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1. degree of milling. 

2. characteristic dimension ratio.� 
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�]�Ä!Ì�Á�#($] 5Z�1 AZ:B�1 ÊfCZ(�{ �(ÁZD6�21 Ä¿1{.Z3 l¿�] ÃÂEF�Ê>mÁ�y�.1 21 �ÃZ´f>�{ �d>�Âa���� Âf!>"�d>]Â���Á�#>¯

4.{Á�Á {�-!%: ÃZ´f�{ 1� ,f!<�Ê¿1�Á{�d:����ÌÌa6�Z]¿M�#Ì]�Ä!VZC�Z(�Z3ZE Ä]$(Z%¿�.2Z��L��

�d�1�SÌ6�6�#($]��Z¯�$À(M�CÄ¯ .�1$8» 21 ÃÂEF�l¿�]ÊmÁ�y�.1 21 ÃZ´f�{ d�Âa,(�21�4#¯ ��Ì>N» �Ê]Z)>0¿1 Á   

Ä]Ä!Ì�Á. Ä%N6�,( Ä9Z8¿ Ä] $u1Á dKO �(ÁZD6 Ê»�µZ8f¿1$]Z(�lP-"�'n�L��{ #(1 �(ÁZD6�$u1Á �Ä>¿1{�.Z>3 ��ÃÂ>EF�l¿�>].1 �Ä>] 

,%¯ ,( #Ì]�Á{ ]�4µZfÌ/({d"1{� Á Ä] ,( A�Z¯ �Ì7�(ÂD6�{{�´Ì»�P8fÀ»�LQa 21 µZfÌ/({��(ÁZD6�HM Ä] $u1Á �´"21{�a 

�(ÂD6 µZ8f¿1 Ê»$À]Z(L��{ $u1Á 4�´"21{�a Z] Ã{Z¨f�1 21 Rf(�Â´91T21{�a�.Z3 �(ÂD6�4AZ:B�1 {�Â» 2ZÌ¿ 21 �(ÁZD6 Ä¿1{�.Z>3 

l¿�] ÃÂEFT21{�a�.1 Á Ê»�dKO{Â"L�1$f]1 s�� ÄÌ9Á1 Â´91A�ÂD]�Rf(��?ÌaÊN(Â¿ 21 .Z3$¯ Ä»Z¿�] ÄÌE6 �Ã$>" �.{1$>)6�Á 21 

�Â]]��(ÁZD6 Ê0(Z»2M Z�Â6 HM T21{�a Ê»$¿Â"L�.{�1Â»��{ Ä¯ l(Zf¿ ?(Z»2M.Z3 ÄÌ9Á1 P]ZF µÂKF 4$"Z] Rf(�Â´91 A�ÂD] 

,( Ä»Z¿�] P»Z¯ #(Á$6 Ê»{Â"L��{ Ä!u�» Ä]�4$)].{1$)6�4Rf(�Â´91�Ê]Z(2�1��Â�À» 21 �(ÁZD6 Ä¿Â%¿ Ä¯ Ê»Z%6�P»Z" d9Zu.Z3 ��

#-%» WÌJ06�.1�] Ê7X(Á.Z3 {�Â» ��¿ 4$ÀfN3 Ä] Rf(�Â´91 Ä@1�1 Ê»$¿Â"L��{ #(1 �4Ä>!u�» ��({Z>8» �S>�ZÀ» �{ ��Rf(�Â>´91

d�$] Ê»$(ML�4HM�21�Qa .1�] Ê]Z(2�1 Á ?/À� �(ÁZD6�4Rf(�Â´91 �Ã$>¿Z%ÌFZ] �{�Â>» �Ã{Z¨f>�1 ��Ä>fC�7��1�>F Á �{ ���2Z>Ì¿�A�Â>V

