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½Z/�¿Y ÊËY~£ Ã�Ìn¿� ¾Ì»Ze �{ Y� ÊWY�/�] Á ºÆ» �¬¿ Ä¯ d/�Y É��ÁZ/�¯ ®Ë�eY�f/�Y Á ºÆ» cÓÂ/�v» �Y Ê°Ë ¹|À³ ZÅ
Ê» É�Z] .|À¯Y �{M Á Ê¼Ì¸«Y �ËY�/� �Z/�Y�] ,½ZÌ» ¾Ë {ZÆÀ/�Ìa Ä¬�À» �Å �{ d/�¯ ÉY�] Ê/�Zy ¹Z«�Y ,ÊËYÂÅ Á [

Ê»Ä���» ½Z»|¿Y� ,ÊËZÆ¿ µÂ//�v» dÌ¨Ì¯ ½{�] ÓZ] ¾¼//� Ze {Â//��Á� �{ .|À¯ Y|Ìa �ËY�§Y �Ì¿ ÉY ,ÊfÀ//� ÉZÅ
Ê» ¹Zn¿Y Ã�^y ½Z�ZÀ��Z¯ ��Âe ¹|À³ ¦¸fz» ¹Z«�Y �Ìz�e �y ¶Ì·{ Ä] Ä¯ {�Ë~aºÌ¼�e Á ¾ÌËZa d��� ,Ê´f  É�Ì³

Ê/�z/� cY��¿ �] ÊÀf^»,  �Á� �Y Ã�Á�»Y ,¶°/�» ¾ËY �§� ÉY�] .d/�Ì¿ µZ°/�Y �Y Ê·Zy ÊËZÀÌ] Ä¸¼m �Y [�z»�Ì£ ÉZÅ
Ê» Ã{Z¨f/�Y ¾Ì/�Z»Ê³�ËÁ kY�zf/�Y Ä] ¹Y|«Y ,¾Ì/�Z» ÊËZÀÌ] �Á� �Y Ã{Z¨f/�Y Z] �Ì¿ ªÌ¬ve ¾ËY �{ .{{�³ d§Z] ÉZÅ

  ºfË�Â´·Y �/�ÂeGLRM   �{ ,�¨/� dÆm �ZÆq45  ,90   Á135  Ä¬^� �/�Âe ��¿ {�Â» Ã{Y{ ÃZ´ËZa ¶Ì°/�e Z] Á Ã|/� Äm�{
É|À]) ½Z^Ìf/�a �Y{�] ¾Ì/�Z» Ã|ÀÀ¯SVMÄ¬^� É�Y{�/� Á Y�|/� ,Z¼Å ¦¸fz» º«� Ä/� ,( lËZf¿  .d/�Y Ã|Ë{�³ É|À]

 µ|» Ä¯ {Y{ ½Z//�¿ ªÌ¬veSVM Ä¸¼m |Àq ZË Ê�y É�¯�» �]Ze Z]Ê» ÉYÓZ] d«{ Z] |¿YÂe  É97%  ¹|À³ º«� Ä//� �Å
Ä¬^� Á ÊËZ/�ZÀ/� Y� Ã{Z¨f/�Y {�Â»�Ô¯ w�¿ Á Ê³�ËÁ ,dÌ/�Z/�u .|ËZ¼¿ É|À] ÉÓZ] �Ì¿ º«� Ä/� �Å tÌv/� É|À]97% 
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¨¸eÌª �Z»Ì ¾ f�a �Y{�] Ì½Z^ Á Z]Ë ³� ÊÉZÅ �eZ» Ë�  GLRM Ä¬^� �Â�À» Ä]É|À]  º«� Ä�  ¹|À³  

Ä»|¬»  
 Ê¯Zy Ã�¯ �{ ½Z/�¿Y ZÅ{�ZÌ¸Ì» ÄË~¤e dÆm Ä¯ d/�Y É��ÁZ/�¯ ®Ë�e�f/�Y Á ºÆ» cÓÂ/�v» �Y Ê°Ë ½YÂÀ ] ¹|À³

Ê» �Y�« Ã{Z¨f/�Y {�Â» ¦¸fz» ÊËY~£ {YÂ» ½YÂÀ� dveÄ¿Y{ ¶Ì·{ Ä] ¹|À³ �Y Ã{Z¨f/�Y .{�Ì³ ,Äf/�Z/�¿ �Y �Z/��/� ÉZÅ
Ê» É~¤» Á Ê¿| » {YÂ» ,|ÌbÌ· ,¾ÌXeÁ�a,Ä¬�À» �Å ­Zy Á YÂÅ ,[M �ËY�//� �Z//�Y�] Ä°ÀËY Ä] ÄmÂe Z] .|//�Z]  ¹Z«�Y

Ê» d/�¯ Ê¨¸fz»Å ÉY�] ¦¸fz» ¹Z«�Y �Z�Y ¾ËY �] ,{Â/� É�Z³�Z� ¾¼� Ze d�Y Ã|Ë{�³ ÄWY�Y ÊWYÂÅ Á [M Ä¬�À» �
µZ¼/� Ä¬�À» �{ .{{�³ |Ì·Âe É~¤» {YÂ» �Y ÊÀ£ Á Ã{�Z]�a Ê·Â/�v» ,�ËY�/� Z]º«� �Ì¿ (½ZnËZ]�}M) ½Y�ËY [�£ ÉZÅ

µÂ/�v» �a Á ¾Ë�fÆ] �Y Ä¯ {�Y{ {ÂmÁ d/�¯ ¦¸fz»Ê» ½M ¾Ë�eY .{Â¼¿ Ã�Z/�Y Z¼Å Á Y�|/� ,É�Y{�/� ¹Z«�Y Ä] ½YÂe �
 {�Â» º«� [Zzf¿Y �{ d«{ ¹|� Á d/�Y �Y{�Ây�] ÊWÓZ] �ZÌ/�] dÌ¼ÅY �Y Ã|/� Äf/�Z¯ �~] [Zzf¿Y �{ d«{ Ä°ÌWZn¿M

