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Using Chlorophyll Fluorescence Analysis
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Development of a Multiple Regression Prediction Model Using
Temperature and Solar Radiation Variables to Forecast the
Harvest Timing of Domestically Bred Strawberry Cultivars

Na Kyoung Kim, Ha Seon Sim, Yu Hyun Moon, Tae Yeon Lee, Yong Jun Kim,

Jin Woo Lee, Tae Hyun Kim, Sung Kyeom Kim"

Department of Horticulture Science, College of Agriculture and Sciences, Kyungpook National University,
Daegu 41566, Korea

This study aimed to evaluate the effects of environmental variables on the harvest timing of the primary strawberry
cultivars and to develop a prediction model. ‘Sulhyang’ and ‘Kuemsil’ were forcing-type cultivars, and the
semi-forcing ‘Jukhyang’ cultivar was grown in soil culture type in the tunnel greenhouse from September 13, 2023,
to March 25, 2024. The flowering date was decided on and labeled as blooming when the petals unfolded at least
70% and the harvesting when the fruit was regarded as ripe when a minimum of 80% exhibited a red color.
‘Sulhyang’ and ‘Kuemsil’ with the primary flowers of the first fruit cluster, bloomed 66 and 77 days after
transplanting (DAT), while that of ‘Jukhyang’ showed 88 DAT. The cumulative temperature and total integrated
solar radiation of ‘Sulhyang’ to harvesting dates were 702.7°C and 222.6 MJ/m*. The flowering dates for the
secondary ‘Sulhyang’ and ‘Kuemsil’ flowers were delayed by 10.7% and 3.8% compared to the primary flower.
Those were retarded by 32.2% and 23.1% in the tertiary flowers. The retard to flowering date of ‘Jukhyang’ was
similar, however, the cumulative temperature and total integrated solar radiation were reduced compared to
forcing-type cultivars. The multiple regression model was developed to predict the harvest timing of the first flower
cluster for the three cultivars. The coefficient of determination for the prediction model was r* = 0.999 and the root
mean square error (RMSE) showed 0.269 for Sulhyang’, and r* = 0.999 with RMSE = 0.265 and RMSE = 0.295
for ‘Kuemsil’” and ‘Jukhyang’. This model enables the accurate prediction of the period from flowering to harvest
based on environmental variables and is expected to significantly aid in forecasting the harvest timing. In addition,
the correlation between environmental factors crucial to flowering and harvesting can be evaluated and compared

between the flowering sequences and fruit clusters of forcing and semi-forcing strawberry cultivars.

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No. RS-2024-00350029).
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Effects of Automated-Irrigation Methods to Water and
Nutrient Use Efficiency of June-Bearing Strawberries in a
Recycled Coir Hydroponic System
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The growing importance of recycling hydroponics is driven by increased hydroponic farming and the associated
environmental impact, including drainage discharge and climate change. In Korea, strawberries cover 61% of
hydroponic areas, with timer-controlled irrigation and open hydroponic systems still prevalent. This study
evaluates the effects of different irrigation methods on nutrient and water use efficiency in recycling hydroponics
using coir medium for June-bearing ‘Seolhyang’ strawberries. The experiment was conducted in a Venlo-type
greenhouse from September 2023 to March 2024. Three irrigation controls were tested: timer (TIMER), FDR
sensor (FDR), and solar radiation (SOLAR), with a 50% recycled nutrient solution, alongside a control based on
standard practice. Irrigation was set at 4-6 times for TIMER, 65+£2% for FDR, and 120J for SOLAR. Ion concent-
rations in recycled and new nutrient solutions supplied were similar, but FDR drainage had higher phosphorus (P)
and lower chloride (Cl) compared to other treatments, while TIMER and SOLAR had higher sodium (Na) levels.
FDR reduced daily irrigation and drainage by approximately 50% compared to TIMER, SOLAR, and Control.
Plant growth and production parameters were generally similar across treatments, but the dry-mass ratio of shoots
was higher for FDR. Fruit yield per ton of water was greatest for FDR (37.4 kg), followed by TIMER (19.1 kg),
Control (19.0 kg), and SOLAR (16.8 kg). FDR saved approximately 80% of fertilizer compared to Control, while
TIMER and SOLAR saved around 50%, leading to reduced CO, emissions: 15.7 tonCO»/ha/year for FDR,
compared to 36.8 for TIMER, 37.7 for SOLAR, and 72.9 for Control.

