





Effects of Controlled Iirigation Frequencies Using Load Cell on
Growth and Abscission of Apical Meristem in Different
Strawberry Varieties
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The objective of this study was to investigate the influence of various water content on flower bud initiation as well
as abscission of apical meristem in different strawberries. Seedlings were planted in trays of 24 cells filled with a
commercial root medium (total porosity, container capacity, and air-filled porosity were 83.9, 74.2, and 9.7%,
respectively). The load cells were calibrated to set 4 different irrigation frequencies (51%, 48%, 41%, and 34%).
Fertigation was started at 10 days after seedling transplantation and the solutions contained N-P,05-K,0 (18-18-18,
Haifa Chemicals Ltd.) in all the treatments with different frequencies until transplanting to plastic boxes. 60 days
old seedlings were then transplanted to rectangular sized plastic boxes filled with the same root medium and
allowed to grow for another 60 days with equal fertigation levels in all the treatments. The emergence of
inflorescence and abscission of apical meristem was investigated visually while plants were growing. Data on
growth and tissue nutrient contents of mother plants, and root medium chemical properties were analyzed. The
abscission of apical meristem was highly significant, and the maximum was found in plants of 34% treatment in
each cultivar. Data on the root medium pH among the treatments (5.41-6.07) were statistically significant. The
greatest growth of seedlings in terms of dry weight was observed in plants of 51% treatments, on the other hand the
lowest growth was in those of 34%. Furthermore, the tissue nutrient content of ‘Altaking’, ‘Keumsil’, and
‘Vitaberry’ strawberries were statistically significant, and the highest was in 51% on the other hand the lowest was
in 34%. In addition, the tissue N content of ‘Altaking’, ‘Keumsil’, and ‘Vitaberry’ strawberries at their highest
growth was 3.76, 3.65, and 3.68% respectively, and at the maximum abscission of apical meristems was 2.60, 2.54,
and 2.58% respectively, based on the dry weight of the aboveground tissue. However, significant differences
observed in dry weights of the seedlings’ and the abscission of apical meristems among treatments of irrigation
set-points in all strawberry cultivars tested. The above results indicate that the flower bud differentiation, abscission
of apical meristem, and growth of strawberry seedlings were influenced seriously by the irrigation frequencies and

the set-point of 51% in irrigation showed best results.
This study was made with the support of the “Development of Digital Cultivation Technology for premium Exports
of Newly Breed Korean Varieties of Strawberry” project (Project number: RS-2023-00223015), Republic of

Korea.
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Effects of Different System Methods on Growth of Pelargonium
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Cucumber is used and studied in various fields, such as food and beauty, due to their unique taste, aroma, and
moisture. The cucumber is a crop that responds sensitively to environment. Therefore, systematic management
methods such as nutrient, moisture, temperature, light, and CO, concentration are required for cultivation. In
particular, in the spring with particulate matter pollution and in the summer with a rainy season, sunlight is blocked,
which hinders crop growth and can cause damage that reduces fruit yield. For that reason, the need for
supplemental light and CO, fertilization research on improving photosynthetic capacity for growth and fruit
production is increasing. Therefore, this study evaluated the effect of CO, fertilization on cucumbers when
supplemental light during periods of low solar radiation. Cucumber seedlings of the 'Sindong’ cultivar were planted
on July 6, 2023, in a fully saturated coir medium. As for the treatment, supplemental light and supplemental light
with 800 1 mol-mol™CO,, and non-treatment was placed as the control. Supplemental light was performed for 4
hours immediately after sunrise, and CO; fertilization was performed for 3 hours starting 1 hour after sunrise. The
treatment started on July 31, 2023, when it was considered that the female flowers had bloomed. The light intensity
of the supplemental light was set to 150 1 mol-m™s". Plant height, leaf length, leaf width, number of leaves and
nodes, stem diameter, and SPAD were measured every week. In order to investigate the fruit yield, the number of
female flowers was checked and harvested for 15 days, and fruit length, fruit width, hardness, and fruit weight were
measured at each harvest to evaluate fruit characteristics. As a result of the experiment, there was no significant
difference in plant growth and fruit characteristics. However, regarding fruit yield, supplemental light increased by
about 18%, and supplemental light with 800 » mol-mol™:CO, increased by about 31% compared to the control.
Fruit yield per plant was significantly higher in supplemental light with 800 than in the control. The results of this
study can be used as basic data for cultivation technology that overcomes the low solar radiation period by using
supplemental light and CO; fertilization.

