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1 - Alihamsiyah    
2 - Penetrometer 
3 - Adamchuck  
4 - Strain Gauge 
5 - Load Cell 
6 - Cone Index  
7 - Verschoore  
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2 - Raper 
3 - Chung  
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1 - S-Beam Load Cell (BONGSHIN-DBBP)  
2 - Data Logger (CAMPBELL- CR23X) 
3 - SAE5 Type 



́˺˻

0 1 2 3 4 5 6
1

6

1 1

1 6

2 1

2 6

3 1

3 6

4 1

4 6

5 1

5 6

6 1

6 6

fZy ÊC$¿ZC» d»!Z4»)MPa(

Ã�Y
|¿Y

3%
R

É�
$B

(c
m

)

cm5/22
cm28

$-!Y d0e �*O#» Ä] �K0u M$v7 {�¯�Z¯ �Y "Z#$%&Y ! ÄÉ�� /Ë 5$~] 'Ë*~� ÃZK�~ËZ»�: �{ "*»�:1! Ê~#+ DZ~4$4ve Ä0~�*» 
|� Y�LY É��!Z�¯ Ê�|#=» .Ê»*- Y*¿ �Y Ã{Z¨f�Y {�*» fZy-ÊC$¿ZC» d»!Z4» DY�$$he �] d]*&� � Y >9Z¯ �*O#» Ä] ! {*] Ê�� 

"*»�: ,%9 �{ AfZy] @<� "Z»� I{Z.» ! d]Z  fZy d]*&� Z9{*.Ä~] ! 5K%9Z~¿ D�*7 Ä] fZy Ä~¿*B Ä~Ë_ Ä~¯ |~� Ä~$=e ÉY 
30-20Êf¿Z� |�Z] �Y{�*y�] @<� ÄË_ Ä] d^0¿ É�f�$] Ê^0¿ ÊB{��+ �Y �K0u '%R 'v» ZË É�f» .

d¯�u �$0» I*&7Ã{Z»: |uY! ! �*f¯Y�e d¯�u "ZËZ? ZË Y!�� ÉY�] Ê-Z%fuY dR�� �$$he '$-{ Ä] Ä¯ |� Äf+�B �O¿ �{ �f» ¯Ã|##
 Ã�Y|¿Y �{ Z�y {ZjËY �Y É�$B*6L �*O#» Ä] ! �$0» ÉZ=f¿Y ! Y|f]Y �{ fZyÉ�$BÃ{Y{ AZ9 �~O¿ �{ d¯�u �y: ! I!Y �f» Ä] E*]�» ÉZ9

Äf+�B|�¿.
]AyZ�Y 5ËY �Ä%0e 3Ë�& �Y �K0u gZ( Ä] É{*%R ÉZ9�YZ+Y2�*f¯Y�e Ä] 'Uf» )MF399 (fZy �{ dyY*#CË dR�� Z] ! '7!

 |� Ã|$�¯.Ä] �K0u É{*%R d$.(*» Ä¿*B �O¿ {�*» 3%R �{ �K0u Ä¯ |� @$O#e ÉY)ÄË_30-20Êf¿Z� É�f» ({*� `(Y! .5ËY Ä]
 '�{*- �Y ÊCË A\$e�e �K0u ÉZ9)'�{*-1(ÄË_ �{5-0Êf¿  @<� 3%R �Ë� �f»)25-20Êf¿Z� fZy M�� �Y �f» (É�~KË{ !

)'�{*-2(ÄË_ �{10-5Êf¿  3%R �Ë� É�f» @<�)30-25Êf¿  fZy M�� �Y �f» (Ã�Y|~¿Y ! {*] `(Y! ^~�*e d~»!Z4» É�~$B
E!�<» '7Y*+ Ä] ÄL*e Z] �K0u 3%R !{ �{ Z95/22!28Êf¿Z� |� iZj¿Y �f» .|� iZj¿Y �Y�Ce Ä� �{ "*»�: 5ËY .

