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Abstract

The purpose of the research was to develop an automatic in-field weather station specifically for use in agricultural
environments. The station was set up for use in a variety of weather conditions and research plant species. To
present the data collected, a smart system named Met4Agriculture was developed. Five sensors were included in the
solar powered in-field weather station design: light intensity, temperature, relative humidity, rainfall, and soil moisture
measured at a depth of 10 centimeters. The Thai Meteorological Department calibrated sensors for temperature,
relative humidity, rainfall, and soil moisture; Silpakorn University was responsible for the calibration of the light intensity
sensor. The calibration results showed that temperature and relative humidity sensors had an accuracy deviation of
approximately 1 °C and 1-3 %RH, respectively. The variance of the rainfall sensor was + 3 mm. The variance of the
rainfall sensor was + 3 mm. The light intensity sensor had a deviation 1.17 times less than the actual measured value.
The soil moisture sensor’'s measured moisture level trended in the same direction as the calculated soil moisture level,
with a coefficient of correlation between the two values close to 1. Additionally, a program was designed to run on
the LILYGO system and develop the Met4Agriculture program. The system could connect data from the loT NETPIE
system to display the measurement data from the station. The program referenced the station’s measurement points
using the ID and token from the NETPIE system and further developed it into the Met4Agriculture Application, which
is compatible with all platforms. It can display historical data for analysis of seasonal changes and set thresholds for

each parameter that impacts agricultural crop performance during different seasons.

This research outcome enables the development of a low-cost prototype for an automatic in-field weather
station monitoring system for agricultural field. The prototype system shows statistically significant measurement
accuracy comparable to that of standard instruments. The developed stations were installed in all five regions in
Thailand, this system can continuously collect, transmit, and display real-time monitoring data through a web

application and real-time mobile applications, compatible with both iOS and Android operating systems.

Keywords: Automatic weather station system, Met4Agriculture program, loT NETPIE system, sensor
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LaEANNT RN EARALAN (AM2315C 3% ASAIR,
SHT31 Uaz RS485- AHT15 ) TULTHLTO T0NA 5311 (Michell
hygrometer) uEadli Table 1

