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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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  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���� ��$K  5KO,#$%$&�� M�$& �GT    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  ��,�^& � �GT '� ( �� � 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��� ����GT .,� 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� `^�  . 

  

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jm

um
s.

m
az

um
s.

ac
.ir

 o
n 

20
25

-0
6-

08
 ]

 

                               7 / 8

http://jmums.mazums.ac.ir/article-1-2656-en.html


  
  �	
�	� ���� ���	��� � 

  
 

� ������� ������������ 
��� ���  ��� � ���� ������ � !  ����2 !�#$�� 1392  65  

������ 

References 
1. Papanicolaou GN, Traut HF. The diagnostic value 

of vaginal smears in carcinoma of the uterus. Amer J 
Obs Gyn 1941; 42: 193-206. 

2. Papanicolaou GN, Traut HF. Diagnosis of uterine 
cancer by the vaginal smear. New York, NY: The 
Commonwealth Fund; 1943. 

3. Wilkinson EJ. Pap smears and screening for 
cervical neoplasia. Clinical Obstetrics & Gynecology 
1990; 33(4): 817-25. 

4. Hoda RS, Hoda SA. Fundamentals of pap test 
cytology. New York, NY: Springer; 2009. 

5. van der Laak JA, Schijf CP, Kerstens HM, 
Heijnen-Wijnen TH, De Wilde PC, Hanselaar GJ. 
Development and validation of a computerized 
cytomorphometric method to assess the maturation of 
vaginal epithelial cells. Cytometry 1999; 35(3): 196-202. 

6. Koss LG. The Papanicolaou test for cervical 
cancer detection. A triumph and a tragedy. JAMA 1989; 
261(5): 737-43. 

7. Manoli N, Dhar M. Manual liquid based cytology 
method for detection of cervical cancer. Saarbrücken, 
Germany: LAP Lambert Academic Publishing; 2012. 

8. Masenya M. Liquid based cytology. Obstetrics 
and Gynaecology Forum 2011; 21(3): 9-11. 

9. Hutchinson ML, Zahniser DJ, Sherman ME, 
Herrero R, Alfaro M, Bratti MC, et al. Utility of liquid-
based cytology for cervical carcinoma screening: results 
of a population-based study conducted in a region of 
Costa Rica with a high incidence of cervical carcinoma. 
Cancer 1999; 87(2): 48-55. 

10. Dwivedi N, Agarwal A, Raj V, Kashyap B, 
Chandra S. Comparison of centrifuged liquid based 
cytology method with conventional brush cytology in 
oral lesions. Eur J Gen Dent 2012; 1(3): 192-6. 

11. Mustapha A, Hussain A, Abdul Samad S. A new 
approach for noise reduction in spine radiograph images 
using a non-linear contrast adjustment scheme based 
adaptive factor. Scientific research and essays 2011;  
6(20): 4246-58. 

12. Gonzalez RC. Digital image processing. 2nd ed. 
New Jersey, NJ: Prentice Hall; 2002. 

13. Lim JS. Two-dimensional signal and image 
processing. New Jersey, NJ: Prentice Hall; 1990. p. 
469-76. 

14. Austin RM. Squamous cell carcinoma. Gyn Atlas 
Section 4d. [Online]. [cited 2013]. Available from: URL: 
http://www.cytologystuff.com/study/section4d.htm 

15. Otsu N. A threshold selection method from gray-
level histograms. IEEE Transactions on Systems, Man 
and Cybernetics 1979; 9(1): 62-6. 

16. Plissiti ME, Nikou CH. A review of automated 
techniques for cervical cell image analysis and 
classification. In: Iacoviello D, Andreaus U, Editors. 
Biomedical imaging and computational modeling in 
biomechanics. Berlin, Germany: Springer; 2013. p. 1-18. 

17. Chen S, Zhao M, Wu G, Yao C, Zhang J. Recent 
advances in morphological cell image analysis. Comput 
Math Methods Med 2012; 2012: 101536. 

18. Soille P. Morphological image analysis: 
principles and applications. 2nd ed. Berlin, Germany: 
Springer; 2002. 

19. Tsai M, Chan Y, Lin Z, Yang-Mao S, Huang P. 
Nucleus and cytoplast contour detector of cervical 
smear image. Pattern Recognition Letters 2008; 29(9): 
1441-53. 

20. Plissiti ME, Charchanti A, Krikoni O, Fotiadis 
DI. Automated segmentation of cell nuclei in PAP 
smear images. IEEE Transactions on Systems, Man and 
Cybernetics 2006; 26-8. 

21. Yang-Mao SF, Chan YK, Chu YP. Edge 
enhancement nucleus and cytoplast contour detector of 
cervical smear images. IEEE Trans Syst Man Cybern B 
Cybern 2008; 38(2): 353-66. 

22. Kim KB, Kim S, Kim GH. Nucleus classification 
and recognition of uterine cervical pap-smears using fuzzy 
art algorithm. In: Tomassini M, Antonioni A, Daolio F, 
Buesser P, Editors. Adaptive and natural computing 
algorithms. Berlin, Germany: Springer; 2006. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jm

um
s.

m
az

um
s.

ac
.ir

 o
n 

20
25

-0
6-

08
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://jmums.mazums.ac.ir/article-1-2656-en.html
http://www.tcpdf.org