Ã�Y|¿Y É{*%R �B_!�f#? �Y Ã{Z¨f�Y Z] fZy ÊC$¿ZC» d»!Z4» É�$B3{Y{ Z] Ä0ËZ4» ÉY�] Z$¿ ÃÃ�Y|~¿Y ÉZ~9 É�~$B �K0~u Z~] Ã|~� Ä~] 
ÊËZ=#e|� iZj¿Y �Y�Ce Ä� Z] d¯�u �f» �9 �{ A.

Äf�*$? ! �K0u {�¯�Z¯ �Y "Z#$%&Y I*Uu �Y F? d<� k$<�e "ZC»Y Ê���] �*O#» Ä] A": É�Z� >ËZ~»�: É�0CË A@<� ÄË_
 >$y Ä] 'Uf» �K0u Z] Z$¿ @<� DZ$6%R iZj¿Y 5$u �{*» ! fZy Ä]Z�» ^ËY�� Z] Ä~$-!Y d0~e d~-Zu Z~] �K0~u É{*%R d$.(

)Ã�Y|¿Y �K0u Z] É�$BÊËZ=#e Ä] ('Ë*� �{5$]�Y�Ce Ä� Z] |� Y�LY .

P<' Á lËZf¿ 

'C�2Ã�Y|¿Y ÊC$¿ZC» d»!Z4» 5$K¿Z$» É�$B 3%R �{ Y� �B_!�f#? Z] Ã|�Ê» "Z�¿ ;6f<» ÉZ9|9{ .d»!Z4» A'C� 3]Z�»
Ã�Y|¿Y ÊC$¿ZC»É�$B_!�f#? Z] Ã|� 3%R �{ �B30-25Êf¿Z� 3%R �Y >$] �f»25-20Êf¿Z� d�Y �f».

\>�2–D�Y!¿Y 0>Ì¿Z>» 3»ÁZH» &ÌZ¿ZÌ» É�Ì6}¼e �{ D!��6vÁ�f:2 Z' _?f`» ÉZ. 

1 - Soil Bin  
1 – Implement Frame   
2 – Eijkelkamp Model 



́˺˼

0 1 2 3 4
20

24

28

32 Ã�Y|¿Y�K0u Z] É�$Be Ä] ÊËZ=# 
Ã�Y|¿Y�B_!�f#? Z] É�$B 

fZy ÊC$¿ZC» d»!Z4»)MPa(

f
Zy

3%
R

0

0.5

1

1.5

2

2.5

3

0 1 2 3 4 5

�f% Êf¿Z� 22/5 ?AP

�f% Êf¿Z� 28 ?AP

Ã{*%$? d+Z0» Ã|�)m(

f
Zy

ÊC
$¿ZC

»d
»!Z

4»
)

M
Pa

(

'C�3Ã�Y|¿Y ÊC$¿ZC» d»!Z4» 5$K¿Z$» É�$B ÄfyZ� Ê4+Y �K0u Z] Ã|�Ã|� ÊËZ=#e Ä] 3%R !{ �{ Y� 5/22!28f¿Z� Ê�f»
 Ê» "Z�¿ Äf�*$? �*& Ä] d¯�u I*& �{|9{ ."Z%9 Ê» Ã|9Z�» 'C� �{ Ä¯ Ä¿*B Ã�Y|¿Y Ä] �{Z( 3%R !{ �9 �{ �K0u A{*� É�~$B

3$%R £ÄË_ �{ Y� É�f�$] Ê^0¿ ÊB{��+ ! d�Y Äf�*$? �*& Ä] fZy ÊC$¿ZC» d»!Z4»Ê» "Z�¿ �e|9{ .

