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Ã|Ì°q   
 .d�Y É|Ì·Âe µÂ�v» dÌ¼¯ Á dÌ¨Ì¯ �{ �Y~³�ÌiZe Á Ê¸�Y ¶»Z� ®Ë ½YÂÀ ] ÊÅZÌ³ �Å d§M Á É�Z¼Ì]  �Á� -

Y Ã{Z¨f�Y ÊfÀ� �Á� �Z�Y�] ZÆf§M ¾ËY �Ìz�e ¹Â��» ÉZÅ ÉY�] .{�Y{ Y� {Ây �Zy cÔ°�» Ä¯ d�Y Ã�^y {�§ �
  [�z» �Ì£ Á �Z¯{Ây �Á� �Y cÔ°�» ¾ËY ¶u  ¾Ì�Z» ÊËZÀÌ]Ê» Ã{Z¨f�Y  Ä  ̄{Â�  Á �Ë�� �Ìz�e h�Z]µ�fÀ¯   É�Z¼Ì]  

  |� |ÅYÂy  Á½M Êa �{  ÄÀË�Å �ÅZ¯  c�Z�¿ ÉZÅ.d�Y{ |ÅYÂy Êa �{ Y� �Ì�Á t�� �{  ,�ÅÁ�a ¾ËY �{    É�Ì³{ZË �Y
Ê³�ËÁ ÉZÀ^» �] ¾Ì�Z»  d§Z] ÉZÅ) É�f�¯Zy t�� ¹Y�³Âf�ÌÅGLH  �Ë�eZ» ,(ºÅ-É�f�¯Zy t�� {Y|y�  )GLCM ,(

) É�f�¯Zy t�� �Y{�] µÂ� �Ë�eZ»GLRM  Á () Ê¸v» ÊËÁ{Á{ ÉÂ´·YLBP(    ÉY�]É�Z¼Ì]  �Ìz�eÊ³|Ì�Âa ÉZÅ 
µZy ,ÃZÌ�  ÃZÌ� Ä°· Á Ê³{�    ±�]  \Ì� dy�{.|� Ã{Z¨f�Y  Z]  Ä �«É|À]  �ËÁZ�e  ]Ä¸Ì�Â  �Á�  Kmeans  ,µ|»  ÉZÅ

Ä¬^�  Ã|ÀÀ¯ |À]ºÌ¼�e dy�{ )D-Tree(  ,K-®Ë{�¿Ê´ËZ�¼Å ¾Ë�e  )KNN) Ê�y ®Ì° ë �Ì·Z¿M ,(LDA �Y{�] ¾Ì�Z» ,(
) ½Z^Ìf�aSVMÊ^�� Ä°^� Á (  )ANNÊ³�ËÁ �Z�Y �] (ÉZÅ  �Y Ã|� kY�zf�Y    d§Z]Ä¿Â¼¿ �ËÁZ�e  Ä¸u�» Á{ �{ ZÅ ��Â»M  

Á  µ|» ½Â»�MZÅ    Äf§�³ �Z°]|¿|�  .Ã{Y{ lËZf¿ Ä�ËZ¬»  ½Z�¿ ½Â»�M ÉZÅ  -{Y{  µ|»Z] ºÌ¼�e dy�{    d«{42/84   |��{
 Á µ|» Ê^�� Ä°^� Z] �]Y�] Êf«{ Z]30/93  |��{¾ÌËZa \Ìe�f] Á ¾Ë�eÓZ]�Á� �ËZ� ¾Ì] �{ Y� {�°¸¼� ¾Ë�ef�Y{ ZÅ|À  .
K-®Ë{�¿  �Ì·Z¿M Á ½Z^Ìf�a �Y{�] ¾Ì�Z» ,Ê´ËZ�¼Å ¾Ë�e  \Ìe�e Ä] �Ì¿ Ê�y ®Ì°¨e30 /87  ,33/91    Á62/92   �Y |��{

Äf�{ Êf��|] Y� ½Â»�M �ËÁZ�e  .|¿{�¯ É|À]Ê» ,{Y{ ½Z�¿ lËZf¿ �Ë�� �Ìz�e ÉY�] �ËÂ�e ��Y{�a �Á� �Y ½YÂe
d§M.{Â¼¿ Ã{Z¨f�Y \Ì� dy�{ ±�] �{ {ÂmÂ» ÉZÅ  

  
:É|Ì¸¯ cZ¼¸¯  

µZy ,\Ì� ÃZÌ� Ê³|Ì�Âa\Ì� ÃZÌ� Ä°· ,\Ì� Ê³{�, d§Z],  ,�ËÂ�e ��Y{�a¾Ì�Z» É�Ì³{ZË  
  
*  ,|¿�¿ Äf�ny Ê¨��» :µÂX�» Ã|À�ËÂ¿khojasteh@ubonab.ac.ir   
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  É�Z¼Ì] �Ìz�e\Ì� dy�{ ÉZÅ Z]  Ã�Æ] �Á� �Y É�Ì³ ¾Ì�Z» É�Ì³{ZË Á d§Z] ¶Ì¸ve ÉZÅ  

 
Ä»|¬»  

  �Ì£ ¶»YÂ� �Â� ¾Ì¼Å Á µÂ�v» d�Y{ Á d�Z¯ �ËY�� ,ÊËYÂÅ Á [M �ËY�� ¶Ì·{ Ä] ,½ZÅZÌ³ Á ½Zfy�{  ,Ä^«�f»
É�Z¼Ì] Z]É�Z¼Ì] ¾ËY .d�Y �Y~³�iY ÊËZÆ¿ µÂ�v» dÌ¨Ì¯ �{ ºÆ» ¶»Z� ®Ë ½YÂÀ ] Ä¯ |Àf�Å �Ì³�{ Ê¿Â³Z¿Â³ ÉZÅ -

 |ÀÅYÂy É|Ì·Âe  µÂ�v» dÌ¼¯ Á  dÌ¨Ì¯ ÉÁ�  �]  Ê¨À» �ÌiZe  ,|¿Â�¿  ÊËZ�ZÀ� Ê^�ZÀ»  ½Z»� �{ Á �«Â» Ä]  �³Y  ,ZÅ
 d�Y~³ ]20[Ì] ªÌ«{ Á �Ë�� �Ìz�e Ä¯ d�Y t�YÁ �a . É�Z¼Ê»  µ�fÀ¯ Á dË�Ë|» Á Ã|� ½M ��f�³ �Y �¿Z» |¿YÂe

  ½Z�M Á ¶Æ� ��ÁZ�¯ ÉY�] Y� ½MµZ� �{ �Z�Y ¾ËY �] .|ËZ¼¿ É�Z¼Ì] ¾ËY �Ìz�e ÉY�] ÊfÀ� �Á� �Y ,Äf�~³ ÉZÅ ZÅ
Ê» ¹Zn¿Y Ã�^y Á Ã|Ë{ ��Â»M �ZÀ��Z¯ ®Ë ��Âe �Ìz�e ¶¼� �Á� ¾ËY �{ .d�Y Ã|� Ã{Z¨f�Y cY��¿ Ä¯ {�Ë~a

ÁY, Ê» ÊfÀ� �Á� \ËZ » Ä¸¼m �Y .d�Ì¿ Z�y ½Á|]Ê¸� ½M ½{Â] �^¿Z»� Ä] ½YÂe ,±��] cZ£Z] Á ��Y�» �{ �Â�z·Y
ÄÀË�Å]  .{Â¼¿  Ã�Z�Y  {�§  Ê´f�y ¶Ì·{  Ä]  �Ìz�e  �{  Z�y  µZ¼fuY Á ½{Â]  �]¶Ì·{  ¾Ì¼Å Ä ªÌ«{  Á  �Ë��  ÊËZ�ZÀ�  ,

É�Z¼Ì]  �Y Ê°Ë ½YÂÀ� Ä] ,[�z» �Ì£ Á �Z¯{Ây Ê�Á� Z] ZÅÊ» [Â�v» É�Y|£Z] Ê�Z�Y ÉZÅ�ZÌ¿ {Â�  ]17[ Ä¸¼m �Y .
�Á� ÊËZÀÌ]  �Á� ,d�Y  Äf�Y{ ÊËY~£ {YÂ»  Á É��ÁZ�¯ �z] �{ Ê¿YÁY�§ ÉZÅ{�]�Z¯ Ä¯ �Ë�� Á [�z» �Ì£ ÉZÅ

�Á� �Y ¾f§�³ ®¼¯ Z] ¾Ì�Z»  .d�Y �ËÂ�e ��Y{�a ¦¸fz» ÉZÅ  
½Zfy�{ Á ½ZÅZÌ³ É�Z¼Ì] Ê���] �Â�À» Ä] �Ì¿ Ê¸^« cZ¬Ì¬ve �{ Ã{Z¨f�Y ZÆ¿M ±�] �ËÂ�e �Y ,Ã|�  d�Y ]3  Á16[  .

