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)Npm-1 (Ê» ;Ë�.e d�Y Ä^�Zv» ']Z( �Ë� ^]Y!� �Y /Ë �9 �Y ! {*�)Rose, 2004 .( 
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 D�*7 ":dB686/8=Np1d�Y )Gaonkar, 1995 .( Ä~�]Y� d~-Zu 5ËY �{ ÉZ~95!6Ê~» Äf~�*¿ D�*~7 5~ËY Ä~] |¿*~�
)Cartz, 1998:(
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Ä¿Z»Z" É0eÂrY�K l:" 3ÌOÌG 
ÉZ^� d+Z] >ËZ»�: AD*7Y�+ ÉZ9{�]�Z¯ �Y ÊCË Ã*$» ! Z9 d�Y Z9 .�Y ŒY*»Y ÊËY�$» ! dR�� DY�$$he "{�!: d�|] ÉY�] )!� !{

gZe�Z] `e )!� i*��»)Ê�ZC.¿Y(˾É�*^R ÉZ=�!� !˿Ê» Ã{Z¨f�Y {*� .Ê» {Z  ÊËY�$» "YZ$» AŒY*»Y |»Z0] >ËYZ+Y Z] �Y ! {*�
 @¯ /Ë�ve |»Z0] É�$B�ZC] AgZe�Z] `e )!� �{ Ê+�&)�Y �f%¯kHz100(\$�: É�Z��ZC�: ÉY�] d�Y 5C%» �$w ›Z^Ë�4e Z9 .

e Ä¯ É{Y*» �{ Ê6¯ d-Zu �{Ã|##¯ ;$.… Ê%¿ Ã{Z¨f�Y gZe�Z] `e )!� �Y |#f09 ŒY*»Y É*( É{*� .d$¨$¯ ÉY�] 5Ë�]Z#] Êj#�

 
1 - Times-of-Fligh 
2 - Anisotropy 
3 - Transducer 
4 - Fresnel 
5 - pulse echo method 
6 - Through transmission method 
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Ä¿Z»Z� AÉ��!Z�¯ D_*Uv» Ã{!|v» �{ >Ë�Z¯ |»Z0] ! {ZË� É|u Ze >¿Y*e A|#¯ �Z¯ É�*^R )!� yZ�Y �] Ä¯ d�Y �Z$¿ ÉY
kHz100-20Äf�*$? Ä¿ |�Z] ÊGe D�*7 Ä] Ê-Z��Y ŒY*»Y Z$¿ ! A|�Z] .Ê» AÊ-Z��Y ŒY*»Y "{*] ÊGe d6R Ä] "Y*e �? ŒY*»Y �Y "Y*e

)_Z] D|� Z] ({�¯ Ã{Z¨f�Y .{�Y|¿ Ä¿*%¿ ÉY�] É��y ! d�Y Ä$¿Z  !�C$» |#\ "YZ$» Ä] Ä¿*%¿ Ê9{ Œ*» "Z»� D|» Y�Ë�.�Y{*%¿
|¿!� ÉZ%¿ Ä¿Z»Z� Ê6¯ Ã�Z%� 'C� �{1d�Y Ã|� Ã{�!: .Ä¿Z»Z  �YZ+Y d<� Ã�Y|¿  ÉÉ�$B�] d�Y '»Z� Êe*7Y�+ :IZ#K$� |-*»

)�Z  `e(d+ZË�{ AÃ|##¯)`e�$B (ÄO¨v» ! Ä¿ZËY� AZ%¿ "Z�*¿ AZ9�K�!Z¯ AÃ�Y|¿  ÉÉ�$B .! |-*» ÉZ9|uY! AÄ¿Z»Z� dyZ� �{
d+ZË�{ Ã|##¯ |� Ã{Y{ ZL IZ#K$� )�Y{�? |uY! iZ¿ Ä] É|uY! �{ IZ#K$� �K��Y{�? ! Ê%(� �Z��ZC�: Z$¿ ! IZ#K$� É.:�Z��ZC�
 Ê%(�)TNM-Ds20060 ( ÃZB�{ Z] Ä¯ {�Y{ �Y�( )�Y{�? |uY! d�? d%0( �{USBd�Y 'Uf» Ä¿ZËY� Ä] .ÊK¿*K\ I�f#¯