ngaiguinen
Table 1 Calibration results of temperature and relative humidity sensors and Michell hygrometer
MICHELL AM2315 correction SHT31 correction AHT15 correction
T H T H T H T H T H T H T H
9.40 90.40 9.50 90.61 -0.10 -0.21 9.85 88.30  -0.45 2.10 9.50 90.00  -0.10 0.40
9.40 90.40 9.52 90.51 -0.12 -0.11 9.88 88.74  -0.48 1.66 9.53 90.10  -0.13 0.30
9.40 90.50 9.53 90.59  -0.13 -0.09 9.80 89.00  -0.40 1.50 9.53 90.95  -0.13 -0.45
9.40 90.40 9.60 9048  -0.20 -0.08 9.80 89.20  -0.40 1.20 9.58 90.00  -0.18 0.40
9.40 90.30 9.59 9040  -0.19 -0.10 9.78 88.80  -0.38 1.50 9.51 90.00  -0.11 0.30
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Table 1 Calibration results of temperature and relative humidity sensors and Michell hygrometer (cont.)
MICHELL AM2315 correction SHT31 correction AHT15 correction
T H T H T H T H T H T H T H
9.30 79.50 9.49 78.60  -0.19 0.90 9.65 78.00  -0.35 1.50 9.55 7962  -0.25 -0.12
9.30 79.50 9.52 78.68  -0.22 0.82 9.65 7780  -0.35 1.70 9.52 7962  -0.22 -0.12
9.30 79.30 9.53 7840  -0.23 0.90 9.73 7760  -043 1.70 9.40 79.41 -0.10 -0.11
9.30 79.40 9.48 7849  -0.18 0.91 9.66 7765  -0.36 1.75 9.44 79.41 -0.14 -0.01
9.30 79.50 9.49 78.60  -0.19 0.90 9.66 78.00  -0.36 1.50 9.46 79.55  -0.16 -0.05
19.00 5850  19.18 5824  -0.18 0.26 1921 5630  -0.21 2.20 19.21 58.92  -0.21 -0.42
19.00 5850 1919 5859  -0.19 -0.09 1950  56.10  -0.50 2.40 19.20 58.55  -0.20 -0.65
19.10 5840 1920 5800  -0.10 0.40 19.40  56.00  -0.30 2.40 19.23 59.05  -0.13 -0.65
19.00 5850  19.18 5872  -0.18 -0.22 19.33  56.00  -0.33 2.50 19.20 58.50  -0.20 0.00
1910 5840 1921 57.95  -0.11 0.45 19.52 5630  -0.42 2.10 19.20 58.90  -0.10 -0.50
2910 4750 2917  47.88  -0.07 -0.38 2950 4557  -0.40 1.93 29.30 48.85  -0.20 -1.35
2910 4750 2917 4769  -0.07 019 2950 4530  -0.40 2.20 29.30 48.82  -0.20 -1.32
2910 4760 2919 4774  -0.09 014 2960 4568  -0.50 1.92 29.20 4868  -0.10 -1.08
2920 4760 2930 4777  -0.10 017 2970 4556  -0.50 2.04 29.30 48.68  -0.10 -1.08
2910  47.30 2918 47865  -0.08 035 2960 4533  -0.50 1.97 29.28 48.62  -0.18 -1.32
3910 3720 3915 3853  -0.05 -1.33 3944 3550  -0.34 1.70 39.27 40.05  -0.17 -2.85
39.20 3670 3920  38.28 0.00 -1.58 3969 3490  -0.49 1.80 39.40 40.02  -020  --3.32
3920 3770 3922 3895  -0.02 225 3958 3510  -0.38 1.60 39.40 39.90  -0.20 -3.20
3920 3770 3933 3819  -0.13 -149 3970 3500  -0.50 1.70 39.38 39.90 -0.18 -3.20
3920 3650 3925  38.01 -0.05 -1.51 3969 3500  -0.49 1.50 39.40 39.60  -0.20 -3.10
4910  17.30  49.21 18.61 -0.11 -1.31 4955 1752  -045 -0.22 49.23 2152  -0.13 -4.22
4910 1740 4922 1859  -0.12 -119 4953 1765  -0.43 -0.25 49.20 2153  -0.10 -4.13
4910 1720 4923 1836  -0.13 -1.16 4955  17.44 045 -0.24 49.24 2166  -0.14 -4.46
4910 1720 4924 1838  -0.14 -1.18 4952 1740  -0.42 -0.20 49.26 2148  -0.16 -4.28
4910  17.30 4922 1830  -0.12 -1.00 4952  17.35 042 -0.05 49.26 2136 -0.16 -4.06
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Rain Gauge
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Tripping budget

rain gauge »
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Figure 3 Tripping budget rain gauge (0.2 mm/tip)
and calibration kit

Table 2  Result of rain gauge calibration
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m’;aﬁ'@qmwgﬁuazmw%ué’uﬁ'ﬂﬁ AM2315 3% ASAIR
fanuamandoulunmsaraiadafisuiuimumes
419931% (Michell hygrometer) ﬁaﬂﬁqa fa Uszanm 1
DIFLTALTUR LAz 1-3 %RH aNs1aU

1.2.2 mauifisuiaiesiadSinanindu o wos
seufisudunasgweiesile nsuaqiuaing aundn
m‘ma‘uL“?']mJm‘%'aaﬁai’@ﬁﬁmmvlﬂummgm ISO/IEC
17025:2017 ﬁm‘g@aamﬁmuﬂ%mmﬁmu Rain Gauge
Callibrator 31 260-2595 184155 Novalynx uazfiaas
fiue3asiaUSunmiuuuudionszan (Tripping budget
rain gauge) ‘Yll‘ﬁ‘n@aall?m@ 0.2 mm/tip uae 0.5 mm/tip
@4 Figure 3 mnuummmmwﬂimm*nmvxm"h fa 250
ml, 500 ml, 946 ml LLavuumﬂ'm"l@fﬂ’mLﬂsaa'mﬂsmm,
dunuufenszanagessie MoIITANANIRALLTLL
Lﬂéaﬁ@ﬂ‘%mmm{muﬁumaauLﬁyummgm uaaalu
Table 2

