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�� �� �� .��� �%	��
  b+� !�� �� �r�
  RA�
� �G- �� 
� ��� �
$� Q���
�

�F���� �2 ;�
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$��U	 3�
8%�� � a�� ���� 
-���� *�
$� �� �
$� Q
-

+�� ��4�$G- � ���X- Q pU8%� *��
�� ��>L �1
,$  �� �(�� 
� � ���� i�U8� �
),�
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-�
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� ��� W�	 �E Q�
2 ��
&%�� *
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2 ��>L �� ��
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� ���X- � �
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-
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�� ���X- � pU8%� *�
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��$^�
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�� �� �2 *
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)�- �[��� �� �(�� 
�
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-��;� 
(����)�� �2 �>s9� !��� ����- 


����)�� �2 ���� ��(� �
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&%� �
<���� ��	 
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� *�  �� Q��� 3�
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� �� ����)�� !�� *�
� ������ !�
%I�X� �2 ;����� ̀ �� !�� �� !��
�
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m�� ������ ��
2 a�� �� �_9� *
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_� ���;� �<�� �� `�� !�� �
��
2 l R$_S �� *����� �� ����1��
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��F ��
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%G22��T  m�$k� �� ��
&%�� .1 ���� ;���� !$$<� �+( .*���3 .��
&%�� �� 
�� "�
\� � :
� ��
� 

�L
� �
2 .�
2 ��
�� �
$q �  

1-4-��� ;�5�� >�H+H�( �� ��'��  

m�� ������ � R[� �$G-� �[��� �� �(�� 
�����h
4<�� � !%� ���� � �	
� �� 
- �� ��
&�F *
�H 

�� "�
?�  *�
������� ;��X�Q m�� "
$��U	 �2 ��� �
$����� � *��
�� ��>L �1
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� 
-

*��
�1 ��+v������ *
%,$� �S� � �L
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� !��� *
-��� *
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� ��2001 ;[�r���1��� "
$��U	 3�
8%�� *�
� �F �
��
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�F 
� ;�_� ;#$#��2  ����

                                                           

1 . Batching Plant 

2 . Morphologicy 
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%>$1 �� �F �� �2 ��� �5��� ��
GL ;���+� ��*
- linear  �rank  �morphological  ��( ��\�� ��

��� ��� ��
&%�� �
� p$8,� � ���� ��
2 
%�
2 R,$� ����1 ���
E f$��� � !$( �2  �
���

 ������]4[.  

 M
� ��2002 ����2 "
#$#�� x
�� 
�3 ���� *�� 
� �2 ]���
[G- �����  ��� ��� �
��� ���� X�� �

m�� �
� p$8,� *�
�����a(�� R��_� �� b- �� �_9� 
-4 ������ *�
� �2 ��� ��
&%��m�� *
$I -

 �� ��%�� ���� � �$A
� 
- ��
2 ��� ��TL �<� � �
� ;�
�
�� �� f^� � �%	��
  
��U� ��
2 
%+�

��� ��� �%	��
  �$A
� �F *
$I ������ 
%�
+�]5[.  

��� �+(m�� ��� �� ;�
����� M
� �� ;[-F *
-2003 
%�
� ���� �2 ;,-�.  x
�� 
�5  �

]���
[G-   �� Q��� ��� �
���p$8,� ��\��  
%>$1 �� *�
� n
#�R���6  �� f^� � ��� ��
&%��

 �%	��
  f[L ��_+�m�� �A
9� � a-F i�U8� �
( aG2 �� �
( �_�
�� �� �F �� �<� � ����

;� 3�
8%�� f[L �� �2��� ��� �%	��
  ���]6[.  

  

                                                           

1 . Michel Coaster 

2 . Jean-Louis Chermant 

3 . Qiao 

4 . Wavelet  Transform 

5 . Banta 

6 . Sobel Filter 

         Q@�                                                                 �Q@� 

D��1- 1-�"��� I+H�( �� Z#��� ��'�$(]6[  

 Q@� :]�� ��+
 ' �+O
 �� u�
������& 	�&_ .�: ��#$( Q@�  �� D�#
 �"/+B ��

:  .9
� ��� E���� �_ �'� ������ ' p#�,� ��� D�� �. 
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2 f[L 
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;� �%1
I��� b- �X��:�  ��� �� *
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I ��&� 1-
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_�
�� *
-
)>GL M
GL� 
� � ( ��
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&� � 'G() f[L �� !��
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$� � �$&� n
#� ��
2 ��$  � �F *
%92
	 p8,� �� 
��U� �� ��
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� K4� ����

