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Ê» �Z�uY :Â6v» ¾)Y#Â� .Ê» .#Z5/-Y .|� Á��À¯ C�Â6% �/7Ì% �OZu :Zu �# :Â6v» ¾)Y +YÀ)Y +% +8Âe Z% `Ì¿YÂ2/% |)Z% #Â�
 � Á �/3)�- +m �$Ê2» �Z�2uY �/72Ì% �Z¯ ¾)Y *|� .VÌ¿ZY» +% •ZÌ/uY +¯ .#�¯ Y|8 *M 'Y Y� `;e ,-ÂN �//uY #Â2� .�# Ê2_�4 'Y

.Z=/-#,-ÂN "Z$Ê» `;e ÊY)VÌ_ �YÂ  ¾/�¿Y# +% •ZÌ/uY ¾¯|�Z% .
&ÌÀYe 'Y .#Z5/-Y Z% +U%Y� �# "�^/3» B�YV( *ÂÀ¯ Ze .'Y|¿Y ,Æ8 �)Â6e B'Y#�N "Z$ 2;e ÊY)VÌ_ �YÂ  "�Ì( +20Y�Y ¾Ìm�|2¸% `
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 e "Y�Y# .'Y|¿Y Ê» xÂÀ Ê¼¿ "Á�ÌN Ê!Z  M¿� 'Y ÊY)VÌ_ �YÂ  �)#ZR» �4Z  ¾Ì¼$ +% Á |À�Z%À¯ÀB'Y#�N &ÌÀYe 'Y .#Z5/-Y Z% +¯ |
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 Ê» QÌ^^ *M 'Y +¯ #�Y# #Â8Á "#Á|v» "Z$�Z¯ :ÁY|/»*YÂe ,-Y .|� +0Y�Y Ê»Z»Y P-Âe +¯ B#b=À% �# ¾Ìm�|¸% B�Á�N BY�V( 

Ê»Z»Y ,#�% KZ¿ Y�1Y|¿Y ,Ì¼$Y Á ¾Ìm�|¸% B�Á�N CZÌ¸¯ +% #Â  +WZR» �#.',-Y .#�¯ .�Z�Y `;e ÊY)VÌ_ �YÂ  "�Ì([1] .�=)# 'Y
Ê» +ÀÌ»' ¾)Y �# ¾ÌRRv»*YÂe|WZ¿Á# 2:Z- �# +¯ #�% KZ¿ Y� 1979¾Ìm�|2¸% `2;e "Z2$�U^ ¾)�/YmÂ¯ Á ¾)�/(�V% "�Ì( .'Y|¿Y Z% 

|À¯ Y|ÌN `;e *'Á Á `nu Á #Z3%Y ¾)Y ¾Ì% ÊOZ)� P%YÁ� ,�¿YÂe .P%YÁ� ¾)Y |WZ¿Á# M)Z/¿ �Z-Y �%Ê» "�Ì( .'Y|¿Y Y� `nu Ê%Â;% -
.'Y|¿Y �# ÊW Á #�¯ *Âm *'Á "�Ì( Ê» `¯ `;e *'Á Êe|» 'Y ZN#Â� .'Y|¿Y Y� *'Á ,�¿YÂ/¿ Ê%Â;% +U%Y� |À¯ "�Ì([3] .�# Z2»Y

 Ê» ,%Â4� �ÌÌae 'Y Ê�Z¿ +¯ *'Á �ÌÌae "ZU  *#�% ¾Ì% 'Y "Y�% pÌRve ¾)Y %Â;% +¯ |� .#Z5/-Y Ê^6� +Y^� :|» &) 'Y |�Z% Ê
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&ÌÀYe +/)�YÁ ,�¿YÂe �Â¯]» Ê^6� +Y^� |À¯ Y|8 `$ 'Y Y� Z$[4] ."'Z-Y|8 QYÌ-ÊY)VÌ_ �YÂ  �Z-Y �% Ê-��% Á.#Z5/-Y Z% 

Ê» Z-�_ ,^Z4 Á ,^# `¯ ,`7m 'Y ̀ )�Y# �/RÌ^# Á �/3)�- BÁ� &) +% •ZÌ/uY Z» ¾)Y�%ZÀ% |�Z% ."'Z-Y|8 Z2% Á Ê)Z2ÀÌ% ¾Ì2�Z» Z2%
 &ÌÀYe 'Y .#Z5/-Y WZu �# �)Â6e B'Y#�N "Z$ Ê/ ,2-Y �/3)�2- #Â2� .#�ÁM ,-|% �Y�Ye Z% Á Ê¼7m C�Â6% |)Z% CZ�b4Y +¯ .�#

:Z-2005 *Z) Â0Y' ,4+/)�YÁ *Y�ZY¼$ Á&ÌÀYe 'Y .#Z5/-Y Z% Y� M¿�% "Z$ |¿#�¯ Ê)Z-ZÀ� Ê^6� +Y^� Á �)Â6e B'Y#�N .+/)�YÁ-
"Z$ .#Z5/-Y #�Â» M¿�%ey7954, syz3, xs11, xy5968, xy9308, z903+/)�YÁ ¾)Y 'Y ,|¿#Â% Z$7Á c2¿� Ê2(g)Á 9