\>�3–!¿Y 0>Ì¿Z>» 3»ÁZH» &ÌZ¿ZÌ» D�YÉ�Ì6Äf1Z" �Z=c Z' D!� D!� 0ËZÆ:e Ä' }¼e Á{ �{5/22Á280f¿Z" �f» 

'C� 45$K¿Z$» ÊB|#¯Y�? d»!Z4» ÉZ9 Ã�Y|¿Y ÊC$¿ZC» ÉZ9É�$B �K0u Z] d¯�u �f» �9 �{ Ã|� ÊËZ~=#e Ä] Y� �~B_!�f#? !
Ê» "Z�¿ 3%R !{ 5ËY Ä] d^0¿|9{.

\>�4–&ÌZ¿ZÌ» 06!:GY�2 Z.3»ÁZH» ÉD�Y!¿Y 0>Ì¿Z>» ÉZ.É�Ì6 �Z=c Z' 3G�c �f» �. �{ D!� 0ËZÆ:e Ä' Á{ �{ �6vÁ�f:2 Á
}¼e5/22Á280f¿Z" �f» 

'C� Ä] ÄL*e Z] ÉZ93!4Ã�Y|¿Y ÊC$¿ZC» d»!Z4» É�$B �K0u Z] Ã|�Ã�Y|¿Y �Ë{Z4» Z] Ê=]Z�» |¿!� ÊËZ=#e Ä]É�$B Z~] Ã|~�
 Ê» "Z�¿ �B_!�f#? Ê-! |9{ 4» Ã�Y|¿Y ÊC$¿ZC» d»!Z4» �Ë{ZÉ�$B Ã�Y|¿Y �Ë{Z4» �Y �f%¯ �K0u Z] Ã|�É�$B Ä¯ d�Y �B_!�f#? Z] Ã|�



́˺̊

y = 0.6555x - 0.2156
R2 = 0.5832

0
0.5

1
1.5

2
2.5

3
3.5

0 1 2 3 4 5 6
Ã�Y|¿Y ÊC$¿ZC» d»!Z4»É�$B �B_!�f#? Z] Ã|�)MPa(

Ã�Y
|¿Y

ÊC
$¿ZC

»d
»!Z

4»
É�

$B
�K

0u
Z]Ã

|�
)

M
Pa

(

0
0.5

1
1.5

2
2.5

3
3.5

4

1 2 3 4 5 6

(m) Ã|� Ã&ÂAÌ7 5§Z�%

 (M
Pa

)S
ZTT
yÊ

DÌ¿
ZD%

5%
"Z1
%

�f% Êf¿Z� 22/5 ?AP

�f% Êf¿Z� 28 ?AP

Ê6R DZ4$4ve sËZf¿ Z] "Y�Z~C%9 ! ÃZ$0%9]4[�~GË� ! IZ~9 A]7[Ê¨Ë�~� ! A]10[{�Y{ Ê¿Y*~<%9 .É*~K-Y D!Z~¨e A": '~$-{
{ZjËY ÊKf<$0BÊ4+Y �K0u ! É{*%R �B_!�f#? ^�*e Ã|�ÄfyZ� d�Y Ã|�.

'C�5Z$¿ Ã{Y{ 5$] d^a» Ê�y £Ä�]Y� Ã�Y|¿  �Y '7Zu ÉZ9ÄfyZ� �K0u Z] É�$B Ã|~� ÊËZ~=#e Ä~] É{*~%R �~B_!�f#? !Y�
Ê» "Z�¿ |9{Ä¯Ã{Y{ É�� !{ 5ËY 5$] ÊKf0^%9 \Ë�� d�Y ;$.� !"Y�Z~C%9 ! "Z$6$6y sËZf¿ Z] ]8["Y�Z~C%9 ! †~¿Z\ ! A

]6[{�Y{ Ê¿Y*<%9.

