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Abstract 
 

Background and purpose: Different patterns of the three main categories of squamous cells in cervical Pap 

smears specimens partially represent the hormonal status of the patient. So far using the optical microscope for 

counting and differentiation of the cells due to a lot of wasted time and possible errors have been prevented easy to 

use it in labs. Thus our objective was to design and implement an accurate and fast assessment device based on 

image processing techniques to identify and differentiate these cells from each other. 

Materials and methods: In this study 20 images of Pap smear slides have been used, that were provided by 

Liquid based cytology (LBC) method belonging to patients or clients who have been referred to Shahriyar pathology 

laboratory in Sari. 150 cells from each slide were divided into 50 superficial cells, 50 intermediate cells and 50 

parabasal cells under the supervision of pathologist; and using MATLAB software and image processing techniques 

these cells approved and differentiated. Finally, another pathologist blindly confirmed the result of processing of cells 

for identification accuracy using an optical microscope. 

Results: The proposed method is able to identify three cell categories based on the size of the cell nucleus; 

cytoplasm size and their ratio to each other which is called N/C is five times faster than using the conventional light 

microscope. Kappa coefficient was calculated and was equal to k = 0.981 (P < 0.001) that represents a 98% overlap 

between the results of the second experienced pathologist observations and our proposed method. 

Conclusion: After ensuring the acceptable performance of this approach for detecting and counting the 

three categories of cervical cells and for the design of a prospective study involving simultaneous measurement of 

the estrogen and progesterone hormones of patient, we hoped to evaluate the effectiveness of this method as a cheap 

and quick alternative method to verify the accuracy hormonal status of patients. 
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�     5K�� 
�K 4 \KG+ E� �����$[ ����� .    ��$KGH EK*��  (� �KP�

  EK� 5�$� ��,��C& (� �,$� Xl� � �(�� �K�,��   �,��KC& '��K0 �

D$*� ]& ]&      �,�K�� S(���K� �$Kg�  EK� �(�� 
�� 4 5�? �H

�  ���� . �� \G+ W,� �$3�� (� 
��I3��Im2bw  ], (� 
��I3�� �

        �$3K�� (� 
��I3K�� �K� �K, �3K�� <�$K> EK� B*o� E0 E��3�4 ��

Graythresh �  E���j  ��0�$[ �$U E�  �$�)15(.  

  

2. 1 .D$*� E3OH �,�� E���j   �H  
`L� �� 
�� Ez��� ��G�� N�� �,��C& �� �  \�_ ��H  '�$&

D$*� E3OH E0 �$G� 
�H�
    5�KO� �KH    
�K�& �K�=�$3�� EK�   �K&

�           E��3K�4 ���K^  ]K, W�K�P& � EK3�� WK,� EK� EK?$& �� � �����

)Threshold (�  B���    EK� ��=�$3�� (� �� D$*� E3OH '�$&

�$G� ��? �3��� .E3�� � �       5K�GH� �,�K� 5K%�� WK,� �� EK0 ��

D$*� �$?� �5�� D$*� (� ��o E� ���,� �,� ��H   X�KH ��H

 �K     $K�*� �K�g� Y�K���D    ��IK� ��KH)White blood cells   �K,

WBCs (       EK� 5H��K� \K�%� EK� <��K��j  �� 5K�� W�G  E0

D$*� E3OH    �K�,�G� ��K.,� �� �&=�K
  ��g� ��$  ��H .  5K�?

�  \�
  W,� Z6�  ]K����& (� '�$&     
��I3K�� �#$K%$6�$  ��KH

     �$3K�� (� 
��I3K�� �K� EK0 <�$> W,�� Y�$G�Bwareaopen 

�KK   '�$KK&5KK�.�4 �KKHT$KK0 � �KK  MKK�$& '4 �,�KK� EKK0 �� �3�

�  fL
    �$KG� XlK� ��$� .      EK� 5K�$� �EK*��  WK,� (� �KP�

�  E3OH �,�� E���j     �$3K�� MK�$& E0 ���Regionprops 

�  ��0 ���� 5�� ��� ��  W,� E� '�$& .  

  

2 .2 . ��=�$3�� 5��O  E���j   
   �KK�� �KK�=�$3�� �,�KK� EK� �$KK��  5��KKO  E�KK��j  5K�?