.#�ÁM ,-|% ÊY)hÂWÂ_�Â» Ê(g)Á |�.#Á|u +/)�YÁ �$ 'Y200'Y B'Â2»M 'Y |3% Á |� [Z;/¿Y +Y^� B'Â»M "Y�% +¿Â¼¿ 60+2¿Â¼¿ 
|¿#�¯ .#Z5/-Y +Y^� ,�e "Y�% ]5[."A5Y¼$ Á:Z- �# *Y�Z1986"|À% +R^4 Á Ê)Z-ZÀ� ,Æ8 …�4 Ê)Z-ZÀ� &ÌÀYe "#Y|3e 

|¿#Y# +0Y�Y Cb£.'Y|¿Y Y� Cb£ ÊY)VÌ_ �YÂ  �Z¯ ¾)Y �# +¯ ,|¿#�¯ "�Ì(.
.'Y|¿Y pÌRve ¾)Y 'Y q|$ &ÌÀYe 'Y .#Z5/-Y Z% ¾Ìm�|¸% `;e ÊY)VÌ_ �YÂ  "�Ì(Ê»�)Â6e B'Y#�N "Z$|�Z% .¾2)Y 'Y .#Z5/2-Y Z2%

ÀYe Ê» &ÌeZ»ÂeY "Z$ BÁ� Z% Á &Ì Ê(g)Á �/3)�- +m �$ `Ì¿YÂe ̀ ÌÀ¯ •Y�;/-Y Y� `;e #Z3%Y Á QY� "Z$ .ÊY)VÌ_ �YÂ  +¸¼8 'Y

1 Emami 
2 Donald 
3 Mahmoudi 
4 Zhao-yan 
5 Lai et al. 
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"#Â¼� Á ÊR_Y …ÂU- ¾)�/(�V% ,,»Z;O ,€�� ,:Â4 'Y |Àe�Z^� |¿|»M ,-|% pÌRve ¾)Y �# +¯ `;e(Axy, Ayz)PÌv» Á# ,
`$�% #Â¼�(Pxy, Pyz)*'Á Á `nu ,.d¼$,-|% ¾ÌÀ.'Y|¿Y "Y�% ÊU%YÁ� *#�ÁMpÌ^# "�Ì( �# Z% *'Á +^-Zv» Z„- Á *'Á �e

Ê» Ê^6� +Y^� 'Y .#Z5/-Y Z% *Z»' �]( �LY �# *'Á �ÌÌae ¾/_�( �<¿|� % .

@+� + {Y »ZÅ
�Ë+Z?! É�+1 L0\ 

:Z- �# �ÂÌ4 |uYÁ #V) CZRÌRve V¯�» 'Y pÌRve ¾)Y �# .|� .#Z5/-Y "Z$ ¾Ìm�|¸% `;e2006 r¼8 |)#�( "�ÁM .�2% [Z;/¿Y .Âv¿
 ¾Ìm�|¸% +¯ #Â% �Z-Y ¾)Y i)#� +- �# .#Z» "Z$)Z5^ (Z5^ +- �$ Á |¿|� +/�Y]( |¿#Â% +/_�( �Y�^ `$ "Á� +¯)+2- Q»Z2�

.#Z» (`;e Á |¿|� .#Y# BVÌ»M �¿ &) Z% ZÆÀe |À/�Y# �Y�^ "#Â¼� *Â/- &) �# +¯ r¼8 *Z)ZN �# Z$ |)#�( "�ÁM .Rve ¾)Y �# 'Y pÌ
12 Á �¿ ¾Ìm�|¸% 36¾)Y Ê_�4 'Y Á |  .#Z5/-Y .#Z» ¾Ìm�|¸% 36KZ2=À$ �# +2/5$ Á# qb/2 Y Z2% ÊÀ2- .#� Á# +2% .#Z» ¾Ìm�|¸% 

*M 'Y Ê2R_Y Á "#Â2¼� ,2Æ8 Á# 'Y Z„2- Á |2� [Z2;/¿Y `;e �ZÆ8 .#Z» �$ 'Y +YÀ)Y +% +8Âe Z% |¿|� "|À% `Ì�Re `;e [Z;/¿Y
 ZN �# |� .#�ÁM ,-|% "�)ÁZ6e *Z)288�)Â6e )144Á ÊR_Y �)Â6e 144 "#Â¼� �)Â6e (|»  ,-|%.&2) 'Y �)ÁZ62e ¾/_�( "Y�%

 |� .#Z5/-Y `Ì<Àe Q%Z^ +¸!Z_ Á �Â¿ Z% +<5v»)QY�1.("Y�2% P)Y�� Ze |�Z% ,%ZL �)ÁZ6e +Ì¸¯ "Y�% +<5v» �Â¿ Á +¸!Z_ |)Z% Z»Y
 #Â� [Z;/¿Y *Z�Y) �)ÁZ6e +¼$ .ZY� +ÀÌ»' Y ?$Z¯ "Y�% Z$ &2) .Y�2¼$ |Ì52- �Â¿ 'Y Á |� +/_�( �<¿ �# .ZÌ- V)Â¿ Á +)Z- �L

#Â� .#Z»M V)Â¿ ¾)�/¼¯ Z% �)Â6e ¾)�/Æ% Ze |)#�( .#Z5/-Y #�( ,À-�Â¸_ }»A .'Y �Â<À» ¾)Y "Y�% :Z2/Ìn)# ¾Ì%�Á#Sony:|2» 
(Cyber shot ) ¾�ÂWÁ'� Z% 480 × 640  .�Ì y *M +<_Zu "Á� �% �)ÁZ6e ,|� .#Z5/-Y Q�YÌN Ê62;� �eÂÌ„»Z2¯ +% Á .|�

 'Y .#Z5/-Y Z% Á .|� QR/À»Toolbox Image processingK�¿�YV_YMATLAB +¸2!Z_ �# ¾Ì2%�Á# |¿|� B'Y#�N �)ÁZ6e 
12 ̀ ;e "�/¼Ì/¿Z- |� 96¿ +<5v» "Á� #Â¼� �Â4 +% Á Z$ .QY2� VÌWZ¿M 'Y .#Z5/-Y Z% ÊY)hÂWÂ_�Â» �YÂ 1|¿|2� +^2-Zv» .�#

6e Y|/%Y QY� VÌWZ¿M |¿|� Q)|^e "�À)Z% �)ÁZ6e +% �)ÁZ .K�¿ +¸Ì-Â% ZY� �U- �U- Ê)Z-ZÀ� 'Y |3% +¯ p)�4 ¾)Y +% †ZÌ2�Y ,�YV_Y2

V)Â¿ Z„- ,#Â� Ê» Y|8 `;e Á .|� +/ ZÀ� �)Â6e Q Y# Ê2» .#Z2»M Z2$�/»Y�ZN +^2-Zv» "Y�% Ê)ZÆ¿ �)Â6e Á .|� �N �)Â6e "Z$
##�( .QY�2Z6e +% Ê%ZÌ/-# "Y�% i¸/;» QuY�» ,Ê» *Z7¿ Y� ¾Ìm�|¸% `;e 'Y Ê)ZÆ¿ |Ì5- Á .ZÌ-�)Á|$# .

'�Y|¿Y ' ;¿OÌ)�|,] hZ! Ê(Ë^Ìb >Y y É�Ì= 
ÊY)hÂWÂ_�Â» "Z$�/»Y�ZN)ÊY)VÌ_ (`;e 'Y .|� +^-Zv» 'Y |Àe�Z^� i¸/;» "Z$ :fU-3PÌ2v» ,4Ê¸2!Y �Â2v» :Â24 ,5(MAL) ,

Ê��_ �Âv» :Â46(SAL) :#Z3» �U^ ,7(EQD) `;e �U^ ¾)�/(�V% ,(Amax) �U^ Á# ¾Ì% `¼)V¯Z» Á)Bmax) (¾)�2/(�V%
Â¸ÆN "Z¼¿ 'Y �U^ ¾)�/YmÂ¯ Á AZ% "Z¼¿ 'Y �U^(,),QY�3.(

1 Shape Analysis 
2 object 
3 Area 
4 Perimeter 
5 Major Axis Length 
6 Minor Axis Length 
7 Equivalent Diameter 
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,QY�1.`;e 'Y �)ÁZ6e ¾/_�( ,Æ8 `Ì<Àe Q%Z^ +¸!Z_ Á �Â¿ Z% +<5v» 'Y ÊYÌeZ¼�¾Ìm�|¸% "Z$.

+ÌWÁY �)Â6e V)Â¿ .Y�¼$ "�À)Z% �)Â6e 

8 Ê)ZÆ¿ "�À)Z% �)Â6e"hÂWÂ_�Â» "Z$�/»Y�ZN +^-Zv» ,Æ Q�YÌN �)Â6e +^W "Á� �% "Z$`;e PÌv» +^-Zv» ,Æ8 `;e 
,QY�2.ÊY)VÌ_ �YÂ  Ê-��% ,Æ8 "�À)Z% �)Â6e &) +% �)Â6e Q)|^e QuY�» 
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,QY�3.¾/_Z) ,Æ8 `;e Â¸ÆN "Z¼¿ Á AZ% "Z¼¿ 'Y �)Â6eBmax,¾)�/YmÂ¯ Á AZ% "Z¼¿ 'Y �U^ ¾)�/(�V% *Z¼$ +¯ Ê» Â¸ÆN "Z¼¿ 'Y �U^ |�Z%.

ÊY)VÌ_ �YÂ  ¾)Y +^-Zv» 'Y ZN 'Y Y|2/%Y �# *'Á Á `2nu "�2Ì( .'Y|2¿Y "Y�2% +2¯ p2)�4 ¾)Y +% ,|¿|� +^-Zv» *'Á Á `nu ,
:Â»�_ |� .#Z5/-Y |WZ¿Á# "Z$ .:Â»�_ ¾)Y Z$)Á# Á &) (.'Y|¿Y Y� *'Á Á `nu 9Ìe�/% Ê» "�Ì( 'Y |À/�2$ Ê2^Ì¯�e Á |2ÀÀ¯Amax ,
BmaxÁ9)Y�O ,fÌv6e KvÁKw[2]:

1 2
maxmax BAKV v 

22
maxmax BAKW w 

,-|% "Y�% *#�ÁMKvÁKw¾Ì% 'Y144 `;e 10 Y|2¿Y Z2% Z„2- Á ZÆ¿M *'Á Á'Y�e 'Y .#Z5/-Y Z% Á |� [Z;/¿Y `;e [M Q2 Y# ¾/
 ,^# Z% ZÆ¿M `nu �UR»0,1 cc'Y .#Z5/-Y Z% Z„- |»M ,-|% Amax, Bmax Á �)Â62e B'Y#�2N BÁ� 'Y .#Z5/-Y Z% .|� +^-Zv» 