��G�]7[.  
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� �� ;#$#�� ;V2005  ���� �2��>�
13 f[L �� R[� � ������ R$>�� �� �F �� �� *
- *�<�

m�� ;[�X$1 "
$��U	 3�
8%�� *�
�����;� �%	��
  
-;� ��
&%�� f[L �� ��  Q���� �2 ��� �
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9� !�
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��U� m�� �� �A
9� !�
%,$�  R[�) ��� ���1-3 (

]$  �� �
� p$8,� ��\�� �� ���$���
� � X_� m�� �� *� �%1
I aG2 
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m�� �<� !�
%I�X� ������ �_�
�� �� f^� .������ ��� �%	��
  ����]8[.  

                                                           

1 . Marinoni 

2 . Digit 

3. Fernuland 

D��1- 3 ��'�$( ��/��B I+H�( �� Z#���]8[  

Q@�: *��"�+� 9\�-� ��#$( ��� �� � .]��:*��"�� 9\�-� ��#$( ��� �� ]�� 

                       Q@�                                                                                                              � 

D��1- 2  �e��j#� ' (e=
)	=AS �e��j#� ��#$( '� >'�O(

��O7(���)�� ]7[ 
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m�� "
$��U	 ��
2 p8,� ���� ������ M
� �� ;#$#�� Q
-2007 �&$5�� ����1   �2 �� �5���

 �
� �� ;��X$+�� �� =$#�� !�� ��Black Mini-Conveyor Belt  �Translucent Rotating Table 

m�� !%��HI 
� �2 ��� ��
&%������f[L � *���
 ��� � "�X$+�� !�� *�� 
� 
-*�
� *���� Q*���
� 

;�  ��
�F `���
 �� �2 .��� m�� "
$��U	 f^� � ��� *
��
� 
��U� Q`���
  �>A
� �� ����

;� 3�
8%�� ��� *
��
� 
��U���
I]9[.  

 M
� �� �2 *
)�� =$#��2007 "
_$� ����2 ���� ;���� 3�
8%�� *�� 
� ]���
[G- � *���

����)��f[L !$���� �� �� � ��� ��� �
��� ��%9- ��
#� ���� *�� �2  ;�
-��
� ��\�� �� *���
� ;

b>$1 j>%8� ":
A �� m��.��� ��� *���
� ����)�� �
� ��
2 p8,� *�
� � 
-��[� �� �_9� 
)

                                                           

1. Swift 

2  . Thyabat 

Q@� � 

Q@� � 

D��1- 4 ��#��@�H�	&�������_ ��&]9[  

���"
� .Q@� Black Mini-Conveyor Belt   ���"
� .�Translucent Rotating Table 

D��1- 5 >�+=( I+H�( �� �A��� �� ��'�$(]10[  

 ]�� �� ��� D\��� >��`#/B  .Q@����� �( ������ ��+K���S D�� ' �#�� .�  ����*+��'��& 
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-
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��U� ��
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� aG2 �� � ��� ��
� �$&� *Hq
2
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a$�[������� 
��U� `���
  *
- m��������� ��� 3�
8%�� 
-]11[. 
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�
�� ��\�� ������ M
� �� �2 ;,-�.  x
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� ��
&�F *
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9� ����2 

]���
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� f[�� �<�� �� ��� �
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� � ��� ��� ��
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�

���� m�� � ��
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� �2 *� m�� ������ a$�[� aG2 �� �� ��� 
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�� �� � ��
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&�F �� 
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-���� 
-����
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��U� `���
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� ;L��U� `�- �
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2 ��$�� ������~�� ���� ;#$#�� 
-3 ]��
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� �� �>$�� a� �� =$#�� !�� �� �2 �%1
I �
���Laser-based Aggregate Scanning  R[�)

                                                           

1. Ogiwara 

2  . Bessa 

3. Rauch 

                                                                     Q@��                                                                   

Q@� � 

D��1- 7 �-� I+H�( �� �A��� �� ��'�$(]12[  

]�� :Q@� ]�� :� .	@�"+5�� ��+
 ' �+O
 D��  .Q@�	��
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D��1- 6 �-� I+H�( �� �A��� �� ��'�$(]12[  
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 ' �+O
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&%�� ;_UL �[_� *���� *�
� ���#� �� !�� ���A�� 
-�
�H  "��� 
�]13[.  

