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 ̀ /�Ì- ÊuY�4 |À¿Z¼$ Ê$##Â¯ Á "�ZÌ%M `¼Ì/NY +8�# "Z$ |À/�2$ 'Z2Ì¿ #�Â2» "|À% .e`Ì¼62e �# .Â2Ì» .'Y|2¿Y ¾Ì2Ì3 "Y�2% "�2Ì(

+/�% ,-Y |Ì5» BÁ�_ Á QR¿Á Q¼u "ZÆ/ÌWZ3_ Á "|À% .'Y Q2RL V2¯�» Á .|2� �)Â62e fU- ,K�8 ,`nu ,ÊY)VÌ_ �YÂ  *ZÌ» �#
`/�Ì- ÊuY�4 �# `Æ» Q»YÂ� |À/�$ .'Y|¿Y ¾ÌÌ3e "Z$]17,21,24[.

ÊY)VÌ_ �YÂ  ¾Ì% +U%Y� Ze ,-Y �<¿ #�Â» r^YÂ» Ê �%#Â� ¾ÌÌ3e CAÂ6v» ..ÂÌ» :Zj» �ÂU% �Z-Y�% 9¸£Y Z$V)Z-+8�# "|2À%
Ê» +8�# K�8 Z) `nu �Z-Y�% |¿YÂ/% +¯ Ê)ZÀÌ% ¾Ì�Z» `/�Ì- +0Y�Y Á ÊuY�4 ˆAZ¼/uY Z»Y ,|¿Â� "|À% "#Z6/^Y |À¯ |2�Z% �e..'Y|2¿Y

 Ê» .#Y# P%� *M K�8 Z% 9¸£Y "'�ÁZ7¯ :Â6v» .'Y|¿Y +¯ Y�m #Â� �2¿ K�8 "�Ì( ,2-Y .#Z2- ˆZ/^ .+28�# ,#Â28Á ¾2)Y Z2% Á "|2À%
 +8�# 'Y "�e|Ì5» BÁ� `nu �Z-Y�% |�� cÀ)�Â/Ì¿Â» Ê» `$Y�_ Y� K�8 �Z-Y�% "|À% |À .,2-# �# Z2% "'�ÁZ7¯ :Â6v» K�8

 ,-Y +^-Zv» Q%Z^ *M `nu "Á� 'Y :Â6v» ÊWZ=m ¾/�Y# .*Y�ZY¼$ Á ÂÌ8Â=¿ W#Z3» *Y�ZY¼$ Á :Z$ Á.#Z- +2Ì3e "Y�% Y� "Y ¾Ì
 Q5¸_ `nu.'Y|¿Y Z% "ÂÌ  ̄Á.#Y# +0Y�Y #Z3%Y "�Ì( |¿Y ]14,19[..'Y|¿Y #Â8Á ¾)Y Z% Z2% V2Ì¿ ÊWZ2/Ìn)# ZÌWÂ¯ 'Y .#Z5/-Y Z% #Z3%Y "�Ì(
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,Ì5Ì¯ +8�# `/�Ì- 'Y T�Z_ Á Ê¿Z�¿Y "Á�Ì¿ +% 'ZÌ¿ *Á|% |ÌWÂe .#Y# *Z7¿ Y� "'�ÁZ7¯ #YÂ» Ê/-# "|À% |¿Y .+¸Ì2-Á Ê)Z2ÀÌ% ¾Ì2�Z»
 .'Y|¿Y "Y�% "|Ì5» ,c¿� Ê/ YÂÀY) ,c¿� C|� |À¿Z» Ê8�Z  CZÌ!Â6  "�Ì( Ê2» +^Z2- Ê)Z-ZÀ� Á QY� ,.'Y|¿Y ,Ê(|)# [�O

 |�Z%]1,10 ,11,13,15,18,19,20,[..ÂÌ» ¾ÌÌ3e "Y�% Ê)ZÀÌ% ¾Ì�Z» `/�Ì- 'Y .#Z5/-Y +2% Ê¸Y2� �2<¿ 'Y `<À»Z¿ †ZÌ�Y Á Z$
 ,-Y +8Âe #�Â» *#Â% [�;» �Ì£ QÌW# .¾Ì�Z» `/)�Â=WY &) %�_ P-Âe Ê^6� +Y^� 'Y .#Z5/-Y Z% Ê)ZÀÌ% |¸Ì_'�eZe Á V¾Ì2Ì3e "Y�% 
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 +% ZU  ¾)Y �)Â6e �ZÆm "�Ì(�Y�^9/1%,-Y .|� .#Y# ?$Z¯ ]7[.*Y�ZY¼$ Á Ê¿ /-�W +8�# `/�Ì- &) pUÀ» �Z-Y�% "|À%