This work was carried out with the support of “Cooperative Research Program for Agriculture Science and
Technology Development (Project No. RS-2022-RD010422)” Rural Development Administration, Republic of

Korea.
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Identification of Environmental Stress in Lettuce Seedlings
Through Machine Vision-derived Image Features in Controlled
Environment
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Optimal plant growth within a controlled environment highly depends on environmental factors such as light,
temperature, water, humidity, and nutrition. Any deviation from the ideal condition of these factors induces abiotic
stress in plants, thereby limiting their normal growth potential. Detecting and mitigating plant stress is vital to
ensuring the effectiveness and productivity of plant factory operations as well as the final yield. This research
presented an approach for early detection of environmental stress during the early growth stage of lettuce seedlings
in a controlled environment using image-extracted features. To identify the effects of environmental stress on
lettuce seedlings, they were grown for two weeks in five small chambers. The environmental conditions in each
chamber were varied, with different temperatures (20, 25, and 30°C), light intensities (50, 250, and 450
pumolm?s™), and day and night hours (8/16, 10/14, and 16/8 h). A microcontroller with a low-cost RGB camera was
used to automatically capture images from the top of the lettuce seedling canopy every day for two weeks. Color,
texture, and shape features were extracted from the segmented RGB images of the growing seedlings. A one-way
ANOVA and Duncan analysis were performed on the extracted features to check the statistical significance of the
treatment effects. Sequential feature selection (SFS) was used to select the most relevant features for developing
stressed and non-stressed lettuce seedling classification models. To achieve optimal classification results, a support
vector machine (SVM) model was used. The implemented SVM model effectively identified and classified stressed
seedlings with an accuracy of 86%. Our proposed research showed promising capability to identify stress in lettuce
seedlings during their early growth stages, enabling timely interventions to minimize yield losses within controlled
environments. The obtained results show significant promise, and there is potential to further develop the
framework into a prototype. This prototype could then be validated in real-world field scenarios to ensure its

practical applicability.

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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Improving the Performance of Plant Disease Classification Model
through Residual Connection-Based DCGAN
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Growth of Grafted Cucumber Seedlings as Affected by
Different Cultivars and Supplemental Light Sources during
Low Radiation Period
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To harvest cucumbers with marketability, high-quality seedlings must be used. Producing seedlings in the
greenhouse during the low radiation period deteriorate marketability due to insufficient light for growth.
Supplemental lighting with artificial light of different quality can be used to improve low light conditions and
produce high-quality seedlings. Therefore, this study was conducted to select the proper supplemental light sources
on growth and seedling quality of grafted cucumber seedlings during low radiation. Three cultivars of cucumber
were used for scion; NakWonSeongcheongjang, Sinsedae, and Goodmorning baekdadagi. Figleaf gourd
(Cucurbita ficifolia) ‘Heukjong’ was used as the rootstock. The seeds were sown on January 26, 2023, grafted on
February 9, 2023. After graft-taking, cucumbers in plug trays were treated with RB light-emitting diodes (LED, red
and blue LED, red:blue = 8:2), W LED (white LED, R:G:B = 5:3:2), and HPS (high-pressure sodium lamp),
respectively. Non-treatment was used as the control. Supplemental lighting was treated for 19 days during 2 hours
before sunrise and 2 hours after sunset. The stem diameter and fresh and dry weights of roots have no significant
differences by supplemental light sources. The plant height and hypocotyl length were decreased in W LED.
However, the leaf length, leaf width, leaf area, and fresh and dry weights of shoots were the highest in RB LED.
Seedling qualities such as crop growth rate, net assimilation rate, and compactness were also increased in RB LED
and W LED. After transplanting, most growth was not significant, but early yield of cucumber was higher at LED
treatments than non-treatment. In conclusion, using RB LED, W LED for supplemental light source during low

radiation period in grafted cucumber seedlings improved growth, seedling quality, and early yield of cucumber.

