At ��� �6��� ;� &��     Z�3� �� L�#� P���T�  ��

�[��	� ;> � � ;_�> ��� :���  
  

)6 (         ∥ y � Acxc � Atxt ∥2
2
 σ 

 

��  �D f�  ��� �� ����"<� �-  a07 ;_�>X_ Y$ xc  �xt 

:"��� 4�,�  
  

)7 (             min
��,��

∥ �� ∥
0
�∥ �� ∥

0
  

�!��<� �� � 9� c��7@ ��� �[x � ���  �����    �4 �U��#6� ������

 ���yc  �yt ��0$ �!��<� �� ; � ��:  
  

)8 (               ��c = Acxc (8)�� t = Atxt 
  

c4�  �4��_�  ��-  ��[��	� 4� � )6^4���!/ �(  ��"�<�  ���� �4 8"�##- 

 � �%��� ��u� 8"##- g�<�� ^4�!/ ^4�_� ����   ��� ; � �� �4 �D

0$ ����:��  
  

x��, x��=argmin
���,�� 

! ∥ "# ∥$� ! ∥ "% ∥$�
$

&
∥ y � A�x� �

A�x� ∥&
&	             )9(    

  

=arg u6�����  �9� B�o1�@ ̂ 4��!/ �[  ��Ac  �At   �#�& ��)

Z3� �� +�$ � (���� ���� � ���4�- �xt  �xc   P��T)  L�#�  .���

 (Z3� ����  ."#���(  P�T +�$��� %�O#� )7 .(  

 �� ��[@9� .�� ;> ���4�K[�%6� ��� 4� � m=8��X6�� � ��   ����

 ��7� �� N= �N ��4� �(>� ����� ��    ����� � ���4��- ����� ����

 .��0$ �!��<� �4 ����4� �4�_�  �-N����  P���T   ��(>�k  ��� 

 ^4�_ xk
c  �xk

t  � "��� ���  N����� x��	 R  ���   ����#/   N�����

L� w�36�� y�(�     ����� � ���4��- ���� ����� ̂ �4��!/   ���  ���

 ����� "�D:  
  

)10(            y�
c
) *∑ Rk

TN
k)1 Rk0

�1 ∑ 1R
k

TN
k)1 A	c	xc		2				

k 
  

)11(            ��
�
) *∑ 34

56
4)1 340

�1 ∑ 134
56

4)1 7�"�
42				 

  

"- $�%�& '(��	)*+ 	%�,� ��	-  

 �"��� ���6X: ���E$�#'�4���� J�4 Z��3� ����� 8��X6���� "��#��� J�4 

���$� �$�9� ) ���=DP  ��Dynamic programming(   ��- ��� +�7z 

J�4 �� �9� c�9<� �������  � ����   B��� 4�1992  A�"���    8"��

��� )44.(   z+�7 �J�4 .��J�4  ���     c��9<� `��: �� ��#6!� �

��  .���.�� 4�  �8��>4�K[�%6� ���   "�#$�� �K��A*Algorithm  �

Heuristic �7� +�$   J�4 ��- ��� 8"�DP     �� .��� ��� ��9���� 4�

J�4� �a� � ��� �O��> � � 69�� �� �4 �60-� B�u�� %� "#-�� . 

J�4 .�� �����4�- �(07� �!��<� � P��#� �.� �![ ��� �9� ��� 

��� ������� "�����J�4 .���� L��0- ���� .� ���
�$ ���� ����9� ������  ��

=;9 � ��� � F3&� ����� ���. 

 .��	� J�4 .�� 4� �- ��9���    B����� �� ����� 8�:  ���  �[���6� �

�� �#�+� a��� �- "���  .�� ��D ��    �J�4 .��� 4� .�4�� �4 4�"��� .��60- �

 �4 ���� �� 
� ���  "#$�� ����5��    ��� .���: O$ 4� `�: L� �� ��

  B�� 
�� 4� ���#��4 ^"� .�6&�� �� ;9 �= c�36$� ���   ����#/   .��[��

 �8:9� ��hD ���� 4� �������        a���� ��"�	� 8�: c��36$� ���� .����
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�#�+�  .�� �=;9 �  ���1� ��� 8�: 4   8�: � Y�� 
�� 4� B�� �   ���[�� �

 �!��<���  ��4�� �4 �#�+� a��� .�60- �- �(9 �= .��� ���   ����#/  8�:  �
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Abstract 
Background: Retina is the innermost tissue in human eye which sends visual information to the brain by means 
of optic nerve. Designing an intra-retinal layer segmentation method which can detect the retina surfaces 
properly in the presence of noise and lack of contrast is an important step in ophthalmology. In this study the 
combination of morphological component analysis (MCA) and dynamic programming (DP) is used 
automatically for segmentation of optical coherence tomography (OCT) images.  

Methods: Data set for this study was 55 samples which were taken from normal people by Topcon OCT-1000. 
This study had two phases. In MCA phase the image dictionary was created by clustering with eigenvalues  
(k-SVD), and then the image was decomposed to cartoon and texture parts by selecting proper bases. In the 
second phase segmentation was done by the dynamic programming (DP) method on cartoon part and the retinal 
pigment epithelium (RPE), Verhoeff's memberane (VM), outer segment layer (OSL), inner collagenous layer 
(ICL), inner synaptic layer (ISL), and outer limiting membrane (OLM) layers were detected. 

Findings: Comparing the obtained results with gold standard (manual segmentation) shows that minimum error 
belongs to OSL surface and its error in the form of mean ± SD (standard derivation) is 0.030 ± 0.167. For other 
surfaces the error is calculated in this way from left to right for RPE, VM, ICL, ISL, OLM:-0.66 ±  0.33,  
-0.59 ± 0.31, -1.00 ± 0.49, -1.72  ± 0.61, -1.05  ± 0.51. 

Conclusion: MCA in combination with DP can work as an automatic method for six lower intra retina layers' 
segmentation with acceptable accuracy. One of the main advantages of this method is omitting preprocessing 
phase for segmentation. 
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