


| Bio-1
EQH 24 9% Au)Y chast A

Diversification Strategies of Equipment for Phenotypic Measurement

o o*
ET'__

(FERFIIAY 71 G RAAT A YA, ()T 7] G2 AT L HYDTY

g

Dong-Woon YOO

Senior Researcher, Korea Institute of Science and Technology Co., Ltd.,
Senior Researcher, Phenobox Institute of Science and Technology Co., Ltd

Al 27k HAE SFolM Blofu tAE S-F3 Av| = Hejg o Adsh] fjs) “tAE £3A4 242

B 1T, 71 ARl A5 L A AR AR A 1) £ G BEE FUSPA A
4,35 FHE Y AT LY 4EA AAAS oI HE W BAAE YD) DA
VA A, AR A SR B B R A7} SLOBE 21 el S AL AR Al

Dok Sick S 0.2 1) S Aol FHES 18 L4 Belel R ek LS A kel
& ARI o) A0 2 S BYT S Gl ZHo]o] R ol PAI AT, DAY A5 L B B
571 §12k 7u19) 1) 3 eeko] 4|25, 3) Aol A ABAIS Bl 912 BE ehe) veelo]
A28, 4) B Lol A 12 GAFE HETS Y= XY Z ehe) 3 eebo] P A 281 Afstol Bgsha
Ik, ShA ol gk Al A Al ATAE ] TR A AR EO] ALY AL 3] o] 5 2o BRI H
797k HobA] o]#l -2 B akaA} gk 9F0 2 T X A KA $1gk AR 7]2lef =80l Hglow

N

Ql
s

*Corresponding author, E-mail: dbehddns88@gmail.net

LN YA



20241 (ADSBYSEYT SIS B7|B3 Y EASEUHS YHESY

Temperature Stress Symptom Detection Using Image Processing
for Seedlings of Six Vegetable Varieties Grown Under Controlled
Environment

Md Razob Ali', Sumaiya Islam?, Samsuzzaman', Md Nasim Reza'?, Dong-Hee Noh®, Sun-Ok Chungl’z*

'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
*Jeonbuk Regional Branch, Korea Electronics Technology Institute (KETT), Jeonju 54853, Korea

Temperature stress poses a significant challenge to plant growth and development, exerting profound effects on
agricultural productivity and crop quality. Conventionally quantifying stress levels in seedlings relied on laborious,
time-consuming, and often destructive methods. However, innovative image processing techniques coupled with
advanced sensor fusion offer a promising solution for the early detection of seedling stress. In this study, an image
processing techniques was used to analyze the effects of temperature stress on the growth of six different seedling
species cultivated in a controlled environment. Six seedlings (tomato, pepper, lettuce, pak-choi, cucumber, and
watermelon) were subjected to varying temperature condition to simulate stress conditions, while growth
parameters such as leaf area, color, height, and canopy temperature were monitored using RGB, thermal and depth
camera over a defined period. The texture feature was extracted using the Gray-Level Co-occurrence Matrix. To
select the best feature affected by temperature stress, correlation analysis, and chi-square tests were performed.
Among the 32 features, 8 were selected. The study identified varied responses to temperature stress among
different seedling types. Pepper and pak-choi showed strong sensitivity, cucumber exhibited moderate, and lettuce
and tomato displayed intermediate responses. Stress symptoms in tomato seedlings varied from 2.96% to 70.01%,
whereas in pepper seedlings, they ranged from 13.00% to 83.33%.The findings emphasized the importance of
species-specific responses to temperature stress. Recognizing diverse seedling reactions to temperature stress
allows growers to optimize conditions and implement effective stress monitoring. Further research on advanced
image processing algorithms with machine learning techniques will contribute to seedling stress quantification and

sustainable agricultural systems.
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.

*Corresponding author, E-mail: sochung@cnu.ac.kr
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Sensitivity and Uncertainty Analysis of Evapotranspiration
Models Applied with Leaf Area Estimation Techniques for Pak
Choi under Greenhouse Envrionment

Young-Bae Choi, Jeong-Hwa Cho, Hyo-Hyeog Jeong, Yun-Woo Cho, In-Bok Lee"

Rural Systems Engineering, Research Institute of Agriculture and Life Science, College of Agriculture and Life Sciences,
Seoul National University, Seoul 08826, Korea
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Evaluation of Effects of Light Intensity and Photoperiod on
Growth and Female Flowering after Early Transplanting of
Grafted Cucumber Transplants

