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This study was conducted to intelligent and rapid assessment of the status of 

colonies in terms of honey production efficiency during foraging period, and 

presenting a method based on machine vision system. By using the deep learning 

method, at first, their comb frame and then the geometric, textural and color 

pattern of honey were identified. After that, the percentage of honey area was 

calculated. To do this, the imaging test of bee colonies using digital camera was 

designed and performed in such a way that different states of cells were present on 

the combs. In the image analysis stage, the convolutional neural network with 

YOLOv5 algorithm and semantic segmentation method were used. The results 

showed that the present intelligent system has the ability to detect the comb frame 

from the surrounding environment of the image with an accuracy of more than 

88%. Also, honey-related areas in each comb were identified with almost 83% 

accuracy and about 240 times quicker that of an expert beekeeper. These results 

were simultaneously confirmed with manual counting by a skilled beekeeper. Due 

to increase in the estimation speed, reduction of human error and consequently 

reduction of disruption time in colony activity, the proposed method can be a 

proper alternative to the traditional method of using framing technique for regular 

visits and evaluation of honey production efficiency. 
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1 .$	�%	  

 4$5 �"I�������  �5"	1� f��3*"�A�� �O �� J��� �& �� �� �&  f��3*"� 6�� �C=S �� �7�2 ����"I�� ���2 ���O�� @I	� ���"�

��  ��"��� 4$5� 4� 
���� "��J �J"� 
�2 �*j !���� � �&� ��2 J�� � 0�� 4$5  
'�� �2 �3�� �� 4$5 �"I�� ���V1U� �3*"� 6���

A�� ����� �� .8�� ���&� 
����� �3�� �3��^ *"� 4$53� 
����� N\�7 �� 
��W1�� �
�7�3�� � �� A���6  �N\�7�H  ����

�� *�\ k*�U� � J"� l� R�"� �� A��� 
�7 �2 @2���&� 5×5 1���� ;2�� �1�� .A�� � �� ���� �� @2�� �& 4\�100 

� .���� ���U 
�?��6 ��2 ����� 
������3�� �3��^ � ���U 
��W1�� ��"� 4$5��3�� �2 4$5 ��� Y�$1�� �� �;2  �  @2�� �& ����


����� N\�7 �� �3�� � N:���"7 ��� ��	� �& ��� � �F3��^ A�� 4$5 ]7[ .  

�� !����& �3\� ����	���& ���S 4��7 ���	32 637�� � 8����( ��"V� �� 
�"���& TC1:� 9:2��& ������ 

� ����M��� A�� �17�� ������� ��&��2��� .23�	�� 7��36 ������ b�"�� �� �Q�A�� ����"\ ��& �� �� 23�	�� ��$�� 

A3;I� ���	� .�� 43CK� ��&��^2� �Q� �2 ������ ��3� �� �*"I+� 
����S ����� �C=?	� �	=7"& ��&������ �& ���	32 �

��3���� .A�� <3=5 ��3���� 8�� �A�� 
��� ��3( 637�� <3=5 ��� �\�7�� �� ��3���� 637�� A�� �� �2 01��"�*�-

���& J��*� �1��� 
�7 �� ��1\�� � ��QC=5 ^q� �2 J�� �QI7��& �IV5 �5"	V� RI��� A�� .�� <��D b�"�� �P�\ �� 

�QI7 ��& �IV5 �� �QI7 ��& �IV5 �	7"*"��� )CNN
�3��� ( �� ���"7 ��Q�� r��:1�� f�5`D� �� 
��� ��& ��V2 

�"S�  ����]12[. b"	1� �2 �S"� �2  �� 
��W1�� �TC1:� ��&��	� ��7 ��� 4$5 �CQ7 � �1��2 ����� ��&"�*� ��"2

8���=� ��"V� 8����( s���P ��&�"� �2"\ X��1� ���&� ���"7 
��� N3:� A�� ���U �� ���37� ���� b"	� R���7 �� .

8�� �� 
��W1�� ����2 �2 �S"� �2 .A�� �17�� ���\�� ��&��QC=5 �<3=5 ��3���� �3>� �5"	V� 8"& ��&

9&�'(�� �633( ��&8�� );�"� E�"� �� �� AW� ��"���7 A3;B� �����	7 ���2 6�"� ��& ��&�	C�  �"I�� ��&

 �A�� ������"I�� ���2 4$5 �3*"� 
���2 633;� �� �CP� ��&��3;� �� �Q� �� 4$59&�'( ��&  �1��� f�"P �=�

 .A���2 �"D  �!�t�9&�'( ]18[ !�q7� A��$� ����"\ )I��K� ���2 �7�� !"C� R�"� 
�7 �� ��2 �� � 
�37"(�� ��&