¹Y|¿Y Ä¸¼m �Y ±�] Ä¯ Y�qÊ» ©Z¨eY ½M �{ Êf§Z] Á Ê´¿� cY�ÌÌ¤e ,ÃZÌ³ �{ É�Z¼Ì] }Â¨¿ Z] Ä¯ d�Y ÊÅZÌ³ ÉZÅ|f§Y 
]4    Á5[Ä¿Â¼¿ d§Z] Á Ã�Y|¿Y ,¶°� -²¿� cZÌ�Â�y Ä¸¼m �Y Ê¨¸fz» cZÌ�Â�y kY�zf�Y Z] ,¾Ì�Z» ÊËZÀÌ] �Á� �{ .Å Z

 �Á� Z] ,Ã{Y{ ÃZ´ËZa ¶Ì°�e Á  ,É�Z�·|» ¦¸fz» ÉZÅÄf�{Ä¿Â¼¿ ¾Ì] É|À]Ê» ¹Zn¿Y ZÅ {�Ë~a  ]11[ Ê] cZ¬Ì¬ve �Z�Y�] .
ÄÀÌ»� ¾ËY �{ Ä¯ É�Z¼�ÄWY�Y ZÅ  ¾Ì�Z» ÊËZÀÌ] �Á� ,d�Y Ã|Ë{�³    Ê§� » ÓZ] d«{ Z] {Z¼f�Y ¶]Z« Ê�Á� ½YÂÀ ]Ã|� 

  Êf�ËZ] ,��¿ {�Â» Ê³�ËÁ kY�zf�Y �Y | ] .d�YÄf�{�Ô¯ Á É|À]Ä¿Â¼¿ É|À]  .{�Ë~a ¹Zn¿Y ZÅÄf�{É�Z¼Ì] É|À]  Á ZÅ
µ|» ��Âe ZÆ¿M �Ìz�eÊ» Ê¨¸fz» ÉZÅÄf§ZË �Z�Y�] Ä  ̄{�Ì³ ¹Zn¿Y |¿YÂe�Á� Ê¸^« ÉZÅ Ê�ÂÀ�» Ê^�� Ä°^� ÉZÅ

)ANN(,  ) ½Z^Ìf�a �Y{�] ¾Ì�Z»SVM(Ì°¨e �Ì·Z¿M ,) Ê�y ®LDA  ,(K-) Ê´ËZ�¼Å ¾Ë�f°Ë{�¿KNN(  Á  ) ºÌ¼�e dy�{D-

Tree( Ã{Y{ ½Z�¿ {Ây �Y Y� Ê·Â^« ¶]Z« Á [Ây lËZf¿|¿Y ]13 ,14  ,18 ,21  Á23[  .  
Ê°Ë  É�Z¼Ì] �Ì³�{ Á {�Y{ ÊËÓZ] ¥��» Á |Ì·Âe Ä¯ É��ÁZ�¯ ºÆ» cÓÂ�v» �YÊ» �Ì¿ ¦¸fz» ÉZÅ dy�{ ,|�Z]

É�Z¼Ì]  Ä¸¼m �Y  .d�Y  \Ì�Ê»  \Ì�  dy�{ ±�]  ¹Â��»  ÉZÅ  Ä]  ½YÂeÃZÌ�  Ê³|Ì�Âa  \Ì�١  ,µZy  \Ì�  Ê³{�
)²¿�Ê³{�  (\Ì�٢    Á \Ì� ÃZÌ� Ä°·٣  {Â¼¿ Ã�Z�Y  ]22[  cZ¬Ì¬ve .  dy�{ ±�] É�Z¼Ì] �Ìz�e Z] Ä�]Y� �{ Ê¨¸fz»

�Á� ��Âe \Ì�d�Y Äf§�Ë~a ¹Zn¿Y �ËÂ�e ��Y{�a ¦¸fz» ÉZÅ  ]6  ,12    Á22[  �] ½Zf�¯Za �Â�¯ �{ Ä¯ Ê¬Ì¬ve �{ .
É�Z¼Ì] ÉÁ�  ,d�Y Äf§�Ë~a ¹Zn¿Y lËY� ÉZÅ �¼m Z]±�] Ä¿Â¼¿ �ËÁZ�e É�ÁM ÃZ´ËZa ¶Ì°�e Á Ã{� d§M Á º·Z� ÉZÅ
] ¹Y|«Y ,Ã{Y{Ê³�ËÁ kY�zf�Y ÄÃ{Â¼¿ ÊËZÅ  .|¿YÁ Ë³�Ê ZÅÉ    �Y �a Ã|� kY�zf�Y Ë³{Z Ì�É  Á� �Y Ã{Z¨f�Y Z] ,µZ¬f¿Y Ë {�° 

|m Ë|  �YÁ Ã|� µ�fÀ¯ Ë�¿Z Ä¿Â¼¿ ,�Y{�]É   Ã|�|¿Y  .dËZÆ¿ �{  ,  d«{Z¼f» Ë�e� Ë¾  Á Ë³�Ê  �Y Ã{Z¨f�Y Z] ZÅÄf�{ZÅ|À]  É
¦¸fz» 97٪ d�Y Ã|Ë{�³ ��Y�³  ]22[  .  

  �Z�Y�]  lËZf¿É�Z¼Ì] ÄÀÌ»� �{ Ä¯ Ê�ÂÀf» cZ¬Ì¬veÄf§�³ ¹Zn¿Y ÊÅZÌ³ ÉZÅ  Á    ½Z�¿�Y  É|À¼¿YÂe ÊËZÀÌ] �Á� ÉZÅ
  Á ¾Ì�Z»Äf�{Ã|ÀÀ¯|À]¦¸fz» ÉZÅ  |¿�Y{ ÄÀÌ»� ¾ËY  �{  ,  ,¾ËY�]ZÀ]  �{  ªÌ¬ve  ¾ËYÄÀË�Å �ÅZ¯ ÉY�] Á c�Z�¿ ÉZÅ

 
1 Apple black rot 
2 Apple rust 
3 Apple scab
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d«{ �ËY�§Y   Äf�{ Á ÊËZ�ZÀ�  É|À]É�Z¼Ì]  ÉZÅ\Ì� dy�{|À¼�ÂÅ Ê�Á� ,    ÄWY�Y �ËÂ�e ��Y{�a �] ÊÀf^»|� ÉY�] .

Y ,�Z°ÀËYÊ³�ËÁ kY�zf�Y �  d§Z] ÉZÅ±�] �ËÁZ�ed§M ÉZÅ\Ì� dy�{ Ã{�    ÁºfË�Â´·Yfz» ÉZÅ ¾Ì�Z» É�Ì³{ZË ¦¸
 |ÅYÂy ÄWY�Y lËZf¿ Á Ã{Z¨f�Y|Ë{�³.  

  
 É{ZÆÀ�Ìa �Á�  

  ,ªÌ¬ve ¾ËY �{�Á�    É|À¼�ÂÅdÆm  Äf�{±�] É|À]  ¶»Z� \Ì� Ã{� d§M ÉZÅ  Ä�É�Z¼Ì]  ,ÃZÌ� Ê³|Ì�Âa  ,
µZy  Ê³{�  ÁÃZÌ� Ä°·    ÊuY��  ÄWY�Y Á|�  .  �Y É{ZÆÀ�Ìa �Á� Ê]�ne �ËZ»�M ÉY�]  ÃZ´ËZaÃ{Y{ {ÂmÂ» ÉZÅ   Ã{Z¨f�Y

|�  ]2[¾ËY .    ÉY�Y{ �Â¼n» �{ Ã{Y{ ÃZ´ËZa480   �Y ¶°�f» ,�ËÂ�e170  �ËÂ�e   Ä] Ôf^» ±�]ÃZÌ� Ê³|Ì�Âa  )BR  ,(160 
�ËÂ�e    Ä] Ôf^» ±�]µZyÊ³{�  )R  (  Á150  �ËÂ�e    Ä] Ôf^» ±�]  ÃZÌ� Ä°·)S(  Ê» .|�Z]  ]  Á �Y|ËZa Ê�Á� {ZnËY �Â�À» Ä

ÄÀÌÆ]  ,  ,d�z¿ ¹Z³ �{Á ÊËY{� �ËÂ¿ �ËÁZ�e  �b�  Ä�Ây �Y Ã{Z¨f�Y Z]  |À]Kmeans,  �a �Y ±�]  Y|m ÄÀÌ»�|Ë{�³.    ¹Z³ �{
  ,É| ]Ê³�ËÁ  �ËÂ�e  d§Z]  Á  ²¿� ÉZÅÊ³�ËÁ  ¶»Z�ZÅÉ�f�¯Zy  t�� ¹Y�³Âf�ÌÅ  �Y  Ã|�  kY�zf�Y  É١  )GLH( ,

�eZ» Ë�  ºÅ- {Y|y�É  �f�¯Zy t�� É٢  )GLCM(  ,É�f�¯Zy t�� �Y{�] µÂ� �Ë�eZ»٣  )GLRM(  Á    ÊËÁ{Á{ ÉÂ´·Y
Ê¸v»٤  )LBP(    kY�zf�Y  |�  .,�ËÂ�e �Å ÉY�] \Ìe�e ¾Ë|]  80      Ã�Ìy} Ê³�ËÁ ®¿Z] �{ Á kY�zf�Y Ê³�ËÁ|Ë{�³  . �{

Ä¸Ì�Á Ä]  dËZÆ¿  ºfË�Â´·Y ÉZÅ  Ä°^�  Ê^��,  ,½Z^Ìf�a  �Y{�]  ¾Ì�Z»   Ê�y ®Ì°¨e  �Ì·Z¿M٥  ,k-®Ë{�¿Á  Ê´ËZ�¼Å  ¾Ë�e 
ºÌ¼�e  dy�{٦  Ê³�ËÁ  ÄWY�Y  É{ZÆÀ�Ìa  µ|»  Á  Ê���]  {�Â»  Ã|�  kY�zf�Y  ÉZÅ|Ë{�³  .¶°�  1  ¹Z³  ÉZÅ  �Á�

 �ËZ¼¿ Y� É{ZÆÀ�ÌaÊ»|Å{ .  
  