Ä6$�! Ä] )�Y{�? |uY! {�¯�Z¯ i�¿ ! Ê%(� �Z��ZC�: ÉÊ» iZj¿Y ": �YZ+Y {�$B .Ã�Y|¿Y ÉY�] ! Ä¿*%¿ yZ%e É!�$¿ I�f#¯ ! É�$B
 Ê%(� s#�!�$¿ �Y Z9�K�!Z¯)Lutron, FG-5100, Taiwan (|� Äf+�B �ZC] .'C�2"Z�¿ Y� Ã|� Ã{Y{ Ä.�*e Ä¿Z»Z� 

Ê» |9{.

\>�2-Ä¿Z» " 0?G iY�6ZË{ MÂ?' 
ÉZ9�K�!Z¯ "Z$» �{ Ä¯ |� k<�» Ä$-!Y >ËZ»�: �{kHz 25A32!40�K�!Z¯ AkHz40–Ã|#f��+ �K�!Z¯ 

)400ET/R250(Ã|¿�$B !)400EP250(-/�y yZ%e Y*¿ �Y˺ÊC$»Y�� IZf0Ë�¯ Z] !)PZT ({�Y{ É�f=] sËZf¿ .Ä]
Ã{!|v» ! "Z0CË Ã|¿�$B ! Ã|#f��+ �K�!Z¯ !{ �9 ÉZ¯�» |»Z0] �KË{ D�Z^R ": 3$({ ÉkHz%1±41d�Y .ÉZ=-Z#K$� 

Ã{!|v» �{ A�K�!Z¯ �Y Êf+ZË�{ ÊCË�fC-YkHz 50-20Ã|##¯ dË*4e ^�*e dË�Y�Z? @¯ ÉZ9AÊ» dË*4e Ä4^& 5Ë|#\ *�{.
�Z�Y|L �Y|» ^~~~�*e AÃ|� dË*4e IZ#K$�AÃ|� *0CË Ä-!|»{ AÊ» dË*4e ! Äf+�B )*? {*�.{ZË� dË�Y�Z? d6R Ä] ÉY�] Z$¿ !

']Z¯ DZ�Z�fwY �$ Ze >9Z¯ AIZ#K$� É!� �] Ä¿Z»Z� ÊC$¿!�fC-Y ÉZ9�Y|» ! Ê&Z^e�Y ÉZ9! d�Y ÊL�Zy AdË*4e Ä4^& 5$-!Y 
!Z¯ IZf0Ë�¯ d�? �{ Ã|##¯ dË*4ed�Y Äf+�B �Y�( Ã|¿�$B �K� ./Ë�ve |»Z0] �$$he "ZC»Y)�Y20Ê-Y kHz 50(Ã�=] !É

IZ#K$� dË*4e)�Y5000Ê-Y 7000 (d�Y �0$» )�Y{�? |uY! '¿Z? É!� �Y .I!|L2Ä¿Z»Z� Ê#+ DZU<�» Êy�] d$¨$¯ És#�
Ê» "Z�¿ Y� Êe*7Y�+ |9{ .

1 - Dry contact 
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\>�2-Ä¿Z»Z" 0eÂrY�K l:" 3ÌOÌG {�'�ZG ÁDZZRËZ»�M UÌ<» �{  M 
Ä¿Z»Z" �ZG IÁ� 