Ä/���» ½Z/»|/¿Y� ¾ÌÀr¼Å Á É|/Ì·Âe µÂ//�v» d/Ì¨Ì¯ �ÅZ/̄  h/�Z/] ��¿ d/Æm Ã�^y {Y�§Y �Y ÓÂ¼ » ,|//� |/ÅYÂy ÉY
Ê» Ã{Z¨f/�Y ¹Z«�Y ÊËZ/�ZÀ/� .{{�³dÅZ^/� ¶Ì·{ Ä] Äf^·Y�ÅZ� ÉZÅ �Ì¿ Ã�^y {Y�§Y {�YÂ» Êy�] �{ ,¹Z«�Y �Y É�ZÌ/�] É

Ê» |Ë{�e Á ®//� �Zq{�´Ë{ ¥�� �Y Á .|¿Â//�   Á �z//� �] ÊÀf^» É�Ì³ ºÌ¼//�e Á Ê´f//�y ,¾ÌËZa d��//� ¶Ì·{ Ä]
  ,¾ÌËZa d«{ �Â�ÀÌ¼Å  ¹Â//��» �Á�µZ//� �{ �Â�À» ¾Ë|] .d//�Y Ê³��] cY{Y�ËY ÉY�Y{ Á |//�� �ZÀ¯ �{ �ÌyY ÉZÅ

�Y ¦¸fz» ¹Â¸� d§�//�Ìa Ä¿ZËY� ¹Â¸� Ä¸¼m�Á� ,ÉYÄÀÌ»� �{ Ê¼mZÆe�Ì£ �Z¯{Ây ÉZÅÃ|Ë{�³ ÄWY�Y ¦¸fz» ÉZÅ |¿Y
Ã|Ì/�z] {Â^Æ] �Ì¿ Y� µÂ/�v» dÌ¨Ì¯ ,ÊËZ/�ZÀ/� d«{ ½{�] ÓZ] Z] Ä¯�Á� ¾ËY �Y Ã{Z¨f/�Y .|¿YÄÀÌ»� �{  ZÅ ¦¸fz» ÉZÅ

 Ä¯ d/�Y Ã{Zf§Y ©Z¨eY ��°» c�Â/� Ä] É��ÁZ/�¯ Á �ËZÀ/� ,É�Æ/� ,Ê»Z�¿ Ã{Z¨f/�Y Z] ÊËY~£ {YÂ» Á É��ÁZ/�¯ �z] �{
Ä¬^� Ä] ¹Y|«Y ,µÂ//�v» Ê¸yY{ ZË É�ÅZ� cZÌ//�Â//�y Êy�] �YÊ» �Ìz//�e Á É|À] Ä] ¾Ì//�Z» ÊËZÀÌ] �Á� .|ÀËZ¼¿

�Á� �Y Ê°Ë ½YÂÀ�µZ/� �{ Ê¼mZÆe�Ì£ ÉZÅ¹ZÆ·Y Z] Ä¯ d/�Y Äf§�³ �Y�« Ã{Z¨f/�Y {�Â» �ÌyY ÉZÅ ½Z/�¿Y º/�q �Y É�Ì³
Y|/«Y �Â¿ Ã|/Ë|/a ÁÊ³�ËÁ kY�zf//�Y Ä/] ¹Ê» Ê¨¸fz» ÉZ/ÅÊ³�ËÁ ½M �Z//�Y�] Á |/ËZ/¼¿ Ä/̧¼m �Y Ê¨¸fz» ÉZ/Å�Z/̄  ,Z/Å

 µÂ/�v» Ê³|Ì/�� ½Y�Ì» �Ìz/�e]5[µÂ/�v» \Ì� Ã�Y|¿Y Á \Ì� �Ìz/�e ,µÂ/�v» É�Z¼Ì] ÄÌuZ¿ �Ìz/�e ,  ]7[   Á
Äm�{�Ô¯ Á É|À]  É��ÁZ//�¯ cÓÂ//�v» �YÂ¿Y É|À]]6[  �{ .d//�Y Äf§�Ë~a ¹Zn¿Y ÊËY~£ {YÂ» Á   µÂ//�v» Z] Ä�]Y�

Ã{Z¨f/�Y �Ì¿ ¹|À³  d/�Y Ã|/� �Á� ¾ËY �Y É��°» ÉZÅ]3   Á8[    Ä¿YÂm ÉZÅ�~] �z/�e �Â�À» Ä] cZ¬Ì¬ve �Y Êy�] �{
  d/�Y Ã|Ë{�³ Ã{Z¨f/�Y �ËÂ/�e ��Y{�a Á ¾Ì/�Z» ÊËZÀÌ] �Á� �Y º·Z/�Z¿ Á Äf/�°/� ,Ã{� d§M ,Ã{�]12[ {�YÂ» Êy�] �{ .

Ä¬^� dÆm �Ì¿º«� É|À]//�Y Z] ¦¸fz» ÉZÅÊ³�ËÁ �Y Ã{Z¨fÃ{�¯ Ã{Z¨f//�Y �Á� ¾ËY �Y ,�ËÂ//�e ÉZÅ |¿Y]3   Á11.[  �{
Ê³�ËÁ kY�zf//�Y Z/] ,d//�Y Ä/f§�Ë~/a ¹Z/n¿Y �Ì¿ É�~/] ¹|/À³ ÉÁ� �] Ä/̄  Ê¬Ì¬veºÅ �Ë�eZ/» ÉZ/Å-  �Z/À¯ �{ É{Y|/y�

Ê³�ËÁÄ¿Y{ �Ìz/�e Ä] ¹Y|«Y ²¿� Á ¶°/� ÉZÅ  �Â�] Ä¯ d/�Y Ã|Ë{�³ º·Z/�Z¿ Á º·Z/� ¹|À³ ÉZÅ ÉÓZ] d«{ ¾Ì´¿ZÌ»
4/97 ] d//�Y Ã|Ë{�³ ��Y�³ |//��{1Ê³�ËÁ Z] Ê�ÂÀ//�» Ê^//�� Ä°^//� ªÌ§Ze {�°¸¼� �Ì¿ É�´Ë{ ªÌ¬ve �{ .[  ÉZÅ

ºÅ �Ë�eZ»-] d/�Y Äf§�³ �Y�« Ê/���] {�Â» l¿�] µÂ/�v» ÉÁ� �] É{Y|y�2 { .[ d«{ ,Äf§ZË ¹Zn¿Y cZ¬Ì¬ve Ê»Z¼e �
À� Ä] Y�¿M Á Ã{Â] µÂ^« ¶]Z« ¾Ì/�Z» ÊËZÀÌ] �Á� �ZÌ¿ �Z/�Y�] �Á� ¾ËY �{ .d/�Y Ã{�¯ Ê§� » {Z¼f�Y {�Â» Ê/�Á� ½YÂ