�Ìa��Y{�a  
Äf�{  Á �Ìz�e �{ É{ZÆÀ�Ìa �Á� lËZf¿ {Â^Æ]  �Â�À»  Ä]|ÀËY�§  Á{ ¶»Z� ¹Z³ ¾Ì·ÁY  ,\Ì� É�Z¼Ì]  É|À]  ,  �ËÂ¿

  ±�] kY�zf�Y Á ÊËY{��a �YÊ» ÄÀÌ»� Ê�Â³ �f¸Ì§ �Y Ã{Z¨f�Y Z] ,�ËÂ¿ Ä] d^�¿ �Á� É�Y|ËZa �Â�À» Ä] Y|f]Y .|�Z]
3*3   Áߪ = 3    ¹Zn¿Y ÊËY{��ËÂ¿|�Ä �« �Y ,(±�]) ��¿ {�Â» ÄÌuZ¿ kY�zf�Y ÉY�] Ä»Y{Y �{ . Ä�Ây Ä¸Ì�Á Ä] É|À]  |À]

Kmeans,    Z]݇ = 2    Ê�|Ì¸«Y Ä¸�Z§ ÁY  Á{ �Å .|Ë{�³ Ã{Z¨f�] |ÀËY�§  �µZ¿Z¯ ÉÁ�  ¹Zn¿Y �ËÂ�e Ê´¿� ÉZÅd§�Ë~a  Ä] ,
  Ê´¿� µZ¿Z¯ Ä� �Å Ã|� ÊËY{��ËÂ¿ lËZf¿ �Y Ä¯ ÊÀ » ¾ËYR  ,G    ÁB    ºfË�Â´·Y É{Á�Á ½YÂÀ� Ä]Kmeans    Ã{Z¨f�Y|Ë{�³ .

 ¶°�2 Ä¿Â¼¿�Ô¯ �Y ÉYÊ» �ËZ¼¿ Y� Ä¸u�» ¾ËY �Y ¶�Zu lËZf¿ Á Ã{Y{ ÃZ´ËZa �{ {ÂmÂ» �ËÂ�e ¦¸fz» ÉZÅ.|Å{  
  

 
1 Gray Level Histogram
2 Gray Level Co-occurrence Matrix
3 Gray Level Run Length Matrix 
4 Local Binary pattern
5 Linear Discriminant Analysis
6 Decision Tree
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 ¶°�1 É{ZÆÀ�Ìa �Á� Ê¸¯ ÉZ¼¿ (  

  

   

¦·Y  [  k  
 ¶°�2 ( Ä¿Â¼¿  �Y ÉY�Ô¯ ¦¸fz» ÉZÅ�ËÁZ�e (ÓZ] ¦Ë{�) Á �Ìa �Y ¶�Zu lËZf¿��ZÀf» �ËÁZ�e ÉY�] ��Y{�a (¾ÌËZa ¦Ë{�) .  

 Ä] Ôf^» ±�] -¦·Y -[ .ÃZÌ� Ê³|Ì�Âa Ä] Ôf^» ±�]µZy -k .Ê³{� Ä] Ôf^» ±�] .ÃZÌ� Ä°·  

  
Ê³�ËÁ kY�zf�Y  

Ê³�ËÁÊ¸�Y É�ÅZ� ÉZÅZÅ�f»Y�Za ¾Ë�e  ÊËÊ»|À�Z]   Ä] ÄmÂe Z] Ã�^y {Y�§Y \¸£Y Ä¯½M,ZÅ    �Zv· �Y Y� ½Zfy�{
  Ä]  Ôf]YÉ�Z¼Ì]  Ê» �Y�« Ê]ZË��Y  {�Â»¾ËY �Y .|ÀÅ{    {ZnËY ÉY�] ,Á�[�z»�Ì£ Á |À¼�ÂÅ �Á�  �Y    �Ì·Z¿M Á kY�zf�Y
Ê³�ËÁ  Ã{Z¨f�Y ²¿� Á d§Z] ÉZÅ|Ë{�³.  dÅZ^�¶�°Ìa �{ {ÂmÂ» ÉZÅÊ´ËZ�¼Å ÉZÅ  Ê¸�Y ¶»Z�   {ZnËY   �ËÁZ�e d§Z]

Ê» .|À�Z]Ê³�ËÁ [Zzf¿YÊËZÅ  cZ�Ô�Y Ä¯Ê�Z�Y  Y� �ËÂ�e ¾Ë�e�Ì´¿Y�] �·Zq ,|À¯ ¦Ì�Âe �Â�Â» �{   d§Z] ¶Ì¸ve
Ê»|�Z]Ê³�ËÁ .  �ËÁZ�e ÉZÅ  ,¦¸fz» �Á� |Àq Ä]  Á kY�zf�Yµ|» ��Â»M �{.|Ë{�³ Ã{Z¨f�Y ZÅ  Ê³�ËÁ {�Â» ÉZÅ

Ê» Ã{Y{ s�� Ä»Y{Y �{ Ã{Z¨f�Y.{Â�  
  

É�f�¯Zy t�� ¹Y�³Âf�ÌÅ (GLH)

Ê³�ËÁ kY�zf�Y 
• ¹Y�³Âf�ÌÅ )GLH( 
•ºÅ �Ë�eZ» É{Y|y�)GLCM( 
• Y�mY µÂ� �Ë�eZ»)GLRM( 
• Ê¸v» ÊËÁ{Á{ ÉÂ´·Y)LBP( µ|» Ê]ZË��Y 

 
)Á Ê³�ËÁ ,d«{ 

dÌ�Z�u( 

�Ìa��Y{�a 
•ÊËY{��ËÂ¿ 
•Ä �« É|À]

Kmeans 

µ|» ��Â»M 
•ANN 
•SVM 
•LDA 
•KNN 
•Tree-D 

 �ËÁZ�e
��Â»M 

 �ËÁZ�e
½Â»�M 
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�ËÂ�e ¹Y�³Âf�ÌÅ É�Z»M cZ�z�» Ä¸Ì�Á Ä] d§Z] ¶Ì¸ve    �YÃ{Z��Á� ¾Ë�e{�]�Z¯�a Á ¾Ë�e  d§Z]  ¶Ì¸ve ÉZÅ

Ê»|�Z]  ]7[ .  �Á� ¾ËY  ¶�°Ìa É�Ì³�Y�« ÃÂv¿Ê´ËZ�¼Å Ä] d^�¿ ZÅ {Ây ÉZÅ  Ê¼¿ �Y�« ¶Ì¸ve Á ÄË�ne {�Â» Y� ,|Å{
  Z»Y  Ê¸¯ c�Â�]Ê» �z�» Y� �ËÂ�e d§Z] �Ë�Âe|À¯  .  �{ªÌ¬ve ¾ËY  ,�ËÁZ�e �Y ®Ë �Å ÉY�]  Ê³�ËÁ ��    ,¾Ì´¿ZÌ»

  ÊaÁ�f¿Y Á ÊfyYÂÀ°Ë ,¹Â� �ÁZf�³ ,É�YÂ¼Å ,�ZÌ » ¥Y�v¿Yc|� �Â«Á µZ¼fuY �Z�Y �]  ÉZÅÉ�f�¯Zy t�� ²¿� 
  Ä^�Zv»|Ë{�³Ä¯ ,    \Ìe�e Ä]Ê¼¯�Ë{Z¬»  ,  ,ÊuYÂ¿ c|� Ê^�¿ É�YÂ¼Å ,d§Z] d�Y�fÀ¯ ¾Ì´¿ZÌ» ,d§Z] c|� ¾Ì´¿ZÌ»

 ½Y�Ì» Á c|� sÂ�� ÊfyYÂÀ°Ë ½Y�Ì» ,¹Y�³Âf�ÌÅ Ê´·ÂqY� ½{Â] Ê§{Z�e Ê» �z�»|À¯ .  
  

ºÅ �Ë�eZ»-É�f�¯Zy t�� É{Y|y� )GLCM(  
ºÅ �Ë�eZ»É{Y|y�    �ËÂ�e ÉZÅÂ´·Y �Ìz�e ÉY�] Ä¯ {�Y{ {�]�Z¯Ã|ÀÀ¯ ¦Ì�Âe �Y ,  ÉZÅ  É�Z»MÊ» d§Z]�Z]|.  

  ,É�f�¯Zy �ËÂ�e ®Ë ÉY�]GLCM    �Â«Á ­�f�» µZ¼fuY ½Y�Ì»c|�ÉZÅ  i    Áj      �{ Y�  Á ¶�YÂ§¾Ì » ÊËZËÁY�   Ä¯
,|Àf�Å ºÌ�Àe ¶]Z«  Ê» Ä^�Zv»|À¯  ]8[  . ÉY�]  Ä¸�Z§  �Y|¬» Z] Ê´ËZ�¼Å  ®Ë ,  �¬§  ¶�°Ìa �{ {ÂmÂ» ÉZÅÂ´·Y �ÁZn» ÉZÅ

 Ä] d^�¿  Ê» Ã{Y{ �Ìz�e É�¯�» ¶�°Ìa  �Ë�eZ» ,��Zu �Z¯ �{ .{Â�GLCM    ÄËÁY� �ZÆq �{�¨�  ,45  ,90    Á135   Äm�{
¶�°Ìa  ÉY�]  Á  |�  {ZnËY  �ÁZn» ÉZÅÊ³�ËÁÉZÅ:  ¼fuY  ¾Ë�f�Ì]  ,ÊaÁ�f¿Y  ,É��¿Y ÊÀ´¼Å Á  Ê´f�^¼Å ,d�Y�fÀ¯ ,µZ

�ËÂ�e �Å ÉY�] ¾ËY�]ZÀ] .|Ë{�³ kY�zf�Y  �ZÆq Á d�Ì]    �Y Ê³�ËÁGLCM    �{�Y{�]  Ê³�ËÁZÅ�ËÂ�e É  Ê» Ã�Ìy} {{�³ .  
  