 �� .��� �;�"�9&�'( ]4[�2����� ���2 �7�� � ��"V� �2 ��7 );�"� H� 8�� �=3� ����"\ �� �2 ��S 
����� �3�� 

A��$� !�q7� ���;� �
�7 !"C���& 
�3W7 �� 8��=7 ���7 �G��� ���. &�'(9 ]9[  H� )G��� �2J�� ��^��  J�� �2 ���?�

HiveAnalyzer �2 �">	� !"C� ��"1K� 43CK��+ID �� �I3��� )��( �2 ���7 ��& ����u2 637�� �	��� TC1:� ��&�	2

9&�'( �� .A\���( ���� J���"1$3& � �_\ ��I31(�S ��& �����9&�'( ]17[ ���2 �7�� N3:� � 8��=7 

����"\ !"C� ��& �2 
�37"(�� 
��W1�� �� 
���� A�=& �B��� J"�W��� �;�"� �� ��� . �� �"2 f�"P 6��2 ��� E"K�

�2 A�=& 6�� 
����� H� !"C� ��7 � �"2 �� �& A3;U"� !"C� TU"1� 
�7 � A���1	� 632 4$Q3(��& �I* !"C� � 

4\�� �O �� �I��K� ����� .� A���1	� ���+� �2 �S"� �2 ���1�O��& T��;� ���� �
�7 !"C�!"C� �� 
�37"(�� ��& -

�� ^��=1� ��2 �� ��&���7. 9&�'( ]3[ J�� ��^��K� � ��"	5 ACombCount  
�3W7 � �1$2�� 4$5 �2����� ���2

�2 )��(�28�� �� ��3����v�& ������� E���� N3:� 01��"�*� �3>� ��"V� 8����( ��& )Hough(  .��� �;�"� ��

�2 �����  ��9&�'( ]2[�+ID � N3:� ���2 �	=7"& 8�� H� )G��� �2 �!"C� ��	2& �2 4$5 �"I�� ���	� ��7 ��

�QI7 �� 
��W1�� 6�� �� .�	1\���( �	7"*"��� �IV5 ��&�;*�_� ���2 �2"F 4�"� H� �LQ5 ����2��7 �� � �7 �1\�� �&

 ��$Q� ��O ���� ��LED �3I;� w�\ ������ �2 �&�7 �1��� ����V� ��  .�7�2 �_3K� �"� f��x� �� 4+1$� ���7 �� 
�7

�"S��2 �y�2 AU�!"C� A3;B� N3:� �� �� ��2 ��7 ��&  6�� NU�"� �� �Q� ���O A��9&�'(  �� �� �O ��2��� ��

�� ���K� 4=5 ���2 w�\ �����(�"� )����� � �2"F 4�"� �� 
��W1�� J�^*� ��	��	���� LQ5 ����2 z5�2 ��� 6�� .A�� �

�� �O ���S� )	�^& � ���� 9��^��.�"7  
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 J�?�� �� v�&�;*�_��� ��	C� �� ��7 �& 4\�� 4$5 ��^3� �����	7 ���2 6�"� �7�� )G� � 4$5 �"I�� ��&

�2 A��  <3=5 ��3���� � 637�� ���	32 8�� )��( �2 ��O �3*"� 
���2 633;� v�& �2 ��7 �& �� 4$5 �P�� ���+� ����O

 .A�� 637�� ���	32 ����������D  �
�7 A�� ���U�2 �"D 9:2 ���� �� �� ��7 Y�U �����"\ ��S ��"V� ��"���3( ��&


���  �1$2�� 4$5 �2 ["2�� ���"� �����	7 �2 LM� ������M2. �	���� �c��� 63=& �2  N3:� )1�� �� �2 43CK�

 03$+� �1$2�� 4$5 �����	7 � Y�UA�� 
�7) 4Q7 .1 6�� �� ��� 4���� (�;*�_� �� ��� ��.�&�  

  

  
 8��1 '�� � 3! !�$��  .�6�@	 (A�B  

  

2 .��� � ���	�'  

 �9&�'( 6�� J�?�� ���2���;� 30 �	C� 4$5�"I�� �2 <C;1� ��1��"I�� �� �Q� ��{5� ����K�� ������"I�� �����  �� @U��

�7 Y�:1�� ��I*� ��1�� .��'� k*�| ���"I�� 4$5 ��'� ���1��"I�� 6�� �� ������ ���  �"��O J�?�� ���2 .�"2LQ5 ����2 ��

 !�13?�� 632��� H� �� !��Samsung SM-A307F �25  6�( ^	* �2 4$Q3(���27 �C3�  0������� ��1�800-100 

ISO 1.7/f ���7 A5�� �4000/1
�3\} ��"$( �2 � 9C� ���2 ���"��� )CP�� ����"\ 03>	� � ���� JPEG  .�7 
��W1��

��7 �� 632��� )CP���& �20 �1������ ����V� 67"*��� � �1� 24,88 4$Q3(��� )px 4320×5760 �D .�7 03>	� (