 ,¶°/� (�Ìv» ,��« ,��� Á µÂ� ,Ã|/� �ËÂ/�e t�/� duZ/�») Ã�Y|¿Y |À¿Z» ÊeZÌ/�Â/�y kY�zf/�Y Ä] ¹Y|«Y ,{�]�Z¯ Á
Ä¬^� ZÆ¿M �Z/�Y�] Á Ã|/� Ä¿Â¼¿ d§Z] Á ²¿� {�Â» �{ �ËÂ/�e d§Z] cZÌ/�Â/�y .d/�Y Äf§�Ë~a ¹Zn¿Y µÂ/�v» É|À]

»Ä¿Y{ cÓÂ/�vÄ¬^� ÉY�] É|Ì¨» �ZÌ/�] cZ�Ô�Y ÉY�Y{ ... Á �¼/�¯ ,l¿�] ,¹|À³ ½Âr¼Å ÉY  ¹Z«�Y ÊËZ/�ZÀ/� Á É|À]
ºfË�Â´·Y �/�Âe d§Z] cZÌ/�Â/�y kY�zf/�Y  .d/�Å ¦¸fz»Ê» ¹Zn¿Y Ê¨¸fz» ÉZÅ ZÆ¿M ¾Ë�e{�]�Z¯�a �Y Ä¯ {�Ë~a

Ê» Ä] ½YÂe�eZ» Ë� ·Â�Ê  �f//�¯Zy t�//�) ÉGray Level Run Length Matrix (GLRM) �Y Ã{Z¨f//�Y Z] .{Â¼¿ Ã�Z//�Y (
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Ê³�ËÁ �Ë�eZ» ÉZÅGLRM Ä¬^� Ä] ¹Y|«YÄ¿Y{ cÓÂ//�v»  É|À]Ä¸§ �¼//�¯ Ä¸¼m �Y ÉY  ÉY]4[  ¹|À³ ¹Z«�Y Êy�] Á

]11[  �Á� Z] ,µÂ/�v» Ä¿Â¼¿ �Å ÉY�] Ã{Y{ ÃZ´ËZa ¶Ì°/�e Á d§Z] cZÌ/�Â/�y kY�zf/�Y Z] .d/�Y Ã|/� ¦¸fz» ÉZÅ
µ|») ½Z^Ìf�a �Y{�] ¾Ì�Z» Ä¸¼m �Y É�Z�SVMÄ¬^� cZÌ¸¼� ( lËZf¿ Ä¯ Äf§�Ë~a ¹Zn¿Y ¦¸fz» cÓÂ�v» ÉÁ� �] É|À]

Ê³�ËÁ Z] É�Z/�·|» �Á� ¾ËY Ã|¿�Z/� ¶»Z e Ã|ÀÅ{ ½Z/�¿ ÉZÅGLRM  Y{ {�.   ½ZÌ] Á Ã|/� Ã{Y{ cZvÌ/�Âe �Z/�Y�]
dÌ¸]Z« ¾ÌÀr¼Å Á ,�Â/�Â» dÌ¼ÅYÊ³�ËÁ kY�zf/�Y Ä] ¹Y|«Y ªÌ¬ve ¾ËY �{ ,¾Ì/�Z» ÊËZÀÌ] �Á� ÉZÅ �Y Ê¨¸fz» ÉZÅ

µ|» d«{ Á Ã|/� Ê¿Y�ËY ¹|À³ º«� Ä/� d§Z] Ä¬^� Ã|ÀÀ¯ É|À] cÁZ¨f» É�¯�» �]Ze �ZÆq dve ½Z^Ìf/�a �Y{�] ¾Ì/�Z»
�eZ» �Ë{Z¬» �Z�Y�].d�Y Äf§�³ �Y�« Ê]ZË��Y {�Â» ZÆ¿M �Z�f£Y �Ë  

  
�Á� Á {YÂ» ZÅ  

¾Ì�Z» ÊËZÀÌ] Ä¿Z»Z�  
Ê» É�Y{�a�Â¿ �z] Á ¾Ì]�Á{ ,É�Y{�]�ËÂ�e Ä^ m ¶»Z� ªÌ¬ve ¾ËY �{ Ã{Z¨f�Y {�Â» ÊËZÀÌ] ¾Ì�Z» Ä¿Z»Z� .|�Z]

Ä¿Â¼¿ �ËÁZ�e d§ZË�{ ÉY�] É�Y{�]�ËÂ�e Ä^ m �Y  �ËY�� �{ Ã|� ÄÌÆe ÉZÅ Ã{Z¨f�Y Ê�Ìv» |WY� ÉZÅ�Â¿ ¥~u Á ½Z�°Ë
 ) ¾Ì]�Á{ {|� ®Ë ,Ä^ m ÉÓZ] d¼�« �{ .|�CMOS Logitech C920 HD pro WebcamsÂ�Á Z] ( 1920×1080  Á ¶�°Ìa

  d���30   |u Ze Ä¯ |�Z] ÉÂv¿ Ä] |ËZ] É�Y{�a�Â¿ �ËY�� Ä°ÀËY Ä] ÄmÂe Z] .d�Y Äf§�³ �Y�« �¯�» �{ ÄÌ¿Zi �] ºË�§
ZnËY �Y ½Z°»Y �Y {{�³ ºÅY�§ �ËÂ�e ÊuYÂ¿ ¹Z¼e �{ ÊfyYÂÀ°Ë �Â¿ �Â� ¾Ì¼Å Á |ËZ¼¿ É�Ì³Â¸m �ËÂ�e ÉÁ� �] ÄËZ� {

  ÉY Ã�ËY{ É{ ÉY µY  ¶¿Za {|� ®Ë18   Ä^ m ¦¯ �Y �Â¿ �^À» Á ¾Ì]�Á{ Ä¸�Z§ .|Ë{�³ Ã{Z¨f�Y Ä^Æm ÉÓZ] �{ cYÁ
  �]Y�]50  Êf¿Z�Ä¿Â¼¿ ¹Z¼e �ËÂ�e ÄÌÆe �{ Á {Â] �f»Â¿ �ËY�� ,ZÅ Ê¿Z�°Ë d·Zu �{ ¾Ì]�Á{ cZ¼Ì�Àe Á Ä¸�Z§ ,É�Y{�a�

  ¶°� .|� Ã{Z¨f�Y �ËÁZ�e ¶Ì¸ve Á ÄË�ne Á Ã�Ìy} dÆm �Ì¿ Ê�z� Ä¿ZËY� ®Ë �Y  .|Ë{�³ ºÌ�Àe1   Ä¿Z»Z� ®ÌeZ¼�
Ê» ½Z�¿ Y� Ã{Z¨f�Y {�Â» ÊËZÀÌ] ¾Ì�Z».|Å{  

  

  

  

  
  
  
  
  

 ÊËZÀÌ] ¾Ì�Z» Ä¿Z»Z� ®ÌeZ¼�
  
  

 Ä¿Â¼¿ ÄÌÆe  
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3   º«�¹ZÀ] ¹|À³ Ä¿Â¼¿µZ¼� ºË{ cZ¬Ì¬ve �¯�» �Y É�Y{�� Á Y�|� ,Z¼Å ÉZÅ ÄÌÆe Ä£Y�» �Æ� �{ �«YÁ �Â�¯ [�£

Ä¿Â¼¿  Ê�·ZyZ¿  ,Ã�^y  �ZÀ��Z¯  ®Ë  ��Âe  Y|f]Y  .|Ë{�³  ¹Z«�Y  �´Ë{  Á  |WY�  {YÂ»  �Y  ZÅ Ä¬Ë��  .|Ë{�³  É�Z�¯Za
Ä¿Â¼¿ �Y É�Y{�]�ËÂ�e  Ã�Y|¿Y Ä] º«� �Å �Y Y|f]Y Ä¯ {Â] c�Â� ¾Ë|] Ã{Y{ ÃZ´ËZa ¶Ì°�e Á ZÅ200   Ê§�� ¶yY{ �{ ¹�³

  {Z ]Y Ä]cm  20*20*4  ¾Ì]�Á{ �Ë� �{ ,d�{ Z] µÂ�v» t�� ½{Â¼¿ t��» �Y | ] Á Ã|� ÄfzË�    �Y�« É�Y{�]�ËÂ�e
Ê» �e Ä^ m [�{ ¾f�] Z] .d§�³ºÅ�] Z] Y{|n» Á Ã|� ÄÌÆe Ä¿Â¼¿ �Y �ËÂ�e ¾Ì·ÁY ,É�Y{�]�ËÂÄ¿Â¼¿ ½{� ¶yY{ ÉZÅ

Ê» ~yY É| ] �ËÂ�e ½M t�� ½{Â¼¿ t��» Á ¥��  ,º«� �Å ÉY�] �Z¯ ¾ËY .|�50    �Y Á |� �Y�°e �Z]3    Ä¿Â¼¿ º«�
  ,¹|À³150  ÄÌÆe �ËÂ�e   Á    ¶°� .|Ë{�³ Ã�Ìy} Ä¿ZËY� Ä�§Zu �{ É| ] cZ^�Zv» dÆm Ã{Y{ Ê¸�Y ÃZ´ËZa ½YÂÀ ]2    �ËÂ�e

  ¹Z«�Y �Ìz�e ,d�Y �z�» �Ì¿ �ËÁZ�e �Y Ä¯ Ä¿Â´¿Z¼Å .|Å{ Ê» ½Z�¿ Y� Ã{Z¨f�Y {�Â» ¹Z«�Y Ä¿Â¼¿  ¦¸fz» µÂ�v»
d�Y ¾°¼» �Ì£ Ã�^y {Y�§Y �Y �Ì¤] ,½Z�¿Y ��Âe y {Y�§Y {�YÂ» Êy�] �{ Êfu Ä¯Ê» |Ë{�e Á ®� �Zq{ �Ì¿ Ã�^ |¿Â� 

Á  �Z�Y ¾ËY �] �Á� �Y Ã{Z¨f�Y .d�Y �Ë~aZ¿ [ZÀfmY ÊËZÀÌ] ¾Ì�Z» Ä¸¼m �Y |À¼�ÂÅ �Z¯{Ây ÉZÅ  

 

      
Z¼Å  Y�|�  É�Y{��  

Ê³�ËÁ kY�zf�Y  
  �Y Ê°Ë ,|Ë{�³ ½ZÌ] �Ì¿ Ä»|¬» �z] �{ Ä¯ �Â�¿Z¼Å�Á�Ä¿Y{ cÓÂ�v» dÌ¨Ì¯ Ê���] ÉZÅ  ,¹|À³ |À¿Z¼Å ÉY

 Ê» ZÆ¿M d§Z] Ê���] ,�¼�¯ Á l¿�]ºfË�Â´·Y ,�ËÁZ�e d§Z] Ê���] ÉY�] .|�Z]Ê» {ÂmÂ» Ê¨¸fz» ÉZÅ Ê°Ë Ä¯ |�Z]
ÊËY~£ {YÂ» Á É��ÁZ�¯ �z] �{ ZÆ¿M ¾Ë�e{�]�Z¯�a �Y    �Ë�eZ» �Y Ã{Z¨f�YGLRM   t�� �Å ÉY�] �Ë�eZ» ¾ËY d�Y

f�¯Zy  ÉZÅ�f»Y�Za Á Ã{Â¼¿ kY�zf�Y Y� ¾´¼Å ÉZÅY�mY Ã�Y|¿Y ,É��Z»MÉ    �eÓZ] Ä^e�» Ë®  Â�e Ë�    Z] �Ë�eZ» ¶Ì°�e 
GLRM    ½M» Ä^�Zv»Ê {Â�  .Y Ë¾  �eZ» Ë�  Y�]  Ä^�Zv» É11  Ê³�ËÁ    d§Z]  µÁ|m �{ Ä¯1  Ã|� ½ZÌ]�{ ,|¿Y  �ZÆq   dÆm

 Ê´ËZ�¼Å¦¸fz»  ,�¨�)45  ,90  Á135  (Äm�{  ¥Y�v¿Y Z]1 �Y {�Â» .{�Ì³ Ê» �Y�« Ã{Z¨f��À�  )i, j�Ë�eZ» �Y ( GLRM 
  Ä]ZÅY�mY {Y| eÉ  a ¾´¼ÅÌ¶�°  j    ¹Y  c|� Z]i    �{ Ë®   Â�eË�    {�Y{ d¬]Z�»Ä¯  GLRM (i, j)»Z¿ ,ÌÃ|  »Ê� {Â  . {� Ë¦ZÅÉ 