This work was carried out with the support of “Cooperative Research Program for Agriculture Science and
Technology Development (Project No.RS-2022-RD010412)” Rural Development Administration, Republic of

Korea.
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Development and Application of a CFD-DEM Model for
Simulating Snow Distribution of Greenhouses
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Correlation Analysis of Crop Growth Data on Total Soluble Solids
and Fruit Weight of Apple Watermelon
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Estimation of Growth Parameters and Total Phenolic Contents of
Various Lettuce Cultivars with Computer Vision and Machine
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Ju-Seok Jeon', Sang-Ki Jeon', Jong-Seok Park'*"

'Department of Bio-Al Convergence, Chungnam National University, Daejeon 34134, Korea
“Department of Horticulture Science, Chungnam National University, Daejeon 34134, Korea

Lettuce is the most popular leafy vegetables produced in plant factories. The current methods for measuring growth
parameters and phenolic contents in the plant factory can be destructive, time-consuming, laborious, and greatly
affected by the subjective factors of the experimenters. In this study, we used computer vision to extract the 15
phenotypic variables (size, morphology, and color) from top-view images and machine learning to predict growth
parameters (fresh weight, dry weight, and leaf number) and total phenolic contents (TPC) of 34 lettuce cultivars.
Extreme Gradient Boosting (XGB) and Support Vector Regression (SVR) were used as prediction models, and a
total of 408 images and 102 images were used to predict growth parameters and TPC of the lettuces, respectively.
XGB was used for both the prediction model and to explain the importance of each feature, and SVR was
performed to improve the accuracy of the prediction model. The XGB model for fresh weight and dry weight
showed the highest the feature importance for the projected area, while features related to convex hull were
important for leaf number prediction. In the total phenolic contents prediction, the feature importance of the
variables related to color and morphology, such as circularity, was high. The SVR model produced better prediction
performance than XGB in all criteria. The coefficient of determination (R?) of the SVR for fresh weight, dry
weight, leaf number, and TPC were 0.853, 0.801, 0.730, and 0.616, repectively, and root mean square error
(RMSE) were 13.750, 0.824, 2.592, and 0.477, respectively. Furthermore, this study presented the possiblility to

predict real-time growth parameters and the total phenolic contents of various lettuce cultivars in the plant factories.

This work was supported by Institute of Information & communications Technology Planning & Evaluation (II'TP)
grant funded by the Korea government(MSIT) (No.RS-2022-00155857, Artificial Intelligence Convergence
Innovation Human Resources Development (Chungnam National University)). This research was conducted as a
joint research fund between Korea Institute of Science and Technology Information(KISTI) and Chungnam

National University.
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Leaf Area Prediction in Leafy Vegetables using CNN Model and
Evaluation of Evapotranspiration Model Applicability
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Development of a Machine Leaming-Based Model for Optimizing
Winter Greenhouse Energy Consumption
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Field application and Assessment of Micro Dust Reduction System
in Peach Sorting Room
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Pesticide Spray Drift caused by Drone Aerial Applications and Its
Influencing Factors
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Aerodynamic Prediction for Greenhouse Complex using
Computation Fluid Dynamics (CFD)

Anthony Kintu Kibwika, II-Hwan Seo"

Department of rural construction engineering, College of Agriculture and Life Sciences, Jeonbuk National University,
Jeonju 54896, Korea

To address the impact of climate change and soaring food insecurity, FAO predicts that food production has to be
increased by 60% by 2050. In korea, adaption of large scale high-tech greenhouses complexes on reclaimed lands
has been a potential strategy. The reclaimed land has wind environmental characteristics with frequent higher wind
speeds than inland areas. Prior to establishing the greenhouse complexes on the reclaimed lands, it is important to
predict issues that may arise inside the large-scale greenhouse as a result of the external environmental factors and
greenhouse proximity. To evaluate aerodynamic characteristics in greenhouses, natural ventilation and flow pattern
analyzes have been widely used. These analyzes do not take into account the impact of micro-climate effect to crop
growth. The purpose of this study was to perform aerodynamic analysis for greenhouse complex with multiple
greenhouses using CFD to analyze greenhouse proximity effect. The study also aimed at making ACDI
(Aerodynamic crop damage index) to analyze the model considering aerodynamic impact to crop growth according
to direction and frequency of the external wind. It was found that the ventilation of all greenhouses was below the
minimum ventilation requirement for tomato crops when the wind direction was 0° and 90°. 75% of the
greenhouses satisfied the requirement when the wind direction was 45°. According to wind direction, ACDI
revealed that crops are more prone to aerodynamic damage when the wind direction is 0° and 90° compared to 45°.
ACDI showed up to a 2.2-fold difference according to greenhouse locations, and up to a 15-fold difference in
according to wind directions. It was proposed that the greenhouses should be oriented 45° to the external wind
direction. Installation and control of an internal auxiliary ventilation system is required to improve internal