;°#5–Ã{Y{ 4Ì, Ê1-FG¼$ ÃHY<(Y 0Z$0�Ì³Ã{Y{ Á �1FI Z, Ã<#ÃHY<(Y HY ;�ZI 0Z$�³JÁ�-À: Z, 0�Ì³ 

'C�6Ã�Y|¿  ÊC$¿ZC» d»!Z4» 5$K¿Z$» É�$B 3%R �{ Y� >$y Ä] 'Uf» �K0u Z] Ã|�5/22!28Êf¿Z� Ê» "Z�¿ �f»|9{ .
Ã�Y|¿Y fZy ÊC$¿ZC» d»!Z4» 'C� 3]Z�»$BÉ�3%R �{ >$y Ä] 'Uf» �K0u Z] Ã|�28Êf¿  3~%R �{ ": �Y|~4» �Y >$~] �f»

5/22Êf¿  Ã�Y|¿Y �Y '7Zu sËZf¿ Z] Ä¯ d�Y �f» {�Y{ d=]Z�» �B_!�f#? ! ÊËZ=#e Ä] �K0u Z] É�$B .'C~� ,0~ËZ4»5!6"Z�~¿ 
Ê» Ã�Y|¿Y d»!Z4» Ä¯ |9{É�$B >$] 3%R !{ �9 �{ >$y Ä] 'Uf» �K0u Z] Ã|� Ã�Y|¿Y d»!Z4» �Y|4» �YÉ�$B Ä~] �K0~u Z~] Ã|�

d<� {ZjËY ! fZy ÊB{��+ �] 59:!ZB >$y ,h$e �$ Ze �Y Ê¯Zu Ä¯ d�Y ÊËZ=#ed�Y @<� ,Ë_.

\>�6–D�Y!¿Y 0>Ì¿Z>» 3»ÁZH» &ÌZ¿ZÌ» É�Ì6 }¼e Á{ �{ �Ì1 Ä' \wf» �Z=c Z' D!�5/22Á280f¿Z" �f» 



́˺̋

0

0.5

1

1.5

2

2.5

3

1 2 3 4 5 6
(m) Ã|� Ã&ÂAÌ7 5§Z�%

(M
Pa

)S
Zy
Ê
DÌ
¿ZD
%5
%"Z1
%

6Ìy Ä] U f% �E�>

ÊËZCÀ! Ä] �E�>

0

0.5

1

1.5

2

2.5

3

3.5

4

1 2 3 4 5 6
(m) Ã|� Ã&ÂAÌ7 5§Z�%

(M
Pa

)S
Zy
Ê
DÌ
¿ZD
%5
%"Z1
%

6Ìy Ä] U f% �E�>

ÊËZCÀ! Ä] �E�>

 'C�7!Z4» 5$K¿Z$» Ã�Y|¿  ÊC$¿ZC» d»É�$B 3%R �{ Y� ÊËZ=#e Ä] �K0u ! >$y Ä] 'Uf» �K0u Z] Ã|�5/22Êf¿  �~f»
 'C� !8Ã�Y|¿  ÊC$¿ZC» d»!Z4» 5$K¿Z$» É�$B 3%R �{ Y� )!� !{ 5ËY Ä] Ã|�28Êf¿Z� Ê~» "Z�¿ �f» |~9{ .!{ 5~ËY Ä0~ËZ4» �Y

'C� Z] 'C� ÉZ95!6Ê»¯�u � Y �{ Ä¯ d+�B Äj$f¿ "Y*e {ZjËY ÊB{��+ 59:!ZB ,h$e d,~Ë_ �Y >$~] ÊË_Z~] ,~Ë_ �{ Ã|~�
d<� ! d�Y Ê#$ËZ?Ê» '$C�e Ã{!|v» 5ËY �{ @<� ÄË_{*�.