�  \�_ S�� ����GH       EK0 <��KI& WK,� �K0w �K� Y�$G� \G+ '�$&

E��3�4 �,��^   ��j% ��=�$3�� � E3OH �(����? 5�? E0 ��

�    �K  <��KI3  ��$�  �K��� .     \,�K�& �� 5K�� WK�G  W�K�|GH


�I� ��=�$3�� �,��C&  �,4 �$?� E� �,$C& �� ��T$0 ��H

 �$3�� (� 
��I3�� �� E0Imfill �  
�I� W,� '�$&   �$KG� �� �� �H

 �& ����� ��.,� <����j  �� �**[)18-16(. 

  D$*K� @$� E� �H ���� ��=�$3�� � E3OH 5��O  E���j 

 D��KK? �� � 
�KK� )�KK.�� ��GKK�� N�KK� �,��KKC& �� ��KKg� ��$KK   

 
��G�1 �  
�H�
  \��_ ���� .  
  

 ����� �,�-1 :./ 0�&1 , 2�3#	%�� 45%&� 6��� 5���7   ��  

D$*� @$� RGB mode Nucleus Cytoplasm N/C Ratio 

Superficial  

 
 

Nucleus Size: 54 Pixel  
Cytoplasm Size: 8797 Pixel 

00613/0  

      

Intermediate 

 

  

  
 

Nucleus Size: 197 Pixel  
  

Cytoplasm Size: 4162 Pixel  

04733/0  

      

Parabasal 

 

  
  

Nucleus Size: 465 Pixel  
  

Cytoplasm Size: 3892 Pixel  

11947/0  
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2 .3 . D$*� E� E3OH 5�O� E���j )N/C Ratio(  

  D$*K� @$K� W��P& �� ��  \ �$+ (� ��,     �K�� EK��H� ��KH

 �, ��=�$3�� E� E3OH �,�� 5�O� �D$*� ��H�y \�� �� 
�=+

 ��C3[� E�N/C Ratio �   <�$> E� ���+ 5%�� �� E0 ����

     �K  ���K_ �K���� ��$K  5KO,#$%$&�� M�$& �G
T    EK0 ��K��

^�_� S���  �V[ �� 
��GH � 5O�� � ���� . '�KGH    �� EK0 �$KU

D��? 
��G� 1 �  
�H�
  \��_   �,�K� W3��� ���3[� �� �� �����

]���& M�$& E0 ��=�$3�� � E3OH     EK� �,$KC& S(���K� ��H


�&$0 �� �,b�� ���O� 5_� �� 5�O� W,� �5�� 
� 4 5��  W,�&

�  E���j  \��_ W�G  '� ( ���� .  

  

!)*�� ��  

��  E� E3OH 5�O� W,�3G0 � W,�3
�� W��P& 5�? E%�^  W,�

D$*� W�� �,�G& ��.,� � ��=�$3��   @$KG.  �� ��� E��H� ��H

 �)b �KKH (�150    
��KK� EKK� �� � �6��KKC& <�$KK> EKK� D$*KK�

Superficial �Intermediate  �Parabasal E3KKKK��  ��KKKK��

���� .   D$*K� ]K& ]K& m/�       ��$K  EK�����? <�$K> EK� �KH

 �������36�� ���_ .   � W,�3K
�� �
�K� E���j  �,��^  ����� ��

   �,��K^  '�$K�+ E� 
��� �H �� 5�O� W,�3G0Max  �Min  '4

   5KK�? E��3KK�4 �KK� ]KK, �KK& �KK� EKK36�� �KKg� �� �%$*KK� 
��

  
��K� �,�KG& � �(����?      EK^�U ~=VK>� EK� � �KH (� �KH   ��K��

)Classification ('4  ���K� ��.,� �H .    �� �K���� WK,� i,�K3�

? 
��G� D��2 �  
�H�
  \��_ ���� .  

     5�KO� E�K��j  �K� �%$*K� 
�� �H ���� E��3�4 �� W��P& ��

   �.�K� ]K, �� �3��� E� �,�? D$*� ], ���=�$3�� E� E3OH

D$*� ]��I& ���� �3�� S�� �� E0 ��� (   ��$K� (��� ��$  �H

   �KH�$[ eK*P& 
��� )��0 E� D$*� W,� E0 �� �H�$[ fL
 

5��� . W��|GH  
�K� E��& �,��C& ����� E0 5�� �0w '�,��

)b (�     � ��$�K�����  EKP%�V  S�� �� �KH E� ��G�� N�� ��H

     �Kj�3  5KO,#$%$&�� MK�$& EKP%�V  W,� �� 
�� ����
�� S��

�� ����& )��.  