Ä¿Z»Z� Ã|� ÄfyZ�Ã�Y|¿Y ÉY�] É�$BÃ*$» Ã{Ë! Ä] AÉ��!Z�¯ D_*Uv» ÉZ=$B{Ë! g�<» �$w �Z¯ Ä] DZjËZ^� ! DZL

Ê» Ã{�] {*�.Ä¿Z»Z d+Z] DZ$7*Uy AD*7Y�+ I*Uv» �Y|4» ZË Êf+ZË�{ IZ#K$� Ä#»Y{ ! D*7Y�+ ŒY*»Y �*^R "Z»� D�*U] Y� 

dR��Ã*$» �{ ŒY*»Y ;$.…e ! D*7Y�+] AZyZ%e Z9�K�!Z¯ËÊ» Ã�Y|¿Y Ã*$» 8�& !{ �{ Ê�$B{.É}�¿Y '$-{ Ä] �Y Ã�{Z7 k<�»

�K�!Z¯IZ#K$� "{*] ÊGe Z$¿ !Ê%¿ {*L*] Ã*$» d+Z] d$¨$¯ �{ É�$$he A:Ë|.�K�!Z¯AÃ|#f��+ D*7Y�+ ŒY*»Y ÊGe˺YZ��Ê» I#¯|

Ã|¿�$B �K�!Z¯ !É�*^R ŒY*»Y !DZRx&Y É!ZuÃ*$» d+Z] �YY�d+ZË�{ Ê»|#¯.A)�Y{�? |uY!IZ��Y 5$] "Z»� d+ZË�{ ZeY� ŒY*»Y 

Ã�Y|¿Y É�$BÊ»|#¯.5$#J%9 Ä¿Z»Z  ÊËZ¿ *eÃ�Y| Ä#»Y{ É�$BÉ|»Z0] ;$& !˻/Ë�ve ŒY*»Y!Y� Êf+ZË�{ ŒY*»Y �Y{{.

�Y|» '¯9ZÉ/$¿!�fC-Y Ä¿Z  f*6] É{Y|.e Ä]Ê» @$04e *�{.�K��Y{�? A)�Y{�? |uY! "!�{ �Y "Z»�+ d+ZË�{ �Y F?É*� 
Ä] AÄ¿ZËY�Ä�Y ÉÊ» "Z»�+ Ê^¿ZL {*� |$-*e Êe*7Y�+ ŒY*»Y A ÊC$¿!�fC-Y Š$t*� /Ë /Ë�ve Z] Ze |9{ .�K�!Z¯ �Y Êe*7Y�+ ŒY*»Y

Ê» Œ�Zy Ã|#f��+ Ã*$» �Y �*^R �Y F? ! {*�AÊ» {�*y�] Ã|¿�$B �K�!Z¯ Ä] |#¯ .5$-!Y Ã|##¯ dË*4e ^�*e Êf+ZË�{ IZ#K$� dË*4e 
Ê» iZj¿Y ÊL�Zy {*� .'C� ! dË*4e �Y F? Êf+ZË�{ IZ#K$� Ê9{))*? É�$B(I|^» /Ë ^�*e AA/D! Ã|� Ê%(� A/Ë �{ 

Ê» Ã�$y‰ IZ#K$� ÄO+Zu {*�.Ê» '4f#» Ä¿ZËY� Ä] IZË�� ÃZB�{ 3Ë�& �Y Y�¿: �K��Y{�? |#¯.
/Ë ^�*e Ä¿Z»Z�Ä»Z¿�] ¿ZËY  ÉÄYÊ» I�f#¯ É�YZ+Y i�¿ Z] Ä¯ {*�Matlab 2006a 5Ë!|e f�BÄd�Y .Ä»Z¿�] É>ËZ%¿ �Y F? 

IZ#K$�!IZ#K$� É!� DZ^�Zv» iZj¿Y AÊB{Ë! Ê» "Z�¿ @(� ! �Y{*%¿ D�*7 Ä] Y� Êe*7Y�+ ÉZ9 |9{ .ÊB{Ë! É{�C6%R ÉZ9
K$� d+ZË�{ )!� ! /Ë�ve `e {Y|.e ! /Ë�ve }Zf-! Ä#»Y{ D�*U] Ä¿Z»Z� Ä] IZ%RY ! @$O#e ! gZ<f¿Y ']Z( A�YZ+Y i�¿ ^�*e AIZ#

Ê» Ä¿Z»Z� |�Z].i�¿ ! Ê%(� �Z��ZC�: ": �YZ+Y)TNM (^�*e Ä»Z¿�] Ä¿ZËY� ÉYÉÃ|� 5Ë!|e )UQSS(˼)*»Zy ! 5�!� 
Ê» {*� .