�eZ» Ë�  �f�¯Zy sÂ�� Ã|ÀÅ{ ½Z�¿É  d�Y  �{   ·ZuÊ  ½Âf� Ä¯ZÅÉ  �eZ» Ë�    {Y| e  sÂ���f�¯ZyÉ    Ä�Â]�»  ½Z�¿ Y�
Ê».|Å{  µÁ|m  1,  11  Á Ë³�Ê  �Z»MÉ    Á Ã{Z¨f�Y {�Â»�]YÁ�  Á Ä] ÄmÂe Z] .d�Y Ã|� Ã{Y{ ½Z�¿ ZÆ¿M Ë³�ÊZÅÉ  �eZ» Ë �  ,
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  �ËÂ�e �Å ÉY�]44    ¶»Z� Ä¯ Ê³�ËÁ11    µÁ|m �{ Ã|� ½ZÌ] Ê³�ËÁ1  Ê» ¦¸fz» dÆm �ZÆq �{  Ã|Ë{�³ kY�zf�Y ,|�

 |Ë{�³ Ã�Ìy} Ã{Y{ ÃZ´ËZa �{ Á]11 .[  
  

Ä¬^�) ½Z^Ìf�a �Y{�] ¾Ì�Z» Z] É|À]SVM (  
SVM  �Á� �Y  Ê°Ëc�Z�¿Z]  É�Ì³{ZË ÉZÅ Ä¬^� ÉY�] ½M �Y Ä¯ d�YÊ» Ã{Z¨f�Y ½ÂÌ��³� Á É|À] {Â�.    ÉZÀ^»

Äf�{ É�Z¯Ã|ÀÀ¯ É|À]  SVM, Äf�{Ã{Y{ Ê�y É|À]  �{  Á d�Y ZÅÉ|À] Ä¬^�    [Zzf¿Y  Y� Ê�yÊ»  |À¯ ÄÌ�Zu Ä¯
Ä·{Z » ¶u .|�Z] Äf�Y{ É�f�Ì]  ½ZÀÌ¼�Y  Á  Ã{Y{ ÉY�] ÄÀÌÆ]  �y ½{�¯ Y|Ìa�Á� Ä¸Ì�Á Ä]  ZÅÉZÅ   Ä¸¼m �Y  Ê¨¸fz»

Linear  ,Polynomial  ,Radial Basis    ÁSigmoid   �Á� Ä¯Ã|� ÄfyZÀ� ÉZÅv» ¶WZ�» ¶u �{ ÉYdË{Á||Àf�Å �Y{,   c�Â�
Ê» {�Ì³.  SVM   °ÌÀ°e �YÊ    Ä¯kernel trick  Ê» Ã|Ì»Z¿Ã{Y{ ¶Ë|^e ÉY�] ,{Â�ZÅ  Ê»  Ã{Z¨f�Y ¾ËY �Z�Y�]  �b� Á |À¯

ÊmÁ�y ¾Ì] ÄÀÌÆ] ��» ,¶Ë|^eÊ» Y|Ìa Y� ¾°¼» ÉZÅÊ» ¹Zn¿Y Y� Ã|ÌrÌa �ZÌ�] cÔË|^e Ã{Z� c�Z^� Ä] .|À¯ �b� ,|Å{
Ê» �z�» {Y{ Ä¿Â´q |À¯Ã\�q�] �Z�Y �] Y� ZÅÊmÁ�y ZË ZÅ ¦Ë� e Ä¯ ÊËZÅd�Y Ã|�|À¯ Y|m ,  ]9[.   Ä°ÌWZn¿M �Y

  µ|» �{ Äf�Å �]ZeSVMÊ» ½ZÌ]  Y� ÊeÁZ¨f»  lËZf¿  , Ä�ËZ¬» ºÅ Z]  �Ì¿ ZÆ¿M {�°¸¼� Äf�Å �]Ze  �ZÆq �Å Ê���]  Z]  ,|À¯
  ¹Z¼e ,Ä¸u�» ¾ËY �{ .|Ë{�³44    �Ë{Z¬» Á µ|» É{Á�Á ½YÂÀ ] ,¶^« Ä¸u�» �{ Ã|� kY�zf�Y Ê³�ËÁXÄ¿Â¼¿ �Ô¯ Á , ZÅ

Ê³�ËÁ �ÅZ¯ Z] Ä°ÌWZn¿M �Y .|� Äf§�³ ��¿ �{ µ|» [YÂm ½YÂÀ ]|Ìa �ÅZ¯ ½M d«{ ,µ|» É{Á�Á ÉZÅÊ» Y ,{�¯
  �Y �Ì¿ Ä]Z�» cZ¬Ì¬ve �{ Äf^·Y .|Ë{�´¿ µZ¼�Y Ê³�ËÁ �ÅZ¯ cZÌ¸¼�35   Ã|Ë{�³ Ã{Z¨f�Y µ|» É{Á�Á ½YÂÀ ] Ê³�ËÁ

] d�Y1[ .  
  

GLRM
Ä�]Y� Ê³�ËÁ   ¦Ë{� 

෍ ෍(ܳ(݅, ݆)/݆ଶ)
௝௜

/ܵ Short run  1 

෍ ෍(݆ଶܳ(݅, ݆))
௝௜

/ܵ Long run  2 

෍, (෍ ܳ(݅, ݆))
௝

ଶ

௜

/ܵ Gray level non-uniformity  3 

෍, (෍ ܳ(݅, ݆))
௜

ଶ

௝

/ܵ Run length non-uniformity  4 

෍ ෍ ܵ/݆ܳ(݅, ݆)
௝௜

 Run ratio  5 

෍ ෍ ܳ(݅, ݆)
௝௜

/ܵ݅ଶ Low gray level run  6 

෍ ෍ ݅ଶܳ(݅, ݆)
௝௜

/ܵ High gray level run  7 

෍ ෍ ܳ(݅, ݆)
௝௜

/݆ܵଶ݅ଶ Short run low gray level  8 

෍ ෍ ݅ଶܳ(݅, ݆)
௝௜

/݆ܵଶ Short run high gray level  9 

෍ ෍ ݆ଶܳ(݅, ݆)
௝௜

/ܵ݅ଶ Long run low gray level  10 

෍ ෍ ݅ଶ݆ଶܳ(݅, ݆)
௝௜

/ܵ Long run high gray level  11 
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  �]YÁ� ¾ËY  �{ Ä¯Q(i, j)    �Ë�eZ»GLRM  ,i    ,É�f�¯Zy t�� �Y|¬»j    Á Y�mY µÂ�S    �Ë�eZ» �Ë{Z¬»  �Â¼n»GLRM 