"�
&� ��T	 ��V ���-
_� � 
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&� �� 
��� �2 �%	��
  
��U� `���
  ��

;� (�F ��� *
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D��1- 9 	�#�$� %#& %�#�_ ��'�$(  
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1. Artificial Neural Network 
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25 21

32 35
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 '�
� ��
�
� ;>�� '�
�mainfun ;�����)�� X�
� � �%1
I �� b>$1 �2 ��
�;� 3�
8%�� �� 
-.��2  

function [X]= mainfun(Vfilename,st,Int,et,Adress1,Adress2,Adress3,Adress4,format,n..., 

        thresh,scalex,scaley,maxsize) 

%% information about variables 

% Vfilename:'adress of folder of video\name of video file.format of video file' 

% Adrees1: adress of folder of pictures 

% Adress2: adress of folder of SVM 

% Adress3: adress of folder that anylized picture will be saved 

% format: format of output pictures 

% n= size of neighbor matrix  

% tresh: intensity wich have to be zero 

% scale: number of pixel at one centimeter 

% intp: interval between pictures 

%% code of program 

% TKF(Vfilename,st,Int,et,format,Adress1); 

Properties1=dir(Adress1); 

Properties2=dir(Adress2); 

load(fullfile(Adress2,Properties2(3).name)) 

Properties1=struct2table(Properties1); 

Properties1(1:2;[]=(:, 

Properties1=sortrows(Properties1,'date','ascend'); 

Properties1=table2struct(Properties1); 

count=1; 

X;[]= 
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t=1; 

for i=1:size(Properties1,1) 

    Pic=imread(fullfile(Adress1,Properties1(i).name)); 

    ind= Pic>thresh; 

    [r,c]=find(Pic>thresh); 

    if (size(r,1)>=80) 

    [h]=finspecdiff(Pic,n,r,c); 

    Pic(Pic<=thresh)=0; 

    l=predict(ST((n-1)/2).SVM,h'); 

    l(l==1)=255; 

    Pic(ind)=l; 

    T=logical(Pic); 

    name=sprintf('%d.%s',count,format); 

    count=count+1; 

    Boundry=boundry(T); 

    if isempty(Boundry)==0 

    [MaxoB]=sizecal(Boundry,scalex,scaley); 

if (isempty(MaxoB(1,:)>=maxsize)==0) 

    [T1,MaxoB]=CHAFIBO(T,scalex,scaley,maxsize); 

    imwrite(T1,fullfile(Adress3,name)) 

    else 

            imwrite(T,fullfile(Adress3,name)) 

end 

     

if isempty(MaxoB)==0 

X{t}=MaxoB; 

t=t+1; 

end 

    end 

    end 

end 

save(fullfile(Adress4,'result.mat'),'X'); 
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end 
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-finspecdiff ;� �� �%_�� .��
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9G- *
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)��  

function [H]= finspecdiff(P,n,r,c) 

    P=im2double(P); 

a=floor(n/2)+1; 

for i=1:size(r,1); 

    l=P(r(i),c(i))*ones(n); 

if a>r(i)  ;  

 b(1:a-r(i),1:n)=P(r(i),c(i))   ; 

if a>c(i); 

b(1:n,1:a-c(i))=P(r(i),c(i)); 

b(a-r(i)+1:n,a-c(i)+1:n)=P(1:r(i)+a-1,1:c(i)+a-1); 

elseif(c(i)>=a && c(i)<=size(P,2)-a); 

b(a-r(i)+1:n,1:n)=P(1:r(i)+a-1,c(i)-a+1:c(i)+a-1); 

else 

b(a-r(i)+1:n,1:size(P,2)-c(i)+a)=P(1:r(i)+a-1,c(i)-a+1:end); 

b(1:n,size(P,2)-c(i)+a+1:n)=P(r(i),c(i)); 

end 

elseif(a<=r(i) && r(i)<=size(P,1)-a) 

 if a>c(i) 

  b(1:n,1:a-c(i))=P(r(i),c(i)); 

b(1:n,a-c(i)+1:n)=P(r(i)-a+1:r(i)+a-1,1:c(i)+a-1)   ; 

elseif(c(i)>=a && c(i)<=size(P,2)-a) 

b(1:n,1:n)=P(r(i)-a+1:r(i)+a-1,c(i)-a+1:c(i)+a-1); 