7153 & EAstedns dE=2Y

Soo Bin Jung', Ha Seon Sim', Yu Hyun Moon', Tae Yeon Lee', Ha Rang Shin', Yong Jun Kim',
Na Kyoung Kim', Jin Woo Lee', Tae Hyun Kim', Jung Su Jo’, Seung Jae Hwang®, Sung Kyeom Kim""
'Department of Horticultural Science, College of Agricultural and Science, Kyungpook National University, Daegu
41566, Republic of Korea
"Department of Horticulture, College of Agricultural Life Sciences, Chonnam National University, Gwangju 61186, Korea

*Department of Agricultural Plant Science, College of Agriculture & Life Sciences, Gyeongsang National University,
Jinju 52828, Korea

To produce uniform and compact transplants at minimal cost in plant factory with artificial lighting (PFAL),
optimal light control is essential. In this study, treatments in two experiments were conducted after the grafted
union formation of cucumber transplants to identify the optimal light intensity and photoperiod, as well as to
evaluate the effects of low and high light intensities at different periods in PFAL. Three cucumber cultivar scions,
‘Goodmorningbackdadagi (GB)’, ‘Nakwonseongcheongjang (NWS)’, and ‘Shinsedae (SD)’ were grafted onto
Cucurbita ficifolia ‘Heukjong’ rootstocks eight days after sowing. After grafted union formation, control groups
were cultivated in a semi-closed greenhouse for seven days. Simultaneously, treatment groups were cultivated in a
plant factory with white LEDs for the same period. In experiment 1, treatment groups were cultivated under two
different light settings: three photosynthetic photon flux (PPF) levels (200, 300, and 400 umol-m?-s™") and three
photoperiod conditions (12, 16, and 20 h-d") for seven days. In experiment 2, treatment groups were cultivated
under two settings: two PPF levels (LL; PPF 50 pmol-m™:s™" and HL; PPF 600 pmol-m™-s™") and two-period stages
(early; 1-3 and late; 5-7 days) of seven days, and under PPF 300 umol-m™-s™, 16 h-d"' for the remaining four days.
The grafted cucumber transplants of both experiments were planted into a semi-closed greenhouse and cultivated
for 21 days after treatment. In Experiment 1, all treatment groups had higher light use efficiency compared to the
control groups and were more compact than control groups, except for 12H-200L. In both experiments, GB had
fewer number of female flowers per node in the treatment groups than in the control groups compared to other
cultivars. Considering the growth parameters and the number of female flowers per node, the optimal cultivation
conditions were identified as 16H-300L for GB and SD, and 20H-300L for NWS. In addition, 16H-300L was the
most effective condition when cultivating all three cultivars together. When the grafted cucumber transplants were
exposed to LL and HL, they were more affected during the late stage than the early stage. Therefore, it is essential
to be more attentive to the potential damage from LL and HL exposure, especially just before the end of the

transplant production.

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

*Corresponding author, E-mail: skkim76@knu.ac.kr

e70 ¢



AZ goTE ANAAE B8 A71H AN B

EUH

Flectrical Real-Time Growth Monitoring through Plant Wearable
Electronic Devices
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Jaehyun Kim, Jae Joon Kim®

Flexible Electronics Laboratory, Electronics and Telecommunications Research Institute, Daejeon, 34129, Korea
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DEVELOPMENT AND VALIDATION OF LOW-COST
INDOOR AIR QUALITY MONITORING SYSTEM FOR
SWINE BUILDINGS

Elanchezhian Arulmozhi', Nibas Chandra Deb', Niraj Tamrakar', Myeong Yong Kang?,

Junghoo Kook?, Dae Yeong Kang’, Eun Wan Seo?, Hyeon Tae Kim'"

"Department of Bio-systems Engineering, Gyeongsang National University(Institute of Smart Farm), Jinju 52828, Korea
“Department of Smart Farm, Graduate School of Gyeongsang National University (Institute of Agric. & Life Sci.), Jinju
52828, Korea

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 94$ 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 Program funded by Ministry of

Agriculture, Food and Rural Affairs(MAFRA)(421040-04)

*Corresponding author, E-mail: bioani@gnu.ac.kr
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Analysis of Environmental Factor Distribution Changes in

Strawberry Greenhouse due to Heater
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'Department of Smartfarm, Graduate School of Gyeongsang National University(Institute of Smartfarm), Jinju 52828, Korea
"Department of Bio-systems Engineering, Graduate School of Gyeongsang National University(Institute of Smartfarm),
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*Department of Bio-industrial Machinery Engineering, College of Agriculture and Life Sceinces, Gyeongsang National
University, Jinju 52828, Korea
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CFD Analysis of Airflow in Soybean Harvester Blower Fan
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Machine Leaming-Based Weather Factor Prediction to
Estimate Crop Evapotranspiration Using
Meteorological Administration Data