Ê».|À�Z]  

  
 lËZf¿ ¶Ì¸ve  

Ä¬^�  ¦¸fz»  lËZf¿  Ê���]  ÉY�]  Ã|ÀÀ¯  É|À]SVM)  ÊnÀ�YÁ  d·Zu  Ä�  ÉY�]  ¾ÌÌ^e  \Ë��  �Ë{Z¬»  Y|f]Y  ,Cal ,(
 ) ÊnÀ��Z^f�YCV) ÊWÂ´�Ìa Á (Pre  Ä»Y{Y �{ .|Ë{�³ Ä�ËZ¬» ºÅ Z] Á kY�zf�Y (  ¶Ì°�e Z] ,ªÌ¬ve lËZf¿ �f�Ì] Ê���] ÉY�]

tÌv� É|À] �Ô¯ w�¿ �Ë{Z¬» ,d·Zu ¾Ë�fÆ] ÉY�] �Z�f£Y �Ë�eZ»1 )CCR dÌ�Z�u ,(2 Ê³�ËÁ Á3  ¶Ì¸ve Á kY�zf�Y
  .|�CCRÄ¿Â¼¿  �Ô¯ tÌv� �Ìz�e Á  É�Z�Y|m |��{ Ã|ÀÅ{ ½Z�¿  ,Ê» ZÅ �f»Y�Za  Á{ Ê³�ËÁ  Á  dÌ�Z�u .|�Z]

Ã�Y|¿Y  ºÆ» É�Ì³µ|» Ê���] ÉY�]�Ô¯ ÉZÅÊ» É|À]  �Z�f£Y �Ë�eZ» Ä]Z�» ZÅ�f»Y�Za ¾ËY {�]�Z¯ Á ¦Ë� e .|À�Z]
µ|» �{�Ô¯ ÉZÅÄ¿Â¼¿  É|À]Ê» ZÅ  �Ô¯ dÌ�Z�u .|�Z]I  Ä¿Â¼¿ �Y  Êf^�¿  �Y  d�e�Z^�  �Ô¯ ÉZÅI    ½YÂÀ� Ä]  Ä¯

 �Ô¯I �Ô¯Ê» É|À] �Ô¯ Ê³�ËÁ .|¿Â�I Ä¿Â¼¿ �Y Êf^�¿ �Ì¿�Ô¯ ÉZÅ II  �Ô¯ ½YÂÀ� Ä] ÃZ^f�Y Ä] Ä¯I �Ô¯ -
] Ã|� É|ÀÊ» |¿Y �]YÁ� ª^� Ê³�ËÁ Á dÌ�Z�u �Ë{Z¬» .|�Z]1  Á2 Ê» Ä^�Zv» ¶]Z« |À�Z]]10[  .  

  

)1 (  dÌ�Z�u =  
ݏ݁ݒ݅ݐ݅ݏ݋ܲ ݁ݑݎܶ ݂݋ ݎܾ݁݉ݑ݊

ݏ݁ݒ݅ݐ݅ݏ݋ܲ ݂݋ ݎܾ݁݉ݑ݊ =  ݐݏ݁ݐ ݁ݒ݅ݐ݅ݏ݋ܲ ݂݋ ݕݐ݈ܾܾ݅݅ܽ݋ݎܲ

)2 (  Ê³�ËÁ =  
ݏ݁ݒ݅ݐܽ݃݁ܰ ݁ݑݎܶ ݂݋ ݎܾ݁݉ݑ݊

ݏ݁ݒ݅ݐܽ݃݁ܰ ݂݋ ݎܾ݁݉ݑ݊ =  ݐݏ݁ݐ ݁ݒ݅ݐ݂ܽ݃݁ܰ݋ ݕݐ݈ܾܾ݅݅ܽ݋ݎܲ

  
µ|» ¾ËY  �{  ,É�Z�70%  Ã{Y{  Á ��Â»M ÉY�]  ZÅ30 %  µ|»  ½Â»�M ÉY�]  Ê¬]Z»    ¶uY�»  ¹Z¼e .|Ë{�³ Ã{Z¨f�Y

Ê³�ËÁ kY�zf�Y Á �ËÂ�e ��Y{�a  \¸f» Ê�ËÂ¿ Ä»Z¿�] ½Z]� �{ ZÅ2018µ|» Á ,  É�Z�SVM    Ä»Z¿�] �{The Unscrambler 

X 10.4   .d§�³ ¹Zn¿Y  
  

 lËZf¿  hv] Á  
Ä¬^� �Y ¶�Zu lËZf¿  Ã|ÀÀ¯ É|À]SVM    µÁ|m �{2    µ|» .d�Y Ã|� ��Y�³SVM    �ZÆq �{kernel function    ¦¸fz»

¹ZÀ]  ÉZÅlinear  ,Polynomial  ,Radial basis function    ÁSigmoid    ,|� Ã�Z�Y Ê¸^« �z] Ä¯ Ä¿Â´¿Z¼Å .|� Y�mY70%  Ä¿Â¼¿ ZÅ
 Á µ|» ��Â»M Ä] Ê«Z¨eY c�Â�]30%  µ|» ,{Y{ ½Z�¿ lËZf¿ .|� Ã{Y{ �Z�fyY µ|» ½Â»�Y Ä] �Ì¿ Ê¬]Z»SVM  �]Ze Z]

  Äf�ÅLinear    ÁPolynomial  Ê³�ËÁ �Y Y� ÄnÌf¿ ¾Ë�fÆ]  ºfË�Â´·Y Z] Ã|� kY�zf�Y ÉZÅGLRM    d«{ Z]100%  ÉY�]   Ä¸u�»
  d«{ Z] Á ��Â»M78/97%    .d�Y Ã{�ÁM d�|] µ|» ½Â»�M Ä¸u�» ÉY�]  µÁ|m lËZf¿2    ½Z�°Ë {�°¸¼� Ã|ÀÅ{ ½Z�¿
  É�¯�» �]Ze Á{ �ÅLinear    ÁPolynomial  Ê»Ã{Y|¿ ÄWY�Y Ê·Â^« ¶]Z« lËZf¿ �´Ë{ �]Ze Á{ Ä°Ì·Zu �{ .|�Z] Ã{Z¨f�Y �]YÂe .|¿Y