 else 

b(1:n,1:size(P,2)-c(i)+a)=P(r(i)-a+1:r(i)+a-1,c(i)-a+1:end); 

b(1:n,size(P,2)-c(i)+a+1:n)=P(r(i),c(i)); 
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 end 

else 

  b(size(P,1)-r(i)+a+1:n,1:n)=P(r(i),c(i)); 

 if a>c(i) 

  b(1:size(P,1)-r(i)+a,1:a-c(i))=P(r(i),c(i)); 

  b(1:size(P,1)-r(i)+a,a-c(i)+1:n)=P(r(i)-a+1:end,1:c(i)+a-1) ; 

 elseif (c(i)>=a && c(i)<=size(P,2)-a) 

     b(1:size(P,1)-r(i)+a,1:n)=P(r(i)-a+1:end,c(i)-a+1:c(i)+a-1); 

    

 else 

  b(1:size(P,1)-r(i)+a,1:size(P,2)-c(i)+a)=P(r(i)-a+1:end,c(i)-a+1:end); 

  b(1:size(P,1)-r(i)+a,size(P,2)-c(i)+a+1:n)=P(r(i),c(i)); 

 end 

end 

R=l-b; 

if a-1>=2 

for j=1:a-1 

d=a-j    ; 

R(j,:)=R(j,:)/d; 

R(a,j)=R(a,j)/d; 

R(n-j+1,:)=R(n-j+1,:)/d; 

R(a,n-j+1)=R(a,n-j+1)/d; 

end 

H(1:n^2,i)=R;(:) 

end 

end 

function [H,D,m,I1,I2,AD,SD,SAD,MD,MAD,VD,VAD ]= finddifnei2(P,n) 

if numel(size(P))>2 

    m=rgb2gray(P)    ; 

P=double(m); 

else 
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    m=P; 

    P=double(P); 

end 

D=cell(size(P,1),size(P,2)); 

a=floor(n/2); 

X=zeros(4,size(P,1)); 

Y=zeros(4,size(P,2)); 

X(1,1:a)=a+1:-1:2; 

X(1,a+1:size(P,1))=1; 

X(2,1:size(P,1)-a)=n; 

X(2,size(P,1)-a+1:size(P,1))=n-1:-1:a+1; 

X(3,1:a)=1; 

X(3,a+1:size(P,1))=1:size(P,1)-a; 

X(4,1:size(P,1)-a-1)=a+1:size(P,1)-1; 

X(4,size(P,1)-a:size(P,1))=size(P,1); 

Y(1,1:a)=a+1:-1:2; 

Y(1,a+1:size(P,2))=1; 

Y(2,1:size(P,2)-a)=n; 

Y(2,size(P,2)-a+1:size(P,2))=n-1:-1:a+1; 

Y(3,1:a)=1; 

Y(3,a+1:size(P,2))=1:size(P,2)-a; 

Y(4,1:size(P,2)-a-1)=a+1:size(P,2)-1; 

Y(4,size(P,2)-a:size(P,2))=size(P,2); 

d=n-1-ceil(floor(n/2)); 

dd=floor(n/2)+1; 

for i=1:size(P,1) 

    for j=1:size(P,2) 

        R=zeros(n); 

        a=P(X(3,i):X(4,i),Y(3,j):Y(4,j)); 

        b=P(i,j)*ones(X(4,i)+1-X(3,i),Y(4,j)-Y(3,j)+1); 

        R(X(1,i):X(2,i),Y(1,j):Y(2,j))=a-b; 

        if floor(n/2)>=2 
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            for z=1:d 

            R(z,:)=R(z,:)/(dd-z); 

            R(end-z+1,:)=R(end-z+1,:)/(dd-z); 

            R(dd,z)=R(dd,z)/(dd-z); 

            R(dd,end-z+1)=R(dd,end-z+1)/(dd-z); 

            end 

        end 

        D(i,j)={R}; 

    end 

end 

H=zeros(n^2,size(P,1)*size(P,2)); 

a=size(P,1)*size(P,2); 

for i=1:a 

    H(:,i)=D{i}(1:end);' 

end 

if nargout>3 

AD=cellfun(@abs,D,'Uniformoutput',false); 

SD=cellfun(@sum,cellfun(@sum,D,'Uniformoutput',false)); 

SAD=cellfun(@sum,cellfun(@sum,AD,'Uniformoutput',false)); 

MD=cellfun(@mean,cellfun(@mean,D,'Uniformoutput',false)); 