\>�7–D�Y!¿Y 0>Ì¿Z>» 3»ÁZH» &ÌZ¿ZÌ» É�Ì6 �Ì1 Ä' \wf» �Z=c Z' D!� 0ËZÆ:e Ä' �Z=c Á}¼e �{5/220f¿Z" �f» 

\>�8–D�Y!¿Y 0>Ì¿Z>» 3»ÁZH» &ÌZ¿ZÌ»É�Ì6 �Ì1 Ä' \wf» �Z=c Z' D!� 0ËZÆ:e Ä' �Z=c Á}¼e �{280f¿Z" �f» 

Ä7Ìf¿ É�Ì6 

Ã�Y|¿Y �K0u /Ë A3$4ve 5ËY �{"Y{�B�] 59:!ZB @<� 3%R �Ë� �{ fZy ÊC$¿ZC» d»!Z4» Äf�*$? �$BÄfyZ� ! ÊuY�& �Y{-
|� .Y{ Ä¯ {Y{ "Z�¿ �K0u "*$�Y�^$-Z¯ sËZf¿Ã{Ã�Y|  ÉZ9É�$B Ã{Y{ Z~] d^a» ÊKf0^%9 �K0u Z] Ã|� Ã�Y|~¿Y ÉZ~9 É�~$B Z~] Ã|~�



́˺�

 |¿�Y{ �B_!�f#? .Ê» A5ËY�]Z#] ÄfyZ� �K0u Ä¯ {*%¿ ZR{Y "Y*eÃ�Y|¿Y ÉY�] \�Z#» Ã|� !{ �{ fZ~y Ê~4+Y ÊC$¿Z~C» d~»!Z4» É�~$B
 d�Y 3%R ."*»�: sËZf¿ÉZ9 �*O#» Ä] �K0u d<� k$<�e "ZC»Y Ê���]ÄË_@<� �{ fZy ÊC$¿ZC» d»!Z4» Ä¯ {Y{ "Z�¿ Z$¿ 

Ê~» '%R �O¿{�*» 3%R �{ ÊËZ=#e Ä] �K0u Ä¯ d�Y Ê¿Z»� �Y �f�$] 59:!ZB ,h$e d¯�u � Y �{ A@<� ,Ë_ �Ë� 3%R !{ �9|~#¯ .
£ÄË_ �{ ÄC#ËY 5%�5-0Êf¿  @<~� d<~� ,Ë_ ! �f�$] fZy ÊC$¿ZC» d»!Z4» Äh$e d¯�u � Y �{ @<� 3%R �Ë� �f» 5~ËY �{

Ê» {ZjËY 'v»{{�B .5%~� >$~y Ä] 'Uf» Äf�*$? �K0u �Y Ã{Z¨f�Y Z] A@<� DZ$6%R �Y F? �K0u É�$B�ZC] ÉZL Ä] A5ËY�]Z#]
Ä+�7 "Z»� ! É}�¿Y 8�U» �{ A3$({ ! Ä]Z�» sËZf¿ I*Uu|� |9Y*y ÊË*L .�f�$] É�$B�ZC] �Y '%R !{ 5ËY \$¯�e �KË{ É*� �Y

 f�$] ÊB{��+ {ZjËY ! DY!{Y Ê» É�$B*6L fZy �{ �|#¯ .DZ~$6%R Z] "Z»Z%9 ! ÊfuY� Ä] Äf�*$? �K0u 5ËY �Y Ã{Z¨f�Y Z] A5$#J%9
fZy d<� '$C�e 'v» k$<�e É��! Ä»Z¿�] "ZC»Y ! @<� ,Ë_ �KË{ DY!{Y É�$B�ZC] ! ÄR�Z» M$v7 dË�Ë|» �*O#» Ä] ÉZË�

)5C��Ë� qxa» (d�Y �0$».

9'Z:» 3"�ÆK 

1-� AÉ{�jf�{ �Z%.».$» Ay AÊËZ# .i AÉ�Z¯�� Ê+*f0» !.�.1383 .ÊC$¿Z~C» d~»!Z4» kyZ~� �~] É!��$? dR�� ! 3%R �$ Ze
 Ê4+Y D�*7 Ä] fZy ."*$�YZ$¿ZC» ! É��!Z�¯ ÉZ=#$�Z» Ê�|#=» Ê6» Ã�K#¯ 5$»*� .12-10ÃZ»�*Ë�=� .�#9Z~] |$=� ÃZK�¿Y{ .

"Z»�¯ ."Y�ËY .