 +8�# "Y�% "'Z_ ¸( 9Ì- "|À%|.#Y# +0Y�Y V7ÌW# *|¿Y .2Ì- &2) p)�4 'Y .'Y|¿Y Á c¿� Qj» ÊeZÌ!Â6  Q»Z2� .#Y# QÌ62ve `/�
 +<5v» ,9Ì- �e�Â- .|� +^-Zv» �eÂÌ„»Z¯ &) Á ¾Ì%�Á# ,"'Y#�N�Â¿ |¿Y .+8�# M)Z/¿ p2_YÂe .|2»M ,2-|% "|À%2/91%Á2/95%Y�
"ZÆ/WZu�# 9Ìe�/%off- line Áon- line|¿#Y# *Z7¿ .�^  �ZÀ��Z¯ +% ,^�¿ ]12[.

`nu +^-Zv» "Y�% Y� "�)Â6e `/)�Â=WY Vd¿Z- Á *Z$ |2À¿Z» �Á|2»�Ì£ "'�ÁZ7¯ CAÂ6v» M)Â2$ |2¿#Y# +20Y�Y ]8[.Â¸ %Z2-ÁÁ
*Y�ZY¼$ .#�¯ .#Z5/-Y *�ZRe �Âv» "'�ÁZ7¯ CAÂ6v» `nu Á fU- �)Â6e ¾ÌÌ3e "Y�% Y� "�)Â6e B'Y#�N `/)�Â=WY |¿Y ]16[.

c¿Z=¿ Á c¿YÁ Â¸Ì%Z- BÁ� 'Y .#Z5/-Y Z%ÁÁ*Y�ZY¼$ Y|¿Y "Y�% Y� ,¼Ì^ ¾Ì)ZN �Â�À- &) .'CAÂ6v» `nu Á fU- �)Â6e "�Ì(
 |¿#�¯ ÊuY�4 "'�ÁZ7¯ .+¿YÂ/-Y QY� +% +/_�( �Y�^ Ê� +YÀ)Y €�_ Z% ZÆ¿M Ê» "Y Á .#�2¯ €�2_ Q�2YÌN &2) Y�2¿M xZ5e�Y |�Z%

 +¿YÂ/-Y *#�¯ r¼8 Z% Y� Q¯ `nu Á .#�¯ +^-Zv» Y� †V8 �$ `nu |¿#�ÁM ,-|% #�5À» "Z$]22[.+2¯ |¿#Y# B�YV( ¾ÌRRv» ¾)Y
Y`;e �)Â6e fU- Á `nu ,BÁ� ¾) ,Â¼ÌW ,T�» Ê=¿�_ +8Â( Á Â $ ,B�eÂ¼ÌW ,2-Y .#' ¾Ì2¼;e "VÌ»M ,ÌR_Â» �ÂU% Y� .Á Ê2¸Ì%

*Y�ZY¼$ B'Y#�N `/�Ì- #Y# +0Y�Y Y� "�)Â6e |¿#�ÁM Ê» ,-|% pÌ^# Á r)�- Y� "'�ÁZ7¯ CAÂ6v» K�8 +¯ ]4[.2¯ ,2ÀWÂ% &
N Á "Â�Ì% ¾Ì¼;e BÁ� Á# Z% Y� +¿YÁ|À$ `nu [M Ê)Z2n%Z8 BÁ� Z2% Y�2¿M `/�2Ì- ,^# ¾ÌÌ3e "Y�% Á #�ÁM ,-|% �)Â6e B'Y#�

#Â¼¿ +�)ZR» ]6[.
,-Y Ê)ZÀÌ% ¾Ì�Z» `/�Ì- &) �Z-Y�% Ê=¿�Z¿ `nu ¾ÌÌ3e "Y�% 9-ZÀ» `/)�Â=WY &) +0Y�Y pÌRve ¾)Y 'Y q|$ .`nu ¾Ì¼;e

