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[Abstract]

In this study, an open-field smart farm system was implemented and monitored, integrating various smart agricultural
technologies to ensure stable crop production and enhance management efficiency. The monitoring system provided valuable
insights into field conditions relevant to the cultivation of soybean in paddy fields, enabling the identification of key environmental
and crop growth parameters. Specifically, plant growth sensors indicated the potential to estimate the soybean harvesting season,
while soil sensors effectively detected waterlogging and drought conditions in different soil textures, as determined by soil
moisture and tension values. The applied results of smart agricultural technologies, such as subsurface drainage, crop growth
monitoring, and environmental monitoring, are expected to serve as valuable references for open-field smart farm management and

the development of related smart farming systems.
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Table 1. Measurement items and sensor specifications
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Solar radiation 0 ~ 1,750 (W/m?) N = ]}i] (qY:{Yid MM SD) N efakar, v
2 107 2] A E] 1 2z
Precipitation 0 ~ 400 (mm/h) 10702 A" 1 3.
Wind direction 0 ~ 359 (°)
Wind speed 0~ 30 (m/s) m
- Sensor data - Data format - Values by Column - Data set
Allin One  Gust speed 0~ 30 (m/s)  Data logger “romdars
Weather \é\/:rfstgfr Air temperature -50 ~ 60 (°C) J8 1. ¥ ol Mx2| 1k
Vapor pressure 0 ~ 47 (kPa) Fig. 1. Workflow for field data preprocessing
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relative umidiy o — 100 (%) 93, GLECOE SN AN L2 W F 2o A}
. 650, 810 nm S3kalth XBHHL A Aolol A A el = dolS
NDVI radiance (W-m > nm ) W BARS Agete] ‘om’ B2 WA HojE w)
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Body temperature Table 2. Field data processing and formulas
Matric Matric potential -9 ~ -2,000 (kPa) Category Field name Description
Potential : ;
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moisture  Sensor Egturatlon extract 0 ~ 20 (mS/cm) E?]E{nulars/ temperature Value - Body temperature (°C)
conversions (Value - (Sensor length —
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3(em), 2 em), A em), PG/ ZRAD, Sol i
d 5, 232k AEP(YYYY-MM-DD), =Hem), 2%
(cm), ZAEl(mm), =F]FON/ A, Selatd (83 5), 33]
2k 737 (em), e (mm), =N/ ZRAD, A0/ 71A),
AFG/NAD, S EE  F), 43z 57
(YYYY-MM-DD), Z3(cm), el (mm), wF]5=Gl/71A),
BEAFEOVAAD, /A, FFONAAD), BHS (),
THF(g), T¥(keg/10a), oA, F3l, =5 5).

WL, 2 A(auger)E o]-&3dto] EE(0~20 cm)E 44

AR AF3EE AFAST B2 30 F 2 mm Aol A8 A
522 ARSI o, sENTA EYseHRA ol F=oko] &
AR 14]. pH(1:5)+ ZAPH=%¥(SevenExcellence

>

Weather
- Solar radiation, Precipitation, Wind direction, Wind speed,
Gust speed, Air temperature, Vapor pressure, Atmospheric
pressure, Relative humidity

Q

;\7/

vAg
<
»

Data logger
Data collection and transmission 7o co. Javel

g : Plant growth
s
- Normalized difference vegetation index(NDVI)
_ Photochemical reflectance index(PRI) I
Infrared radiometer(IRT)

Water level
- Water temperature
- Electric conductivity

Soil moisture
- Water content

- Matric potential

- Soil temperature

d8 2. A0IESY 7|8 7|8 X AOIER FHE
Fig. 2. Overview of an open-field smart farm based on
smart agriculture technology
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Science Equipment Ltd, Australia)® =43}t Auj>E ol HFaE Jo] BS-o] AME A A 4= gJom =z Hj
o) Al AvelA BAFAAS) Zolg SANAT, & w59 v A8 el WS Fastch @A Gel
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FE, W HHE O B, FHS v BYH A 2R
w2k, A, RS Eo k% = 22 Ao} Ak F7e N7 A5 7to] 9lof Eo # aro)ar,
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Table 3. Soil chemical and physical properties in paddy soybean field
; Exch.cations (cmol® kg™) Soil Texture
Area bH OM1 P2051 SIO21 Sand Silt Cl
(1:5) (gkg™) (mgkg™) (mgkg™) + 2 2+ * &l I &y
K Ca Mg Na (%) (%) (%)
58.5 35.1 6.4
Yeongdeog 7.3 30.5 173 249 0.3 10 2 0.2
(Sandy loam)
55.8 26.3 17.9
Soil series Geumijin” 0.1 8.6 2.5 0.5
(Sandy loam)
, 35.4 46.9 17.6
Sangju 6.3 37 101 220 0.3 7.4 2.3 0.1
(Loam)
. 20.5 52.3 26.3
Geugrag 0.2 5.9 3.8 0.2 -
(Silty loam)
Soil series
32.6 47.4 20.0
Jisan” 0.3 4 1.9 0.1
(Loam)