2- Adamchuk, V. I., Morgan, M. T. and Sumali, H. 2001.  Application of a strain gauge 
array to estimate soil mechanical impedance on-the-go.  Trans. ASAE. 44(6): 1377-
1383. 

3- Adamchuk, V. I., Skotnikov, A. V., Speichinger, J. D. and Kocher, M. F. 2004. 
Development of an instrumented deep-tillage implement for sensing of soil mechanical 
resistance. Trans. ASAE. 47(6): 1913-1919.  

4- Alihamsiyah, T., Humphries, E.G., Bowers, C. G. and Jr. 1990. A technique for 
horizontal measurement of soil mechanical impedance. Trans. ASAE. 33(1): 73-77. 

5- ASAE. 2003. Soil cone penetrometer. ASAE Standards S313. St Joseph,MI. 

6- Chung, S. O., Sudduth, K. A. and Hummel, J.W. 2006. Design and validation an on-the-
go soil strength profile sensor. Trans. ASAE. 49(1): 5-14. 

7- Hall, H. E. and Raper, R. L. 2005. Development and concept evaluation of an on-the-go 
soil strength measurement system. Trans. ASAE. 48(2): 469-477. 

8- Khalilian, A., Han, Y., Dodd, R., Sullivan, M. and Gorucu, S. 2002. Technology for 
variable depth tillage in coastal plain soils. Proceedings of the Beltwide Cotton 
Conferences. National Cotton Council. Memphis TN. (in press). 

9- Krutz, G., Thompson, L. and Claar, P. 1984. Design of agricultural machinery. John 
Wiley & Sons. Inc. 

10- Sharifi, A. 2004. Development of a soil compaction profile sensor. Ph.D Thesis. 
Cranfield University. Silsoe. Bedfordshire. UK. 

11- Verschoore, R., Pieters, J. G., Seps, T., Spriet, Y. and Vangeyet, J. 2003. Development 
of a sensor for continuous soil resistance measurement. European Conference on 
Precision Agriculture. June 15-19. Berlin. Germany. 689-696. 

 



́˺̀

 
Detection of Plow Pan Layer Using on-the-go Sensor of Soil Mechanical Resistance 

Attached to Moldboard Plow 

Bahareh Jamshidi1, Arzhang Javadi2, Ahmad Sharifi3

Abstract 
Using sensors in precision farming is recently considered by most of the researchers to measure 
and improve soil physical properties. Soil mechanical resistance is one of the important factors 
affecting soil compaction, root growth and crop yield. Hence, researcher's interest increased to 
investigate the detection of the compacted soil zones. Soil cone penetrometer is being used to 
measure soil strength as a common method. However, it is time-consuming, labor-intensive and 
not practical method to determine soil compaction in a large-scale field. Therefore, there is a 
need for continuous and on-the-go method to identify the compacted zones. In this research an 
on-the-go sensor was developed to measure soil mechanical resistance under tillage depth of 
moldboard plow during operation for saving time and energy. Experimental studies were 
conducted to compare the data of the sensor before attaching to the plow bottom and data of 
vertical penetrometer in the soil bin. Non uniform soil with constant moisture content was 
prepared more compacted in a 10 cm depth where the sensor operated. The results indicated 
some similarities between the penetrometer and the new developed sensor. To study the 
possibility of the detection of plow pan with the sensor, some similar tests were conducted in 
two measurement methods (measurement with only sensor, sensor measurement with sensor 
attached to the plow bottom), and at two depths of 22.5 cm and 28 cm. Results indicated that 
soil mechanical resistances measured by attached sensor to plow bottom were more than sensor 
alone. Moreover, plow pan is made in 20-25 cm of soil layer. Therefore, the on-the-go 
developed sensor can detect plow pan during operation. It can also reduce the traffic on the field 

when it attached to tillage equipment. 

Key words: Sensor, Soil Mechanical Resistance, Continuous Measurement, Plow Pan, 
Moldboard Plow  
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