 +8�# "Y�% Ê=¿�Z¿ /Ì¿Â» ,.'Y|¿Y �<¿ 'Y "|À% &) +3-Âe Z) i¸/;» Ê/)�)|» CZÌ¸¼� ,ve |�� cÀ)�Â 2u +2��V» c2À)�Â/Ì¿Â» �=�
,-Y `Æ» �ZÌ�% .Ê» BÁ� ¾)Y Á ,-Y Ê¸¯ .|� +0Y�Y �)Â6e B'Y#�N BÁ� VÌ¿ "'�ÁZ7¯ CAÂ6v» �=)# `nu ¾Ì¼;e "Y�% |¿YÂe

 .#Z5/-Y#Â� .
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#Y|3e50.'Y|¿Y �# Ê=¿�Z¿ #|� Z% 'Y i¸/;» "Z$ |� "�Y|)�  �Y' .Ê=¿�Z¿ 'Y KY|¯ �$ *'Á ,^# Z% :Z/Ìn)# "Á'Y�e &) Z% Z$01/0±

.'Y|¿Y K�( |� "�Ì( .9Ìe�/% .|»M ,-|% K�8 ¾)�/7Ì% Á ¾)�/¼¯8/59Á4/99#Â% K�( .BÁ� 'Y .#Z5/2-Y Z2% Ê=¿�Z¿ Ê3^YÁ `nu
 |� "�Ì( .'Y|¿Y [M Ê)Zn%Z8]2,3[.Â£ [  �# Z$ Ê=¿�Z¿ �Â<À» ¾)Y "Y�% |2� "�2Ì( .'Y|¿Y .|� Zn%Z8 [M `nu Á |¿|� �Á +4 .

�# "�Ì( .'Y|¿Y ¾Ìu �# [M "Z»#Cº25|� +/�Y|Æ=¿ ,%ZL .
|� ,�e Á ÊuY�4 Ê)ZÀÌ% ¾Ì�Z» `/�Ì- &) Z$ Ê=¿�Z¿ `nu Á #Z3%Y ¾ÌÌ3e "Y�% .Á# Q»Z2� .|� .#�% �ZY% Ê)ZÀÌ% ¾Ì�Z» `/�Ì-

 ¾Ì%�Á# #|�CCD Ì- &) ,�Ì(�)Â6e C�Z¯ #|� Á# ,9-ZÀ» "'Y#�N�Â¿ `/� #Â% Ê6;� �eÂÌ„»Z¯ &) Á)QY�1.(+v52! &)
 |À¯ `$Y�_ +ÀÌ»' "Y�% Y� |Ì5- c¿� Ze |� .#Y# �Y�^ ?)Z»'M VÌ» "Á� c¿� |Ì5- .*Z¼$ ZÆÀÌ%�Á# QY� �# +¯ �Â41.#Y# *Z7¿ VÌ¿ 

+% ,^�¿ ,-Y .|� ̀ $ +)ÁY' Z% 90¼� �)Â6e Á# Ze |À/_�( �Y�^ +8�# Â¿ �$ 'Y `$ �% #|2ÀÀ¯ P^O Y� Ê=¿�Z .Z2ÆÀÌ%�Á# Á �Â2¿ r2^À»
 |À/_�( �Y�^ "�Ì( .'Y|¿Y VÌ» "Á� Á .|� Q!Á [Z^ &) "Á� .Z%' �# `/)�Â=WY*&Ì�2Ì% :YÁg2)Á Ê�)Â¿ +»Z¿�% 0/6|2� +/2�Â¿ .

|À¯ Ê» P^O Y� Ê=¿�Z¿ …ÂU- �)Â6e Á +/_�( Y� Ê=¿�Z¿ �)Â6e ,.|� +/�Â¿ +»Z¿�% .

I(�1-] OÌ�Z» hf]Ì� ®Ì!Z0� ÄRJZe» {� » ÊËZÀÌ 

Ê» �Y�^ ZÆÀÌ%�Á# Q%ZR» �# +¯ Ê3^Â» Ê=¿�Z¿ �$ Ê=¿� �)Â6e Á# #�Ì(RGBÊ» +/_�( #Â� .�)ÁZ62e ,.Â2Ì» �)Â6e •Y�;/-Y "Y�%
 +^-Zv» Z% +ÀÌ»' �)Â6e 'Y .|� +/_�(RGB|)M ,-|% .ÂÌ» �)Â6e Ze |� `¯ ,.ÂÌ» �)Â6e 'Y Q�YÌN �$.�)Â6e *#�¯ `¯ "Y�%