Seung-un Ha', Sang-ki Jeon', To Kangl, Ju-seok Jeon', Jong-seok Park"**

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

With the recent development of precision agriculture, research on estimating crop evapotranspiration for automatic
irrigation is underway. However, it is very difficult to install, manage, and maintain sensors that collect data needed
for irrigation decisions in agricultural fields. To solve this problem, we were trying to use machine learning to
predict weather sensor values in agricultural fields using data from the Korea Meteorological Administration. The
experimental data was taken from the public meteorological observation database provided by the Korea
Administration’s Meteorological Data Open Portal. We predicted public agency weather observation data in nearby
areas with 23 types of weather data provided by local meteorological offices collected from January 1, 2021 to
December 31, 2023. For data collection, hourly data from the Korea Meteorological Administration and minute-by-
minute weather observation data from public institutions were collected through web crawling. The purification
process was processed based on the QC flag (error classification code) provided by data web, and the public agency
data for prediction was used. It was grouped by region with data from the local meteorological office closest to the
agency’s meteorological observation location. For the Korea Meteorological Administration data, wind direction
values were sin and cos converted, and for public agency data, the range was specified by setting thresholds for
each meteorological factor. The data was split 7:3 for training and validation. Machine learning models include
Decision Tree (DT), Random Forest (RF), XGBoost (XGB), and Catboost. Adaboost, Linear Regression (LR),
Multiple Linear Regression (MLR), and Support Vector Regression (SVR) models were used, and optimal
hyperparameters were found and compared using grid search. When comparing the models, the XGB model was
the best, and the regional average coefficient of determination was 0.94 for the average temperature, 0.91 for the
highest temperature, 0.93 for the lowest temperature, 0.94 for the average wind speed, 0.91 for the relative
humidity, and 0.88 for the average solar radiation. The six factors predicted in this experiment are the factors used
in the FAO Penman-monteith calculator, which calculated evapotranspiration. This means there was no need to
install environmental sensors to determine watering rates. Therefore, it will be possible to solve equipment cost,
sensor management, and data management problems caused by the use of many sensors for data farming.
Specifically, an irrigation algorithm necessary to reduce water usage, which has recently faced environmental and

cost issues, will be developed and introduced into the field. You will be able to contribute to this.

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)).

*Corresponding author, E-mail: jongseok@cnu.ac.kr
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Analysis of Energy Saving by using the Geo-thermal Structure and
Heatpump in the Greenhouse
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Department of Rural Systems Engineering, College of Agriculture and Life Sciences, Seoul National University,
Seoul 08826, Korea
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Tomato seedling segmentation based on image feature and Support
Vector Machine (SVM)

Samsuzzaman', Md Nasim Reza'?, Md Razob Ali', Kyu-Ho Lee', Dong-Hee Noh’, Sun-Ok Chungl’z*
'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
3Jeonbuk Regional Branch, Korea Electronics Technology Institute (KETT), Jeonju 54853, Korea

Digital image processing is rapidly growing, emphasizing the need for pre-processing images before applying them
to tasks like object detection and precise control for robotic applications in controlled environments. Image
segmentation is an essential part of this process and requires prior knowledge of the object to extract attributes
accurately, ensuring precise identification of both the object and the background. Detecting seedlings in controlled
plant cultivation poses challenges due to the complex background, and background removal in adjacent seedlings
when grows. In this study, a method was introduced to segment tomato seedlings, utilizing color and texture
features with a support vector machine (SVM) to identify the seedlings and the background. Pepper seedlings
images were captured under different lighting conditions (50, 250 and 450 pmolem™sec™). To minimize the
illumination variations and emphasize the background gradient, histogram equalization and noise-removing filters
were applied. Images were randomly classified into seedlings, soil, and trays categories to create a robust machine
learning model. These images were then converted into 21 different color spaces for color features extraction and
six texture features were obtained using a grey-level co-occurrence matrix (GLCM) algorithm. The fusion of color
and texture features enhanced seedling segmentation, with optimal feature selection achieved through correlation
analysis and chi-square tests. Linear discriminant analysis (LDA) decomposed the dataset into three orthogonal
components, leading to accurate feature selection and significantly improved the segmentation accuracy, reaching
96% on the test set during training. The coefficient of determination (R?) between ground truth tomato seedling and
segmented seedlings was 0.97, with a root-mean-square error of 0.07. The proposed method for tomato seedling
image segmentation, through color and texture features with machine learning algorithm, proved highly effective.
These insights will guide optimal growth conditions and real-time monitoring in controlled cultivation across

diverse environments.
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.