MAD=cellfun(@mean,cellfun(@mean,AD,'Uniformoutput',false)); 

VD=cellfun(@var,cellfun(@var,D,'Uniformoutput',false)); 

VAD=cellfun(@var,cellfun(@var,AD,'Uniformoutput',false)); 

I1=zeros(4,max(cumprod(size(P)))); 

I2=zeros(4,max(cumprod(size(P)))); 

I1(1,:)=P(1:end)';I1(2,:)=SD(1:end)';I1(3,:)=MD(1:end);' 

I1(4,:)=VD(1:end)';I2(1,:)=P(1:end)';I2(2,:)=SAD(1:end);' 

I2(3,:)=MAD(1:end)';I2(4,:)=VAD(1:end);' 

end 

end 
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function [H,D,m,I1,I2,AD,SD,SAD,MD,MAD,VD,VAD ]= finddifnei(P,n) 

if numel(size(P))>2 

    m=rgb2gray(P)    ; 

P=double(m); 

else 

    m=P; 

    P=double(P); 

end 

D=cell(size(P,1),size(P,2)); 

a=floor(n/2); 

X=zeros(4,size(P,1)); 

Y=zeros(4,size(P,2)); 

X(1,1:a)=a+1:-1:2; 

X(1,a+1:size(P,1))=1; 

X(2,1:size(P,1)-a)=n; 

X(2,size(P,1)-a+1:size(P,1))=n-1:-1:a+1; 

X(3,1:a)=1; 

X(3,a+1:size(P,1))=1:size(P,1)-a; 

X(4,1:size(P,1)-a-1)=a+1:size(P,1)-1; 

X(4,size(P,1)-a:size(P,1))=size(P,1); 

Y(1,1:a)=a+1:-1:2; 

Y(1,a+1:size(P,2))=1; 

Y(2,1:size(P,2)-a)=n; 

Y(2,size(P,2)-a+1:size(P,2))=n-1:-1:a+1; 

Y(3,1:a)=1; 

Y(3,a+1:size(P,2))=1:size(P,2)-a; 

Y(4,1:size(P,2)-a-1)=a+1:size(P,2)-1; 

Y(4,size(P,2)-a:size(P,2))=size(P,2); 

for i=1:size(P,1) 

    for j=1:size(P,2) 

        R=zeros(n); 

        a=P(X(3,i):X(4,i),Y(3,j):Y(4,j)); 
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        b=P(i,j)*ones(X(4,i)+1-X(3,i),Y(4,j)-Y(3,j)+1); 

        R(X(1,i):X(2,i),Y(1,j):Y(2,j))=a-b; 

        D(i,j)={R}; 

         

    end 

end 

H=zeros(n^2,size(P,1)*size(P,2)); 

a=size(P,1)*size(P,2); 

for i=1:a 

    H(:,i)=D{i}(1:end);' 

end 

if nargout>3 

AD=cellfun(@abs,D,'Uniformoutput',false); 

SD=cellfun(@sum,cellfun(@sum,D,'Uniformoutput',false)); 

SAD=cellfun(@sum,cellfun(@sum,AD,'Uniformoutput',false)); 

MD=cellfun(@mean,cellfun(@mean,D,'Uniformoutput',false)); 

MAD=cellfun(@mean,cellfun(@mean,AD,'Uniformoutput',false)); 

VD=cellfun(@var,cellfun(@var,D,'Uniformoutput',false)); 

VAD=cellfun(@var,cellfun(@var,AD,'Uniformoutput',false)); 

I1=zeros(4,max(cumprod(size(P)))); 

I2=zeros(4,max(cumprod(size(P)))); 

I1(1,:)=P(1:end)';I1(2,:)=SD(1:end)';I1(3,:)=MD(1:end);' 

I1(4,:)=VD(1:end)';I2(1,:)=P(1:end)';I2(2,:)=SAD(1:end);' 

I2(3,:)=MAD(1:end)';I2(4,:)=VAD(1:end);' 

end 

end 

��
�
� b�� �� ��� �%��� ;L��U� `�- `���F �+( �2 *�mackerSVM ;�.��
�  

function [SVM,r,c,l]=mackerSVM(IM,T,N,kernelname,x) 

for i=size(N,2); 

%% Extract Data 
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IMd=im2double(IM); 

IM16=im2int16(IM); 

IMsingel=im2single(IM); 

HIMD=finddifnei(IMd,N(i)); 

HIM16=finddifnei(IM16,N(i)); 