  
�,�- ����� 2 :6'� �2� ,  �8�2� 0�&1 ��  

Max N/C Ratio  Min N/C Ratio  D$*� @$�  

01957/0  00669/0  Superficial 

10489/0  02525/0  Intermediate  
45542/0  10521/0  Parabasal  

  

    
�K 4 5K�� EK� i,�3� W�� ��3O�GH '���  E���j  �$g�  E�(� 

S�� ������KK
� � S�� �D���KK3  (� �KKQ,B �3KKO�GH� Kappa 


��I3��  �K�  EK0 3�� EK. '4 981/0 = k     ���K�$/GH ����K�� EK0 �$K�   

98 �>��� �� S��  � ���� )001/0 < P( ) 
��G� D��?3.(  

  

/0#  

  \K �$+ � �,$� Xl� �� ��3�  ���� Ez��� E� EP%�V  W,� ��

   ���K^  ]K, (� 
��I3�� � ��G�� N�� `,� (4 �,��C& (� ���� 

 E��3KK�4)Threshold (    (� E3KKOH �(�KK���? 5KK�? BKK��� 

 � ��=�$3�� �,�� �E3OH �,�� E���j  '4 D���� E� � ��=�$3��

� 5�KKO� E�KK��j   <�KKP%�V  �� EKK0 ��,�KK�, EKK� ���KK^  �� WKK,

   <�$KK> EKK� BKK*o� �#$%$&��$3�KK�)N/C Ratio ( fLKK
 

�  5�� 
�� E3[���� ����� .  

'�GH    (� �,��K^  WK,� E���j  ��,��� '��� `�� �� E0 E�$�

 D$*K� W�� �,�G& E0 ���� ������6 5�GH� 5�? '4   EK��H� ��KH  

  
 ����� �,�-3 :�# 9,� :� �� / 0�! 5+ ;��%1�7�%  0&�<	�	��# =����>  , �!�?8>  

 
)�� 5O,#$%$&�� 

 Superficial Intermediate Parabasal Total 

�����
�� S�� 

Superficial 1000 0 0 1000 

Intermediate 0 990 20 1010 

Parabasal 0 18 972 990 

Total 1000 1008 992 3000 
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�#$%$3�� fCL3  M�$& ���+ 5%�� �� ���   <�$K> E� �

�  E���j  ��,�^& � �G
T '� ( �� � E0 ����   ��KT Y5�� ��

D$*� ��,( ���O� ���P& �$?� �� E0      �KV[ (��K� �)b ]K, �� �KH

 �K  \G3j  ���O�  �K��� .      (� 
��I3K�� �K� 
�K� EKz��� S�� �� �K �

)�� E ����     �K�� <��K��j  )�K.�� 5�? 5+�� � 5_� �����6�

5�� E3��� ����G
T .,� 5�GH� �
�� �0w �,��^  E���j  ��

�  ��G�� ��$ �$H 5�PQ� E� '��� ��     �,�KG& �K� EK0 ��T Y����

D$*� W��  D$*K� '�$G� fL
  � ��� E��H� ��H    BK%�o ��KH

�  ��G�� N�� )b ], ��  ��6 ��$ �$H 5�PQ� ��$  �� '�$&

�$G� �g� ���y� ��� EP%�V  ��$  .  

EP%�V  ��  M�$& E0 ��Tsai  �'����GH �'4 ��� )�.�   �KH

D$*� �,����� S�� E0 ���^3P  ���    S�� EK� �K�� E��H� ��H

E�,�H ���� �D$GP    ����KO�� ��H�V[ �$?� \�%� E� � 5�� ��

  �KK  eK�_� �K�o   )�KK� S�� (� 
��I3K�� � �K���    �KK� 
�=K+ ����K6�

E6�> E�,�H �� �,$?       ����$K[�� �K�� �,b�K� ���KO� 5K_� (� ��H

5�� .�� E� \�%� W�GH E�     � E3KOH �(�K���? 5K�? �K��� Ez�

D$*� ��=�$3��     �K� ��GK�� N�K� 5O& ], �� ��� E��H� ��H

 D�P6 ��H�$3��0 )�� E� �����& (� 
��I3��)Active contour (

��3[����Y  ]K���& (� 
��I3�� E0 ��T     }K���  �� D���K3  ��KH

 �,$C& S(����D$*� ���� '�$G� fL
  5�?  ��H  5K_� (�

 ����$[�� �,b�����$�� . '�
,� �����
�� S�� D�G+� ��E�%  ��H

D$*� ��=�$3�� � E3OH  )b ���?� ��,� (� �,b�� 5�I�0 �� �H

 ���� fL
  ��G�� N��)19(        �K� � ��$K[ EK� ���K� WK,� EK0

S�� �� EO,�^  �� E0 �,��� E���j  �,b�� 5_�   �D$KGP  ��H

�  �g� E� ��&� ���0 S�� 3�� � E3OH �,�� �%� Y��� ��=�$

      �*K>� ��KH�$30�6 (� EK0 5K�� 
�K,���� ��j% EP%�V  W,� ��

�  ��� E��H� �%$*� 
�� E� W�� �,�G& 5�? ���� .  