This study was supported by the rural development administration (RDA) (Project No. RS-2023-00227531).
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Effects of Different Temperature Conditions on the Growth of
Korean Angelica (Angelica gigas Nakai) Plug Seedlings in a
Plant Factory with Artificial Lighting System
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Korean angelica (Angelica gigas Nakai) is a medicinal crop mainly produced and consumed in Korea. Recently,
research on plug seedling production has been actively conducted to shorten the cultivation period and improve the
productivity of Korean angelica. However, there is little research on the optimal temperature for producing plug
seedlings. Thus, this study aimed to evaluate the growth characteristics of Korean angelica seedlings grown under
different temperature conditions in a plant factory with an artificial lighting system (PFAL). The temperatures in
the PFAL were maintained at 22/19°C (light/dark), 25/22°C, and 28/25°C, and the photoperiod was alternated for
12 hours each. The RGB light-emitting diodes (red:green:blue = 7:1:2) were used as the light source. Before
sowing, Korean angelica seeds were treated for two weeks of cold stratification to break morphophysiological
dormancy. Seeds were sown in 72-cell plug trays, and the seedlings were grown for 60 days to evaluate their
growth and development. Additionally, the principal component analysis (PCA) was employed to examine the
relationships among shoot and root development. As a result, shoot growth, such as crown diameter, leaf area, and
leaf dry weight was promoted to 22/19°C and 25/22°C than 28/25°C. Seedlings grown at 22/19°C showed larger
root volume and a greater number of root tips, and a significantly higher root:shoot ratio, which was more effective
for root development. Regarding photosynthesis, it was confirmed that net carbon assimilation tended to increase as
the temperature decreased. These results indicate that Korean angelica seedlings are active in root development and
photosynthesis in relatively low-temperature environments. The PCA results confirmed a strong correlation
between petiole length, crown and root diameter, leaf area, leaf and root dry weight, and root volume. Finally, this

study provides the research data for future Korean angelica plug seedlings production.

This study was supported by the Cooperative Research Program for Agriculture, Science, and Technology Deve-
lopment (Project No. RS-2022-RD010298), Rural Development Administration, Korea.
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Effect of Planting Density on Red Peppers Growth and Yield in
Hydroponics in a Greenhouse and Open Field

HHo'?, UME? AMFM' Md Rayhan Ahmed Shawon',
MG Rabbani', £|7|g" &74* o|2H”

Vitheka thakel Arsiak, J(AhRA| U2, A ket Anh e s ARTsk, ()

Youngae Jeongl’z, Sang-Cheol Lim?, Hyosub Shin', Md Rayhan Ahmed Shawon',
MG Rabbani', Ki-Young Choi'?, Kue-Seung Hwang®, Yongbeom Lee™"
'Department of Agriculture and Industries, Kangwon National University Graduate School, Chuncheon 24341, Korea
International Horticultural Institute, Seoul 02024, Korea

*Department of Smartfarm Agriculture and Industries, Kangwon National University, Chuncheon 24341, Korea
*Kyung Nong Corp., Seoul 06627, Korea