*Corresponding author, E-mail: sochung@cnu.ac.kr
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Deep Leaming Based Grading of Strawberries for Robotic
Harvesting in Greenhouse Environment

Sijan Karki', Niraj Tamrakar', Junghoo Kook® Hyeon-Tae Kim'*

'Department of Biosystems Engineering, Gyeongsang National University (Institute of Smart Farm), Jinju 52828, Korea
Department of Smart farm, Graduate School of Gyeongsang National University, Jinju 52828, Korea

Grading plays a vital role in strawberry production, especially to meet industry or market standards and maintain
uniformity in the strawberries’ ripeness, appearance, and size within a batch. However, grading has been a
post-harvest operation, which increases the risk of mechanical damage and fungal infection. Therefore, this study
proposed a computer vision-based algorithm for grading strawberries before harvesting utilizing size, shape, and
ripeness. A deep learning-based instance segmentation model, Mask R-CNN, was trained to segment strawberries
and obtain the binary mask and RGB image of strawberries from which size, shape, and ripeness were identified.
The final grading was performed utilizing the multi-attribute decision criteria. Three field trials were conducted in
December 2023 to evaluate the performance on size estimation, shape and ripeness classification, and overall
grading. The estimated size had a root mean square error of 2.94 mm compared to the ground truth measurements.
Moreover, precision and recall of 0.81 and 0.82 were achieved in shape classification and 0.967 and 0.96 in
ripeness classification, respectively. The proposed system achieved an accuracy of 84.5% during the final grading,
showcasing its potential to aid in the robotic harvesting of strawberries, with the prospect of reducing mechanical

damage and fungal infection.

This work was supported by the National Research Council of Science & Technology (NST) grant by the Korea
government (MSIT) (CRC23041-000).

*Corresponding author, E-mail: bioani@gnu.ac.kr
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Estimation of Strawberry Leaf Chlorophyll Content according to
Environmental Parameters within Greenhouses
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Analysis of Data Collection Cycle for Carbon Dioxide Control in
Strawberry Greenhouse
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The aim of this study is to determine the optimal carbon dioxide concentration control for crops in a facility
greenhouse and the optimal interval for collecting environmental data on carbon dioxide concentration within the
greenhouse. The greenhouse was located in Jinju, Gyeongsangnam-do, and was a strawberry ‘Seolhyang’ cultivation
greenhouse. Eight carbon dioxide sensors (MCH-383SD, Lutron, Taiwan) were installed inside the greenhouse,
and data was collected. The collected data underwent a preprocessing process for missing data handling and outlier
removal. After data preprocessing, the collection intervals were changed to 1 minute, 10 minutes, 30 minutes, and 1
hour to analyze the changes in the data over time. Multivariate time series ARIMA analysis was conducted based
on the collected data, and the performance of the ARIMA model according to the data collection intsserval was
evaluated using R2, RMSE, MAPE, and MASE. According to the analysis, data collection at 1-minute intervals
showed the best model performance with R2=0.899, RMSE=5.501, MAPE=0.472, MASE=2.448. On the other
hand, as the collection interval increased, the model performance reduced, and the data collected at 1-hour intervals
showed the lowest performance. By establishing the optimal data collection cycle within the greenhouse, this
research provides a basic framework for managing and utilizing vast amounts of data more efficiently in the

agricultural sector.
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 Program funded by Ministry of
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YOLOVS5s-CGhostnet: Lightweight Improved Model for
Strawberry Detection
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The development of lightweight vision algorithms is critical for the effective deployment of strawberry harvesting
robots in agricultural fields. YOLO models are widely favored for their speed, accuracy, and real-time detection
capabilities. However, the standard YOLO architecture suffers from drawbacks such as a large network size, high
computational demands, and slow inference times. In response, the YOLOvS5s-CGhostnet was introduced to
enhance strawberry detection. This improved model modifies the baseline YOLOVS5s architecture by replacing base
modules CBS and C3 with Ghost modules GCBS and GC3 respectively, resulting in a significant reduction in
model size and computational requirements. Furthermore, it adopts the SIOU loss function to refine localization
accuracy and integrates CBAM attention modules for feature enhancement. These modules are strategically placed
in the backbone and neck sections of the network. As a result of these enhancements, the YOLOv5s-CGhostnet
achieves a higher mAP@0.5 of 91.7% while reducing model size by 85.09% and GFLOPs by 88.5% compared to
the original YOLOVS. This not only improves mean average precision but also substantially decreases model size
and computational overhead when compared to standard lightweight YOLO models, making it a more efficient

solution for strawberry harvesting robotics applications.
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