volume of Counter 9 Counter 9
water (ml) 8 Inches Counter Test1 correction 8 Inches Counter Test2 correction
250 38.5 39 -0.5 15.4 14 1.4
38.5 38 0.5 15.4 13 2.4
38.5 38 0.5 15.4 14 1.4
500 77.0 76 1 30.8 29 1.8
77.0 77 0 30.8 29 1.8
77.0 77 0 30.8 30 0.8
946 145.8 146 -0.2 58.3 56 23
145.8 145 0.8 58.3 55 3.3
145.8 146 -.02 58.3 58 0.3

WANBLAG test 1 Uaz test 2 Ao taTaviaUTinaduuuuiienzanilinasousiia 0.2 mmitip uaz 0.5 mm/tip AWFIGL

aInInIzuan = nrth (1)

=n.

lag

r Ao Sedlhndsiasindu (140 = 25.4 Tadluas)

1 NUNANAAALYAT (mm’) = 0.001 HaddAT
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NANNIRAULAUNLIN LATaIIaUSu el 1
WUUHIENTEANTAa 0.2 mm/itip Aanuaanaiafanlu
NMIFaLLEUNLLATaIIANHUNIAIIIU +3 WafLuas

1.2.3 goULiuUL T NNl nEY

NI MIse U RBUAaNLTwluE®
fe3Fialagtiawin (Gravimetric method) MuWENN3
ﬁﬂmmmmw%ﬂuaumaamu"’;%’muyﬁﬁ LRZATAS
(2551) Hrunaueait

- tharegrsaulaluasuziwin 5 lu
Tagidiasin 0, 25, 50, 75 uaz 100 N3y

- Saanutuludulumausns 5 lu @
werosfiadl 1-3 #a TDR Soil Moisture Sensor, Lon
Soil Moisture Sensor L&z Soil humidity sensor @MU16L
udtuiind 1y
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2819418 (simple correlation)
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. & S
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Table 3

Table 3 TDR Soil Moisture Sensor calibration results
> > g a2 9"; ' P <
e 2 =) S c ~ AMAMNTHINNLLWLL DT (%)
£ . z_ 2 _ c&g
«g [ & 3T ‘E C) N =
b3 B a;Cg 3 vg )€
= = < =
% 2 aog s é A1 A2 A3 A4 A5 A6 A7 A8 A9 A10
580.0 0 580.0  543.7 7 8 88 10 6 9 7 8 10 12 9
580.0 50 630.0 542.3 16 20 27 25 24 25 17 19 20 21 19
580.0 100  680.0 5425 25 31 35 35 29 36 32 25 26 28 27
580.0 150  730.0  730.0 34 38 42 53 39 47 44 37 36 42 33
580.0 200  780.0  780.0 44 53 48 61 46 54 58 53 47 53 44
FFul AN ansunus 1.00 0.97 0.99 0.98 0.99 1.00 0.99 1.00 0.99 1.00
WangLAa: A1-A10 fa irwseiziia TDR Soil Moisture Sensor §1u3t 10 iawizad
= [ U
1.2.4 FAUMHULTILTTIANMNLTNILES 's

ROULNBURIIAANUITULFILLUWNN Digital
Lux Meter 989131 PEAKMETER 31 PM 6612 Nuw1
1931A337% Lux meter 289U38N EKO 3% ML-020SO
SIN S14057.15 3¢ sensitivity LYiNNU 0.2055 pV/Ix U8
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Figure 4 The calibration of a digital lux meter at
Silpakorn University
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Figure 5 A graph showing the relationship of lux between
Digital lux meter and Lux meter
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Figure 6 The graph shows average light intensity
in each range
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Figure 7 (a) structural drawing for installation of
the Automatic in-field weather station
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Figure 7 (a) structural drawing for installation of
the Automatic in-field weather station
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Figure 8 Radiation shield
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Figure 11 Met4Agriculture application display output data from automatic in-field weather stations
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Figure 12 Met4Agriculture application QR code
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