At 215 AZF A S 4= Q)= o] 3FekA Bt S & QIg e Aeiv B el WeiEe] 2u) e
Zrola=Z Aul 9] 7 s d & EHelskal(Jeong et al., 2023, 2024a, 2024b), H]7F] Al of| A G-a15s ATl A 4]
2 YE| ek HHE FAET 25 F(EFHOIR) 70U HE 4929 44511 9
HI8U7HA| 7 LA A s7toll A APE| STt ZATE SepH (41 n|u|E; Chip:Dust(v:v) 5:5,
W100xD15xH10cm)o]| 1135 0] A A A 2] S 23(1.825/m?), 355(2.315/m?%), 45(3.645/m*) & dra]slo] 311
T T Ao v A= AdE 2ARSIATE A ahe A 47 2| (H7 A o, A 7, A
1], FeY(h 202k A4 = 331 2)(1.825+/m, 2.315/m0’, 3.645+/m’) & 3tof TP A ufe} Fhu| e -5 = A
vfel S Ut A A = G AISIITE Al F 2 2.40/h S EAHES AMSEe] A TsERl o, A
SAFPHUOS) 13 Foll 2L 7|20& 310 A4 27] 35 ECE 1.2 dS'm”, 4] - 43U EC
1.8dS'm™ & FF3rt. th 2= A 792, Fu Al 5= 38 ol o & yhapate] AYS Tk of whet ol
& 52025 T AS2A= %44 $-45DAT, 85DAT, 134DAT of 53} 3H E/4& 2AFSHIAL,
Ba15 22 85DATHE 142DAT7HA] =335} 3int. & 571710 S 5442 vI7h a7 >
2] #E > 2t o' {OPRE Aol 5 Bl om, A o] o5t FAIA -3k LERA] itk =t
Z-Z5719] At A akEo] B2 AubA] A ejol| A ke A] 27 > B7F 27 > e A] TH]| > 2 5O
FOAAE B, QAU E 2ol A] 1.825/m” > 2.315/m’ > 3.645/m” <= 0 2 {-2J5M] -2 o] By
th 8L 57) 9] 2 H|7H 27 > e X 27 > e A] ] > t 2t 0 & Al B4 of| whE {0 RS HAl
o, A 4] of whE F-o) A= LERLEA] ehgtt). Fa1 5 0] AR IR A AU E 1.825/m’, 2,315/, 3.645+/m’
of| wha} 21z} )71 =70l A] 97.1% > 90.1% < 91.9%, =2] THH]ol| 4] 95.3% > 91.0% > 70.6%, =A] 527 of| A]

o
mo
g
t
N

o
:Cé
Ny

J

v odqm e

o 32 i

87 e



2024 (A)tad ST HSIE| YAIES

o

st ES| HHEEY

TA8% > 73.3% < T5A%E Lt A1 2l7h §et B AE o] 22 RS MO EAH oA
EhbA] 929tk £ QoA 15 B AR F10) SR A PAINA S SRS BT A4 Y
L BAA G A GO AR E84S 2go] AolA 3 BA/L M st e ML) 5,

Stk wrebA] 5o Bt
WA 2 5 571412] 29U 917 FIHS o] 915}l 3,645’ o] AR ek 2315’ of 3}
AR Fa15 YA A} o] Rl A A0 2 wekeich

w2 AT s sG] TS A Yo =3 H

32

S
-

*Corresponding author, E-mail: hydropo@uos.ac.kr

*88 e









Estimation of Greenhouse Gas Emissions in Livestock Bamms
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In the modern world, global warming is a serious problem that is predominantly caused by greenhouse gases
(GHGs). However, due to the demand of pork, NH; and CH4 emissions are increasing dramatically from swine
burns, which have a significant impact on increasing GHGs in the atmosphere. Therefore, the objectives of this
study were to measure the NH; and CH, emissions based on age, body weight gain, feed intake and different
activities of swine. The experiment was conducted in an experimental swine barn from September to December
2022 and 2023, while two pig barns and two types of concentrated diet were used. A load cell and a livestock
environment management system (LEMS) were used to measure the body weight of swine’s and NH; and CH4
emissions level inside the barn, respectively. A 2d camera was used to record the swine’s different activities on a
daily basis. The findings of the study showed that the NH; emissions were strongly correlated with body weight (r
=0.86 in 2022 and r = 0.88 in 2023) and feed intake of swine (r = 0.87 in 2022 and r = 0.88 in 2023). Moreover, a
similar kinds of result also observed for CH4 emissions. The result of the study demonstrated that NH; and CHy4
emissions significantly increased with incresing the growing stages of swine in both experimental periods (P <
0.05). In this study, It was observed that the NH; and CH4 emissions were lowest at sleeping time and highest at
feeding and excretion time. Moreover, the NH; and CH, emissions during sleeping and feeding and excretion time
were significantly different from other activities (P < 0.05). In conclusion, this research provides a valuable insights