6e 'Y +ÀÌ»' ,.ÂÌ» �)Â RGB Z% .ÂÌ» �)Â6e 'Y .|»M ,-|%RGB |2� +�2)ZR» +2ÀÌ»' �)Â6e Á Q�YÌN *Z¼$ "Y�% .|»M ,-|% .
qb/ Y �(Y +�)ZR» 'Y ZN .|»M #Â8Â% "ZU  Á V)Â¿ ?$Z¯ "Y�%RGB Z% .ÂÌ» �)Â6e RGB 'Y �/¼¯ +ÀÌ»' �)Â6e 5#Â% |uYÁ 

'Y Ê7;% *YÂÀ� +% C�Â! ¾)Y �Ì£ �# Á +ÀÌ»' *YÂÀ� +% |� +/_�( �<¿ �# .ÂÌ» .#Z23%Y Z2% Ê2� &2) ,`/�2Ì- *#�¯ .�^ÌWZ¯ "Y�%
 +�2)ZR» *M Ê23^YÁ #Z23%Y Z2% Ê)Z2ÀÌ% ¾Ì�Z» `/�Ì- p)�4 'Y .|»M ,-|% "#Z3%Y CZ�b4Y +¯ |� [Z;/¿Y Ê=¿�Z¿ +Ì^� Á z;7»

Á |)#�( |� .�^ÌWZ¯ `/�Ì- C�Â! ¾)|% .
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BÁ� ¾)Y �# `nu .ÂÌ» *#Â¼¿ `Ì�Re Á .ÂÌ» �)Â6e 'Y +ÀÌ»' *#�¯ `¯ 'Y ZN +%Z2Æ�ZU^ 'Y Ê62;7» #Y|3e Ê2» +^2-Zv» #Â2�

)QY�2-WYÁ i2-[(.Ê» Y� ZÆ�ZU^ 'Y &) �$ rUR» fU- 'Y .#Z5/-Y Z% *YÂeÁ##Â¼� �)Â6e Á# 'Y .|»M ,-|% `$�% #Â¼� �U^ 
#Â¼¿ +^-Zv» ,Ê=¿�Z¿ `$�%)QY�2-•.(�$ rUR» fU-,-Y +^-Zv» Q%Z^ �)' :Â»�_ Z% xZU^.
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+¯Á|À/�$ fU- `$�% #Â¼� �U^ Á# .
Ê» +^-Zv» �)' p)�4 +% xZU^ �$ `nu #Â�:

+¯ÁÊ�ZU^ …ÂU- ,uZ�» iÁ1+iÁ KY±xZU^ 'Y &) �$ ,»Z;O Ê» Z$ xZU^ #Y|3e �% .ÂÌ» �U^ `Ì�Re 'Y +¯ |�Z%
 Ê» ,-|% Ê=¿�Z¿ KZ¼e "Y�% xZU^ #Y|3e +¯ |)M Z$8,2-Y .|� +/_�( �<¿ �# xZU^ .+2% Ê=/�2% Z2Æ�ZU^ …ÂU2- +^2-Zv» ,2^#

#�Y# xZU^ �$ �U^ ¾)�/(�V% "�Ì(�Y�^ .|»M ,-|% ZÆ�ZU^ 'Y &) �$ `nu *#�¯ r¼8 Z% .ÂÌ» Q¯ `nu ,)ZÆ¿ �#:

+¯8=nÊ» ZÆ� U^ #Y|3e �%Y�% |�Z% .
.

I(�2-)¦JY :( `ÊP¿�Z¿ ' Ì»)V:(`ÊP¿�Z¿ É|À] ÄRed)|:(`~Zed �Å �Y te� �Å ÉZÅ�ed �Y Z! +{ |Y�Zf�Y){:(®Ë �Å Y»ZZ[
Z/¿1 te� + Z/XZed �Y 
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2-2-É�Z»1 IÌ,;! 
*Â»'M .|� �¯y BÁ� "�Z»M QÌ¸ve "Y�% t!Z_ Á+3U^ BÁ� 'Y .|� ¾ÌÌ3e `nu +�)ZR» "Y�% ¾Ì=¿ZÌ» qb/ Y *ZÀÌ¼4Y +¸ Z% "|À%

 |� .#Z5/-Y [M Ê)Zn%Z8 BÁ� p)�4 'Y .|� ¾ÌÌ3e `nu .*Â»'Mt.'Y|¿Y BÁ� �# Z)M +YÀ)Y ¾ÌÌ3e "Y�% `2nu ,"�Ì( .'Y|2¿Y "Z2$-
.|� "�Ì( +3U^ BÁ� Á# 'Y[M Ê)Zn%Z8 Á "|À% ÊÀ3» qb/ Y |¿�Y# `$ Z% "�Y#+¿ Z),|� .#Z5/-Y .BÁ�|¿b% -¾¼/2WM "Y�2% V2Ì¿

