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Introduction

Subsoiling is a critical tillage operation for many crops, particularly sugarcane, due to the impact of agricultural
machinery traffic and its significance in managing heavy-textured and compacted soils. Given the extensive size of
sugarcane fields and the time-intensive nature of subsoiling operations, the application of intelligent control
techniques for monitoring and managing these processes is of considerable importance. Currently, subsoiling
operations are monitored using manual gauges. This approach involves collecting a limited number of samples per
hectare, typically after the operation is completed, which makes it nearly impossible to implement real-time
corrections. To address this limitation, the development and implementation of a depth measurement system offer a
promising solution. Such a system enables real-time observation of working depth by both the operator, via an on-
screen display, and by a remote observer through an online platform. This capability allows for immediate
adjustments during the operation, ensuring greater precision and efficiency. Furthermore, by integrating recorded
depth data with geospatial information, it becomes possible to generate detailed maps illustrating depth variations
across the field. These maps can serve as valuable tools for further evaluations, such as performance monitoring in
areas where subsoiling depth deviates from the desired range, either being too shallow or excessively deep. This
technological advancement has the potential to significantly enhance the accuracy and effectiveness of subsoiling
operations in modern agricultural practices.

Materials and Methods

This study focused on the design, development, and evaluation of a depth measurement system for a
subsoiler attached to a track-type tractor, specifically tailored for sugarcane fields. The system not only provided
real-time depth display but also recorded the location and transmitted it online. The research employed three
distinct depth measurement techniques and was conducted using a randomized complete block design with split
plots. The main plots are the three depth measurement techniques: based on the angles of the driving profiles of
the subsoiler shanks (T1), the laser distance measurement method (T2), and the ultrasonic distance measurement
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method (Ts), and sub-plots are depth ranges at three levels: 0-30 cm (Ri: surface range), 30-60 cm (Rz: mid-
range), and 60-90 cm (Rs: deep range). Initially, we calculated the absolute difference between the depths
recorded by the system and those measured manually with a rod at each location. Following this, we analyzed
key statistical indicators, including the average, standard deviation, and the minimum and maximum of errors,
for comparison.

Results and Discussion

The results showed that the depth measurement error was significantly influenced by the technique
employed. The angle technique yielded the lowest average error of 1.91 cm, while the ultrasonic technique
resulted in the highest average error of 3.83 cm. Across all depth ranges, statistical indicators for depth error
were significant. Specifically, within these ranges, the deep range exhibited an average depth error of 2.33 cm,
and the surface range had an average error of 3.65 cm. Statistical analysis revealed that only indices related to
minimum and maximum errors for interactions between factors were significant. The lowest minimum error
value (0.05 cm) was observed with the angle technique at deeper depths, whereas the highest minimum error
(0.34 cm) occurred with ultrasonic measurements at shallower depths on surfaces. Similarly, maximum errors
followed this trend: The lowest maximum error (3.21 cm) was associated with angle measurements at deeper
depths, while ultrasonic measurements on surfaces yielded a higher maximum error (8.63 cm). Both laser and
ultrasonic techniques consistently demonstrated greater errors across all three depth ranges compared to angle-
based methods. This discrepancy may be attributed to inaccuracies inherent in rangefinders when their beams
encounter obstacles like clods or pits during field operations. Notably, as working depths increased across all
measurement techniques, errors in depth measurement decreased significantly due to reduced vibrations from
subsoiler devices at greater depths, thereby minimizing vibration-related inaccuracies.

Conclusion

The results indicate that the depth measurement technique based on the angles of the driving profiles of
subsoiler shanks exhibits superior accuracy in determining the working depth of subsoilers mounted on tractors,
particularly during sugarcane field operations. The laser distance meter technique ranked second in terms of
accuracy, while the ultrasonic distance meter method demonstrated the least precision. Notably, as working
depths increased, reduced vibrations during operation were observed, leading to enhanced accuracy in depth
calculations across all techniques. This improvement is attributed to decreased mechanical disturbances at
greater depths. Overall, measurements within deeper ranges achieved higher levels of accuracy compared to
those at shallower surface ranges. This trend suggests that operational conditions and device stability play
significant roles in optimizing measurement accuracy.