AZuBV1 Á A1�ÌÌa6 d2; �] .Á� Rf(�Â´91 dZ/¿1 Ê»{�(baL���
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t$3 21 Êu1�� #(1 4Rf(�Â´91 WÌJ06 WyZ" #ÌÌ)6 Ã$ÀÀ¯ dÌ¨Ì¯ �l¿�]ll¿�]�Ê´fN-"n Z] �Ã{Z¨f>�1 21 ��(ÁZ>D6�

dKO Ã$" 21 Ä¿1{.Z3 ÃÂEF�l¿�]�.1Ê»$"Z]L�.1�]�4\Ì8&6�#(1��{ ÄÌE6 Rf(�Â´91.Z3 T21{�a �(ÂD6 �Ä>K)m�21��1I>]1 ���{�Ä>�Â]�»

d�¿��1IC1MATLAB��Ã{Z¨f�1 Ê»{{�7L�Rf(�Â´91 {�Â» Z]�4��¿ WÌJ06 Ê7X(Á.Z3 Ä¿1{.Z3 ��ÃÂ>EF�l¿�>].1 Á ��Z>E¿M�I(Z>%6 21 

Qa4ÄÀÌ»2 Ä¿1{Z3 1� WÌJ06 Ã{1{ Á ZE¿M 1� 21 QaÄÀÌ»2 1$m Ê»¿$(Z%L�Z] Ã{Z¨f�1 21 #(1 4Rf(�Â´91 �(ÂD6 Ê!V1 Ä] Ä��?J] 

1I/» ÊÀ)( Qa4ÄÀÌ»2 {1Â» Êm�Zy Á Ä¿1{Z3 ,Ì-¨6 Ê»{{�7L��{ Ê7X(Á�5Z�1��]�HZ(Za.Z3 U1�Jf�1 Ã$" �(ÁZD6�21 Ä¿1{�4Z>3 

Rf(�Â´91 #Ì] Ä¿1{AÁZ¨6�ÄfN-"�Á�R9Z��.Z3 ÊÀ)».�1{ Ê»�WÌJ06�1�$3{���

�$>V�{ �Ê´f>N-" ���>]�Ä>¿1{�R>E»�4l¿�#(�>6 �WyZ>" �#Ì>Ì)6 �Ã$>ÀÀ¯ �d>Ì¨Ì¯ �P($>K6 ���l¿�>]�Ä>]� Âf!>" �ÃÂ>EF��������������������.1

Ê»Ä¯�$"Z] �{ #(1 ?3ÁXa {�Â» Ê���] �1�F Ê»{�Ì7L�HZ%3�P-"��{�Ä¯�Ä¿Â7*��4d�1�Ã$"�Ã{1{�HZ0¿AZ:B�1 d�$] �Ã$>»M 

21 T21{�a �(ÂD6 Ä] $u1Á µ�fÀ¯ µZ��1 {Â0Ì»L��{ 4µ�fÀ¯�$u1Á Ã{Á$&».1 .1�] dÌ¨Ì¯ µÂD&» 5Z�1�] $V�{ ��Ê´f>N-"

l¿�] Á #ÌÌ)6� Âf!"�d]Â�� Ã$" Á Ê6Zm�{ #Ì] {Á$u ;Z] #Ì(Za�Á #(1 Ã{Á$&» Y(�)6 Ê»�{Â>" �Ä>¯ �Z>] �Ä>mÂ6 �Ä>] �Z(1�>" 

µÂD&» 4ÃZ´f�{�Ä]�.{Á�Á� Âf!"�Á�ÊmÁ�y Ê-( 21 AZm�{ Ä] HM [ZDfy1 Ê»$]Z(L�AZÌ!%:�#(1 21 ��¿ d�¿.�1IC1 �Z>�Â6 