HIMsingel=finddifnei(IMsingel,N(i)); 

T=T(1:end); 

%%  

%% Bulding SVMS 

if x==1 

    x=true; 

else 

    x=false; 

end 

 

SVM{i}.modelHIMD=fitcsvm(HIMD',T','KernelFunction',kernelname,'Standardize',x); 

SVM{i}.modelHIM16=fitcsvm(HIM16',T','KernelFunction',kernelname,'Standardize',x); 

SVM{i}.modelHIMsingel=fitcsvm(HIMsingel',T','KernelFunction',kernelname,'Standardize',x); 

%%  

%calculate output 

l{i}.modelHIMD=predict(SVM{i}.modelHIMD,HIMD'); 

l{i}.modelHIM16=predict(SVM{i}.modelHIM16,HIM16'); 

l{i}.modelHIMsingel=predict(SVM{i}.modelHIMsingel,HIMsingel'); 

%%  

%calculatr difference between output and target 

dif=[l{i}.modelHIMD-T',l{i}.modelHIM16-T',l{i}.modelHIMsingel-T']; 

%%  

%calculate number of diff 

D(i,1)=numel(find(dif(:,1)~=0)); 

D(i,2)=numel(find(dif(:,2)~=0)); 

D(i,3)=numel(find(dif(:,3)~=0)); 

end 
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%%  

%find min diff 

[r,c]=find(min(D(:))); 

end 

��
�
��2 *� �
� ;�
�
�� �� b�� �� �%	��
  
-boundry ��
�
� � ����;� K$�U� �� M
[�� �2 *� ��2

 �
� ��CHAFIBO ;�.��
�  

function [Boundry]=boundry(T) 

%%  

 

%finding pixels=0 

T=im2double(T); 

W(:,:,1)=[1 1 1;1 0 1;0 0 0];W(:,:,2)=[0 0 0;1 0 1;1 1 1];W(:,:,3)=[1 1 0;1 0 1;1 1 0];W(:,:,4 ]=(٠ 
١ ١ ٠;١ ٠ ٠;١ ١;[  

for i=1:4; 

TW=imfilter(T,W(:,:,i)); 

T(TW==5)=1; 

end 

T(1:end,1)=0;T(1:end,end)=0; 

T(1,1:end)=0;T(end,1:end)=0; 

%%  

%organaize pixels 

wl=[1 1 0];wr ]=١ ١ ٠;[  

ind0=find(T==0); 

Tl=imfilter(T,wl);Tr=imfilter(T,wr); 

IND1=find(Tl==1);ind=intersect(ind0,IND1);[rl,cl]=ind2sub(size(T),ind); 

IND2=find(Tr==1);ind=intersect(ind0,IND2);[rr,cr]=ind2sub(size(T),ind); 

l=sortrows([rl cl]);r=sortrows([rr cr]); 

t=1;rl=unique(rl); 

indzpix;[]= 

for i=1:size(rl,1); 
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v=rl(i); 

a=l(l(:,1)==v,2); 

b=r(r(:,1)==v,2); 

for j=1:size(a,1); 

for z=1:size(b,1); 

    d=a(j)-b(z); 

    dd=sum(T(v,b(z):a(j)))+1; 

    if(dd-1~=0 && d-dd==0) 

    indzpix(t:t+1,1)=v; 

    indzpix(t,2)=b(z); 

    indzpix(t+1,2)=a(j); 

    t=t+2; 

    end     

end 

end 

end 

if isempty(indzpix)==0 

indzpix=sortrows(indzpix); 

indzpix=unique(indzpix,'rows'); 

%%  

%creating first cellshap 

for i=min(indzpix(:,1)):max(indzpix(:,1)) 

    a=indzpix(:,1)==i; 

    b=indzpix(a,2); 

     

    if (mod(size(b,1),2)~=0) 

        b(end+1)=b(end); 

    end 

     

j=numel(find(a==1)); 

for z=1:ceil(j/2); 

 bm{i,z}=[i,b(2*z-1),i,b(2*z)]; 
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end 

end 

bm=sortrows(cell2mat(bm(~cellfun(@isempty,bm)))); 

%%  

%creating connection matrix 

    Boundry=cell(size(bm,1),1); 

    j=1; 

    while isempty(bm)==0 

        [bm,BD]=findbound(bm); 

          Boundry{j}=BD; 

          j=j+1; 

    end 

    Boundry=Boundry(~cellfun(@isempty,Boundry)); 

else 

     Boundry   ;[]= 

end 

function [bm,BD]=findbound(bm) 