Keywords: Angle sensor, Depth monitoring, Laser distance meter, Precision farming, Ultrasonic distance
meter
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A- The system constructed for the angles technique; (a and B): the angles sensors of the profiles, and (P): the processor with
the monitor
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C- The system constructed for the ultrasonic technique; (a):
the angle sensor of the ultrasonic sensor holder relative to the
horizon, (u): ultrasonic sensor, (h): holder boom, and (P): the

processor with the monitor
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B- The system constructed for the laser technique; (): the
angle sensor of the laser sensor holder relative to the horizon,

(s): laser sensor, (h): holder boom, and (P): the processor
with the monitor
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Fig.4. Images of the construction of the system based on different depth measurement techniques

ém).o d)ﬁlm JS.\M lJ 9 wy.}s cLdeg)s 4 joy).o ul)lx‘
Ve Mbbd_o&ﬁ 9)».46,:'.«»0 @9‘&&&’0&‘)3.3.};
485 Jlai 53 live Bas 03 lgicdy (o g8lo A+ U V- l) st b
MW
Tk jlasyie S lalyd 3 L)l Al ye sl 2l
Loaddp )b S slacs,S jogy 4 (ol JalS clacSsl (o)l
i Bos b ybyy Jold Lol glaes S b eoliiwl ) S5 dw
7 B GLaby) gaw dw ) (S5 s )3 aileb
U9y (05— laadld S yoe sl ol Lilgj slise
=P OS5 (Foolb miwalols ) g (65 giwalols
ARE RPN é_A.C @a_w dw ).3 d_,o.c ;O.L?u) LSLQM‘J JAL«)
duu»9) 45 L.A_Q)Lrn )LE.»J‘ é.9|9 ).3 .JJ.)}J Lg)muutw ﬂ’—;’
§ lgi oo o] Sglite (gla S & drgi by (s os il

GPS Clicurdge S SIS 58 Cambyo i psbiion
oS, caln e ool .ab eolazwl Ublox Neo M8N .
Gos yg—ed Laodly L)l (gl b o oLeJl Unblox
0w yd jl e g,Soilasl yloj g (SLSe CunBgo 0l g yS oIl
9 (ke | oaiiwyd p ol b edlaiwl GPRS SIM800C
Clas d Ol e p (e (Sl slaoriu ) o 3 )8
ods ddye g L SIMCOM o SLiaS bawg g 1] oo

ol

5 Sl (55w 59y 518 A pe 93 53 ilel (251 56
Wl (oS 3l odlatul dls o jd .0 pldil ds e Loyl o S
8l g8 g9y ol & Juate dilols L ol o 0S5 05 9 3952
9 (Lr’él?) Lo Lgl.m‘}o.c ox u9l.c.: L}Ua.o 448 uai:l.w 9 A o3l>
U 00,8 duwbre ddsl oxiwcons cps aibols | gie slb gos



1PeF bl oF o )loids O oo (55 y9bis sl 4y piis Y0 Y

Bas slalba jLias 1 il

Sl S8y, (sl 1 (S B o) fonn il
Ly Aol 4Slhe 5l e da osld bawgio jabody amd o lis
Al bl Hho 4 oo daodly I lacgome Hlre il il (]
Sl (SaSTy g a1l an S35 laosls a5 cul ]
a2y b (Sasly Sl )i jlame Slpzal & Jls 5 145>
O Cglay 3o ju 8 jlae Byl 6590 (pl 45 bl o ol
ol Jla5 3590 Sy (sl gade e g Aol Bl (gla Gos
Gos slalas jlas Glsul e (glol (asls ol 5l eslawl b
e Gl (Bmas ilizee gladialy ) (oxiw as lagsby) ¢l
291 38155 unlie 5 gl il L5 (S5l

s = J Letw o)
n

Sblie sl es gls sllas )08 Jlre ilyoal S abaly ol o
g5 llae 518 (8o o H32a L) e aln g ek
e )18 di (e 5lw) gy als g ailobs jLoliie (sl o
g {(yto s5lw) calizee bl& )5 g )de doo g lolos (sla Bos Cigles
Bl e )S a sladiges dluss