�eZ» Ë� �f�¯Zy t�� �Y{�] µÂ�É )GLRM(
�Á� �Y �´Ë{ Ê°Ë  ,d§Z] É�Z»M ¶Ì¸ve ÉZÅ  �Ë�eZ»GLRM  Ê»] |�Z]11  Ä] .[  �Y ®Ë �ÅÄ¨·Â»�Ë�eZ» ¾ËY ÉZÅ  

Y�mY  µÂ�  Ê» ©Ô�Y {Â�  .Ä¨·Â»  ¾ËY  �Y  ¹Y|¯  �Å�Â¼n» ZÅ  ¶�°Ìa  {Y| e  É�YÂn¼Å ÉZÅÄËÁY�  �{  Ä¯  |Àf�Å ÉY
  c|� ,�z�»É�]Y�]  ²¿�    .|¿�Y{  ,�ÅÁ�a  ¾ËY  �{11  Ê³�ËÁ:uniformity, run -gray level nonshort run, long run, 

 gray uniformity, run ratio, low gray level run, high gray level run, short run low gray level, short run high-length non
level, long run low gray level and Long run high gray level    �Å ÉY�]�Y �ËÂ�e  GLRM   [Z�fuY Z] Ä¯ ,|Ë{�³ kY�zf�Y

  ÄËÁY� �ZÆq�¨�  ,45  ,90    Á135  Äm�{  Ê���]  {�Â»  �Â¼n» �{ �ËÂ�e �Å ÉY�]  ,44    �Á� ¾ËY �Y Ê³�ËÁ  �{ �Y{�]
Ê³�ËÁ�ËÂ�e ÉZÅ  Ã�Ìy}|Ë{�³ .  

  
Ê¸v» ÊËÁ{Á{ ÉÂ´·Y )LBP (  

LBP  Ê» ¦Ì�Âe Y� ¶�°Ìa ®Ë Ê´ËZ�¼Å Ê¸v» �ZfyZ�|À¯  ]15[  .  Ä¯ ZÀ » ¾ËY Ä]¶�°Ìa �Ë{Z¬»  �{ Ê´ËZ�¼Å ÉZÅ
Ê» �ÌÌ¤e ÊËÁ{Á{ d·Zu Ä] Ê���] {�Â» ¶�°Ìa Z] Ä�ËZ¬»|À]ZË.  ¶�°Ìa µZj» ½YÂÀ� Ä]º¯ c|� Z] ÉZÅ �e    ZË �Y ÉÁZ�»

Ê» ¶Ë|^e ®Ë Ä] Ê¬]Z» Á �¨� Ä] É�¯�» ¶�°Ìa  |¯ �b� .|¿Â�ÊËÁ{Á{   ¶Ë|^e tÌv� {|� Ä] Ä¸u�» ¾ËY �Y ¶�Zu
  �Y|¬» ½YÂÀ� Ä] Á Ã|�PLB Ê» Ã{Z¨f�Y É�¯�» ¶�°Ìa.{Â�  �Ë�eZ» kY�zf�Y ÉY�]  LBP  Á   ½{�ÁM d�|]  �Ë{Z¬»   Zf°Ë

 ÉZÅÂ´·Y �{½Z�°Ë,  �Y �a {ZnËY |¯ ÊËÁ{Á{ , { Ê¿Y�Á{ d¯�u ®Ë Z] Y� ½M Zn]Zm {�´f�Z�{Za ÉZf�Y� �Ã{�¯   �{ Á
�Y|¬» ¾Ë�f�Ì] dËZÆ¿  �y�q �{ Ã|� Ä^�Zv»¦¸fz» ÉZÅ   ½YÂÀ� Ä]LBP    [Zzf¿Y ��¿ {�Â» ¶�°ÌaÊ» {Â�  ]10[.    ��

ÊaÁ�f¿Y Á ÊfyYÂÀ°Ë ,¹Â� �ÁZf�³ ,É�YÂ¼Å ,�ZÌ » ¥Y�v¿Y ,¾Ì ¿́ZÌ» Ê³�ËÁ  �Ë�eZ» ¾ËY �Y   Á Ä^�Zv» �ËÂ�e �Å ÉY�]
.|Ë{�³ Ã�Ìy} Ê³�ËÁ �Y{�] �{  

  
É�Z�·|»  
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�Á�Äf//�{ ÉY�] Ê¨¸fz» ÉZÅÃ{Y{ \//�q�] {ÂmÁ c�Â//� �{ Z»Y ,{�Y{ {ÂmÁ É|À]  ,ZÅc�Z�¿ É�Ì³{ZË Ã|//�

 {�¯ |ÅYÂy ÄWY�Y É�fÆ] lËZ/f¿ ¾ËY . {�°ËÁ�  Ã{Y{�Ô¯ Ä] Ä/̧u�» Á{ �{ Y� É{Á�Á ÉZÅÊ» d//�Z/́ ¿ �Zy ÊËZÅ|/À¯. 
Ã{Y{ Ä/�Â¼n» µ|/» ,��Â»M Ä/̧u�» �{ Y|/f]Y\///�q�] ¶/̂« �Y Ä/̄  Y� ÊËZ/ÅÃ|///� É�Y~/³ ºfË�Â ·́Y ®/Ë d/ve Y� |/¿Y

Y�§ ��Â»M Ê» ] Ä¸u�» �{ .{�Ì³M µ|» É|Äf�{ ÉY�] ,¶^« Ä¸u�» �{ Äf§ZË ��Â»Ã{Y{ É|À] Äf§�³ �Z°] |Ë|m ÉZÅ
Ê»  .{Â//�  ÉY�]Ê³�ËÁ �fÆ] Ê//���]ÄWY�Y ¾ÌÀr¼Å Á Ã|//� kY�zf//�Y ÉZÅ�eY�Z¯ Ê·|» É Äf//�{ �{ �Ìz//�e Á É|À]

É�Z¼Ì]\Ì� ÉZÅºfË�Â´·Y ,Äf�{ ÉZÅÉ|À] c�Z�¿.d§�³ �Y�« Ã{Z¨f�Y {�Â» Ê¨¸fz» Ã|�  
 

 dy�{ºÌ¼�e )Tree-D(  
�Á� �ËZ/� Ä] d^/�¿ �Á� ¾ËY dË�»Ê» ½Z/�¿Y ÉY�] ½M lËZf¿ ½{Â] �Ì/�¨e ¶]Z« ,ZÅ|/�Z].   ÉY�] Êfu Ä¯ É�Â�]

Ê» ­�{ ¶]Z« �Ì¿ �/�zf» �Ì£ {Y�§Y  .|/�Z]�Á� ¾ËY,  Ã{Y{ÃÁ�³ Ä] Y� ZÅ®qÂ¯ ÉZÅÄf/�{ Êfy�{ �ZfyZ/� Z] �e É|À]
Ê»  ZË ÊÀÌm ÉZÅ�ZÌ » �Y µÂ¼ » �Â�] .|À¯Ã�Y|¿Y ÉY�] ÊaÁ�f¿MÃ{Y{ dÅZ^//� ¹|� É�Ì³Ê» Ã{Z¨f//�Y ZÅ .{{�³ �³Y

Ã{Y{ ÉY�] ÊÀÌËZ/a É�Z/Ì//�] ÉZ/�y ½Y�Ì» |/Ì·Âe ÊËZ/¿YÂe ,{Â//�¿ Ä/f§�³ ��¿ �{ d/y�{ ª¼� �Z/v· �Y ÊfË{Á|/v» ÉZ/Å
ºfË�Â´·Y .{�Y{ Y� ��Â»M ÉZÅÊ¨¸fz»  Ä¸¼m �YID3 ,C4.5  ÁCART |¿�Y{ {ÂmÁ �Á� ¾ËY ��Â»M ÉY�] ]18[.  

  
K-®Ë{�¿Ê´ËZ�¼Å ¾Ë�e  )KNN(  

®Ë{�¿ ½Â¿Z« �Y Ä¯ d//�Y É�f»Y�Za�Ì£ ¾Ì//�Z» É�Ì³{ZË �Á� ®ËÄf//�{ ÉY�] Ê´ËZ//�¼Å ¾Ë�eÃ{Y{ É|À]  ZÅ
Ê» Ã{Z¨f//�YÄf//�{ ,�Á� ¾ËY �{ .|À¯Ã{Y{ ÉZÅÂ´·Y ¾Ì] dÅZ^//� �Z//�Y �] É|À]Ã{Y{ ÉZÅÂ´·Y Z] ½Â»�M ÉZÅ ÉZÅ

Ê» Ã{Z¨f//�Y ��Â»M .{{�³ �Å �«YÁ �{®Ë{�¿ \//�q �] �Z//�Y �] |Ë|m Ã{Y{  ¾Ë�f//�Ì] Ä¯ {Ây ½Z´ËZ//�¼Å ¾Ë�e
Äf�{ ,|¿�Y{ Ã|� ¾ÌÌ e Ã{Á|v» �{ Y� Ê¿YÁY�§Ê» É|À] {Â� ]1  Á19[ .  