 .'Y|¿Y Ê3^YÁ `nu ¾Ì%Z» p%ZUe �Y#Â¼¿ `-� .|� "�Ì()[M Ê)Zn%Z8 BÁ� (+3U^ BÁ� Z% "|À%)+2% Ê)Z2ÀÌ% ¾Ì2�Z» `/�Ì- BÁ�
.|� .#�%�Z¯ (|� .#�% �ZY% .QÌ¸ve Z% "�Z»M "Z$Analysis-it+»Z¿�% 'Y ÊY) +¯ Ê» Q�¯Y Ê^¿Z8 "Z$ Zn¿Y |�Z%|� K]5[.

3-:;] + <ËZf¿ 

3-1-ÄRed @+� + V1 ÊËZ4]Z\ @+� Ä]ËZ.» É|À] 
`nu �Y#Â¼¿ ¾ÌÌ3e "Z$ QY� �# [M Ê)Zn%Z8 Á "|À% +3U^ BÁ� Z% .|� 3-,-Y .|»M iWY .`nu ¾Ì=¿ZÌ» qb/ Y ¾2)Y ¾Ì%Z2» Z$

 BÁ� Á#cm366/0d2=#Â%)*ZÀÌ¼4Y +¸!Z_ �#95:%14/0-Á3cm45/1.(qY�v¿Y�ZÌ3» cm38/2sd2=#Â% .*Â»'M M)Z/¿
t.'Y|¿Y Ê=¿�Z¿ `nu +¯ #Y# *Z7¿ .|� Y�8Y ÊÀ3» qb/ Y [M Ê)Zn%Z8 BÁ� Z% .|� "�Ì( .'Y|¿Y `nu Z% "�Y# p)�4 'Y .|� "�Ì(

 ,�Y|¿ "|À% +3U^(P= 0.1032).Á .|� r)'Âe :Z»�¿ �ÂU% BÁ� Á# ¾)Y ¾Ì%Z» `nu qb/ Y 95%u "Y�% p%ZUe .#Á|v» ,WZ
.'Y|¿Y `nu ¾Ì%Z» +�)ZR» Á [  Ê)Zn%Z8 BÁ� 'Y "�Ì("|À% +3U^ 83/4-Ácm314/6#Â% )QY�3-[.(QY�3-*Z72¿ [

.'Y|¿Y ,^# "Á� "�ÌLPe Ê=¿�Z¿ Ê(�V% +¯ #Y# #�Y|¿ Ê=¿�Z¿ `nu "�Ì( .Ê2(�V% Á .'Y|2¿Y .#�2¯ B�YV2( +2¯ &¯ ,ÀWÂ% qb �%
 .'Y|¿Y ,^# "Á� �% +¿YÁ|À$ ÌLPe "�Ì(Ê» �+¿YÁ|À$ `nu ,+¿YÁ|À$ .'Y|¿Y ?)YV_Y Z% Á ,�Y]( Ê» +^-Zv» Ê3^YÁ `nu 'Y �/7Ì% Z$ |�

]6[.ÁÊ» `nu +^-Zv» BÁ� QÌW# +% zÌ;7e ,^# �% Ê=¿�Z¿ .'Y|¿Y ¾/�Y|¿ �ÌLPe ¾)Y ,-Y +/_�( KZn¿Y +¯ |�Z% .|!�# qb/ Y
 `nu ¾ÌÌ3e "Y�% ¾Ì=¿ZÌ» BÁ� +%+3U^ "|À%6/2%#Â%.