Z. Ä¿Â¼¿ É�Z" D{Z»M 
Ã*$» Ê»Z%e Ã�e "Y|$» �Y DZjËZ^� ! Z9 |¿|� Ä$=e �Z] .Z^� ! Ã*$» �Y ÉÄ¿*%¿ Z$¿ ! Ã{�*<¿ d�{ ÉY�] Z=¿: d+Z] �Y Ã|� Ã|Ë�] ÉZ9

|� Ã{Z¨f�Y >ËZ»�: .Ä$=e ÉY�] Ä¿*%¿ É|� Äf+�B�ZC] Ê7Zy )�] �YZ]Y AÃY*<-{ d»Z<� Z] ÊËZ9 .Ä¿*%¿ d»Z<� Y*¿ Ä] ÄL*e Z] Z9
 �Y ÉZ^� ! Ã*$»1Ê-Y cm12Ê» �$$he {�¯.Ã�Y|¿Y �{ Ä¿Z»Z� ÊËZ¿Y*e "|� k<�» ÉY�] É�$BÃ*$» D*7Y�+ •Y*y ADZL

Ä$-!Y ÉZ=�ËZ»�: ÉYÊe!Z¨f» r�&|� ÉZË� .Ä¿*%¿ Ã*$» >ËZ»�: {�*» ÉZ9 Äf09 AÃ|$�� ! @-Z� Ã*$» A'$6� É|� + Ä%$¿ ! �Y|¯�e É

1 - Pulse 
2 - Frequency spectrum 
3 - Ultrasonic “Qualimeter” System softwere 
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{*] .Ä¿*%¿ \$� �Y ÊËZ9 d»Z<� Z] �*» Ê¯Y�*y d+Z] ! Ê#$»� ÊB{Ë! DY�$$he A"Z»� d�vB Z] ! Ã|� Ä$=e D!Z¨f» ÉZ9 ÉZ9
Y�+Ê» d   Êe*7 |�.Ä¿*%¿ "|� |�Z+ ZË ÊB|$�� >$] I*Uu ÉY�] 'yY{ �{ Ä¿*%¿ AÃZK�ËZ»�: Êf]*&� ! ÊËZ»{ ^ËY�� �{ ÉY

Ä0$¯ Ê» É�Y|=K¿ Ê¿*6ËZ¿ ÉZ9 |�.

#Á!$2:Ä¿Z»Z" 0:K sZw`R» 3ÌOÌG ÉDÂÌ» 0eÂrY�K l:" sZ$ 

�Z�ÁZG 
�K�!Z¯ {Y|.e É�Z¯ |»Z0] Ã{!|v» *e�? ÄË!Y� �Z  ÉZ»{ �� /Ë�ve }Zf-!

�K�!Z¯ 
Œ*» "Y*e `e {Y|.e �Z¯ )!�{� 

{|R!{)! Ã|#f��+
Ã|¿�$B(

KHz 50-2010ÄL�{ ÛC60-0V600<W3./<Œ*» !{
'C� Ê.]�» 

I|^» /Ë�ve 
-Êf+ZË�{ ŒY*»Y dË*4e 

I�Y{�2 !cYÁ 
ÄËvhe "Y*e

Ê+�U» 
dR��

Ä¿*%¿ É�Y{� 
dR��
x�Z? 