&) |WZ¿Á# :Â»�_ �# ZÆ¿M *#Y# �Y�^KvÁKw:Â2»�_ Q Y# Y� .|� +^-Zv» 9)�O Á# ¾)Y +»Y#Y �# `)#�¯ +^-Zv» ¾Ì=¿ZÌ» �ÂU% 
+Ì¸¯ "Y�% Á .#Y# �Y�^ ̀ ;e #Y# Ê7;% ,)ZO� M)Z/¿ +¯ `)#�¯ +^-Zv» Y� *'Á Á `nu Z$.Ê=/�^¼$ ,,^# *#�% AZ% "Y�% +»Y#Y �#

 .'Y|¿Y *'Á Á `nu *YVÌ» ¾Ì% ,2�Y# *'Á Z2% Y� Ê=/�2^¼$ ¾)�/7Ì% +¯ Ê!YÂ  Á |� +^-Zv» ,ÊY)VÌ_ �YÂ  KZ¼e Z% .|� "�Ì(
 K�¿ 'Y .#Z5/-Y Z% Á |)#�( z;7» �YV_YExcel+W#Z3» Y|»M ,-|% �eAZ% Ê=/�^¼$ Z% �YÂ  Á *'Á ¾Ì% "."Y�2% `2$ 'Z% +»Y#Y �#

`)#�¯ .#Z5/-Y *'Á ¾Ì¼;e ,Æ8 �Z7/¿Y ZN Ê^6� +Y^� :|» 'Y ,^# *#�% �eAZ%.

Êa?X Ä(a� Ê8Y�K 
.|ÌnÀ- +¯ ÊY)VÌ_ �YÂ  "Z$�/»Y�ZN +Ì¸¯ +YÀ)Y +% +8Âe Z% # #Â2% Ê2R_Y Á "#Â2¼� "�Y#�2% Z2Y� ,2WZu Á# "Y�% |� KZ2=À$ �

'Y |Àe�Z^� +¯ Z$�/»Y�ZN ¾)Y PR_ Á |7¿ +/_�( �<¿ �# |À/�Y# "�Y�Ye ,WZu +¯ Y� ZÆ¿M 'Y "�- &) B'Â»M :Á Ê2R_Y "Z2¼¿ 'Y fU-
 ,"#Â¼� Á ÊR_Y "Z¼¿ 'Y :#Z3» �U^ ,"#Â¼� Á ÊR_Y "Z¼¿ 'Y PÌv» ,"#Â¼�Amax , Bmax "#Â2¼� �)Â6e Ê/^Á �U^ `¼ÌÀÌ» Á

,�e Á B'Â»M "Y�% ,|�Z% |¿|� .#Z5/-Y +Y^� .*'Á *Z2¼$ +¯ Ê8Á�  +)A �# *Á�¿ &) Á "#Á�Á +)A *Á�¿ +¿ Z% Ê^6� +Y^�
 |� ÊuY�4 ,-Y),QY�4.(QY� �# +¯ �ÂU¿Z¼$4Ê» .|)# *Á�2¿ MÀ2N KY|2¯ �2$ +¯ ,-Y Ê5;» +)A Á# "Y�Y# +Y^� ¾)Y #Â�

 "#Á�Á Á |¿�Y# Ê» .|� +^-Zv» ÊY)VÌ_ �YÂ  ,+Y^� "Z$|À�Z% .#Y|3e *Á�¿ +ÀÌÆ% +)A �# Z$ Z2U  Á *Â2»'M BÁ� 'Y Ê25;» "Z$
|� .#�ÁM ,-|% .�YV_Y K�¿ 'Y pÌRve ¾)Y �#Neural works professional 11/PLUS (Ver. 5.23) .|2� .#Z5/2-Y 

,-Y ..#Y# 'Y Ê/¼�^ +¯ ,-Y p)�4 ¾)Y +% +Y^� �Z¯ .Âv¿ 2» .#Z5/-Y +Y^� ,�e ,Æ8 Y� Ê/¼�^ Á +Y^� B'Â»M ,Æ8 Y� Z$Ê-
|ÀÀ¯ .+Y^� P-Âe B'Â»M |À)Y�_ *'Á �ÌÌae Q»Z� +¯ ,-Y "�Y�Ye "�»Y eÂ_ "Z$ +2)A ¾Ì% "Z$ Ê24 �# Á ,2-Y i2¸/;» "Z2$

 *'Á ¾)Y CZ^L ,¼- +% M)�|/% B'Â»M Ê» ?ÌN Z$ [Â¸U» �)#ZR» ¾Ì% "ZU  +Y)�ÂU% #Á�)Ê23^YÁ �Y|R» (+2% .|2� Ê2ÀÌ% ?Ì2N Á
|-�% Q^Y|u ._Z) ,Æ8 Ê5¸/;» +¿Z/-M r%YÂe 'Y |2Àe�Z^� +2¯ ,2_�( �Y�2^ Ê%Z2)'�Y #�Â2» *M +2ÀÌÆ% ,WZu ¾/ :r%Z2e ,Ê2-ÂÀÌ- r%Z2e