 W��|GHPlissiti    �,�K���� 5K�GH� \�%� E� ��� '����GH �

     ���K� '�$KG� fLK
  EK� )��_� ���G�� N�� �,��C& �� E3OH

 �KK��$G� E3KKOH)20('4 ��KK^3+� EKK� EKK0 ��KKT Y & E3KKOH �KKH <��KK��p

��P  �  ���� D$*� ��� �� ���G�� �v� '� ( �� ���� ��0 . W,��

 E*��  E� �� \G+ E� )��_� �E3OH e�_� �(����? 5�? �$g� 

D$*� E3OH E0 E3�� W,� E� E?$& �� ��3�� �� E0 ���$G� 
��& �H  �&

5GO_ �,�� (� �  D$*� ��H    E3KOH �K0�  ��$[ B,�^& �� ����

���$G� fL
  �� . �� �E3OH �0�  '�� fL
  �� �P� E*�� 

\KKO��� �$.3KKO? EKK� @��KK�  �� E��KK
  sKK�� <�KK� �KK� ��KKH

W,�� � ���$G� E3OH �0�  '$ ����     �� E3KOH EK�%�� ���K� E*���

����0 fL
  .    S�� MK�$& �K[4 EK*��  ��Deformable 

 5�? �����  S�� E0 ���$G� E3OH ���� e�_� W��P& E� )��_�

  b ]K, �� E3KOH �(����?     W�K�|GH � D���K3  ��GK�� N�K� )

5KKO&    D$*KK� EKK0 ���GKK�� N�KK� ��KKH  �KKH ��� �KKH  �KK�36�

)Overlap (�  ������ ���,(     EK� �K�� EKP%�V  W,� �� �%� Y����

   W�K�P& � �K�=�$3�� � E3OH �,�� E���j  }j�N/C   EK3[����

  5K�� 
�K
� .  EKP%�V  �Kt0� ��       ��� �K� �K�,� 
�K� )�K.�� ��KH

D$*�   5KO& � �K�� E��H� ��H       EKP%�V  �K���  ��GK�� N�K� ��KH

Yang-Mao  '����GH �)21(  �Kim  '����GH �)22(  ��GH

D$*� �(����? ��        N�K� )b �,$KC& ]K, (� �K�� EK��H� ��KH

]���& (� 
��I3�� �� ��G�� �3,�$�%� � �H   S(���K� J*3L  ��H

�  ��0h& �,$C& ��,�G� .  


(���� E0 5�� �0w '�,�� �$3�� �E3OH 
(���� ���� � ��=

N/C Ratio ~�U �� E0   EK36�,l/� <�$> �*�_ �&�^�^j& ��H

`�� EP%�V  �� ��$�  5�� 
�$� e�^j& ����  �� .   '4 EK� �K� � ��

D$*� �(����? ���?� '�� � (� '���GU� D$C� (� m� E0   �KH

 '4 W�KK� E��3KK�4 eKK�_� W�KK�P& �   5�PKKQ� ���KK,(�� m��KK� ��KKH

� N�� 5O& ]G0 �� �� '���G�� ��$ �$H �e�_� �����& �� ��G�

 �H��KK6 ���%�KK� �,�KK (4��0 u$T��KKT �� ��KKG3+� \KK��_ � Z,�KK�

     5K�%�P6 �� �� ����3K�� WK,� (� D$KGP  
��I3K�� � 5[��   ��KH

�$G� Ez��� �H��
,� (4.  

  

�(�12$�3$  

    ��,��K� �#$%$&�K� 
��K
,� (4 )�3j  '��0��0 (� k�/� ��

     K[ E��G�GK> ���K�GH � E*K>$� � ��K> �� E0 ���� ��� ��$

���$G� �I,� EP%�V  W,� i,�3� E� ����3�� �� �,��O� `^�  . 
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