$u1Á �{Äm.$À] dZ/¿1 Ê»{�Ì7L�Z] ÄmÂ6 AZÌVÂDy�Ä] Ê¨Ì¯ {�Â» Ä)9Z]» �{ #(1 4\Ì8&6 Ê7X(Á�Á{ RE» ��{1$>)6�P»Z>" �P>¯ 

Ä¿1{Á�Z3 {1$)6�Ä¿1{.Z3 4ÄfN-" �{ �(ÁZD6 {�Â»�Á�dCZ(�{ T21{�a Ã21$¿1�Á.�Ì7 �1�F Ê»$¿�Ì7�LÄ] ��Â�À» #ÌÌ)6 {1$)6 �P¯ ��

Ä¿1{.Z3 {ÂmÂ» �{ 4�(ÂD6 1$f]1 Z] f�1Ã{Z¨ 21 Rf(�Â´91 T21{�a {1$)6�4�(ÂD6 P¯ Ä¿1{.Z3 {ÂmÂ» �{ �3 �(ÂD6 d�$] Ê»$(ML�

Qc� Ä]�Â�À» #ÌÌ)6 $V�{ Ä¿1{.Z3 4ÄfN-" 1$f]1 AZDJ0» Ê-(IÌC�Á .{Z)]1 Ä¿1{Z3 21 Ä!%m �µÂ>� ��Â>&» �4Ê!>V1 �µÂ>� 

�Â&» Ê:�C Á duZN» .1�] �3 Ä¿1{ Ê(Z�ZÀ" Ã$" �{ �3 �Z>]�4�(ÂD6 �Ã{Z¨f>�1 21 �1�AZ>:B �Ê!>N-Ìa ��Ä>]�uÂ>]�» ��>3 �Ä>¿1{ ����������������

Ã21$¿1Ê»�.�Ì7{{�7�L4HM�21�Qa dKN¿�.{$:�$V�{�#ÌÌ)6��Â�À»�Ä] Ä¿1{ÄfN-"�.Z3 Ä] P¯ Ä¿1{��WyZ>"�,>(�4Z3 �{�1$¿Zf>�1 

Rf(�Â´91�.1�] T21{�a �(ÂD6 {�Â» 4��¿ {1$)6�Á�Y(�)6 Ä¿1{.Z3 ÄfN-" Á R9Z� {ÂmÂ» �{ �3 �(ÂD6 Ê»�ÄK�Z&»$¿Â"�L��#>(1

�.Z3{�1$¿Zf>�1�5Z�1��]�WyZ" �#Ì>]�Ê>!!%91 ��µÂ>��Ä>¯ �Ä>¿1{ �Äf>N-" 1� ��>f%¯ �21vkm �µÂ>� �Ä>¿1{ �R9Z>� �H1Â>À: �Ã{Â>%¿����������������������$>¿1

(USDA, 1995)�Ê»�`ZJf¿1{Â"�LÊmÁ�y Rf(�Â´91 T21{�a Ä]�4�(ÂD6 H1ÂÀ: .{Á�Á $u1Á Äm�{.$À] Ê»�Ã{Z¨f�1{{�7 Z6 �Ä]

Äm�{�Ä!Ì�Á�#(1À].$ Ê(ZE¿ dÌ¨Ì¯ dZ/¿1�µÂD&» {�(ba�L��
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d�1��f7�I]�IÌ¿�HM�.{Z3��Ì<�S(�G�4$"Z]�L#(1�21Ê»�Ä¿1{�d]Â���H1IÌ»�Ã$ÀÀ¯�WJ0»�dÌ%¯�#(1�Á�$"Z]L�Pu1�» Äm�{.$À] 

dÌ¨Ì¯  Âf!"�d]Â���?/À��4µÂD&» Á µ�fÀ¯ {�-!%: ÃZ´f�{ 21 .1$f]1 {Á�Á µÂD&» Z6 �Z>Ef¿1 �{ �P->"�m��HZ>0¿ Ã{1{ 

Ã$" d�1L�Ä¿Z»Z� µ�fÀ¯ {�Â» Ã{Z¨f�1 .1�] d�Âa�ÃZ´f�{#¯ 4 Âf!" Ä]A�ÂV ,( Ä¿Z»Z� µ�fÀ¯ Ä8!u ÄfN] �$>31Ây �{Â>]L�

Ä]A�ZK: 4�´({ �{ #(1 Ä¿Z»Z� Z] Ã�E]21�.�Ì7 Ã21$¿1AZ:B�1�.�Ì7 ÊmÁ�y Á ÄN(Z8»��µZÀ´Ì>��.Z>3��.{�Ây2Z>] �Z>] �µZÀ´Ì>� 

4ZÀK»�.{Á�Á {�-!%: ÃZ´f�{ Z] µZ��1 µZÀ´Ì�.Z3 �HZ»�C µ�fÀ¯�Z�Â64�7 ,f!<��Ê¿1�Á{�d:����ÌÌa6��Z]�ÁÄ!VZC��Z(�Z3���#Ì>]

sBV1�ZE¿M Á µ�fÀ¯ �Ê»{{�7L���1{Â%¿ �.Z%¿$¿Á� #(1� Ä¿Z»Z� �fÀ¯µ� �{ P-"�*�HZ0¿� Ã{1{ �Ã$"  d�1L�.1�] SD¿ #ÌÀ_ 

Ê9�fÀ¯�Ä¿Z»Z� �] .Á� d�Âa�ÃZ´f�{#¯ 4 Âf!" d2; d�1 ,(�.���?(Z»2M.Z3 ÄÌ9Á1 PKF 21 ��Ä¿Z»Z>��S>D¿ �µ�>fÀ¯ ��>] 

ÃZ´f�{ d�Âa#¯ {Â"�dZ/¿1 Z6 $V�{ Ä¿1{.Z3 ÃÂEF�l¿�]�ÄfN-"�{�.1 dÌ)GÁ.Z3 Y!fJ» .�Z¯ ÃZ´f�{�d�Âa#¯ d�$] 
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?(Z»2M� Âf!"�RF��Á{�.Á���]�Z3l]�Ä¿1{Z�Âf»�Ä¿1{�Á�$À!�n$"�$31Ây�1�m1�L���S>�ZÀ»�#Ì>Ì)6��Â>�À»�Ä]���Z@1�>"�#(�>6

d�Âa,f!<�Ê¿1�Á{�d:���4 Âf!"�d]Â���P»1Â:��O1�4 Âf!"�RF��Á{�ÊÀ¯d�Âa�.Z3��,>f!<�#Ì>]�Ä!VZC�Á�#¯����H1I>Ì»��>]�Z>3

d�Âa��WyZ"�Á��l¿�]�Ê´fN-"d�Âa�#Ì"Z»��{�ÊÀ¯1�F�Ê���]�{�Â»�Ê3Z´0(Z»2M�Ê-Ìf�;��,f!<��#¯dC�7�$31Ây���L�.1�]

?(Z»2M�dZ/¿1Ä]��1�-6�Ä���{�ÊC{ZD6�{B»Z¯�s���S9ZF��{�P(�Âf¯ZC�.�Z»M�s���4Z3$"�$31Ây�Ã{�]��Z¯�L�Á{��{�� Âf!"��d]Â����

�g]�h��Z6'|��Á�$V�{'|��Z6'*���6�H2Á�5Z�1��]�$V�{�l�4�¯Z"'mhj��n��������{Â>]�$>À31Ây��>(2�s�>"�Ä>]�ÃZ´f>�{�.Z>3�f»1�Za�Á��}

�Ê¿1�Á{�d:��,f!<� �&»��Â6Â»d�Âa�ÃZ´f�{�.Z3�tBfy1�Z]�g]��Ä���{�#¯j|����Ä>mÂ6�Z>]�4�´($-(�Ä]�dKN¿�Ä8ÌF{��]��Á{

,f!<�Ê]y�d:���tBfy1�Ä-À(1�Ä]�Z]��]1�]�{�7$À¯�Á�{�7$À6�.Z3hk*v'�Ê»�Äf"1{�Ä´¿�d]ZO�Ä8ÌF{��]��f»����#Ì>]�Ä!>VZC�Á�{Â>"

,f!<�Ä!VZC�Ã{Á$&»��{�g]���ZE_��{�Z3*jk|��Z6hjk|�Ê!Ì»��tBf>y1�Z]�,f!<�Á{�#Ì]��f»*k|��Ê>!Ì»������´($>-(�Ä>]�dK>N¿��>f»