 &ÌWÂ%�„)Z$ ,¿Yg¿Ze r%Ze Á ÊU  r%Ze ,|Ì)Â¼=Ì- .'Y +¯ ,_�( �Y�^ .#Z5/-Y #�Â» B'Â»M |À)Y�_ �# Ê5¸/;» "�Ì(#Z) |�YÂ^ ¾¼O �#
Ê» ZÆ¿MZ/W# .|�Z^ *YÂe1,�Z^¿Y K�¿ .|�Z^ ,1.|�Z^ ,Ext DBD2Z^ ,r)�- �Z7/¿Y ZN .|�3�Z72/¿Y Z2N ?Ì2% .|�Z^ ,4.|2�Z^ Á

1 Delta Rule 
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Z/W#-�Z%-Z/W#5#�% KZ¿ Y� .
.#Y# Y|/%Y B'Â»M "Y�% Ê^)�Re ,^�¿ +% Ê_#Z6e �ÂU% Z$3+%1+¯ "�Â4 +% ,|¿|� `Ì�Re 92Á B'Â»M "Y�% .#Y# 45"Y�2% .#Y# 

|)#�( [Z;/¿Y +Y^� ,�e .&¼¯ +% 9-ZÀ» "hÂWÂNÂe Z% +Y^� ¾/_Z) "Y�%`/)�Â=WY ¾Ì=¿Z2Ì» CZ3%�» "ZU  �ZÌ3» 'Y ,Ê�'Â»M "Z$
 Ê» .#Z5/-Y ,-Y �Â¯]» "ZU  *#�¯ +ÀÌ¼¯ q|$ +¯ #Â� .QY� �# +¯ �ÂU¿Z¼$4Ê» .|)# ,��2- Á ¾Ì=¿ZÌ» CZ3%�» "ZU  #Â�

,-Y z;7» *'Á CY�ÌÌae +% SÂ%�» KY�(Â/�Ì$ Á +Y^� �Z¯ Á "|À% +/-#.

,QY�4.% .|� ÊuY�4 Ê^6� +Y^� ,*'Á ¾Ì¼;e ,Æ8 �Z7/¿Y ZN xÂ¿ 'Y Á Ê5;» +)A Á# ZRMS .|� ¾Ì¼;e +Y^� "ZU  0,0653Ê»|� %.

:;] + <ËZf¿ 
.'Y|¿Y `nu Á *'Á |WZ¿Á# P%YÁ� 'Y .#Z5/-Y Z% ̀ 2;e ¾Ì=¿Z2Ì» �Â2U% ,M)Z2/¿ p^4 �% Á |¿|� "�Ì( `2nu "Y�Y# Z2$mm35608,6 Á

Ê(|À¯Y�N0,142 ̀ nu `¼ÌÀÌ» Á `¼)V¯Z» ,|¿#Â% `;e 'Y .|� .|ÌnÀ- "Z$3951 Ze 8441mm3|¿#�¯ �ÌÌae .*'Á P2-Â/» �ÂU%
`;e Z$12,5 9Ìe�/% ZÆ¿M *'Á `¼ÌÀÌ» Á `¼)V¯Z» Á #Â% K�( 8,5 Á14,5 #Â% K�( ..#Z» Ê_�4 'Y`;e .�Á# �# Z$ #Á|u "�Y](16,7 

#Á|u ZÆ¿M Ê(|À¯Y�N *YVÌ» +¯ |À/�Y]( `;e0,14 #Â% .Amax #Á|u Ên¿� �#30,3 Ze 39,6 mm2ÁBmax M2¿� �# `$ 25,1 Z2e 
33,6 mm2|À/�Y# �Y�^ .:Á|8 �# Z$ .#Y# Q»Z¯ M)Z/¿1,-Y .|� +0Y�Y .

,:Á|81.¾Ìm�|¸% `;e ÊY)VÌ_ �YÂ  'Y .|� +^-Zv» "�Z»M "Z$�/»Y�ZN.'Y|¿Y +¯ Ê)Z$|¿|� "�Ì(.

1 Norm-Cum-Delta Rule 
2 Extended Delta-Bar-Delta Rule 
3 Quick Propagation Rule 
4 Max propagation Rule 
5 Delta-Bar-Delta Rule 
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Statistical 
parameter 

Num 
of eggs

Axy  
(mm2)

MALxy
(mm) 

SAL 
(mm) 

Amax 
(mm) 

Bmax 
(mm) 

Deqxy
(mm) 

Pxy
(mm) 

Axz
(mm) 

MALxz
(mm) 

SALxz
(mm) 

Deqxz
(mm) 

Pxz
(mm) 

