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Laboratory performance evaluation of a low-cost capacitive soil moisture

sensor for fine- and medium-textured soils

IFAWA LIUNTAR' weAns Fuuna' Jsde lan’
UARNST 1A' WAL TAUE TNDAUNS"
Natthapol Laowatthanarassamee', Pongsakorn Heepkaew', Watcharachai Jainam',

Napassakorn Chulee' and Chuphan Chompuchan'

unAnNsa

<o < a a aa = A o o a o P
rutadinauTuluAuLuy loT Inetanizalaadranviiuerasiad Ay ntanldouluaiuiiunig
L o oA = ' P g a P < ' @ c a
gatlszniuuaiugl esainisnaignuaznavauessianisilasuulasronudulunulisanide adelsfimumuises 1on

==y s o P = A 9 o ! & o a4 = o
mﬂwsnwlmunummumnmLﬂum@qimum?mmummgquﬂmﬂﬂmﬂummqmuhmu TICHAIMHINNISEINEAY

&

A a P g PR P - X X = Ao ' ° =

satlafuluiuiinensnssy udseinendmumes Soil Stick Taidumumasnianmineg ludsunalng innnsifiey
v a & a a & & A o o a a

nsguiuAuleazidaaua AUl una A InuRinERsnssn ludamdnngs Insanniaieuninsg ez

AMNANAUSTE NI A L AR INA AT e SN TaNAe i uLesn NodeMCU ESP32 duaAimaanduluaulna3uimsg

'
a aa

uanTAdENLd aunafiausnasguetluganniswyuinanid 3 TaafA1 RMSE Wity 0.07 cm’.cm” aniiutsziiu

anssnuzniInadaANduluAuRaeimues Soil Stick MifituN1nsguuas Wieneuiumwges SM100 3adu

wwaedlAFunisfisuninsgululieAunaianguainisenundn wudn A1 RMSE 1esiauiges Soil Stick winiu 0.07

'
° '

cm’.em” anndaiures SM100 NRA1 RMSE winiu 0.08 cm’.cm® wanannil anANfaiia Nideiaedan1snmadn
U3 s Soil Stick HAN 0.78 wilanalidndanssnuzlunisnsadaeglunneiauin luanefivumas SM100 Jda
o a ﬂ‘ nI/ [ v o o 1 ol o =
fatiasnidesiueeininmadn 0.66 ulanalidndanssouzlunisnsadneglunueis naannisdiuifisunimnsgiu
Mliaugesiaonududnlunisaseadnaandufuiazainisonnawgeillldouineatuantiuiunis i
Tnaatseniuliesinaiylss@nsnan

AmdAy: wuedinannduiueian @i acsduluiulaeFaangs nsdssifiuanssouslussAudies jiknas

T ANSAAINTINANERT NUNILAY NVANENRELNHATAIART INLIANTUNILA

' Faculty of Engineering at Kamphaeng Saen, Kasetsart University Kamphaeng Saen Campus
: Corresponding author. E-mail: Chuphan.c@ku.ac.th

Received: April 21, 2023; Revised: June 29, 2023; Accepted: August 29, 2023



RMUTSB Acad. J. 11(2) : 254-264 (2023) 256

Abstract

loT soil moisture sensors, especially capacitive types, play a vital role in precision irrigation due to offering
cost-effective and rapid soil moisture monitoring. However, low-cost capacitive sensors often require accurate
calibration specific to agricultural soil textures. This study focuses on calibrating Soil Stick sensors, commercially available
in Thailand, using fine and medium-textured soils from agricultural areas in Phetchaburi Province. The calibration process
establishes an equation relating the sensor's output voltage, connected to the NodeMCU ESP32 microcontroller board, to
volumetric water content. The calibration results revealed a third-degree polynomial equation with an RMSE value of 0.07
cm’.cm’. The performance evaluation was conducted using the calibrated Soil Stick sensor compared to the SM100
sensor, a factory-calibrated for various soil types. The Soil Stick sensor exhibited a lower RMSE value of 0.07 cms.cm's,
whereas the SM100 sensor had an RMSE value of 0.08 cm’ cm . Furthermore, the confidence index of measurement
(Cl) demonstrated that the Soil Stick sensor achieved a value of 0.78, indicating a very good measurement performance,

while the SM100 sensor yielded a Cl of 0.66, denoting good measurement performance. The sensor's accuracy in soil

moisture measurement was enhanced through calibration, enabling efficient control in irrigation applications.

Keywords: capacitive soil moisture sensor, volumetric water content, laboratory performance evaluation
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Figure 2 Location of soil samples and soil texture (USDA classification system).
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Table 1 Properties of soil samples.

. 3 -3
volumetric water content (cm™.cm ™)

soil bulk
field permanent
soil sample land use soil texture density saturation
3 capacity wilting point
(p,) g.cm
eSAT eFC ePWP
SMO1 mixed crop silty clay 1.24 0.53 0.40 0.23
SM02 pineapple sandy loam 1.47 0.45 0.22 0.12
SMO03 durian clay loam 1.31 0.51 0.33 0.18
SM04 mixed crop sandy clay loam 1.39 0.54 0.46 0.32
SM05 durian cay 1.22 0.45 0.23 0.14
SM06 mixed crop sandy clay loam 1.45 0.48 0.26 0.16
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Figure 3 Capacitive soil moisture sensor (a)

WaterScout SM100 and (b) Soil Stick.

Table 2 Soil moisture sensors specification.

specification Soil Stick SM100
supply voltage 3.30-6 V 3-5V
oscillator frequency 1.31 MHz 80 MHz

voltage,
output voltage

%VWC
output range (voltage) 0-3 (V) 0-Vipu V)

0% - saturation
output range (%VWC) -
(typical 50%)

accuracy N/A +3% VWC
operating temperature 0-70 °C 0.50-80 °C
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Figure 4 Measurement of soil moisture using soil

stick sensors.
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Table 3 Criteria of performance evaluation
based on the confidence index (Cl)

(Jiménez et al., 2019).

Cl performance
>0.85 excellent
0.76-0.85 very good
0.66-0.75 good
0.61-0.65 regular
0.51-0.60 unsatisfactory
0.41-0.50 bad
<0.41 awful
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Figure 5 A calibration curve of Soil Stick sensor.
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Table 4 Comparison of calibration equations from other researches.

researcher sensor soil texture equations R?
Kulmany et al. (2022) SKU: clay loam 0y = —45.89 + 0.6351F — 0.0017F% + (1.32 x 107®)F? 0.89
SEN0193 sandy loam 0y = 26.40 + 0.1154F — 0.0006F? + (5.41 x 10~7)F® 0.81
silt loam 6y = 59.23 — 0.0823F — 0.0002F? + (3.20 X 1077)F? 0.85
Pramanik et al. (2022) SKU: SEN0193 loam oy = 118.98¢0:003F 0.83
Pahuja (2022) SoilWatch10 loamy sandy 0y = 0.724 + 10.946V — 11.245V? + 6.030V3 0.99
Bitella, Rossi, Bochicchio, Vegetronix sandy — 28.034 0.89
Perniola, & Amato, (2014) VH400 clay loam Y 1+ e((llg.ﬁz?sgw)
sandy loam
this research Soil Stick silty clay 8y = 1,118.05 — 1,769.36V + 933.96V? — 164.41V? 0.70
silt loam
clay loam
sandy clay
loam clay

F = sensor output frequency, V = sensor output voltage.
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Figure 6 Validation of Soil Stick and SM100 sail

moisture sensor.
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Table 5 Comparison of statistical analysis results.

performance calibration validation
evaluation Soil Stick Soil Stick SM100
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