(� I3-)¦JY :( V1 ÊËZ4]Z\ @+� Z] '|� É�Ì= '�Y|¿Y ÊP¿�Z¿ h48(WDM) É|À] ÄRed +(SM) `)V:(�Y  T0¿ |T¿9]-O0fTJ1 
+ V1 ÊËZ4]Z\ @+� Ä] '|� É�Ì= '�Y|¿Y ÉZÅ ÊP¿�Z¿ h48 Ä]ËZ.» ÉY�] É|TÀ] ÄTRed .'|TÀÅ{ ½Z�T¿ ÊT¿+�Ì] ÉZTÅ 5Ty95%

•]Ze! '{+|;»)83/4-Ácm314/6(½Z�¿ É^¯�» 5y +|�Z] Ê» OÌP¿ZÌ» S9fyY '|ÀÅ{)cm366./(.
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4-L0\ _JZe» É|À] 
¾Ì�Z» `/�Ì- &) �Z-Y�% Ê=¿�Z¿ `nu +^-Zv» |)|8 BÁ� &) +WZR» ¾)Y �# |2)#�( +0Y�Y Ê)ZÀÌ% .+2% Y� .|2� .#�2% �Z2Y% BÁ�

 Ê» Ê¿Z-M e�N ,Â¸$ ,"ÂÌ  ̄,.V%�  ,'ZÌN +¸¼8'Y "'�ÁZ7¯ CAÂ6v» 'Y Ê �% `nu ¾ÌÌ3e "Y�% *YÂe Á :ZR ...#�¯ .#Z5/-Y VÌ¿ .BÁ�
+3U^ Ê=¿�Z¿ `nu ¾Ì¼;e "Y�% "|À% .'Y|¿Y �# Z$ |� .#Z5/-Y i¸/;» "Z$ .+3U^ BÁ� �#`2nu xÂ2¼n» 'Y Ê=¿�Z2¿ `2nu "|2À%

 xZU^ fU- ,uZ�» ¾ÌÌ3e Z% z;7» "ZÆ�ZU^ Ê=¿� ¾Ì%�Á# #|� Á# p)�4 'Y Z$CCD|� +^-Zv» .¾2)Y Z% .|� +^-Zv» `nu
 `nu Z% &ÌÀYe |� +�)ZR» [M Ê)Zn%Z8 BÁ� 'Y .|� +^-Zv» .Ê23^YÁ `2nu)[M Ê)Z2n%Z8 BÁ� (+23U^ BÁ� `2nu Z2% "|2À%

 ÊÀ3» qb/ Y �Y# ,�Y|¿ "(P>0.05) .BÁ�|¿b% -¾¼/WMÊ=¿�Z¿ .'Y|¿Y +¯ #Y# *Z7¿ "�ÌLP2e `/�2Ì- `nu +^-Zv» ,^# �# Z$
,�Y|¿ .+3U^ BÁ� Z% �)Â6e B'Y#�N ,Q  ̄�# ,pÌ^# BÁ� &) "|À% Ê» Ê=¿�Z¿ `nu ¾ÌÌ3e "Y�% [�;» �Ì£ Á r)�- ,.#Z- |�Z%
 Ê» +¯ Ê=¿�Z¿ |�� ,��- cÀ)�Â/Ì¿Â» �# |¿YÂe Ê=¿�Z2¿ &2e &2e *'Á ¾Ì2Ì3e ,ÊYÌ¿ZY» ,�Y#�% �# *M #�Y¸¼� Á TZ% �# Z$ Á Z2$
+8�# Ê=¿�Z¿ "|À% +8�# ¾Ì�Z» �# ,�Y#�% 'Y ZN |À)M�_ �# Z$ #Â� .#Z5/-Y ÊYÌeZ»ÂeY |À%.
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Abstract 
 Physical characteristics of agricultural products are the most important parameters in design of 
grading, conveying, processing and packaging systems. Among these physical characteristics, 
volume, mass, projected areas and center of gravity are the most important ones in sizing 
systems. In this study, segmentation method was used to estimate the volume of tangerine of 
varying sizes. A total of fifty randomly selected tangerines were examined. The proposed 
machine vision system consists of two CCD cameras, two capture cards, an appropriate lighting 
system and a personal computer. The cameras were arranged at right angle to each other in 
order to capture perpendicular images of tangerines. The estimated volume using these 
techniques was compared to the actual volume of tangerine measured with the water 
displacement method using the paired t-test and the Bland–Altman approach. The estimated 
volume using segmentation method was not significantly different from the volume determined 
by water displacement (P > 0.05). The mean difference between water displacement and 
segmentation method was 0.66 . The average percentage difference for volume estimation 
with segmentation method was 2.6%. In conclusion, segmentation technique provides a simple 
and efficient methodology for estimating tangerine volume.  
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