Average  16.7 734.8 34.5 27.3 34.5 28.3 30.7 91.0 614.8 28.2 27.8 28.0 83.8 

Var  6.5 4000.9 2.7 1.7 2.7 2.1 1.7 36.1 3323 1.9 1.6 1.7 37.9 

St. Err 2.6 63.3 1.6 1.3 1.6 1.4 1.3 6.0 57.6 1.4 1.3 1.3 6.2 

C.V.  0.14  0.09 0.047 0.05 0.5 0.05 0.04 0.07 0.09 0.05 0.05 0.05 0.07 

Max 21.0 964.8 39.6 33.6 39.6 33.6 35.2 119.5 837.2 33.5 32.6 32.7 121.7 

Min 8.0 589.0 30.3 24.9 30.3 25.1 27.5 80.0 489.2 25.1 25.0 25.0 74.5 

"�Ì( .'Y|¿Y Ê=/�^¼$ 9)�O ,|À/�Y# *'Á Á `nu Z% Y� Ê=/�^¼$ ¾)�/7Ì% +¯ Ê)Z$�/»Y�ZN Ê-��% ,Æ8 +2Ì¸¯ "Y�2% *M M)Z/¿ Á
,:Á|8 �# Z$�/»Y�ZN2,-Y .|� +0Y�Y .'Y .|2� +^2-Zv» "Z2$�/»Y�ZN Á `2nu Á *'Á ¾Ì2% Ê=/�2^¼$ .|»M ,-|% M)Z/¿ �Z-Y �%
% �/7Ì% ÊR_Y �)ÁZ6e `2$ Q%ZR» �# `nuÁ *'Á Á ÊR_Y �)ÁZ6e 'Y .|� +^-Zv» "Z$�/»Y�ZN ¾Ì% Ê=/�^¼$ PR_ :Á|8 �# ¾)Y�%ZÀ% #Â

|� .#�ÁM.Ê» :Á|8 �# +¯ �ÂU¿Z¼$.'Y|¿Y *'Á `ÌÀÌ%BÁ� Z% .|� "�Ì( Z% "#Z)' Ê=/�^¼$ :ÁY|/» "Z$ Deqxy ÁAxy #Y# *Z7¿ #Â  'Y 
.'Y|¿Y `nu +¯ ÊWZu �#Z% .|� "�Ì(Amax , Bmax �# |2WZ¿Á# :Â2»�_ "AZ2% ,2^# .|À$# *Z7¿ ¾)Y Á ,�Y# "#Z)' Ê=/�^¼$ 

Ê» `nu ¾Ì¼;e .'Y|¿Y *'Á Á .|� .|ÌnÀ- *'Á ¾Ì% ÊWÁ |�Z% |2WZ¿Á# BÁ� Z% .|� "�Ì()Wc(#Â2uÁ Ê)AZ2% �ZÌ�2% Ê=/�2^¼$
Ê» |WZ¿Á# *'Á :Â»�Â_ �# ZU  'Y Ê¯Zu +¯ ,�Y|¿|�Z%.

,:Á|82. ¾Ì% Ê=/�^¼$ 9)�O BÁ� Z2% .|� "�Ì( .'Y|¿Y *'Á Á `nu Z% �)ÁZ6e 'Y 'Y .|»M ,-|% ÊY)VÌ_ �YÂ Z2% .|2� +^2-Zv» *'Á Á :ÁY|2/» "Z2$
|WZ¿Á# :Â»�_ .

ÊY)VÌ_ �YÂ Axy MALxy SAL Amax Bmax Deqxy Pxy W V Wc

Axy 1.00 0.91 0.88 0.91  0.87 1.00 0.78 0.89 0.95 0.88 
MALxy 1.00 0.64 1.00 0.67 0.91 0.81 0.77 0.84 0.77

SAL 1.00 0.63 0.95 0.88 0.62 0.82 0.91 0.78 
Amax 1.00 0.66 0.90 0.81 0.76 0.94 0.77 
Bmax 1.00 0.87 0.65 0.83 0.96 0.83 

Deqxy 1.00 0.78 0.89 0.95 0.88
Pxy 1.00 0.66 0.76 0.69
W 1.00 0.87 0.83
V 1.00 0.87 

Wc 1.00 

+U%Y� Y|/%Y �# ¾)Y�%ZÀ% Á *'Á ¾Ì% "YDeqxy ÁAxy �YV_Y K�¿ 'Y .#Z5/-Y Z%Excel ,2^# |2Àm�$ +U%Y� ¾)Y ÊWÁ |� .#�ÁM ,-|% 
Ê¼¿ �<¿ �# *Z»' �]( �LY �# Y� *'Á �ÌÌae ÊWÁ ,�Y# |WZ¿Á# :Â»�_ 'Y "�eAZ% 'Y .|»M ,-|% M)Z/¿ ,_�(Excel ,QY��# 5.|2)# 

Ê»#Â� .|»M ,-|% :Â»�_ �Z-Y�% *'Á "Y�% .Deqxy ÁAxy#Y# *Z7¿ Y� Ê%Â  Z/^�¿ M)Z/¿ .:Â»�_3"Y�2% +2¯ ,-Y ÊWÂ»�_ ,
,-Y .|� .#Z5/-Y *'Á ¾Ì¼;e .

3(
10000

58.116382.41363.159 �
 xyxy DeqA

W
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,QY�5.'Y .|»M ,-|% +U%Y� �Z-Y �% .|� ¾Ì¼;e *'ÁDeqxy ÁAxyZR» �# .'Y|¿Y *'Á Q%.'Y|¿Y *'Á ¾Ì% Ê=/�^¼$ ,Á'Y�e Z% .|� "�Ì( Á .|� "�Ì(
 ,.|� ¾Ì¼;e92%#Â%.