ventilation performance in the greenhouse complex on the reclaimed land.
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Dynamic Energy Analysis of Building Integrated Rooftop
Greenhouse for Energy Saving
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Differential Day and Night Temperature Treatment for Enhanced
Production Efficiency and Cannabinoid Contents in Indoor Hemp
Clultivation

Gwonjeong Bok', Seungyong Hahm?, Juhyung Shin', Jongseok Park"*

'Department of Bio-Al Convergence, Chungnam National University, Daejeon 34134, Korea
"Department of Horticultural Science, Chungnam National University, Daejeon 34134, Korea

This study aimed to determine the optimal day-night temperature difference for indoor cultivation to enhance
flower yield and the content of functional components in female hemp plants. Hemp clones were used, and five
different levels of temperature difference between day and night (DIF) treatments were applied during the
reproductive stage. The daytime and nighttime temperature settings were as follows: 18:30 (negative 12 DIF),
21:27 (negative 6 DIF), 24:24 (0 DIF), 27:21 (positive 6 DIF), and 30:18 (positive 12 DIF). Seven weeks after
transplanting, analyses were conducted on growth parameters, leaf gas exchange, total phenolic compounds, DPPH
scavenging, and cannabinoid contents. The results revealed that the total shoot biomass was highest at 21:27 and
lowest at 30:18. However, the flower biomass, which is the primary production site, was highest at 24:24 and
lowest at 18:30. Photosynthesis-related parameters were temperature-dependent and strongly correlated with
biomass production. The cannabinoid content in hemp leaves increased under 21:27, while hemp flowers showed
an increase under 27:21. These findings suggest that a temperature difference of positive 6 DIF is most conducive
to flower production in female hemp, especially in limited indoor space. In the future, these research results can be

applied in the field of indoor crop cultivation technology.

This work was partly supported by Institute of Information & communications Technology Planning & Evaluation
(IITP) grant funded by the Korea government (MSIT) (No.RS-2022-00155857, Artificial Intelligence Convergence
Innovation Human Resources Development (Chungnam National University)) and “Cooperative Research
Program for Agriculture Science and Technology Development (Project No. PJ017063022023)” Rural Development
Administration, Republic of Korea.
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Evaluation of Machine Learning Models for the Stress
Classification of Pepper Seedlings Grown in a Controlled
Environment

Samsuzzaman', Sumaiya Islam*, Md Nasim Reza'?, Ka Young Lee?, Md Razob Ali',
Md Shaha Nur Kabir'”, Yeon Jin Cho®, Dong-Hee Noh’, Sun-Ok Chungl’z*

'Department of Agricultural Machinery Engineering, Graduate School, Chungnam National University, Dagjeon 34134, Korea
"Department of Smart Agricultural Systems, Graduate School, Chungnam National University, Dagjeon 34134, Korea
*Department of Agricultural and Industrial Engineering, Hajee Mohammad Danesh Science and Technology University,
Dinajpur 5200, Bangladesh
“Jeonnam Agricultural Research Extension Services, Naju 58213, Korea
>Jeonbuk Regional Branch, Korea Electronics Technology Institute (KETT), Jeonju 54853, Korea