to farmers to properly manage the GHGs emissions from livestock barns.
This research has been financially supported by the Korea Institute of Planning and Evaluation for Technology in
Food, Agriculture and Forestry (IPET) through Smart Farm Innovation Technology Development Program funded

by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (421040-04).
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Real-Time Irrigation Strategy and System Design Based on
Cumulative Reference Evapotranspiration (ETo)

Xin Wang', Seung-Hwan Hong?, Yong-Jae Lee’, Jong-Seok Park'**

"Department of Bio-Al Convergence, Chungnam National University, Daejeon 34134, Korea
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In recent years, extreme weather events have become more frequent due to rising carbon emissions. The number of
rainy days has decreased, while heavy rainfall has become more concentrated, leading to seasonal droughts that
seriously threaten agricultural productivity. Current smart irrigation systems are mainly based on soil moisture
thresholds, where irrigation is controlled by monitoring soil water content. However, these systems struggle to
accurately respond to the dynamic water needs of crops. To address these challenges, this study developed a
real-time irrigation strategy based on cumulative reference evapotranspiration (ETo) and established a farmland
irrigation system. The system monitors and collects weather parameters in real time and calculates crop evapo-
transpiration using the Penman-Monteith formula to determine irrigation amounts. When cumulative ETo reaches
1 mm, the system automatically triggers irrigation and resets the accumulated value, starting a new accumulation
cycle. The hardware of the irrigation system primarily consists of Edge devices and sensor nodes. Edge devices
manage data reception, storage, processing, and irrigation control, and are equipped with a local database and web
server for real-time data processing and display. Sensor nodes gather meteorological, soil moisture, and crop
growth data, transmitting it to the Edge device via LoRa communication modules, ensuring long-distance, low-
power data transmission suitable for large-scale agricultural environments. The system communicates with the
monitoring center via LoRa wireless communication and uploads data to a cloud platform for storage and further
processing. All devices are powered by batteries charged through solar panels, ensuring continuous system
operation. By employing effective irrigation strategies, this system enables precise, small-scale, and frequent
irrigation in farmland, thereby improving water productivity. It effectively addresses the challenges posed by

extreme weather and water shortages, offering a more sustainable and accurate solution for agricultural irrigation.
This work was supported by Ministry of Agriculture, Food and Rural Affairs of Republic of Korea (322077-3,
Development of water supply technology and foundation for universal use of paddy fields according to changes in

agricultural environment).
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Water Demand Estimation System for Greenhouse Tomatoes
Based on Crop Monitoring with Deep Leaming and
Evapotranspiration Model
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Development of Ventilation Rate Measurement Methodology for
Assessment of Emission Factor from Naturally Ventilated
Cow Houses
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Deep Leaming-Based Temperature Monitoring System for
Pepper Seedlings in Controlled Environments