%%  

BD;[]= 

a=bm )١;(:,  

if isempty(a)==0; 

bm(1        ;[]=(:, 

k=1; 

BD=[BD;a]; 

while k<=size(bm,1) 

b=bm(k,:); 

if (b(1,1)-a(1,1))==1 

if(a(2)<b(4) && b(2)<a(4)) 

BD=[BD;b]; 

a=BD(end,:); 

bm(k,:);[]= 
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else 

k=k+1        ; 

end 

elseif (b(1,1)-a(1,1))==0 

        k=k+1; 

else 

        return 

end 

end 

end 

function [T1,MaxoB]=CHAFIBO(T,scalex,scaley,maxsize) 

% CHAFIBO=chek and fix bound 

%% Make zero distances wich are less than 0.7 cm at T 

for j=1:20 

    Boundry=boundry(T); 

    if isempty(Boundry)==0 

    T1=T; 

    [D]=disizecal(Boundry,scalex); 

    for i=1:length(D) 

     r=find(D{i}<=0.5); 

     rr=Boundry{i}(r,1); 

     c1=Boundry{i}(r,2); 

     c2=Boundry{i}(r,4); 

    T1(rr:rr+1,c1:c2)=0; 

    end 

    T=T1; 

    else 

            MaxoB;[]= 

            break 

    end 

end 
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T=T1;' 

%% Make zero distances wich are less than 0.7 cm at T' 

for j=1:20 

    Boundry=boundry(T); 

    if isempty(Boundry)==0 

    T1=T; 

    [D]=disizecal(Boundry,scalex); 

    for i=1:length(D) 

     r=find(D{i}<=0.5); 

     rr=Boundry{i}(r,1); 

     c1=Boundry{i}(r,2); 

     c2=Boundry{i}(r,4); 

    T1(rr:rr+1,c1:c2)=0; 

    end 

    T=T1; 

    else 

             MaxoB;[]= 

    break 

    end 

end 

%%  

T1=T1;' 

%% based on nearest tip shape 

Boundry=boundry(T1); 

if isempty(Boundry)==0 

[MaxoB]=sizecal(Boundry,scalex,scaley); 

W_B=Boundry(MaxoB(1,:)>=maxsize); 

for i=1:length(W_B) 

        d1=[W_B{i}(2:end,2);W_B{i}(end,2)]-W_B{i} ,:)٢;(  

        d2=[W_B{i}(2:end,4);W_B{i}(end,4)]-W_B{i} ,:)۴;(  

        d1=abs(d1);d2=abs(d2); 

        id1=find(d1>3); 
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        id2=find(d2>3); 

        r1=W_B{i}(id1,1); 

        r2=W_B{i}(id2+1,3); 

        c1=W_B{i}(id1,2); 

        c2=W_B{i}(id2+1,4); 

        for ii=1:length(r1) 

                for jj=1:length(r2) 

                        rr2=max(r2(jj),r1(ii)); 

                        rr1=min(r2(jj),r1(ii)); 

                        cc2=max(c2(jj),c1(ii)); 

                        cc1=min(c2(jj),c1(ii)); 

                while(rr2>rr1 && cc2>cc1) 

         T1(rr1,cc1:cc1+1)=0; 

         rr1=rr1+1;cc1=cc1+1; 

         if (rr2>rr1 && cc2==cc1) 

                 T1(rr1:rr2,cc1:cc1+1)=0; 

         elseif (cc2>cc1 && rr2==rr1) 

                 T1(rr1,cc1:cc2)=0; 

         end 

                end 

        end 

        end 

        id1=find(d1>5); 

        id2=find(d2>5); 

 

        if length(id1)==1 

                r1=W_B{i}(id1,1);c1=W_B{i}(id1,2); 

                r2=W_B{i}(end,1); 

        T1(r1:r2,c1)=0; 

        elseif length(id1)>=2 

                for ii=0:length(id1)-1 

                        r1=W_B{i}(id1(ii+1),1);c1=W_B{i}(id1(ii+1),2); 
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                        if ii+2>numel(id1) 

                                r2=W_B{i}(end,1); 

                        else 

                        r2=W_B{i}(id1(ii+2),1); 

                        end 

                         

                        T1(r1:r2,c1:c1+1)=0; 

                end 

        end 

        if length(id2)==1 

                r1=W_B{i}(id2,3);c1=W_B{i}(id2,4); 

                r2=W_B{i}(end,3); 