Gas slalkd Jisfaa g Slas

Lo (SuSTy sl sl 5l 5)se 90 ooy yiSlis o Jols
9 BBl 059y oyl )d imd o Ui 1y laedly ol sy asaly &S
oo dio g wlols blie sla Goc p AW sllas 08 iSlas
e 5 ool 5l pad s 93 ol Bl e a3 )50 &) 0 4l
3j92 slagby) 5l Sy EBd (e w300 U5 &S
Opred g Cusl pade il 3590 Bes cilie (slaaiely )3 5 (2L
o=l do dag b ol 1 cwl e as bl gl ST
Iy 0add (glmodly iz cly s diold W ilgs o oyl
sl dnsly edly IS (gl (gaiiue glab g 15l Cunday

Cull 5 98 5 9 wbobs (b))

S5 g9y ol adgl (oriwcomo byl 4 barye gl
Ol i S50 slacus a8 5 b))k iz J)am ol
o Sp (Primiges Cilite la by, Sl e slages 45 o>
©olds 3dkae ju8 (1Ske Al o L))l 2)90 Slee sloGes
o Bl VYY g +/AY /AN i iy ol g L (sla s
(B JS8) dol cudey Gyl g 554 blys slagsbyy sl

ang b3 g adl ausly M Bes (6ySojlul e l5ue s
slrgas ol oo 9 u.._mf OI)’,,A S 5 Ja;l).w &
I8 ansi d)ge Bas il aiely aw 13 5 by aw ol (b))
RO

9 -5 3)90 o el & (S e sl ©F 2 b
gl ol o b ai)S el ) e Ve K sladises A3 S
oo alio oy 10 5j00 Beas dlold 4y (S ) ey oy p G
s S5l Cap B (3 rizmen 285 5 S
=S iy oo b cwly 4 Bl 4 ag b bo S Sliges
b Blod e # Gl g (S8 05 ) 0ose I Gl

Sk il (B0 Bos 0fg cnl 3 b)) 2,90 pa3LE
Pl Jsbo 53 aileb calisee (slagyby) (abj)l 9 €85 (lse ()
0 g Sl o wgy 00 B 580l Ges e lojen «lles
Goe g9 Ve ©pS o Sl a03)S G (s gye b (oo
Aaidyge sl sas blie ciglay lanl.as obs)l zyde e 5 wilolus
2B Oygody wd gyds dle g dilolo SIS dai a0
Gl n e «,l Lo j23ls s g odel Conday sllas
LAS dwlbre )5 4 sl Ges slallas Sl 5 JBls (lse
ohgy 4o Bola Lol slaSely o)l )b 4 a2 b ol 5
045,53 d)LJ slajasls sools wads B )b S oS
Oeolee (wimen Wab Sl g 4325 MSTATC Jl3dle 5 bawgs
28,5 )5 duglie 3)90 (SIS (glaials Ay 903l g, 4 Slaw