,QY� �# +Y^� 'Y Q!Zu M)Z/¿6,-Y .|� +0Y�Y Ê» .|)# +¯ �ÂU¿Z¼$ M)Z2/¿ 'Y �/72Ì% +Y^2� 'Y .|2»M ,-|% *'Á M)Z/¿ ,^# #Â�
 Ê» +¯ ,-Y :Â»�_ 'Y .|»M ,-|% �¿YÂe +Y^� ,_�( +nÌ/¿ *YÂe h2�Z% Á |2¿V% �|2u Y� *Z2»' �]2( 'Y Ê2�Z¿ *'Á �ÌÌae ,-Y +/

 ##�( .|� ¾Ì¼;e *'Á "Z$ .#Y# ,^# ?)YV_Y ..#Y# �Y#Â¼¿ 'Y +¯ �ÂU¿Z¼$ ,-|% "Z$ #ZÆÀ72ÌN +Y^� ,,-Y z;7» +Y^� 'Y .|»M
 ,^# Z% ,�¿YÂe .|�95%:Â»�_ 'Y Q!Zu M)Z/¿ +% ,^�¿ "�/Æ% +nÌ/¿ +¯ |À¯ ¾Ì¼;e Y� *'Á ZÆÀ7ÌN "Z$#Ê2» Ê2¸^^ .|� |2�Z%.

�Z-Y �% .|»M ,-|% :Â»�_ `)|)# M)Z/¿ 'Y +¯ �ÂU¿Z¼$Axy ÁDeqxy ,2-|% +2nÌ/¿ Á #Y# "�/Æ% M)Z/¿ |WZ¿Á# :Â»�_ +% ,^�¿ 
#Y# *Z7¿ Y� "�/Æ% M)Z/¿ :Â»�_ Á# �$ +% ,^�¿ VÌ¿ +Y^� 'Y .|»M .,�Y# `nu 'Y |WZ¿Á# :Â»�_ +¯ Ê%Â  ¾Ì¼;e �4Z;%)99(%�#

ÌRve ¾)Yp¾Ì¼;e "Y�% "|)|8 :Â»�_ `nu -Y|7¿ .#Z5/ .. QY2� �# +2¯ �ÂU¿Z2¼$ Á |»M ,-|% +Y^� 'Y +¯ Ên)Z/¿ �Z-Y �%4
Ê» .|)# #Á|u +Y^� ¾Ì=¿ZÌ» CZ3%�» "ZU  #Â�0,0653 Ê» Ê» "VÌmZ¿ "ZU  +¯ |�Z% `2$ QY� �# +¯ �ÂU¿Z¼$ Ê_�4 'Y |�Z%

Á .#Â% [Â¸U» `$ +Y^� �Z¯ ,��- ,-Y .|� .#Y# *Z7¿|À¯ ¾Ì¼;e Y� *'Á ,-Y +/�¿YÂe Ê%Â;% .|� QÌY7e +Y^� .

,QY�6..'Y|¿Y *'Á Q%ZR» �# .|� ¾Ì¼;e *'Á �Y#Â¼¿Ê» Á'Y�e Z% .|� "�Ì(,-Y .|»M ,-|% �Z7/¿Y ZN :|» +Y^� 'Y .#Z5/-Y Z% +¯ |�Z%.

+�)ZR» Á ,_�( KZn¿Y +¯ ÊeZ7)Z»'M Z% "Y¾)|WYÁ ¾Ì% +¯KZn¿Y Z$ .|$Z7» ,|� |)#�( ,-|% ÊY)VÌ_ �YÂ  "Á� �% Z$�#Z» ¾- +¯ 
#Â% �Y]( �ÌLZe .|»M ,-Y .+¯ "�Â4 +% .'Y|¿Y "Z$�/»Y�ZN +¼$ 'Y � a% .|� "�Ì(Bmax +2% ,^�2¿ �/¿YÂ28 +2/5$ Á# "Z$ .#Z» �#
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.#Z» Ê» *Z7¿ +¯ |¿#Â% �/¼¯ �/À�» "Z$ ‹ZvW 'Y +m "�eAZ% *Z»|¿Y� Á M)Z/¿ �/À�» +/5$ Á# "Z$�#Z» |$# Á `;e #Y|3e ,`;e *'Á 
Ê» .|)# +¯ �ÂU¿Z¼$ ÊWÁ ,�Y]( Z$�/»Y�ZN �)Z- "Y�Y# �/¿YÂ8 "Z$�#Z» `;e #Â�Bmax Ê» "�/(�V% ¾2)Y .|2À$# *Z72¿ +¯ |�Z%

 ̀ ;e ¾)Y +¯ ,-Y ̀ ;e +% ,^�¿ Z$ .#Z2» `u� |�� *|7¿ Q»Z¯ �LY �# ,-Y ¾Y¼» +¯ |¿�Y# "�eAZ% ,)Á�¯ �/À�» "Z$�#Z» "Z$-
% �/¿YÂ8 "Z$|�Z `;e #�Y]=¿ .|� h�Z% +¯|¿�Ì=% Ê_Z¯ Ê(|Ì7¯ Z$ .

,QY�7..#Z» ¾- �ÌLZe|¿#Y# "�/Æ% *Z»|¿Y� �/(�V% +/5$ Á# "Z$�#Z» ,.|� .|ÌnÀ- ÊY)VÌ_ �YÂ  "Á� �% Z$.