�l�4H1�Z-%3�Á�HZ%Ìa'mih��LnZ3�#Ì´¿ZÌ»�ÄN(Z8»�.1�]�IÌ¿�#-¿1{�HÂ»2M�21�Ê»�Ã{Z¨f�1{Â"�L�Á�d:���RÌ�À6�21�Qa��Z%Ì6��3��{��

,f!<�#Ì]�Ä!VZC3�Âf¯ZC�Á�dZ/¿1�Y!fJ»�.Z3�d]Â���Z]� Âf!"�RF��Á{�.Á���]�?(Z»2M�4Z3�.1�ÃÂEF�l¿�]�Ê´fN-"�$V�{�.Z

d�Âa��WyZ"�Á#ÌÌ)6�P»Z:�H1ÂÀ:�Ä]��ÊÀ¯d�Âa�dÌ¨Ì¯�Ã$ÀÀ¯4#¯�Ã21$¿1$"�$31Ây�ÄK�Z&»�Á�.�Ì7�LÄK�Z&»�.1�]��(2�Ä]]1�� �

d�Âa�WyZ"Ê»�Ã{Z¨f�1�ÊÀ¯ÃÂEF�l¿�]�Ê´fN-"�$V�{�Á�{{�7Ä¿1{�Ê¿2Á�dKN¿�21�d�1�A�ZK:�IÌ¿�.1�=Â%/»�Ä]�ÄfN-"�.Z3

Ä¿1{.Z3��ÄfN-"�Á�R9Z�(Anonymous, 1981)�L��
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=HI�d�Âa�WyZ"�ÊÀ¯nxl��

=W1�d�Âa�Ä]�Ã$"�{�1Á� Âf!"�H2Á�#¯(g) 

=W2�d�Âa�21�Ã$"�U�Zy� Âf!"�H2Á�#¯(g)��

=W3�ÃÂEF�l¿�]�H2Á�R9Z��.1 (g)��

=W4��d�Âa�H2Á(g)��

.�({Z8» Ä¯ 21 \(�� #(1 ?Ìa HÂ»2MZ3 d�$] Ê»4$À(M �{ �d>8Ì8u �HZ>%3 ��({Z>8» �.{Á�Á�WyZ>" �.1�>] �Ä¿Z»Z>� �µ�>fÀ¯ ����������������

Ê»$À"Z]L��{ #ÌÀ_ Êf9Zu Ä¿Z»Z� µ�fÀ¯ $31Ây��{ZF {Â] 21 \(�� Ã21$¿1.�Ì7 WyZ"P($K6�.Z3 Á ÄN(Z8» ZE¿M Z] .�({Z8» Ä¯ 
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Abstract  

In this paper, in order to improve the performance of laboratory-scale rubber- roll 

paddy husker, an automatic control system based on machine vision and paddy 

moisture measurement, will be presented. This system, is intended to reduce rice grain 

damage and improve husker performance, based on information obtained from the 

images of brown rice grains being discharged from the husker and paddy moisture 

content input. First, paddy input to the husker is put through paddy moisture 

measurement and the output signal sent to the control system. Concurrently, samples 

of brown rice grains discharging from the husker output are transferred to the image 

capturing system by a conveyor belt. Then, the images captured by the camera are 

transmitted to the image processing system, where the desired information from the 

images of brown rice grains are extracted using image processing algorithms and 

recorded. Degree of rice breakage is the most important qualitative characteristic of 

the paddy to brown rice milling which is studied in this research. Information 

obtained from the image processing system is sent to the control system and a range 

for the qualitative characteritic is defined and graduated to various degrees of quality 

using a scoring syetem. Considering the condition of the output brown rice and input 

paddy, one of the scores is assigned to the product. The control system is programed 

based on fuzzy logic such that if the performance of the husker is not acceptable 

according to the information obtained from paddy moisture content and rice breakage 

percentage, the control system will be able to adjust and improve the performance of 

the husker by sending appropriate command signals. 

Keywords : Image processing, Paddy husker, Automatic control and Machine vision.  
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