  
) ½Z^Ìf�a �Y{�] ¾Ì�Z»SVM(  

Ã{Y{ ¾Ì] ÄÌ/�Zu Ä¯ ÄÀÌÆ] Äv¨/� �]Y ®Ë ,ÄËZa �ZfyZ/� �{ -d/�Y �Z/�Y|m Äv¨/��]Y �] ÊÀf^» Ä¯ �Á� ¾ËY Á{ ÉZÅ
Ê» �Y|¬» ¾Ë�f/�Ì] Ä] Y� �Ô¯|¿Z/��  d/�mÊ» ÂmÁ|À¯. Äf/�{ ÉY�]Ã{Y{ É|À] Ê/�Ô¯|Àq ÉZÅ �Ì¿Ä�Â¼n» �]Y �Y ÉY

Äv¨/�Ê» {ZnËY ZÅ.|¿Â/�  �Á� Á{ �Y �Z¯ ¾ËY ÉY�]  Ê» Ã{Z¨f/�Y {Â/�. ®Ë ��Â»M �Y µÁY �Á� �{ SVM   Ê/�Ô¯ |Àq
  |Àq �Y �´Ë{ �Á� �{ ÁSVM  Ê» Ã{Z¨f//�Y Ê//�Ô¯ Á{.{{�³  Ä¸¼m|Àq Äf//�Å �Y ªÌ¬ve ¾ËY �{  Äm�{ ÉY3    Ã{Z¨f//�Y

|Ë{�³ ]9[.  
  

) Ê�y ®Ì°¨e �Ì·Z¿MLDA(  
Äf/�{ ÉY�] Ê�y ®Ì°¨e �Ì·Z¿MÃ{Y{ tÌv/� É|À] ÉZf/�Y� ,ZÅÊ» Ânf/�m Y� �iÂ» .|À¯ÄÀÌÆ] ÉZf/�Y� �{,  ¾Ì´¿ZÌ»

Ã{Y{�Ô¯ ÉZÅÃ{Y{ �¿ZË�YÁ Á ¾°¼» Ä¸//�Z§ ¾Ë�f//�Ì] ¦¸fz» ÉZÅ  Y� �Y|¬» ¾Ë�f¼¯ �Ô¯ �Å ¶yY{ ÉZÅ |ÅYÂy
d/�Y{.  Ì» ¾Ë�f/�Ì] ÊÀ Ëd/�{ ¶]Z« Zf/�Y� ¾ËY �{ ®Ì°¨e ½Y�d/�Y Ê]ZË  ]23[  .Äf/�{ ÉY�]Ê» �Ì¿ Ê�Ô¯ |Àq É|À]  ½YÂe

�Ô¯ ZË ÄÌ¬] ¶]Z¬» �{ Ê°Ë �Á� Á{ �Y�Ô¯ d¨m É|À]Äf/�{ \Ì¯�e Z] dËZÆ¿ �{ Á Ã{Z¨f/�Y ZÅÄf/�{ ®Ë Ä] ZÅ|À] |À]
Ô¯|Àq.d§ZË d�{ Ê�  
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) Ê^�� Ä°^�ANN(  

Ä°^/� �Y Äf§�³�] Ä¯ Ê^/�� Ä°^/�Ê» Êf/�Ë� Ê^/�� ÉZÅ,|/�Z]  �ÅÁ�a �{ Ä¯ É{�°¸¼� Ä] ÄmÂe Z] Ä¯  ¦¸fz» ÉZÅ
d//�Y Äf//�Y{ ¥Á� » �Y¾Ë�e  �Á� ÉZÅ¾Ì//�Z» É�Ì³{ZË Ê» �Y ÄËÓ |Àq ¶»Z//� Ê^//�� Ä°^//� Ê¸¯ d·Zu �{ .|//�Z]
Ê» ÊËZÅ{Â¿  ½YÂÀ� Ä] Ä¯ |//�Z]½Á�Â¿  Ê» ÄfyZÀ//�  .|¿Â//�½Á�Â¿ �Y ®Ë �Å Ä¯ |Àf//�Å ½�Á �Y|¬» ®Ë ÉY�Y{ ZÅ �{

,É�Ì³{ZË |ÀËY�§  ½�Á ¾ËY �Ë{Z¬»ÅÊ» ºÌ�Àe Z .{Â/�Ä°^/� �Y Ê¨¸fz» �YÂ¿Y ÄWY�Y Ê¨¸fz» ÉZÅ{�]�Z¯ ÉY�] Ê^/�� ÉZÅ
Ã|//�Ê» Ä¸¼m ½M �Y Ä¯ |¿Y�Ìa Ê^//�� Ä°^//� Ä] ½YÂe {�¯ Ã�Z//�Y �Ây  �{ ,É�ZfyZ//� Ê³{Z//� ¾Ì� �{ Ä°^//� ¾ËY .

Äf�{ ÉZÅ�Z¯�Á� ¾Ë�eY�Z¯ Ä¸¼m �Y É|À]Ê» ZÅ|�Z] ]10[ .  
  

µ|» Ê]ZË��YZÅ  
µ|»ZÅ  Ä¸Ì/�Á Ä]dÌ/�Z/�u É�Z»M ÉZÅ�f»Y�Za١Ê³�ËÁ ,٢  d«{ Á٣  Ê]ZË��Y .|/� ) cÓ{Z »1) ,(2) Á (3 \Ìe�e Ä] (

Ê» �ËZ/¼¿ Ä/] Y� Z/Å�f»Y�Z/a ¾ËY Ä/̂//�Z/v» ÃÂv¿  |/¿�Y~/³ Ä/̄ܶܲ ,ܶܰ ,ܲܨ  Áܰܨ   d/̂j» w�¿ -�Ë{Z/¬» Ã|/ÀÅ{ ½Z//�¿ \/Ìe�e Ä/]
Ê» [}Z/̄  Ê¨À» w�¿ Á [}Z/̄  d/̂j» w�¿ ,tÌv//� Ê¨À» w�¿ ,tÌv//�  .|/À//�Z/] �Y|/¬»  µ|/» ÊËY�Z/̄ d/Ì¼¯ Ä/̧Ì//�Á Ä/]

 dÌ//�Z//�uÃ�Y|¿YÊ» É�Ì³Ä¯ {Â//� �Ô¯ tÌv//� ÊËZ//�ZÀ//� ÊËZ¿YÂe �«YÁ �{ Y� ZÅÊ» �ËZ¼¿|Å{ . �´Ë{ ¥�� �{  
 x//�Za w�¿ ,Ê³�ËÁ Ê¨À» ÉZÅ tÌv//�   Y�½ZÌ]  Ê»  ,|À¯ÊÀ Ë  �Ìa �Y|¬» ÊÀÌ] �Ô¯ ®Ë Ä] ª¸ e ¹|�Ê» Y�|nÀ//� .

µ|/» ÉY�] Ê]Z/Ë��Y {�Â» �Z/Ì » ¾Ë�yM  ,d/«{ ÊÀ Ë É{Z/ÆÀ//�Ìa ÉZ/Å�Ìa ¶/̄  ½Y�Ì»ÊÀÌ] ËZ/¼¿ Y� ªÌ«{ ÉZ/ÅÊ» �|/Å{ 
]11[.  

  
ݕݐ݅ݒ݅ݐ݅ݏ݊݁ܵ  ) 1( =

ܶܲ
ܶܲ +  ܰܨ

ݕݐ݂݅ܿ݅݅ܿ݁݌ܵ  ) 2( =
ܶܰ

ܶܰ +  ܲܨ

ݕܿܽݎݑܿܿܣ  ) 3( =
ܶܲ + ܶܰ

ܶܲ + ܶܰ + ܲܨ +  ܰܨ

  
 d^/�¿ Á Ê§{Z/�e c�Â/�] ,Ã|/� Ã{Z¨f/�Y �ËÁZ/�e70   Ä]30   .|/� Ã{Y{ �Z/�fyY ½Â»�M Á ��Â»M ¶uY�» ÉY�] \Ìe�e Ä]

 ¾ËY�]ZÀ]336    Á ��Â»M ÉY�] �ËÂ/�e144 µ|» ½Â»�M ÉY�] �Ì¿ �´Ë{ �ËÂ/�e �Y .|Ë{�³ Ã{Z¨f/�Y ZÅ144    ,½Â»�M �ËÂ/�e
55 ) ÃZÌ/� Ê³|Ì/�Âa Ä] �Â]�» �ËÂ/�eBR ,(45 µZy �ËÂ/�e) Ê³{�R Á (44 ) ÃZÌ/� Ä°·SÊ» (  .|�Z] ��Y{�a ¶uY�» ¹Z¼e