Samsuzzaman', Md Nasim Reza'?, Md Razob Ali', Kyu-Ho Lee',
Yeon Jin Cho’, Dong-Hee Noh*, Sun-Ok Chung'*"
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Temperature regulation is a critical factor in the growth and development of pepper seedlings, particularly in
controlled environments. Optimal conditions are essential for maximizing yield and quality. Traditional manual
temperature monitoring is time-consuming, inefficient, and prone to errors. Moreover, it fails to capture the
dynamic temperature changes that occur throughout the day and night cycles. To address these challenges, a deep
learning-based temperature monitoring system was proposed to extract and monitor pepper seedling temperatures
in controlled environments. In this study, 7-day-old pepper seedlings were grown in a plant factory for 15 days
under three distinct environmental conditions: light intensity (50, 250, 450 pmol m™ s™"), temperature (20°C, 25°C,
30°C), and day/night cycles (8/16, 12/12, 16/8 hours). To develop the model, captured 15 thermal images per day in
with three replication, resulting in a comprehensive dataset of 2,025 images. The images were meticulously
annotated using an online annotation tool to ensure accurate labeling of temperature regions. The dataset was then
divided into 80% for training and 20% for testing, following standard machine learning practices. The model was
designed to extract temperatures from each leaf and correlate them with the thermal image color bar. For real-time
temperature extraction, minimum and maximum temperatures were extracted, and the color bar was based on that
range, finally model was used to detect each leaf temperature and map with that color bar to extract the right
information. The model demonstrated exceptional performance, achieving a training accuracy of 98% and a testing
accuracy of 97%, with an overall accuracy of 98%. Temperature extraction accuracy reached 92% to 95%, with a
remarkably low misclassification rate of 0.07%. These results highlight the potential of deep learning-based
thermal image analysis for precise and automated temperature monitoring in pepper seedling cultivation. This
technology offers a valuable tool for optimizing growth conditions in controlled environments, potentially

improving crop yield and quality while reducing labor costs and human error.
This work was supported by the Korea Institute of Planning and Evaluation for Technology in Food, Agriculture
and Forestry (IPET), through Smart Farm Innovation Technology Development Program, funded by Ministry of

Agriculture, Food and Rural Affairs (MAFRA) (Project No. 421035-04), Republic of Korea.
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Development and Validation of Low-Cost Indoor Air Quality
Monitoring System for Swine Buildings
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The optimal indoor environment is associated with comfortable temperatures along with favorable indoor air
quality. One of the air pollutants particulate matter (PM) is potentially harmful to animals and humans. Most of the
farms have monitoring systems to identify other hazardous gases rather than PM due to the sensor cost. In recent
decades the application of environmental monitoring systems based on Internet of Things (IoT) devices that
incorporate low-cost sensors has elevated extensively. The current study develops a low-cost air quality monitoring
system for swine buildings based on Raspberry Pi single-board computers along with a sensor array. The system
collects data using 11 types of environmental variables along with Temperature Humidity CO,, Light Pressure and
different types of Gases PM;, PM, s, and PM;,. The system is designed with a central web server that provides
real-time data visualization and data availability through the Internet. It was tested in actual pig barns to ensure
stability and functionality. In addition there was a collocation test conducted by placing the system in two different
pig barns to validate the sensor data. Overall a scalable, portable non-complex low-cost air quality monitoring

system was developed within 948 successfully.
This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and
Forestry (IPET) through Smart Farm Innovation Technology Development Pro-gram funded by Ministry of Agri-

culture Food and Rural Affairs (MAFRA) (421040-04).
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Development and Performance Evaluation of
Cucumber Greenhouse Environment Prediction Model Using
Physics-Informed Neural Networks
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Monitoring and Modeling Greenhouse Hydroponic Tomato
Evapotranspiration for Precision Iirigation
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Performance Evaluation of a Lora-Based IoT Environmental
Monitoring System for Greenhouse Management

Md Aminur Rahman', Hongbin Jin%, Shahriar Ahmed', Kyu-Ho Lee'?,
Md Nasim Reza'?, Sun-Ok Chung'*"

'Department of Agricultural Machinery Engineering, Graduate School, Chungnam National University,
Daejeon 34134, Korea
Department of Smart Agricultural Systems, Graduate School, Chungnam National University, Daejeon 34134, Korea