�Ô¯ ¾Ì] ��» {ZnËY �Â�À» Ä] ,Ã|�  ZÅÊ» Ã{Z¨f�YÄ¸¼m|Àq Á Ê�y ��» Ä¯ {{�³�Ô¯ ¾Ì] ®Ì°¨e ¾Ë�fÆ] ÉY ÉZÅ
Ã{Y{ ½Z�¿ {Ây �Y Y� ¹|À³ ¦¸fz»�Ìa Á ÊnÀ� �Z^f�Y ,ÊnÀ�YÁ �Ë{Z¬» Ê°Ë{�¿ .|¿Y  ½{Â] {Z¼f�Y ¶]Z« �´¿ZÌ] ,µ|» ÊÀÌ]

  .d�Y µ|»  
  

 
1 Correct Classification Rate 
2 Sensitivity 
3 Specificity 
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 µÁ|m2 Ã|ÀÀ¯ É|À] Ä¬^� ¾ÌÌ^e \Ë�� �Ë{Z¬» :SVM  Ê³�ËÁ ÉÁ� �] ÉZÅGLRM 

R2 Äf�Å �]Ze µ|» Pre CV Cal 
٧٨/٩٧ ١٠/٩٨ ١٠٠ Linear 

SVM ٧٨/٩٧ ١٠/٩٨ ١٠٠ Polynomial 
٣٣/٣٣  ٣٣/٣٣  ٠ Radial basis function 
٣٣/٣٣  ٣٣/٣٣  ٣٣/٣٣  Sigmoid 

  
  µ|» �{  Ä¯ d�Y  �¯}  ½ZËZ�SVM-Polynomial  Ä^e�»  Z]  Ã|ÀÀ¯  É|À]  Ä¬^�  �Y  ,3    Ä]  ®Ì°¨e  Á  É�Z�Y|m �Â�À»

�Ô¯  Ä¯ |Ë{�³ Ã{Z¨f�Y ZÅ  Á Ê³�ËÁ ,dÌ�Z�u �Ë{Z¬» Á �Z�f£Y �Ë�eZ»CCR  ½M    µÁ|m �{3   .d�Y Ã|� ��Y�³
  µÁ|m �{ Ä¯ Ä¿Â´¿Z¼Å3    dÌ¬§Â» Z]  Ê]Zzf¿Y  ¹|À³ º«� Ä� �Å ,��Â»M Ä¸u�» �{  ,d�Y  Ã|� Ã{�ÁM100%    ºÅ �Y

Z�u �Ë{Z¬» �Z�Y�] Êfu Á .d�Y Ã|Ë{�³ ®Ì°¨e  ��¿ {�Â» �Ô¯ �Ì£ ¹Z«�Y d�Y Äf�¿YÂe µ|» ,º«� �Å Ê³�ËÁ Á dÌ�
  d«{ Z] �Ì¿ Y�100%  Ä¿Â¼¿ �Y Ã{Z¨f�Y Z] Ä¯ �Ì¿ µ|» ½Â»�M Ä¸u�» �{ .|Å{ �Ìz�e w�¿ ,d�Y Ã|Ë{�³ Y�mY d�e ÉZÅ

�Ô¯  Z]  �]Y�] µ|» tÌv� É|À]92/97Ã�Y|¿Y  �f»Y�Za Ä� �Å Y�|� º«� ÉY�] .|»M d�|] ,  �]Y�] É�Ì³100%   Ä^�Zv»
|�.  ¾ÌËZa lËZf¿ É�Y{�� Á Z¼Å ¹Z«�Y ÉY�] Ê·Á|»M d�|] Ê·Â^« ¶]Z« µZu ¾Ì� �{ Ê·Á �e.    �Ë{Z¬» ¾Ì´¿ZÌ» Ä°Ë�Â�]

  ÉÓZ] ¹Z«�Y ¶¯ ÉY�] Ã|� Ä^�Zv» Ê³�ËÁ Á dÌ�Z�u75/97%    .|Ë{�³ ��Y�³  �Y Ã{Z¨f�Y Z]  É�´Ë{  ªÌ¬veDense 

Scale Invariant Features (DSIFT)   ÉÁ� �]  Ä¿Y{µ|» Z] Ä¯ {Â] Ã|� ¹Zn¿Y ¹|À³ ÉZÅ  É�Z�SVM    d«{88.33%     ��Y�³
¦Ì �  Ä¯  d�Y  Ã|Ë{�³]  |�Z]  Ê» ªÌ¬ve  ¾ËY  lËZf¿  �Y  �e9[  .Ê³�ËÁ  �ÅZ¯  Z]  Ä°ÌWZn¿M  �Y Ã|»M  d�|]  �Ë{Z¬»  ZÅ

Ê» Y|Ìa �ÅZ¯�Ì¿  ¶¯ �Â�À» ¾Ë|] ,|À¯44 ¬ve �{ Äf^·Y .|Ë{�³ Ã{Z¨f�Y µ|» �{ Ã|� kY�zf�Y Ê³�ËÁ  É�´Ë{ cZ¬Ì
  {Y| e �Y ,Ê³�ËÁ ÉÓZ] {Y| e kY�zf�Y º£� Ê¸� �Ì¿35   Ê¿Y|Àq cÁZ¨e Ä  ̄d�Y Ã|Ë{�³ Ã{Z¨f�Y É�Z�·|» ÉY�] Ê³�ËÁ

]  {�Y|¿ ��Zu ªÌ¬ve Z]1 .[ 
  

µÁ|m3 Ã|ÀÀ¯ É|À] Ä¬^� �Z�f£Y �Ë�eZ»  :SVM-Polynomial ½M É�Z»M lËZf¿ Á  

 ¾Ì´¿ZÌ»  É�Y{��  Y�|�  Z¼Å º«� GLRM 
Polynomial  

- 0 0 35  Z¼Å 

 ��Â»M 

- 0 35 0  Y�|� 
- 35 0 0  É�Y{�� 

100 100 100 100  dÌ�Z�u (%) 
100 100 100 100  Ê³�ËÁ (%) 
100 100 100 100 CCR (%) 