Environmental factors such as temperature, humidity, light intensity, nutrients, and CO; levels can greatly affect
plant growth, leading to visible changes. Advanced technologies enable stress analysis using image based
monitoring of plants. However, acquiring large amounts of data and identifying key features requires machine
leaming (ML). ML models distinct plant morphological features of various stress conditions, overcoming the
manual methods for features like shape, color, and texture analysis. The objective of this study was to evaluate
different ML models to classify pepper seedling stress levels by extracting meaningful features from RGB images.
Five chambers in a controlled plant factory, two-week-old pepper seedlings were placed and exposed to different
environmental conditions of temperatures (20, 25, and 30°C), light intensity (50, 250, and 450 pmolm™s™), and
day-night hours (8/16, 10/14, and 16/8 h). An inexpensive RGB camera integrated with a microcontroller was used
to capture images from the top of the pepper seedlings over two weeks. Color, texture, and morphological features
were extracted from images using the gray-level co-occurrence matrix (GLCM). To eliminate feature redundancy,
sequential forward floating selection (SFFS) and the correlation coefficient matrix were applied. Four machine
leamning models: artificial neural network (ANN), naive Bayes (NB) classifier, K-nearest neighbor (KNN), and
random forest (RF) classifier were used to classify stress conditions in pepper seedlings. The result showed stress
effects on pepper seedlings became noticeable after three days, as temperature variations and light intensity levels
caused significant differences in stress conditions. However, the day night hours of 8/16 and 10/14 h, showed no
significant differences. The accuracy of ANN, KNN, NBC, and RFC classification models was 84.08%, 89.03%,
77.34%, and 61.5%, respectively, which showed the KNN classifier demonstrated better performance, highlighting
its robustness with diverse training data. This classification model showed significant potential in plant stress

monitoring, enabling real-time monitoring and enhancing growth conditions.

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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Hyperspectral Imaging and Machine Leaming Algorithms for
Quality Assessment of Medicinal and Aromatic Plants
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Hyo In Yoon, Hyein Lee, Jai-Eok Park, Ho-Youn Kim, Sang Min Kim, Jung-Seok Yang, Soo Hyun Park”
Smart Farm Research Center, Korea Institute of Science and Technology (KIST), Gangneung 25451, Korea

Hyperspectral imaging (HST) has emerged as a powerful tool for monitoring the physiological status of plants and
ensures fast, non-destructive, and highly accurate detection. HSI provides both spatial and spectral information and
enables the detection of internal traits, especially functional components of medicinal and aromatic plants. HSI data
is high-dimensional data that even contains redundant information and noise. Therefore, effective data processing
techniques and algorithms are required in HSI analysis. Spectral preprocessing techniques are an important step for
suppressing the undesired effects of measurement conditions and enhancing relevant features, such as nor-
malization, derivatives, and smoothing. Feature selection methods are used to reduce the dimensionality, i.e.,
reduce redundant information and identify important spectral features. HSI-based prediction models are commonly
developed with PLSR and machine learning algorithms. We studied to develop an HSI-based model for detection
of functional quality in medicinal and aromatic plants. For red mustard (Brassica juncea L. Czern) leaves, the final
model for glucosinolates and anthocyanins using the AdaBoost algorithm had R* = 0.82 and RMSE = 4.744 and
1.876, respectively. Prediction performance was lowest in the final model for phenolics, followed by flavonoids
and chlorophyll with R* = 0.59, 0.71, and 0.73, respectively, but was higher than those in PLSR models. For basil
(Ocimum basilicum L.) plants, the final model for rosmarinic acid using the LightGBM algorithm had R* = 0.81
and RMSE = 3.92. Our results confirmed not only the applicability of the boosting algorithms, but also the
importance of appropriate spectral preprocessing and feature selection methods for each component that can
improve prediction performance. Moving forward, our study suggests that hyperspectral imaging-based assessment
technology has the potential to be a valuable tool for the medicinal and aromatic plant industry, especially for

online monitoring of quality and authenticity.