µ|» Á Ê³�ËÁ kY�zf�Y ,�ËÂ�eÉ�Z� �Ìv» �{ ZÅ) \¸f» Ä»Z¿�]Matlab  (  Ã�Z¼� Äz�¿9  ¹Zn¿Y   .|Ë{�³ kY�zf�Y lËZf¿ Á  
  

hv] Á lËZf¿  
  ��Zu �ÅÁ�a �{Äf�{Ê³�ËÁ ÉZÀ^» �] É�Z¼Ì] Ä] Ôf^» \Ì� dy�{ ±�] �ËÁZ�e É|À]  ��Âe Ã|� kY�zf�Y ÉZÅ

ºfË�Â´·Y  dy�{ ÉZÅºÌ¼�e  )D-Tree(    �Y Ã{Z¨f�Y Z]  ºfË�Â´·YCART    ÁÊÀÌm �ZÌ »  ,k-®Ë{�¿) Ê´ËZ�¼Å ¾Ë�eKNN(   Z]

 
1 Sensitivity
2 Specificity
3 Accuracy 
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݇ = 6  �Ì·Z¿M ,  Ê�y ®Ì°¨e  )ALD  ,(  ½Z^Ìf�a �Y{�]  ¾Ì�Z»)SVM(    Z]  Ê�Ô¯ |Àq  Äf�ÅÄ¸¼m|Àq  Äm�{ ÉY3    Ä°^� Á

 ) Ê^��ANN(    ¶»Z� Ê¨z» ÄËÓ ®Ë Z] �Âz�Ìa50  ½Á�Â¿    ¹Zn¿Y.|Ë{�³    ÉY�Y{ Ä¯ �ËÂ�e �Å Ê³�ËÁ �Y{�]80    Ê³�ËÁ
Ê³�ËÁ ¶»Z�ºfË�Â´·Y �Y Ã|� kY�zf�Y ÉZÅ ÉZÅGLH ,GLCM ,GLRM  ÁLBP É�Z�·|» �{ ,{Â]  �Y�« Ã{Z¨f�Y {�Â» ZÅ

 .d§�³�eZ» Ë� �Z�f£Y �yZ� ½Y�Ì» ÁºfË�Â´·Y ��Â»M �Z§ ÉY�] Ã|� Ê]ZË��Y ÉZÅ µÁ|m �{ Ã{Z¨f�Y {�Â» ÉZÅ1 
  Ã{Y{ �ËZ¼¿�Á� ¹Z¼e .d�Y Ã|�Äf�{ Á �Ìz�e �{ Ê¿ZÀÌ¼�Y ¶]Z« Á \�ZÀ» d«{ ZÅ�Ô  ̄É|À]Äf�Y{ ¦¸fz» ÉZÅ -

Ê³�ËÁ Á d§Z] ¶Ì¸ve \�ZÀ» {�°¸¼� Ä¯ ,|¿YÊ» �ËZ¼¿ Y� Ã|� kY�zf�Y ÉZÅ  dË{Á|v» µZ¼�Y ¹|� Ä] ÄmÂe Z] .|Å{
½Z¼Å ,�Z¨e�Y�Ìa  Ä¯ Ä¿Â³Ê» ÊÀÌ]ºÌ¼�e  dy�{  |�,    ÊËÓZ]  �ZÌ�]  d«{Ã{Y{  ÉZÅÂ´·Y  É�Ì³{ZË  �{  ��Â»M ÉZÅ

  ¶°� ¥Y�³ .d�Y Äf�Y{3  Ä¯ d�Y Ã|»M d�|] ºÌ¼�e dy�{ º�� ,45/98  Ã{Y{ \�q�] �Y |��{Y� ��Â»M ÉZÅ 
  �Z¨e�Y �{ �j¯Y|u9  d«{ Z] Ê^�� Ä°^� ¶]Z¬» ¥�� �{ .d�Y Äf§�³Y�§ tÌv� c�Â�] ,40/94  |��{,  º¯ {�°¸¼� ¾Ë�e

ºfË�Â´·Y �ËZ� ¾Ì] �{ Y�  ZÅ�Á� �{ Är¿M Z»Y .d�Y{ ��Â»M �ËÁZ�e ÉÁ� �]  ,{�Y{ É�f�Ì] dÌ¼ÅY ¾Ì�Z» É�Ì³{ZË ÉZÅ
ºÌ¼ eÊ» Ã|� {ZnËY µ|» É�Ë~a|�Z] .  Ã{Y{ ®Ì°¨e c�|« |ËZ] µ|» �´Ë{ c�Z^� Ä]Ã{Y{) |Ë|m ÉZÅ  Y� (½Â»�M ÉZÅ

Ã{Y{ ½Y�Ì» ½Z¼Å Ä] .|�Z] Äf�Y{ ��Â»M ÉZÅ  
µ|» µZ¼�Y �Y ¶�Zu lËZf¿ ��Â»M ÉZÅ    µÁ|m �{ ½Â»�M �ËÁZ�e ÉÁ� �] Ã|Ë{2    �Z�Y �] .d�Y Ã|� �z�»

  ,½Â»�M �Z§ lËZf¿ANN    Z] �]Y�] Êf«{ Z]30/93    Á ¾Ë�f�Ì] ,|��{D-Tree    Z] µ{Z » Êf«{ Z]42/84  º¯  d«{ ½Y�Ì» ¾Ë�e
Äf�{Ã{Y{ ÉY�] É|À] .d�Y Ã{Y{ ÄnÌf¿ Y� ½Â»�M ÉZÅK -®Ë{�¿,Ê´ËZ�¼Å ¾Ë�e  �Y{�] ¾Ì�Z» ®Ì°¨e �Ì·Z¿M Á ½Z^Ìf�a

  d«{ Z] \Ìe�e  Ä] �Ì¿ Ê�y30/87  ,33/91    Á62/92  Äf�{ Á �Ìz�e �{ É|��{É�Z¼Ì] É|À]  Ê³|Ì�Âa) \Ì� ÉZÅ
µZy ,ÃZÌ�Ê» Ê]ZË��Y \�ZÀ» Á µÂ^« ¶]Z« (ÃZÌ� Ä°· Á Ê³{� ¶�Zu lËZf¿ ¾Ì] ¾ËY �{ ,{Â�  

  

 µÁ|m1ºfË�Â´·Y ��Â»M �Y ¶�Zu lËZf¿ ( Ã{Z¨f�Y {�Â» ÉZÅ �eZ» Á Ë� Ä�Â]�» �Z�f£Y  
Tree-D  KNN  SVM  LDA   ANN    

S  R  BR    S  R  BR    S  R  BR    S  R  BR    S  R  BR      
1 1  113    1  1  113   0  0  115   0 0  115    3  0  112   BR  
1  114  0    1  114  0    1  114  0   0  115  0    8  107  0   R 

102  1  3    51  29  26   98  4  4    94  5  7    92 7  7  S  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  wZ�

 � 
25/9
8  

10/9
9  

41/9
7  

  14/9
0  

00/9
9  

30/8
1  

  32/9
8  

100  
64/9
6  

  13/9
7  

100  
30/9
4 

  40/9
6  

62/9
8  

12/9
4  

  
BR 

91/9
8  

55/9
9  

30/9
8  

  32/8
9  

50/9
9  

20/9
6  

  10/9
8  

54/9
9  

61/9
6  

  92/9
7  

100  
83/9
5  

  13/9
5  

40/9
6  

90/9
3  

  
R  

20/9
8  

30/9
8  

10/9
8  

  40/8
8  

60/8
0  

23/9
6  

  81/9
7  

62/9
6  

00/9
9  

  52/9
7  

04/9
5  

100  
  70/9

1  
00/9
4  

32/8
9  

  
S  

45/9
8  

00/9
9  

92/9
7  

  30/8
9  

01/9
3  

60/8
5  

  10/9
8  

72/9
8  

41/9
7 

  52/9
7  

35/9
8  

70/9
6  

  40/9
4  

34/9
6  

43/9
2  

  »Ì ²¿Z
Ë¾  

1861



 

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
 

 

  
 ¶°�3 (±�] ÉÁ� �] {Y|�Y ,ºÌ¼�e dy�{ �z�» ZÅ \�q�] Ã|ÀÀ¯Ê» ZÅ) -|À�Z]1) .ÃZÌ� Ê³|Ì�Âa Ä] Ôf^» ±�] (2  Ä] Ôf^» ±�] (

µZy) .Ê³{�3.ÃZÌ� Ä°· Ä] Ôf^» ±�] (  
  

Ê» �ZÌ« ¶]Z« Ê^�� Ä°^� Z] ¾ÌËZa �ZÌ�] ¥ÔfyY Ä] ÄmÂe Z] Ê�y ®Ì°¨e �Ì·Z¿M �Y lËZf¿ d«{ ¥ÔfyY Ä�ËZ¬» Z] .|�Z]
  µÁ|m) ½Â»�M2  µÁ|m) ��Â»M Á  (1z�» ,(Ê»  �  Á  Ê^�� Ä°^� {Â�K-®Ë{�¿  ½Y�Ì»  ¾Ë�f�Ì]  Ê´ËZ�¼Å ¾Ë�e

ºÌ¼ eÄf�Y{ Y� É�Ë~aÃ{Y{ ÉÁ� �] ºÌ¼�e dy�{ Z»Y ¶]Z¬» ¥�� �{ .|¿Y  .d�Y Äf�Y|¿ Ê]Ây lËZf¿ ½Â»�M ÉZÅ  
] ªÌ¬ve �{22É�Z¼Ì] ÉÁ� �] Ä¯ [Äf�{ ÉY�] ,d�Y Äf§�Ë~a ¹Zn¿Y \Ì� ÉZÅ �Ô¯ �ZÆq �{ �ËÁZ�e É|À] ¶°�f»