EZ^e�YÉ�e*$G»Z¯ R�� Ä^�Zv» d({dŒ*» Y*¿ 

220 d-! AC5DY! MHz 2/1{!|u /Ë
Ä$¿Z  

RS232 Ä+�&!{ -
baud=115200 

�Y �f%¯ms-1 1Ê%¯Y�e ZË Ê-*&)P(

Ä¿ZËY� 0¼@� �Z" �Z>�M ÉY
I|» Ä¿*%¿ dR�� É�Y{�] d({ EZ^e�YÉ�e*$G»Z¯ ÃZKf�{ I�f#¯ |¿Z] ÉZ#=? 

Ds20060 MHz 20É{*%R%3Ê4+Y A%1/0ÃZB�{USB Y i�¿ �YZ+Y i�¿ ! Ä¿Z»Z� �YZ+TNM MHz15

�ËZ»�M IÁ� 
>ËZ»�: Y!�� �Y '^( |� Êj#�Y! Y*9 dR�� ÉY�] Ä¿Z»Z� AZ9 .5$] ;6f<» '7Y*+ �{ Y*9 �{ Œ*» dR�� �*O#» 5ËY ÉY�]

Ã�Y|¿Y AZ9�K�!Z¯ d<� É!� �] i�_ DZv$vUe ! É�$B i�¿ ! �YZ+Y |� iZj¿Y Ä¿Z»Z� �YZ+Y .Ä�]  �Y Ã{Z¨f�Y Z] É9"Y|$» I*& 
/Ë{Z¿˺Y*9 ÉY�] mm58/18{!|u DZ#]�¯ Ê6? ÉY�] !mm34/2|� Ä^�Zv» ."Y|$» �Y �vB ! Ä¿*%¿ Ä] ŒY*»Y IZ4f¿Y �*O#» Ä]

Äv¨7 A/Ë{Z¿ {!|u d»Z<� Ä] ÉY mm9|� \U¿ Ã|#f��+ �vBY�e É*6L �{ .�] Äv¨7 5ËY � Y Ê���] ÉY�] ÊËZ=�ËZ»�: Äf^-Y
Ã�Y|¿Y É!� iZj¿Y É�$B|�.Ã�Y|¿  ÉY�] Ä�]Y� �Y ŒY*»Y dR�� É�$B É3Ä^�Zv» ÉY�] !Ä�]Y  �Y ;$.…e \Ë�� ÉÉ7|� Ã{Z¨f�Y .

Ä^�Zv» Ä^�Zv» ! �Z¯{*y D�*7 Ä] ŒY*»Y dR�� ÉÃ�Y  Z] ;$.…e \Ë�� ÉÄ#»Y{ É�$B Ê» iZj¿Y �Z¯{*y �$w ! IZ#K$� É{�$B .
d({ Z] F$-*¯ Z] Ä¿*%¿ d»Z<� d0<¿01/0Ã�Y  Ê» Ã{Y{ �YZ+Y i�¿ Ä] ! É�$B {*� .Ä] Ä¿*%¿ d»Z<� �Y ŒY*»Y �vB "Z»� FG�

i�¿ ^�*e Ä$¿Z !�C$» Ã�Y|¿Y Ä¿Z»Z� �YZ+Y Ê» É�$B Ê» Ä+Z�Y >ËZ»�: d0$- Ä] ! >ËZ%¿ AÄ^�Zv» AŒY*»Y dR�� "Z»Z%9 ! {*� {{�B .
Ä¿*%¿ �9 ÉY�] '%R 5ËY30Ê» �Y�Ce �Z] {*� .Ã*v¿ Ä¿*%¿ 5f+�B �Y�( É'C� �{ Z9�K�!Z¯ 5$] �{ 3d�Y |� Ã{�!: .Ä»Z¿�] �YÉ