This work was supported by the Korean Institute of Planning and Evaluation for Technology in Food, Agriculture
and Forestry (IPET), and by the Korean Smart Farm R&D Foundation (KosFarm) through the Smart Farm
Innovation Technology Development Program, funded by the Ministry of Agriculture, Food and Rural Affairs
(MAFRA), the Ministry of Science and ICT (MSIT), and by the Rural Development Administration (RDA)
(421026-04).
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Field Testing of a Precision Hydroponic Solution Management
System based on the Monitoring of Nutrient Uptakes in
Closed-loop Soilless Culture
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Disease Detection in Greenhouse-Cultivated Strawberry through
Deep Leaming Techniques
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The significance of disease impact on strawberry quality and yield has led researchers to investigate effective
methods for detecting crop diseases, with deep learning emerging as a crucial approach. This study focused on
exploring the use of transfer learning in deep convolutional neural networks (CNNs) to identify various strawberry
diseases. Specifically, we employed models pre-trained on the ImageNet dataset and applied them to our own
dataset. We assessed the performance of four architectures: VGG19, Inception V3, ResNet50, and DenseNet121,
using both fine-tuning and feature extraction techniques in transfer learning. We compared these results to models
trained without transfer learning. The target diseases for identification included angular leaf spot, leaf spot,
powdery mildew leaf, anthracnose, gray mold, and powdery mildew in both fruit and leaves. The findings of this
study consistently demonstrated that ResNet-50 achieved the highest accuracy across all three configurations,
reaching a peak accuracy of 94.4%. DenseNet-121 also performed well with an accuracy of 94.1% when
fine-tuned. These results underscored the superior performance of fine-tuning compared to using these models
solely as feature extractors for strawberry disease identification. Moreover, our research indicated that the
application of transfer learning significantly reduced training time and resulted in a lower number of trainable
parameters compared to training models from scratch. These outcomes strongly support the practicality and
effectiveness of employing transfer learning techniques for precise identification of strawberry diseases.
Furthermore, this research suggests the potential for applying transfer learning to a wider range of crops and

diseases, which could substantially enhance agricultural disease detection methods.

This work was supported by the National Research Council of Science & Technology (NST) grant by the Korea
government (MSIT) (CRC23041-000).
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Analysis of Internal Environment and Posture Effects on Stress
Hormone Estimation in Pigs
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Development of Semantic Segmentation Algorithm for Crop
Classification of Jeju Winter Crops using NIA Al HUB
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In Korea, the cultivation area of crops is surveyed to predict the crop yield and regulate the crop supply.
Particularly, in some regions of central and southern Korea, reporting the cultivation area of crops is mandatory.
The purpose of reporting the cultivation area is to improve the chronic overproduction structure of crops and
facilitate crop supply and demand regulation through expanded contract farming. Reporting the cultivation area,
especially for winter crops, is actively utilized to adjust the crop supply and demand for the following year.
However, the existing reporting-based survey of crop-specific cultivation areas is cost-ineffective, time-consuming,
and lacks objectivity, making it difficult to utilize for accurate yield prediction. Therefore, there is a need for
technology that can obtain information on large-scale agricultural land at once using UAVs, classify crops, and
accurately calculate the cultivation area. Previous studies have used deep learning-based CNN technology for crop
classification in captured images under ideal indoor conditions or focused on subjects such as trees, resulting in
limited research on outdoor field crops in Korea. In this study, the NIA Al HUB, an open-source data for artificial
intelligence learning provided by the National Information Society Agency, was used to develop a crop
classification algorithm. UAV RGB dataset constructed from the NIA Al HUB targeting major winter crops in Jeju
Island, such as radish, cabbage, onion, garlic, broccoli, and carrot, was used. Learning data was constructed by
processing RGB images to create an annotation file that displays the type and location of crops in pixel units. A
CNN-based semantic segmentation model was developed using the constructed learning data for crop classi-
fication. Through a semantic segmentation model, crops were classified on a pixel-by-pixel basis, while locations
were displayed and classification performance was evaluated. As a result, the crop classification performance was
evaluated by developing a U-Net-based semantic segmentation algorithm for six types of wintering crops in Jeju.
Classification accuracy of a specific class was very low due to class imbalance in the training data, but it was
confirmed that classification accuracy could be improved through class under-sampling method. When using
high-resolution UAV images of 2-4 cm/pixel, the best classification performance was obtained with an overall
accuracy of 84.0%, a mean F1 score of 82.4%, and mIOU of 70.4%. Finally, the developed model was applied to
random fields in Jeju Island to evaluate its potential for calculating crop cultivation areas.