Greenhouse management relies heavily on precise environmental monitoring to optimize conditions for crop growth
and resource efficiency. With the advancement of internet of things (IoT) technologies, LoRa-based systems offer a
promising solution due to their low power consumption, long-range communication, and ability to support multiple
sensors. This study aims to evaluate the performance of a LoRa-based IoT environmental monitoring system
designed for real-time data collection in greenhouse management. Four LoRa-based sensor nodes were used inside a
greenhouse simulator, sized of 2.44 m x 3.05 m x 2.74 m. Data was collected four times with an interval of 10
minutes each, where each sensor nodes configuration were different (one to four nodes). Data was gathered by
configuring 1, 2, 3, and 4 nodes consecutively. Performance profiling was done using Android Profiler, monitoring
CPU usage, RAM consumption, and network activity. Custom Python scripts were utilized for processing the
collected trace data. For statistical analysis, paired t-tests were performed, with a significance level set at p < 0.05.
Results showed that increasing sensor nodes from one to four led to a rise in CPU utilization from 2.5% to 7.1%,
RAM consumption from 45.2 MB to 72.8 MB, and network activity from 0.8 kB/s to 3.1 kB/s. Latency measure-
ments revealed an average end-to-end latency of 195 ms (range: 170-230 ms) and an actuator response time of 245
ms (+30 ms). The system maintained a high data transmission success rate of 98.7% and an average Ul refresh rate
of 2 Hz across all setups. Statistical analysis showed significant differences in resource utilization and latency across
configurations (p < 0.05). A positive correlation was observed between the number of sensor nodes and system
latency (r=10.89, p <0.01). Despite increased latency, the system maintained real-time responsiveness, with actuator
response times remaining under 300 ms for all configurations. These findings demonstrated the efficiency of the
Android application in managing increased data loads while maintaining acceptable latency, making it suitable for
real-time greenhouse monitoring. Future work will focus on optimizing latency for larger-scale agricultural environ-

ments and implementing predictive analytics for proactive greenhouse management.
This work was supported by the Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and
Forestry (IPET) through Smart Farm Multi-Ministry Package Innovation Technology Development Project, funded

by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (Project No. RS-2024-00399854), Republic of Korea.

*Corresponding author, E-mail: sochung@cnu.ac.kr

* 101 ¢



2024 (At Y ST HSIS| YAE S| & FAHSELES| YH=Y

Fuzzy Logic-Based Precision Light Control for Enhancing
Plant Growth and Antioxidant Levels in Sweet Basil
(Ocimum basilicum L.) on Small-Scale Platforms

Jung-Sun Gloria Kim'?, Siun Lee?, Sehyun Jeon®, Soo Chung'**"

'Integrated Major in Global Smart Farm, College of Agriculture and Life Sciences, Seoul National University,
Seoul 08826, Korea
*Department of Biosystems Engineering, College of Agriculture and Life Sciences, Seoul National University,
Seoul 08826, Korea
*Research Institute of Agriculture and Life Sciences, Seoul National University, Seoul 08826, Korea

Even though many research have stated that light modulation based on plant growth can enhance growth rate and
antioxidant levels in plants, few research have implemented and proved the hypothesis because of several reasons such
as limited hardware platforms. This research aimed to design a cultivating algorithm for sweet basil regulating LED
lights based on fuzzy logic control (FLC) according to growth stages and validate the effects of the algorithm on growth
rates and antioxidant levels in plants through empirical cultivation experiment. In case of FLC, the input variables were
growth stages (Germination, Seedling, Vegetative), stress based on cultivating days (Sprouting, Seedling, Vegetative,
Harvest), and temperature (Very Low, Low, Medium, High, Very High), and the output variables were Red, Blue,
White, and UV whose membership functions are (Very Weak, Weak, Medium, Strong, Very Strong) each except for Red
(Weak, Medium, Strong, Very Strong). All variables were controlled based on 13 fuzzy rules for 40 days from sowing to
harvest. The algorithm was loaded on three same platforms in the size of 350.4x363.0x506.3 (mm) for the outer,
296.0%296.0x307.3 (mm) for the inner with plant spacing of 70 mm. For component analysis, top leaves and bottom
leaves were picked and fresh weight of each of them was measured and Total Flavonoid Content (TFC), Total Phenol
Content (TPC), and DPPH antioxidant activity were analyzed at 33 days after sowing (DAS), 37 DAS, 40 DAS. On the
last day of harvest (40 DAS), fresh weight of all leaves from one complete basil plant per a platform was measured and
total amount of the component was analyzed. In result, fuzzy logic-based light control was precisely operated on
platforms changing in photosynthetic photon flux density (PPFD) throughout growth stages from 88.97 to 195.73
pmol/m?*/s with changed ratio of Red to Blue from 3:1 to 1:1 continuously. The fresh weight from whole basil plants at
40 DAS was 19.24 g on average, indicating increase of 28% in fresh weight compared to previous research. In case of
TPC, it showed two times higher level of 1,489.50 mg/kg than that of previous research (736.22 mg/kg) at 37 DAS. This
study provided the potential utilization of fuzzy logic-based light modulation control for high quality plant production.