 ���;� ��1��� f�"P �����280 A3;B� �� LQ5 ����� E��2 �� ��7 TC1:� ��&11  �*� �IP12 .�7 �1��� ���  

�2 �">	��1��� ����V� 43CK� �	C� ��7 �� 
�7	7"*"��� �IV5 )QI7 �� �4$5 �"I�� ��& 01��"�*� �2 �YOLOv5 

 )QI7 �Mask-RCNN H� .�7 
��W1�� CNN 4��7 �� b"� �CP� �� ��y��& �IV5 A�� �� �	���I5 �� ��y��& 

��	7"*"��� ��y��& Pooling �  ��yFully-connected� �� �& b"� ��y 9+� ����W1� ���� .�& ��y CNN 0?� 

����� �� �2 0?� �� �S��\ !�;� ���� ���"� 4��I� �� �	� � �� A���� �2 ��y ��& s`��� 4V1� ����� �?	� �� �"7 

� 
��� ��?31� �� ��& ����� �2 ����2 ��'�� H� ��;2 �� A7��� .�"7 �QI7��& �IV5 �	7"*"��� �2 43*� 


��W1�� ���& �� �� N3:� � �2���� �37� ������ �� �	3����& �WC1:� �� 
�"� 8����( ��"V� � ���	32 637�� ��2��� 

�17�� � ��3$2 <�"� ^3� 
�"2H� .��� �:$� �;�"� �1��� �QI7 ����	7"*"��� �IV5 ��& 01��"�*� �QI7 IV5 �R-CNN 
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 A��]5[. 01��"�*� N3:�  �7RCNN��"V� H� � �� �2 6��	F �3��� 03$+� ���	� � �& H� �� ���2 6��	F ���Q� 

8����( ���	� .6�� �2 8����O ���QC=5 E"K� 43*� ���2 ����`2 4G�$� 42�U ��S� �`P� �a* ��"I� �7 .�2 43*� ���� 

��3���"� ���2 8�"�O 01��"�*� � �����	7 � �+ID ��	2 ��37� �� �33q� �1;��� ��?�� �7  ��Fast R-CNN  �"2]6[ .

Fast R-CNN �	���� 8�"�O ������ @��� �� �� �G��� �� ��	� ��� �"	& ���2 �����	7 ����`2 k��	�  .A$3�Faster 

R-CNN ]16[ �� �� H� CNN ��S 
�7 ���2 93(�	32 � 4Q7 ���� �2 <D�	� �>���"� �� �2 �QI7 ��aq� �� ��"7 


��W1�� �� ��	� �2 43*� ���� ��3$2 
��"� ��3���"� ���2 N3:� ��� H� ���"V� ���2 ��&��2��� ����`2 � �2�31�� 

�2 AU� ��&���� k��	�  A��]14[.  

�QI7 ��& �IV5 <3=5 ^3� ���2 9:2��	2 ���	;� ��3$2 ����V� ���� ��	1$& �� �& �3��� �� 4$Q3( �� �2 ��`� 

�� �37�/ �3| �37� k$F�2 ���a� �� �		� .9:2��	2 ���	;� 9+� �=�� �� ��� ��"V� �W�� �� �	� � ���2 ��&��� 

��^?� � 43CK� ��"V� ����B A�� .�:$� �;�"� �1��� Faster-RCNN� �	;� Mask R-CNN ]8[ �� �>� 03$+���	2 

��"V� �1��3( A�� .4$Q3( �8�� 6����& <3U� �& �7 �� �2 ��S �I;S��& 
�		��"VK� N:� ���	� .6�� b"� 

�� �QI7 �IV5 �<3=5 �37� �� �� H� ��"V� �����	7 ���	� � ���2 �& ��"=� H� H��� 03$+���	2 �2 A3W3� y�2 

��?�� ���	� .Mask R-CNN �2 
��W1�� �� Faster R-CNN �1\�� 
�7 A�� .�*���� �� R-CNN Faster �� ����� 

�S��\ ���2 �& �7 �k:1	� k$F�2 c`� � A$�O �I;S 
�		��"VK� �A�� Mask R-CNN ���^�� �\�7 ��"� 

A�� �� H��� �7 �� �S��\ ��.�&�  

�2 �S"� �2 Y�:1�� 8����& ���	32 637�� � 
��W1�� �� �QI7��& �IV5 <3=5 � ��	7"*"��� ����;� !�� �� 4IU 

8�"�O 
��� �� �� �>� ���I��K� k��	� � ��QC=5 �"� 
��;*� ��y�2 ����� �"S� ����. �� 6�� 632 01$3���& N3:� 

��37� RCNN ]5[ � 
��"��\ YOLO ]15[� �^S v��;�6��� 8���& �	1$& .<ID ����2��& J�?�� �
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