Lagadl s o jlasl (shi g
Bas slalbed (1aSils
45 sl Lol 53 (635 50 slapasls Sl (S ((F dlall) (ke
l) Q] oaly & S le?d..g )fl oS Cowl Wodly E9ooxo )‘l dlb.ﬁ%u
059 o_;.l 5 '\—‘55"" S (S o.\;isd.il)l Egome )D pudtd 43\)|
oo o g dilols jblie (sla Gas oy OS] Blas ;08 W Slo
el et oyl 3 dliasl L 150 .l Jaiyg0 58y 5
loaials > (xiwgos bghs) slp Goe ol (1Ske
Dy led duslis ¢ gzl sl LB Ges calise
- dy+dy,+-+d
d= 1 2 n (\;_)
n
u9L.O) L}_UM )A_.é 6dn 9 e ‘dz ‘dl ‘()muulw) C)J.A d.l.u:: 9 Aol
g (o ilw) @)S yb calisee blis ) gz jde dls g dilol (sla Gos

b e )8 s sladiges dliss N




YO¥ L £ l50 50 o Bes 1S i ol 551 3 Sl o2y oy Kak 5 g1

B Angles technique/ Lly; Suss

a e
Doy
R oy e
S S o
a\\ﬂ NN‘_‘
a\==
aaaam v—1v—1
Vi i
s I|

el bt gl L) ) e slages
Depths resulting from different measurement technique

5CM 10CM

[
=}
9!
=

Ultrasonic distance measuring technique / sl o alols Sy

30CM  40CM

B Laser rangefinder technique/ g3 g aleld SUsS

nn
— -
==

||“

M 70CM B80CM 5S50CM

82.2

50CM 6

Ls sl 3es

ol (65w (Sgy 2 Slole Srwcous —0 JSW
Fig.5. System calibration on a fixed platform
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Table 2- Analysis of mean square (MS) variance of depth measurement error indices

- AT S T e R e .
XTI gﬂ}' 4?;: Gos s e aol\-;_quaa J-‘ﬂ;» wh-; glbs S ‘;»
. egree 0 Mean o inimum o aximum o
Sources of variations freedom depth Standard deviation  gepth error depth error
errors of depth error
Ssb Block 2 0.61 0.04 0.006 5.19
ST Y) Depth measuring
M technique (T) 2 8.32** 1.91** 0.028** 23.58**
a glas Errora 4 0.03 0.01 0.001 0.69
S (ﬁ;“" Depth range (R) 2 4.21%* 0.54%* 0.071** 11.61%*
(T*R) Jtize 51 Interaction (T*R) 4 0.04 0.04 0.002** 0.08**
b las Error b 12 0.02 0.03 0.001 0.02
() a5 Coefficient of 5.1 183 2.2 2.61

variations (%)

* and **: Significant at 5%, and 1% probability levels, respectively 1oy gz Jhin! polaw ) o dre o gy 7% o *

*L}a.c d);a)‘l.xﬂ L;lb_'& dhzua_&u wi:l.m d..u.ub.n -y JS»
Table 3- The means comparison of depth measurement error indices®

sl (SSke ) , . ) o " o
Josi s Gos ks -)li.-xn Al ol & slas Jolas & sls 2Slas
Treatment Standard deviation of depth Minimum of depth Minimum of depth
Mean depth error (cm) error (cm) error (cm)
error (cm)
(Pt B (99
Depth measuring
technique (T)
Ko 1.91c 053¢ 0.12b 449D
Angles (T1)
S5 2.93b 1.03b 0.22a 5.48b
Laser (T2)
2l 383a 146a 0.21a 7.66a
Ultrasonic (T3)
Gos duld
Depth range (R) (cm)
0-30 (R1) 3.65a 1.29a 0.28a 6.97 a
30-60 (R2) 2.69b 0.89b 0.17b 5.96 b
60-90 (Rs) 2.33¢ 0.83b 0.11c 4.71c

W gy gime Sglds Jlain] dopd B s 53 s S yidie By )b &S ola (Sl (g o 0*

*In each column, the averages that have common letter(s) do not differ significantly at the 5% level.
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Fig.6. The comparison the average of depth errors related to the interaction effect of different depth measurement
techniques and different depth ranges
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Fig.7. The comparison the standard deviation of depth errors related to the interaction effect of different depth
measurement techniques and different depth ranges
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