This work was supported and funded by The BK21 FOUR, Global Smart Farm Educational Research Center, Seoul
National University; Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and Forestry
(IPET) through Technology Commercialization Support Program, funded by Ministry of Agriculture, Food and Rural
Affairs (MAFRA) (Project No. 500-20240174); and Electronics and Telecommunications Research Institute (ETRI)
grant funded by the Korean government (500-20230256).
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Evaluating the Impact of Sensor Density and Antenna Gain on the
Performance of Lorawan Networks

Hongbin J in', Shahriar Ahmed®, Md Aminur Rahman®, Md Rejaul Karim?,
Md Nasim Reza®, Sun-Ok Chung**
'Department of Smart Agricultural Systems, Graduate School, Chungnam National University, Daejeon 34134, Korea

’Department of Agricultural Machinery Engineering, Graduate School, Chungnam National University,
Daejeon 34134, Korea

Abstract: The Internet of Things (IoT) technology plays a pivotal role in smart agricultural communication. LoRa,
as an important component of IoT technology, has garnered significant attention for its potential applications in
smart agriculture. However, LoRa’s signal strength and data integrity are affected by various environmental factors
and antenna gains in different application scenarios. Assessing different antenna gains in a real greenhouse
environment is crucial for ensuring the reliability and efficiency of sensor signal transmission. This study aims to
evaluate the impact of antenna gain on the communication performance of LoRaWAN-based sensor nodes under
greenhouse conditions. Four sensor nodes were designed and equipped with Arduino MKR WAN 1310, integrating
an antenna for transmitting temperature and humidity data via the LoRaWAN protocol. Data were collected using
the SenCAP M2 LoRaWAN Gateway and transmitted to The Things Network (TTN) server, with subsequent
reception and decoding on a PC via the MQTT protocol. Three antenna gains—2dBi, 3dBi, and 5dBi—were tested
for their effect on the packet delivery ratio (PDR). Each sensor node transmitted data every 10 seconds, resulting in
60 transmissions over 10 minutes. Statistical analysis was performed using CRD LSD pairwise comparison. The
findings revealed that the average PDR was 100% with a 5dBi gain for 1 and 2 nodes, decreasing to 98.889% with
three nodes and 94.444% with four nodes. Statistical analysis indicated no significant difference in PDR across 1, 2,
and 3 nodes for gains of 2dBi, 3dBi, and 5dBi. However, a significant effect of antenna gain was observed at 5dBi
when four nodes were deployed. While the study demonstrates the efficacy of performance, it recommends further
research to address the impact of varying distances in a real greenhouse environment.

Key Words: Greenhouse, [oT, Wireless communication, LoRaWAN, Sensor node

This work was supported by the Korea Institute of Planning and Evaluation for Technology in Food, Agriculture
and Forestry (IPET) through Smart Farm Multi-Ministry Package Innovation Technology Development Project,
funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (Project No. RS-2024-00399854), Republic

of Korea.
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Prediction of Feed Intake during Growing Finishing Stage of
Pigs Using Machine Leaming Model
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Study on Intelligent Optical Image Analysis Method for
Early Detection of Pests and Diseases in Open-Field Fruit Trees
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Assessment of Human Exposure during Pesticide Spraying Using
Wide-Area Sprayers and Drones
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