FFTÄ#»Y{ Ä^�Zv» ÉY�] Ê» Ã{Z¨f�Y Êf+ZË�{ ! /Ë�ve IZ#K$� ÉZ] Ä¯ {*� �YZ+Y i�¿Matlab 2006ad�Y Ã|� Äf�*¿ .Z]
Ä#»Y{ 5f�Y{ Ê» AIZ#K$� ÉÄ�]Y� �Y Y� ÊËY�$» \Ë�� "Y*e É7{*%¿ Ä^�Zv» .ÊËZ¿Y*e Ä] ÄL*e Z] Äf^-YÄ¿*%¿ dR�� A! {ZË� É�Y{�]

i�¿ É_Z] d({ �YZ+YTNM)Ä¿ZËY� Ê%(� �Z��ZC�: ÉY(i�¿ 5ËY �Y AÄ#»Y{ Ä^�Zv» ÉY�] Z$¿ �YZ+Y IZ#K$� Ê#$]�Z] ! IZ#K$� ÉZ9
|� Ã{Z¨f�Y .Ã{Z» Y*¿ A�K�!Z¯ Z] Ä¿*%¿ yZ%e É!�$¿ AŒ*» É�$K�*? �$ Ze Ä»Y{Y �{ŒY*»Y dR�� �$$he "YZ$» �] ^�Y! ÉÊ���]

|� .>ËZ»�: 5ËY Ä¿*%¿ YY*¿Y Z] Z9 d+�Ëv? iZj¿Y Z9 .
{*� �Y�(�] �K�!Z¯ M�� ! Ä¿*%¿ 5$] '»Z¯ yZ%e Ä¯ |�Z] É�*& |ËZ] Ä¿*%¿ Z] �K�!Z¯ Ê�Z%e É!�$¿ �Y|4»)Self et al., 

1994 .(Ê�Z%e É!�$¿ r*�� 5Ë�]Z#] N1A5A10!15ËZ»�: 5$u �{ �Ë{Z4» 5ËY Ä¯ |� Äf+�B �O¿ �{ "YZ$» Ä] >N1±�$$he 
Ê» |#f+ZË .Ã{Z» "Y*#R Ä] FË�B �Y DZ.-Z�» Êy�] �{^�Y! É˻d�Y Ã|� Ã{Z¨f�Y )Mizrach et al., 1989 .( 5ËY �{ Z»Y

 
1 -Near field or zone  
2 -Couplant 
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Ã{Z¨f�Y "ZC»Y Z$¿ ! �K�!Z¯ ! Ä¿*%¿ "|� ;$a¯ �Y É�$B*6L ÉY�] >9!{? Ä¿*%¿ �Y>ËZ»�: ÉY�] Z9 9�ZC¿Y!� I} �Y AÉ|.] ÉZ
D*7Y�+˺Ë !|� Ã{Z¨f�Y Ä¿*%¿ {*y g: Z.

\>�3–DÂ<¿ Ä¿Â¼  uD!¿�Ì6 Á D!:f"�K �Z�ÁZG &Ì' Ä¿Â¼¿ É�Ì6�Y�@ 3»Z`+ ulËÂ. Émm6/240"Z¼e ÉÁ�Ì¿ ÁN5.

lËZf¿ Á P<' 
>ËZ»�: Y!�� �Y '^( |� Êj#�Y! Y*9 ÉY�] Ä¿Z»Z� AZ9 .d�Y Ä6u�» !{ '»Z� Êj#�Y! .Ä6u�» B "Z»� @$O#e Ä] E*]�» I!Y É�v
�Y!�? "Z»� ZË M$v7 )TOF (Ä6u�» !d�Y IZ#K$� É|»Z0] ;$& ! *e�? 'C� Ê���] Ä] E*]�» Êj#�Y! i!{ É.5f�Y{ Z]

Ã|##¯ M$vUe ÉiZj¿Y Ä¿Z»Z� Ê-�f#¯ Ä»Z¿�] É!� �] i�_ DY�$$he ! DZv$vUe A�Y!�? "Z»� |�.'C� ! Ä#»Y{ Êj#�Y! ÉY�]
Ê+Z7 �Y IZ#K$� |� Ã{Z¨f�Y Ê¨6f<» ÉZ9.d<� @9 Z=-Z#K$� É!� �] Ê+Z7 IZ%RY iZj¿Y É�YZ+Y i�¿ @9 ! É�YZ+Yd+�B.