±�] Á º·Z/� ±�] �Y  Ä] Ôf^» ÉZÅ3   d«{ ,É�Z¼Ì] �Â¿97   .d/�Y Ã|/� ��Y�³ Ê�y ®Ì°¨e �Ì·Z¿M ÉY�] Y� É|/��{
½MÃ{Y{ ÉY�] ®/Ì°¨e Ä/] Y� Ã|//� Ä/WY�Y lËZ/f¿ Ä/f^·Y Z/ÅÃ{�°¿ Ä/WY�Y ½Â»�M Á ��Â»M ÉZ/Å  ¶/̄  ÉY�] Ê»Ô�Y d/«{ Á |/¿Y

Ã{Y{Ê» ZÅ�{ Ã|»M d/�|] lËZf¿ �Z/�Y �] Z»Y .|/�Z]   µÁY|m) �ÅÁ�a ¾ËY1   Á2 ®Ì°¨e �Ì·Z¿M |Àq �Å d/�Y �z/�» ,(
Ã{Y{ ¶¯ ÉÁ� �] Ê¸¯ �Â�] Ê�yºÌ¼ e ¹|� ¶Ì·|] ,d/�Y Ã{�¯ ÄWY�Y Ê^/�ZÀ» ÄnÌf¿ ZÅ ¶]Z« Ê/�Á� ,\/�ZÀ» É�Ë~a

Ê¼¿ ÄWY�Y {Z¼f�Y .|Å{  
ªÌ«{ Ê//���] Z] µÁY|m �e1   Á2 Ê» �z//�»Äf//�{ ¹Z¼e {Â//�//� Ê³|Ì//�Âa �Ô¯ Á{ ÉY�] ZÅ|À]) ÃZÌBR Á (

µZy) Ê³{�R) ÃZÌ/� Ä°· �Ô¯ Z] Ä/�ËZ¬» �{ É�fÆ] lËZf¿ (SÄf/�Y{ (  ¾ËY tÌv/� �Ìz/�e�{ \/�ZÀ» d«{ ¹|� .|¿Y
Ê» �Ô¯Ä¿Â¼¿ �ËZ/� Ä] ½M dÅZ^/� d¸� Ä] |¿YÂe�Ë�eZ» �Y Är¿ZÀq .|/�Z] ZÅ d^j» w�¿ d/�Y �z/�» �Ì¿ �Z/�f£Y ÉZÅ

�ËÁZ/�e Z»Y ,d/�Y ÓZ] �ZÌ/�] �´Ë{ �Ô¯ Á{ tÌv/� ±�] Ä] �Â]�» �za �´Ë{ �Ô¯ Á{ ÉÁ� �] ÃZÌ/� Ä°· Ä] Ôf^» ÉZÅ
Ã|�.|¿Y  

 µÁ|m2Äf�{ lËZf¿ ( Ã{Y{ É|À]ºfË�Â´·Y ��Âe ½Â»�M ÉZÅ {Z¨f�Y {�Â» ÉZÅ Ã Á �eZ» Ë� �Z�f£Y Ä�Â]�» 
Tree-D  KNN  SVM  LDA   ANN    

S  R  BR    S  R  BR    S  R  BR    S  R  BR    S  R  BR      
7  0  48    0  1  54    1  1  53   3  0  52    1  0  54   BR  
8  37  0    2  43  0    4  41  0   3  41  1    5  40  0   R 

29  4  11    19  13  12    33  3  8    37  4  3    37  2  5  S  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  

Acc  Spe  Sen  
  wZ�

 � 
60/8
6  

80/9
1  

40/8
1  

  30/9
0  

72/9
8  

82/8
1  

  24/9
2  

60/9
7  

90/8
6  

  72/9
4  

60/9
7  

90/9
2  

  20/9
5  

82/9
8  

53/9
1  

  
BR 

24/9
1  

23/9
2  

24/9
0  

  60/8
6  

70/9
7  

44/7
5  

  54/9
3  

00/9
6  

11/9
1  

  54/9
3  

00/9
6  

11/9
1  

  20/9
5  

10/9
5  

24/9
5  

  
R  

1862



 

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
 

 
45/7
5  

00/8
5  

91/6
5  

  10/8
5  

70/7
9  

50/9
0  

  23/8
8  

62/8
9  

84/8
6  

  60/8
9  

10/9
3  

05/8
6  

  60/8
9  

10/9
3  

05/8
6  

  
S  

42/8
4  

70/8
9  

18/7
9  

  30/8
7  

04/9
2  

60/8
2  

  33/9
1  

40/9
4  

28/8
8  

  62/9
2  

60/9
5  

02/9
0  

  30/9
3  

70/9
5  

94/9
0  

   ²¿ZÌ»
¾Ë  

  
Ã{Y{ ÉÁ� �] |Àq �Å Ê�y ®Ì°¨e �Ì·Z¿M Á ½Z^Ìf//�a �Y{�] ¾Ì//�Z» ½Z//�¿ {Ây �Y Ê^//�ZÀ» {�°¸¼� ½Â»�M ÉZÅ

Ê»½M ½Â»�M Á ��Â»M Ä¸u�» lËZf¿ Ä/�ËZ¬» Z] Z»Y ,|ÀÅ{ºÌ¼ e d/�Y �z/�» ZÅ Ê§�� �Y ,|¿�Y|¿ Ê^/�ZÀ» É�Ë~aK-
¿®Ë{�Ê¸� Ê´ËZ/�¼Å ¾Ë�eºÌ¼ e º£�¾ÌËZa d«{ Ê^/�� Ä°^/� Z] Ä/�ËZ¬» �{ ,d/�Y Äf/�Y{ Ä¯ Ê]Ây É�Ë~a ÄWY�Y É�e

Ê»Ê³�ËÁ �Y Ã{Z¨f//�Y Z] Ê^//�� Ä°^//� ¾ËY�]ZÀ] .|Å{  ÉY�] É�fÆ] µ|» ,�ÅÁ�a ¾ËY �{ Ã|//� kY�zf//�Y d§Z] ÉZÅ
ÄWY�Y \Ì� dy�{ É�Z¼Ì] �Ìz�e Ê».|Å{  

  
ÄnÌf¿É�Ì³ 

ªÌ¬ve  ¾ËY  �{    �ËÁZ�e  ±�]µZy ,ÃZÌ�  Ê³|Ì�Âa  É�Z¼Ì]  �Â¿  Ä� ÉY�Y{  Ä¯  \Ì�  dy�{ ÃZÌ�  Ä°·  Á  Ê³{�
Ê»É{ZÆÀ�Ìa �Á� Ê]�ne �ËZ»�M ÉY�] |�Z]  .|� Ã{Z¨f�Y    �Â�À» Ä] �b� Á Ã|� ÊËY{��ËÂ¿ Y|f]Y �ËÁZ�e  Ä] Ê]ZÌf�{

  ºfË�Â´·Y Ä¸Ì�Á Ä] ±�] ÉÁZu �z] �eÓZ] d«{Kmeans  µZ¿Z  ̄¹Z¼e �Y Ã{Z¨f�Y Z]  Ê´¿� ÉZÅ�a �Y .|� Y|m ÄÀÌ»�   �Á�
 Ê³�ËÁ ÄËZa �] É{ZÆÀ�Ìas�� d§Z] ÉZÅ|Ë{�³ É�Ë�.  Ê³�ËÁ �Â�À» ¾Ë|]  �Y �ËÁZ�e Êf§Z] ÉZÅYºfË�Â´·  ÉZÅGLH ,

GLCM  ,GLRM    ÁLBP    .|Ë{�³ kY�zf�Y  Ä»Y{Y �{Äf�{ ÉY�] �Y ¶°�f» �ËÂ�e �Å Ê³�ËÁ �Y{�] �Z�Y �] �ËÁZ�e É|À]
80 Ê³�ËÁ, ºfË�Â´·Y ,ºÌ¼�e dy�{ ÉZÅK-®Ë{�¿ Ä°^� Á Ê�y ®Ì°¨e �Ì·Z¿M ,½Z^Ìf�a �Y{�] ¾Ì�Z» ,Ê´ËZ�¼Å ¾Ë�e

  �Y .|¿|� Äf§�³ �Z°] Ê^��480    ,Ã{Y{ ÃZ´ËZa �ËÂ�e336    �Z§ ÉY�] �ËÂ�e  Á ��Â»M144   c�Â�] ½Â»�M �Z§ ÉY�] �ËÂ�e
.|¿|� [Zzf¿Y Ê§{Z�e  

µ|» lËZf¿ ½Z�¿ ,½Â»�M �ËÁZ�e ÉÁ� �] Ã|� {ZnËY ÉZÅ   {Y{  Ê³�ËÁ  ÉZÅ d§Z]  Äf�{ �{  \Ì� dy�{ É�Z¼Ì] É|À]
  .|¿�Y{  Ê^�ZÀ»  ÊËY�Z¯µ|»  ¾Ì]  �{Ê¸�  ºÌ¼�e  dy�{  ,Ã|�  ÄWY�Y  ÉZÅÄf�{  �{ ÓZ]  �ZÌ�]  d«{  º£�  É|À] �ËÁZ�e