This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture,
Forestry (IPET) through Open Field Smart Agriculture Technology Short-term Advancement Program, funded by

Ministry of Agriculture, Food and Rural Affairs(MAFRA)(322032-3). This study was conducted using open-source
data for artificial intelligence learning (NIA Al HUB) provided by the National Information Society Agency.
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Assessment of the Growth Status of Hot Pepper (Capsicum
Annuum) using UAV- thermal and RGB sensors based on
Autonomous Flying Mission
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Crop growth monitoring requires a wide range of biophysical parameters for crop management and future yield
prediction. Recently, unmanned aerial vehicle (UAV) had highlighted for crop monitoring with high data resolution
and low cost compared to airplane and satellite platform. Various image-based sensors mounted on UAV can detect
growth status of some crops with specific imagery parameters acquired through image processing or geographic
information system (GIS) technique, considering the crop properties and cultivation environment. However, there
are a few researches of growth states of hot-pepper (Capsicum Annuum) detection, which is widely cultivated as
high-income crops in South Korea. Therefore, this research was aimed to find out what imagery traits can be used
for growth stated assessment of hot-pepper using RGB and thermal sensors. The study was conducted on
hot-pepper actual farm field in Yungwel, which was cultivated for sale. In study field, about 500 hot-peppers were
cultivated on rainfed for poorly grown hot-peppers data collection, and others were cultivated on irrigation system.
Actually, the hot-peppers in rainfed zone had a lower yield than those in irrigation zone (p-value <0.01), indicating
that hot-peppers grown in rainfed zone were in poor condition. UAV developed for multi-sensor mounting was
utilized in this study, which acquired RGB and thermal images simultaneously. Orthoimages was generated from
acquired RGB and thermal images using Pix4Dmapper software. Imagery traits were extracted from hot-pepper
individuals in RGB and thermal orthoimage, and acquired traits were compared between hot-peppers individuals in
rainfed and thosed in irrigation zone. Through this study, we can assess the growth states for hot-peppers using the
meaningful imagery data from UAV based RGB and thermal sensors.

This research was supported by the Korea Institute of Planning and Evaluation for Technology in Food,
Agriculture, Food, Agriculture, Forestry, and Fisheries (Project number: 322032031WTO011).
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Empowering Indoor Crop Growth with Customized LED
Lighting Solutions
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Indoor crop cultivation has gained prominence due to its potential to mitigate the challenges posed by traditional
outdoor farming, such as climate unpredictability and limited arable land. But these vertical farms have had their
own challenges due to the high energy consumption. Customized LED lighting solutions have proven to be a
game-changer in this context. Customized LED lighting solutions can be designed to provide the exact light
spectrum and intensity that a specific crop needs, resulting in improved plant growth and yield. Additionally, these
lighting solutions can be more energy-efficient than traditional lighting systems, which can help to reduce operating
costs. Light holds the key to several crucial plant processes. It influences the plant morphology, how they produce
beneficial compounds, and how efficiently they carry out photosynthesis. All this happens through the activation of
specialized light-sensitive receptors in plants, which respond to different aspects of light like its spectrum, intensity,
and duration. The ability to manipulate different wavelengths of light is driving the creation of next-generation
LEDs with enhanced abilities to control both the quantity and quality of crops produced. By designing specific
“recipes” of light that combine different amounts of UV, Blue, Green, Red, and Far-red wavelengths, we can target
specific groups of light receptors in plants, such as Phytochromes, Cryptochromes, Phototropins, and UVRS&. These
receptors then trigger a range of metabolic reactions within the plants. It's important to note that these tailored light
recipes are unique to each type of crop and its various growth stages. A study conducted on medicinal cannabis
using our state-of-the-art custom lighting system with quantum dot films has highlighted the incredible impact of
light spectrum on plant yield and cannabinoid content. This demonstrates the remarkable potential of LED light
spectrum in influencing and enhancing plant growth, not just in terms of physical attributes but also in terms of
valuable compounds. In essence, this innovative approach to indoor farming underlines the pivotal role that light
plays in shaping plant growth and productivity. By precisely targeting the wavelengths that correspond to peak
photosynthetic efficiency, energy consumption can be optimized without compromising plant growth. This not
only alleviates the strain on power resources but also aligns with the broader goals of environmentally conscious

cultivation practices.

This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and
Forestry (IPET) and Korea Smart Farm R&D Foundation (KosFarm) through Smart Farm Innovation Technology
Development Program, funded by Ministry of Agriculture, Food and Rural AffairsMAFRA) and Ministry of
Science and ICT(MSIT), Rural Development Administration(RDA)(421008-04).
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