Ã�Y|¿Y '%R IZ#K$� É�$K�*? Ã�Y|¿Y d({ É|u Ze ! A"Z�: Y� É�$B Ê» �f�$] Y� É�$B |#¯ .*0CË IZ#K$� AÉ�$K�*? �Y '^( Äf^-Y
Ê» {*� .i�¿ ^�*e Ã|� Ä^�Zv» ŒY*»Y dR�� �Y|4» Ä¯ {Y{ "Z�¿ >ËZ»�: �YZ+Y )*? "!|] IZ#K$� �Y >$] Ê%¯ )*? d-Zu �{

d�Y)I!|L3.(Ã�Y|¿Y �{ {ZË� d({ i|R ": d6R ! ÃZe*¯ �Z$0] "Z»� 5ËY Ä¯ d�Y Êf+ZË�{ ! /Ë�ve IZ#K$� 5$] "Z»� D|» É�$B
d�Y Ä$¿Z  !�C$» |#\ |u �{ .Ä¯ d�Y �Y{ZË*¿ ! Äf¨�: ;6f<» 'Ë_{ Ä] Êf+ZË�{ IZ#K$� É*6L A)*? "!|] d-Zu �{ �Z¯ 

Ã�Y|¿Y Ê» 'C�» Y� É�$B ¯|#)'C�4.(Ä»Y >ËZ»�: É|� iZj¿Y Ã|� É�$K�*? IZ#K$� Z] Z9.
d�Y �Z$¿ Ã{Z» !{ 5$] F¿Y|G»Y 3]Z�e ! ŒY*»Y IZ4f¿Y ÉY�] ^�Y! Ã{Z» É�$B�ZC] Ê6¯ �*& Ä] .D_*Uv» >ËZ»�: ÉY�] Z»Y

 ÊL�Zy ^�Y! Ã{Z» Ä] É�Z$¿ g: {*L! '$-{ Ä] �Y|]: É��!Z�¯d0$¿ .Ã{Z» Y*¿ � Y '$-{ Ä] Z»Y Ã{Z¨f�Y AÊf+ZË�{ IZ#K$� �] ^�Y! É
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1 - Lubricating gel 
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AN ULTRSONIC INVESTIGATION OF AGRICULTURAL PRODUCT 
QUALITY 

 
Zaki Dizaji, H., *1 Minaei, S., 2Tavakkoli Hashtjin T., 3Mokhtari, M.4 and Montazer, A. 5 

ABSTRCT  
One of the nondestructive testing (NDT) methods is ultrasonic testing (UT), which is still under 
development in field of quality determination of agricultural products. Determination of Product 
quality (QD) and its measurement has very important in modern agricultural investigation. UT 
used to utilize in food processing evaluation but in agricultural product is on study stage.  Non 
invasive/destructive QD is a novel subject in postharvest process in which measured parameters 
by (NDT) methods is correlated to quality parameters of agricultural product. Review shows 
that through transmission method is better than other methods in UT for investigation of 
agricultural product. The main parameters in through transmission method are wave velocity 
and attenuation. In this research, first an ultrasonic system is designed and developed what the 
base of that is on received signal conditioning through agricultural product. The ultrasonic 
"qualimeter" system consists of fabricated pulser/receiver units with ultrasonic transducers, 
control software, laptop and data acquisition system. The system semi automatically determined 
two important ultrasonic parameters that is wave velocity and attenuation coefficient by proper 
signal processing. Then effect of couplant type, contact force, enveloping, delay line, and 
sample thickness were investigated on received signal. Results demonstrated that the ultrasonic 
"qualimeter” system semi automatically, suitable response speed, and good accuracy measured 
ultrasonic parameters using couplant, enveloped signal, low contact force and suitable sample 
thickness. The ultrasonic wave is transmitted through the most agricultural product using pulse 
signal with 40 kHz excited frequency and partly low power.  
 
Keyword; nondestructive testing (NDT), ultrasonic, agricultural product, qualimeter 
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