Ê��Â»M  ,¶�Zu dy�{ \�ZÀ» ª¼� Á    Z»Y  d«{ Z]42/84  º¯  ½Y�Ì» ¾Ë�e tÌv� �Ìz�e    Y��Y    .{Y{ ½Z�¿ {Ây Ä°^�
  Z]  \Ìe�e Ä]  Ê�y  ®Ì°¨e  �Ì·Z¿M Á  Ê^��30/93    Á62/92   Ê���]  Z]  ¾ÌÀr¼Å  .|¿{�¯ ÄWY�Y  Y�  d«{  ¾Ë�eÓZ]  |��{

Ã{Y{µ|» ��Â»M �z] �Y ¶�Zu ÉZÅ� Ä°^� -|Ë{�³ �z�» ZÅºÌ¼ e ¾Ë�f�Ì] Ê^�.d�Y Äf�Y{ É�Ë~a   Z]  ¾ËY�]ZÀ]
Äf�{ ÉY�] É{ZÆÀ�Ìa �Á� -¶�Zu lËZf¿  ¹Z¼e Ä] ÄmÂeÉ�Z¼Ì]  É|À] �ÂÆ� ÃZÌ³ ¾ËY ±�] �{ Ä¯ \Ì� dy�{ ÉZÅ

Ê»Ê» Ê]ZË��Y \�ZÀ» ,|À]ZË¡Z] Á ½Y��ÁZ�  ̄��Âe Ã{Z¨f�Y c�Â� �{ �Á� ¾ËY .{Â�Ê» ½Y�Y{ Z] |¿YÂe   tÌv� �Ìz�e
Â» Ä] ÁÉ�Z¼Ì] ¾ËY �«ZÅ, ÄÀË�ÅÄ�uÔ» ¶]Z« ½Y�Ì» Ze Y� É�Z¼Ì] cZ¨¸e Á ZÅ.|Å{ �ÅZ¯ ÉY  
  
 �]ZÀ»  

 
1. Agrawal, D., and Dahiya, P.P. 2018. COMPARISONS OF CLASSIFICATION ALGORITH-

MS ON SEEDS, 7(V): 2760–2765. 
2. Apple Leaf Diseases | Kaggle. (n.d.). Retrieved April 12, 2021, from https://www.kaggle. 

com/ mhantor/apple-leaf-diseases 

1863



 

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
 

 
3. Argüeso, D., Picon, A., Irusta, U., Medela, A., San-Emeterio, M.G., Bereciartua, A., and 

Alvarez-Gila, A. 2020. Few-Shot Learning approach for plant disease classification using 
images taken in the field. Computers and Electronics in Agriculture, 175: 105542. 

4. Barbedo, J.G.A. 2016. A review on the main challenges in automatic plant disease 
identification based on visible range images. Biosystems Engineering, 144: 52–60. 

5. Barbedo, J.G.A. 2019. Plant disease identification from individual lesions and spots using 
deep learning. Biosystems Engineering, 180: 96–107. 

6. Gargade, A., and Khandekar, S.A. 2019. A review: custard apple leaf parameter analysis and 
leaf disease detection using digital image processing. 2019 3rd International Conference on 
Computing Methodologies and Communication (ICCMC), 267–271. 

7. Gonzalez, R.C.E., Woods, S.L., Gonzalez, R.E.R.E.R.C., Woods, R.E., and Eddins, S.L. 
2004. Digital image processing using MATLAB (Issues 04; TA1637, G6.). 

8. Haralick, R.M., Shanmugam, K., and Dinstein, I.H. 1973. Textural features for image 
classification. IEEE Transactions on Systems, Man, and Cybernetics, 6: 610–621. 

9. Huang, Z., Qin, A., Lu, J., Menon, A., and Gao, J. 2020. Maize Leaf Disease Detection and 
Classification Using Machine Learning Algorithms. 2020 International Conferences on 
Internet of Things (IThings) and IEEE Green Computing and Communications (GreenCom) 
and IEEE Cyber, Physical and Social Computing (CPSCom) and IEEE Smart Data 
(SmartData) and IEEE Congress on Cybermatics (Cybermatics), 870–877. 

10. Karimi, N., Ranjbarzadeh Kondrood, R., and Alizadeh, T. 2017. An intelligent system for 
quality measurement of Golden Bleached raisins using two comparative machine learning 
algorithms. Measurement: Journal of the International Measurement Confederation, 107: 68–
76. https://doi.org/10.1016/j.measurement.2017.05.009 

11. Khojastehnazhand, M., and Ramezani, H. 2020. Machine vision system for classification of 
bulk raisins using texture features. Journal of Food Engineering, 271(September 2019), 
109864. https://doi.org/10.1016/j.jfoodeng.2019.109864. 

12. Kumar, S.S., and Raghavendra, B.K. 2019. Diseases detection of various plant leaf using 
image processing techniques: A review. 5th International Conference on Advanced 
Computing & Communication Systems (ICACCS), 313–316. 

13. Kurmi, Y., and Gangwar, S. 2021. A leaf image localization based algorithm for different 
crops disease classification. Information Processing in Agriculture. 

14. Ngugi, L.C., Abelwahab, M., and Abo-Zahhad, M. 2021. Recent advances in image 
processing techniques for automated leaf pest and disease recognition–A review. Information 
Processing in Agriculture, 8(1): 27–51. 

15. Ojala, T., Pietikainen, M., and Maenpaa, T. 2002. Multiresolution gray-scale and rotation 
invariant texture classification with local binary patterns. IEEE Transactions on Pattern 
Analysis and Machine Intelligence, 24(7): 971–987. 

16. Pandiyan, S., Ashwin, M., Manikandan, R., KM, K.R., & GR, A.R. 2020. Heterogeneous 
Internet of Things organization predictive analysis platform for apple leaf diseases 
recognition. Computer Communications, 154: 99–110. 

1864



 

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
 

 
17. Pooja, V., Das, R., and Kanchana, V. 2017. Identification of plant leaf diseases using image 

processing techniques. 2017 IEEE Technological Innovations in ICT for Agriculture and 
Rural Development (TIAR), 130–133. 

18. Rajesh, B., Vardhan, M.V.S., and Sujihelen, L. 2020. Leaf Disease Detection and 
Classification by Decision Tree. 4th International Conference on Trends in Electronics and 
Informatics (ICOEI)(48184), 705–708. 

19. Salem, S.A., Salem, N.M., and Nandi, A.K. 2007. Segmentation of retinal blood vessels using 
a novel clustering algorithm (RACAL) with a partial supervision strategy. Medical and 
Biological Engineering and Computing, 45(3): 261–273. https://doi.org/10.1007/s11517-006-
0141-2 

20. Sethy, P.K., Barpanda, N.K., Rath, A.K., and Behera, S.K. 2020. Deep feature based rice leaf 
disease identification using support vector machine. Computers and Electronics in 
Agriculture, 175: 105527. 

21. Singh, J., and Kaur, H. 2018. A review on: Various techniques of plant leaf disease detection. 
Proceedings of the 2nd International Conference on Inventive Systems and Control, ICISC, 
Icisc, 232–238. https://doi.org/10.1109/ICISC.2018.8399069 

22. Tahir, M. Bin, Khan, M.A., Javed, K., Kadry, S., Zhang, Y.-D., Akram, T., and Nazir, M. 
2021. Recognition of apple leaf diseases using deep learning and variances-controlled features 
reduction. Microprocessors and Microsystems, 104027. 

23. Zapolska, A., Kalaitzidis, C., Markakis, E., Ligoxigakis, E., and Koubouris, G. 2020. Linear 
Discriminant Analysis of spectral measurements for discrimination between healthy and 
diseased trees of Olea europaea L. artificially infected by Fomitiporia mediterranea. 
International Journal of Remote Sensing, 41(14): 5388–5398. 

1865



National Congress on Biosystems Engineering and Agricultural Mechanization th13
Tehran, 15-17 September 2021 

Apple Tree Diseases Detection Using Texture Analysis and Machine 
Learning Methods

*2Mostafa Khojastehnazhand, 1Sajjad Nasiri

1. Faculty of Engineering, University of Bonab, Bonab, 5551761167, Iran
2. Mechanical Engineering Department, University of Bonab, Bonab, 5551761167, Iran

Abstract 

Disease and pest of each plant is a major and influential factor in the quality and quantity of the product. Conventional 
methods of diagnosing these pests are based on the traditional method of using an expert who has his own problems. To 
solve these problems, the automated and non-destructive method of machine vision is used, which will cause rapid 
detection and control of the disease, and consequently reduce the costs of large-scale monitoring. In this study, machine 
learning based on texture features of Gray Level Histogram (GLH), Gray Level Co-occurrence Matrix (GLCM), Gray 
Level Run length Matrix (GLRM) and Local Binary Pattern (LBP) algorithms were used to detect apple leaves diseases 
such as black rot, rust and scab. By segmentation of images using kmeans method, Decision Tree (D-Tree), K-Nearest 
Neighborhood (KNN), Linear Discrimination Analysis (LDA), Support Vector Machine (SVM) and Artificial Neural 
Network (ANN) models were used in two stages of training and testing modes. The test data results shows that the decision 
tree model with 84.42% accuracy and the ANN model with accuracy of 93.30 had the lowest and highest performance 
among other methods, respectively. KNN, SVM and LDA models also correctly classified 87.30, 91.33 and 92.62% of 
the test images, respectively. The results showed that image processing method could be used to quickly detect pests in 
apple tree leaves. 

Key words: Apple black rot, Apple rust, Apple scab, Texture, Image processing, Machine learning 
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