_ �YÂ  +Y)�ÂU% ,-Y +/�Y]( �ÌLZe .|� "�Ì( .'Y|¿Y ÊY)VÌ_ �YÂ  "Á� �% `$ Z5^ +¯ |� .|$Z7» �/7Ì% +�)ZR» Z%`;e ÊY)VÌ +2¯ Ê)Z$
 Z5^ �# ̀ ;e �YÂ  'Y �/7Ì% +<ub» Q%Z^ �ÂU% |¿#Â% �/Æ% Ê)Y]£ #YÂ» Á +)ÂÆe "Y�Y# Á |À/�Y# �Y�^ AZ% 'Y :ÁY "Z$+�5^ "Z$ #Â2% KÂ- "Z$ .

Ê» .|)# +¯ �ÂU¿Z¼$ +<ub» Q%Z^ �ÂU% :ÁY Z5^ �# #�Y# "#Z)' �ÌLZe `;e *Z»|¿Y� �# +¯ `;e #Y|3e Á *'Á #Â�7Ì% "Y,-Y �/ .QY�7�ÌLZe 
Ê» *Z7¿ `;e |ÌWÂe *Z»|¿Y� �% Y� Z5^|$#.

,QY�8.,�Y# "�/Æ% *Z»|¿Y� &) Z5^ ,.|� .|ÌnÀ- ÊY)VÌ_ �YÂ  "Á� �% Z5^ �ÌLZe.
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Ê» .|)# QY� 'Y +¯ �ÂU¿Z¼$ Z$�/»Y�ZN �j¯Y �# Z^)�Re qb/ Y ¾)Y #Â�*Z�Y) ̀ 2;e #Y|23e #�Â» �# PR_ ,-Y Z25^ �2ÌÌae ,&2) 
,-Y +/�Y# "�/7Ì% |�� �YÂ  +ÌR% +% ,^�¿ "�Y|R» .¼¯ �ZÌ�% |�� `$ *'Á �ÌÌae ¾ÌÀd¼$ Z^)�Re Á +/�Y# Ê0,2 qb/2 Y K�2( 

|À/�Y# `$ Z% *'Á.M)Z/¿ 'Y +¯ �ÂU¿Z¼$ z;7» ̀ ;e *Z»' �# �#Z» ¾- Á Ê)Y]£ #YÂ» Á [M |� *Z»|2¿Y� �2% "#Z2)' �ÌLZ2e "�Y](
`;e,-Y +/�Y# "�Y](.

Ê,¯ É�Ì= Ä4Ìf¿ 
.'Y|¿Y �# |WZ¿Á# "Z$ :Â»�_ M)Z/¿ p^4 `;e `nu "�Ì(9-ZÀ»#Â% .nu ,�¿YÂe Á,^# Z% Y� `99%.�Y|¿Y.'Y|¿Y �# Z»Y |À¯ "�Ì(-

#Â% ¾Ì)ZN *M ,^# *'Á "�Ì( ..'Y|¿Y ,^# ?)YV_Y "Y�% pÌRve ¾)Y �#+U%Y� Y|/%Y �# *'Á "�Ì( Á *'Á ¾Ì% "YDeqxy ,Axy +2  ̄
|»M ,-|% |¿#Â% *'Á Z% Ê=/�^¼$ ¾)�/7Ì% "Y�Y# .WÁ |À¯ ¾Ì¼;e Y� *'Á "�/7Ì% ,^# Z% ,�¿YÂe +U%Y� ¾)Y �2ÌÌae +2YÀ)Y �4Z;% Ê

Ê¼¿ �<¿ �# Y� ,%Â4� ?$Z¯ �LY �# *'Á Ê» +¯ �ÂU¿Z¼$ ,,�Y|¿ Ê)AZ% ,^# `$ 'Z% ,_�( +U2-YÁ +2% *Z2»' �]2( Z2% *'Á `Ì2¿Y#
 Ê» ?$Z¯ ,%Â4� ?$Z¯|%Z) .Q)A# ¾)Y98Â» |�,B'Â»M `$ Y� *'Á ?$Z¯ Ze `ÌÀ¯ .#Z5/-Y *'Á ¾Ì¼;e "Y�% Ê^6� +Y^� 'Y

|ÀÌ^% % |¿YÂ/% Á|À¯ ¾Ì¼;e Y� *'Á "�/7Ì% ,^# Z.�Z7/¿Y ZN xÂ¿ +Y^� 'Y .#Z5/-Y Z%,,2^# Z% Y� *'Á ›½%¾Ì2¼;e |2� .#' .Z2%
 .'Y|2¿Y "Z2$�/»Y�ZN �)Z- Á *'Á Á .'Y|¿Y �% �#Z» Z5^ Á �#Z» ¾- +¯ |»M ,-|% M)Z/¿ ¾)Y "�Y]( `;e 'Y Q^^ P)Y�� Ê-��% "�2Ì(

 �Y]( �ÌLZe .|�,-Y ."Z$�#Z» �# +Y)�ÂU% .'Y|¿Y �YÂ  +¼$ *YÂ8 'Y �Ìa% .|� "�Ì(Bmax #Â% �/À�» "Z$�#Z» 'Y �/¼¯ .Ê_�4 'Y
Z5^ +<ub» Q%Z^ �ÌLZe |¿#Â% "�eVÌ¼e "YÂ$ Á Y]£ ,[M "Y�Y# +¯ �eAZ% "Z$ ̀ ;e Á +/�Y]( `;e ÊY)VÌ_ �YÂ  �% "Y ‹ZvW 'Y Z$

 Ê^-ZÀ» |�� #Y|3e Á .'Y|¿Y Á *'Á|À/�Y#..

L]ZÀ» 
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