"The soil depth range is 0 to 20cm
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Table 4. Information of automatic weather observation system in Yeongdeog and Sangju
Region Classification Site No. Latitude (°) Longitude (°) Elevation (m) Distance (km)*
ASOS(KMA) 277 36.53336 129.40924 42 5.2
AAOS(NAAS) 766851E001 36.56831 129.39595 17 0.077
Yeongdeog
AWS(KMA) 844 36.43551 129.35859 22 23
MM(NICS) - 36.56888 129.40699 14 -
ASOS(KMA) 137 36.40837 128.15741 96 28
Sangiu AAOS(NAAS) 741862E001 36.43992 127.94446 294 0.363
AWS(KMA) 834 36.44122 127.9442 284 0.827
MM(NICS) - 36.43728 127.94143 291 -

KMA; Korea meteorological administration, NAAS; national institute of agricultural sciences, NICS; national institute of crop sciences
“The distance from the weather sensors at each branch to the weather observatories, including ASOS, AAOS, and AWS.
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20 A
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Air Temperature(°C)
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200 200

b » —e—YD_ASOS(KMA) e —e—SJ_ASOS(KMA)
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—s—YD_AWS(NAAS) 2 —s—SJ_AWS(NAAS)

160 —o—YD_MM(NICS) 160 —0—SJ_MM(NICS)
140 140
120 ° 120
100 100

Precipitation(mm)

c —e—YD_ASOS(KMA) —e—SJ_ASOS(KMA)
—o—YD_AWS(KMA) —0—SJ_AWS(KMA)
&0 —o—YD_AWS(NAAS) —o—SJ_AWS(NAAS)
—o—YD_MM(NICS) —o—SJ_MM(NICS)
=z 50
E
N
= 4.0
%
@
=9
@ 3.0 |
=
=
o=
= 2.0
1.0
00 [ 10 1l 1L 1
Jun. Jul. Aug. Sep. Oct.

8 3. HEX|ME J|MH0lH H]il a. PHY-7[2(°C), b. E-ZZ(mm), c. YY-EX(m/s), d. AF-7|2(°C), e. AF-Z=2Hmm),
f. AF-ZL(mis)

Fig. 3. Comparison of weather station data: a. Yeong deog-air temperature(°C), b. Yeong deog-precipitation(mm), c. Yeong
deog-wind speed(m/s), d. Sangju-air temperature(°C), e. Sangju-precipitation(mm), f. Sangju-wind speed(m/s)
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Table 5. Collected field data items for paddy soybean
cultivation

Scope Type Classification

Solar radiation, Precipitation, Wind direction,
Sensor | Wind speed, Gust speed, Air temperature,

data | Vapor pressure, Atmospheric pressure,
Weather Relative humidity

Installation location(Latitude, Longitude,

Meta Elevation), Installation height, Installation

data direction, Sensing period
Sensor | \nvi. PRI, IRT
data

Meta | Installation location, Installation height,
data | Installation angle, Measurement range

Seeding time, Emergence time, Flowering
date, Maturity date, Emergence rate,

Field | Number of hills, Height of first pod, Plant
Plant | Survey |height, Stem height, Node number, Stem
growth data | diameter, Branch number, Number of pod,
Seed number, One hundred seed weight,

Grain weight, Grain yield

Project number, Cultivation year, Cultivation
area, Crop type, Variety name, Seeding

’\4:,:: method, Planting distance, Planting density,
Amount of applied fertilizer, Pest control and
weeding, Irrigation date

Sggts:r Water content, Matric potential, Water level

Soil

moisture | Meta Installation location, Burial depth, Burial
direction, Soil texture, Sensor length,

data Above—ground length of the sensor

+ (1t 36.3690515, (lone.) 1284067034, (altitude) 10.1m.
Pml M tric potential9(T21G20020307
T2 ¢

e PRI i .cmmmmu) B
= Port5: IRT 2 (BOTI6

« (lat) 36.5687879, (long ) 128.4067654, (altitude) 17.8m
+ Port T: Matric potentiabL(T21G2001216)
L

- (lat,) 36.5684442, (long) 1 2940686, (altirude)S.9m
» Part L: Weather-(ATM-$10008809)
= Port 2: Matric potential 7(T21G20002077)

b

Data loggar§
<26-18693>
Pungal

* Semsorles ngh(ﬂn) 150
# Above-ground lengthof the sensor(em): 40

Data logger-§
<26.18689>
Seonyubo

Data logger-13

u 1) 36.4376241, (lomg.) 127.412927, (altitude)

r\ma Water content-5(T12-001075%)

+(1at) 36.437277, (long) 127. 941391, alitud 2) 284.8m
» Part 1 Weather-2(ATM-10005548)

OB 10. AEZY MM X a. Y, b, AF
Fig. 10. The sensor layout: a. Yeongdeog, b. Sangju
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