        T1(r1:r2,c1)=0; 

        elseif length(id2)>=2 

                for ii=0:length(id2)-1 

                        r1=W_B{i}(id2(ii+1),3);c1=W_B{i}(id2(ii+1),4); 

                        if ii+2>numel(id2) 

                                r2=W_B{i}(end,3); 

                        else 

                        r2=W_B{i}(id2(ii+2),3); 

                        end 

                        T1(r1:r2,c1:c1+1)=0; 

                end 

        end 

end 

         

         

else 

         MaxoB;[]= 

end 

%% based on varity of direction size  

ttt=1; 
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Boundry=boundry(T1); 

if isempty(Boundry)==0 

while ttt<=2 

        if ttt==2 

              T1=T1;' 

        end 

Boundry=boundry(T1); 

 

[MaxoB]=sizecal(Boundry,scalex,scaley); 

W_B=Boundry(MaxoB(1,:)>=maxsize); 

 

%%  

if all(size(W_B))~=0 

[D]=disizecal(W_B,scalex); 

a1=[-1;0;1];a2=[0;-1;1];a3 ]=-١;١-;١;[  

 

for i=1:length(D) 

        a=D{i}; 

        b=[a(2:end);a(end)]; 

        c=b-a; 

        sc=sign(c); 

        t=1; 

        k=2; 

        aa;[]= 

aa(1,1)=sc(1);aa(1,2)=1;aa(1,3)=0; 

 

  while t<length(sc)              

        if sc(t+1)~=sc(t)         

        aa(k,1)=sc(t+1); 

        aa(k,2)=t; 

        aa(k,3)=aa(k-1,2)+1; 

         t=t+1; 
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         k=k+1; 

        else 

            t=t+1    ; 

        end 

  end 

   

if size(aa,1)>=3 

         

for j=3:size(aa,1) 

         

if(all(aa(j-2:j,1)==a1) || all(aa(j-2:j,1)==a2) || all(aa(j-2:j,1)==a3)) 

                r=W_B{i}(aa(j,2),1); 

                c1=W_B{i}(aa(j,2),2); 

                c2=W_B{i}(aa(j,2),4); 

                T1(r,c1:c2)=0; 

end 

end 

end 

end 

%%  

Boundry=boundry(T1); 

[MaxoB]=sizecal(Boundry,scalex,scaley); 

Boundry(MaxoB(1,:)>=maxsize);[]= 

if isempty(Boundry)==0        

[MaxoB]=sizecal(Boundry,scalex,scaley); 

else 

MaxoB        ;[]= 

end 

ttt=ttt+1; 

else 

ttt=ttt+1        ; 

end 
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end 

T1=T1;' 

else 

         MaxoB;[]= 

end 

end 

  

��
�
�;� �F �
� x
�� 
� ����)�� X�
� �_�
�� �� �2 *� �
� �� ����
 sizecal  
�� �� �2 ����

.��� ��� ����F  

function [MaxoB,D]=sizecal(Boundry,scalex,scaley) 

%%  

% 

D=cell(length(Boundry),1); 

for i=1:size(Boundry,1); 

   a=Boundry{i}; 

   b=a(:,1:2);c=a ,:)٣:۴;(  

   m=1+c(:,2)-b ,:)٢;(  

   M{i}=sum(m); 

for j=1:size(b,1); 

    for z=1:size(c,1); 

        DD=((b(j,1)-c(z,1))/scalex)^2+((b(j,2)-c(z,2))/scaley)^2; 

        D{i}(j,z)=sqrt(DD); 

     

    end 

end 

MaxoB{1,i}=max(D{i}(:)); 

MaxoB{2,i}=M{i}; 

end 

MaxoB=cell2mat(MaxoB); 

end 
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Abstract 

 
 

In this research, granulated curve of aggregates is derived by making use of 

image processing and neural network techniques when they are falling from 

a conveyer belt. To achieve this, the film, captured with high frame rate (240 

frames per second) is converted into several frames and individual images 

are selected for further process. Boundaries of aggregates in each individual 

picture are distinguished by utilizing the Support Vector Machine (SVM) 

technique. Afterwards, size of aggregates is calculated and granulated curve 

is carried out. The results are compared with the experimental tests and the 

discrepancies are illustrated and discussed. 

Keywords: aggregate, image processing, neural network, granulated 

curve 
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