- 1 0 14  Z¼Å 

½Â»�M 

- 0 15 0  Y�|� 
- 15 0 0  É�Y{�� 
78/97  100 100 33/93   dÌ�Z�u (%) 
85/97  77/96  100 77/96   Ê³�ËÁ (%) 
92/97  75/93  100 100 CCR (%) 

 
É|À] �¼m  
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µZ�  �{ �Á�  �Y  ®¼¯  Z]  ¾Ì�Z»  ÊËZÀÌ]  �Á� ,�ÌyY  ÉZÅ  �Ì£  �Á� ®Ë  ½YÂÀ�  Ä]  �ËÂ�e  ��Y{�a  ¦¸fz»  ÉZÅ

 Êy�] Ê���] Z] �Á� ¾ËY .d�Y Äf�Y{ É��ÁZ�¯ cÓÂ�v» Á ÊËY~£ d À� ÄÀÌ»� �{ Y� É{ZË� ÉZÅ{�]�Z¯ Ê¼mZÆe
Ê³�ËÁ .d�Y Ã{Y{ ¹Zn¿Y Y� ÊËZÆ¿ µÂ�v» �Ô¯ Á Ä¬^� ¾ÌÌ e Á ÊnÀ� dÌ¨Ì¯ d§Z] Á Ã�Y|¿Y ,¶°� ,²¿� ,Ä¸¼m �Y ZÅ

Ê³�ËÁ kY�zf�Y Á ¾Ì�Z» ÊËZÀÌ] �Á� ÊËZ¿YÂe �Y É�Ì³ Ã�Æ] Z] �Ì¿ ªÌ¬ve ¾ËY �{  ÉZÅGLRM   �ËÁZ�e d§Z] Z] �^e�» Ä¯
Ê»  É|À] Ä¬^� Ä] ¹Y|«Y ,|�Z]3  ¯ {�Â» ¹|À³ º«� �Ì¿ ½Z^Ìf�a �Y{�] ¾Ì�Z» �Á� �Y .|� ½Y�ËY [�¤·Z¼� Ä¬�À» �{ d�Z

µ|»  lËZf¿  .|Ë{�³  Ã{Z¨f�Y  lËZf¿  Ê���]  Á  c�Z�¿  Z]  É�Z�·|»  dÆm  É�Z�SVM   ÉÓZ]  �ZÌ�]  {�°¸¼�  Ã|ÀÅ{  ½Z�¿
Ê³�ËÁ  ÉZÅGLRM  Ä¸¼m|Àq Á Ê�y É�¯�» �]Ze  Z]ªÌ«{ Ê���] �Â�À» Ä] .{Â] É�¯�» �]YÂe �´Ë{ Ä]  d^�¿ ÉY �e

Ä¿Â¼¿ �Z�f£Y �Ë�eZ» tÌv� É�Z�Y|m w�¿ Á Ê³�ËÁ ,dÌ�Z�u É�Z»M ÉZÅ�f»Y�Za �Y ªÌ¬ve lËZf¿ .|Ë{�³ Ã{Z¨f�Y ZÅ
Ê³�ËÁ Ä¯ {Y{ ½Z�¿ lËZf¿  ºfË�Â´·Y �Y Ã{Z¨f�Y Z] Ã|� kY�zf�Y d§Z] ÉZÅGLRM   ¹Z«�Y �Ìz�e �{ ÊËÓZ] �ZÌ�] ÊËZ¿YÂe

� ®Ë ½YÂÀ� Ä] |¿YÂe Ê» Á {�Y{ ¹|À³ ¦¸fz» .{Â� Ã{Z¨f�Y {Z¼f�Y {�Â» �Á  

  
  

 �mY�»:  
١ . ¿ ¶�Z§Ì�ZÉ,  ,.�  sZÌ� É�Z°§YÁ .s .Y ,  ³ �Âb�Z^�Ì|¿Ô.É ,Ã  1398 e .ÌÌ¾  Á Ë³�Ê  ZÅ   Á  µ|»  Æ]Ì ÄÀ 

Ä]  �Â�À»  Ä¬^�  |À] É  Y�mY É  ¯Ì¨Ê  ¹|À³  �~]É  Z]  Ã{Z¨f�Y  �Y  ��Y{�a  ÁZ�e Ë�  ]�Á{Ì¾   { Ën Ì µZf  
f À�Ê. ¬veÌcZ¬ Ä¿Z»Z�ZÅ Á ¿Z°»Ì�Y�Ì½Â ��ÁZ�¯É 20 )73( ,18-1 . 

٢ . �Âb¸³,  .Y,  »YÌ�É  �a Ë½Z ,  .k,  »YÌ�É  Zq Ë½Zn,  .�    ÁWY�y,Ê  .k  1394z�e .Ì�    l¿�] ,­Âf¸�  ¹Z«�Y
ÃÂÆ«YÉ  ¨� ÁÌ |  Á �Z�Y�] Ë³�ÊZÅÉ  f§Z]Ê  Â�e Ë�  ^�� Ä°^� ÁÊ  �ÂÀ�»Ê�Z» .Ì¾  ZÅ É  ��ÁZ�¯É .

5)1( ,81-73 . 
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Abstract 

Wheat is one of the most important and strategic agricultural products that plays an important role in supplying the human 
food chain. In the meantime, based on climatic conditions, special varieties are proposed for cultivation in each region in 
order to increase the quality of the final product and increase the field efficiency. In traditional methods, experts are 
usually employed for differentiation and classification. However, they could make mistake due to low speed, fatigue, and 
subjectivity. To solve this problem, non-destructive methods such as machine vision are used. In this research, using 
machine vision method, texture features were extracted by GLRM algorithm in four directions of zero, 45, 90 and 135 
degrees. By forming the database, three different varieties (Homa, Sadra and Sardari) were classified by support vector 
machine classifier (SVM). ). The results showed that the SVM model with a linear or polynomial kernel functions can 
identify and classify all three varieties of wheat with high accuracy of 97%. The sensitivity, specificity and correct 
classification rate (CCR) of all three varieties were also above 97%, which indicates the high accuracy of the SVM model 
on the GLRM features. The results indicate the very high capability of the machine vision method in classifying and 
identifying different wheat cultivars and can be used as a reliable method. 
 
Key words: Image processing, Machine vision, Texture, Feature, Wheat 

 
*Corresponding author 
E-mail: khojasteh@ubonab.ac.ir

1853


