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Integration of Multiple Sensors for Beehive Health Status
Monitoring and Assessment (+kiZ 4t,)

Honeybees are important insect pollinators ensuring food security and
maintaining the biodiversity of ecosystems. Monitoring honeybee behavior and
beehive health status is not only essential for understanding the biology of honeybees,
but also beneficial for beekeepers for beehive management. In the apiculture industry,
beekeepers usually look after beehives regularly and manually. However, the
assessment of beehive health status is laborious and requires considerable experience.
An automated beehive monitoring system will facilitate efficient beehive management
and reduce the risk of beehive losses. To address this issue, we propose an intelligent
beehive health status monitoring system using multiple sensors and a sensor fusion
technique. The system monitors various features of beehives, including temperature,
humidity, weight, bee traffic, and acoustic signals. A long-term dataset of 4 beehives
in two different locations was collected. The soundscape indices are used to interpret
the acoustic signals, and these indices predict the two-class hive status with an
accuracy of 0.86, which demonstrates its ability to detect the beehive health status.
Regarding the aspect of weight features, the detrended weight patterns represent the
daily activity pattern of a beehive, which profiles the interaction between the beehive
and the environment. The maintenance of a stable in-hive temperature and humidity
environment indicates the beehive’s strength and stability. The weight and
temperature features also successfully detect the two-class hive status with an
accuracy of 0.82. The multi-sensor intelligent beehive monitoring system
automatically collects the long-term data and detects the beehive status on a daily
basis. It is an efficient tool to help beekeepers in managing their beehives in a data-
driven approach thereby improving the beekeeping quality.

docker

The architecture of the overall AWS services architecture for software backend of
the system
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Design of a Versatile Wireless Multi-Sensor Interface for the
Intelligent Environmental and Pest Monitoring System (}k:£4%,)

In greenhouse crop cultivation operation, environmental and pest monitoring is
crucial for effective management to ensure crop production and quality. We have
previously developed an intelligent environmental and pest monitoring system for
greenhouse management based on IoT approach. In this research, we focused on
expanding the functionalities of the system by designing a versatile wireless multi-
sensor interface so that various sensors, such as soil moisture sensor, CO2 sensor, EC
sensor, etc., can be connected to the existing Raspberry PI embedded computer of the
environmental and pest monitoring system wirelessly, enabling the monitoring system
to adapt to the need of integrating various sensors required for different crop
cultivation practices in greenhouses. The multiple sensing system has the ability to
monitor the crop growing status and the surrounding environment in a greenhouse.
The integrated multi-sensor interface is comprised of an Arduino Pro Mini,
ATTiny13A microcontroller, HC-08 Bluetooth module, and selected sensors such as
soil temperature/moisture/electrical conductivity sensor (Terol2) or soil
temperature/moisture sensor (PR-3000-TR-NO1). The sensor type is selectable
depending on different scenarios. The hardware/software interface reads the sensor
data and automatically transmits them to the embedded computer via Bluetooth
connection. The embedded computer then collects the data from all the sensors and
sends them to an AWS cloud platform via Wi-Fi communication. Therefore, the data
are readily available on the AWS cloud platform via AWS QuickSight business
intelligence service. Farmers can check the information conveniently, and deal with
problems immediately. The designed multi-sensor interface was initially tested in a
lab and further tested extensively in real greenhouse crop cultivation operations to
confirm the stability and durability of our system. The results show that the multi-
sensor interface has stable Bluetooth connection, and can continuously operate for
about three months via an independent battery power supply.

12PDM System Sensor Module

Mobile Device
AWS Dashboard
(=)

welti-sensor modules I
Communication Giraut Rustia et al Syste Cloud Databa:
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An Automated Thermal Imaging System Based on Deep Learning
for Dairy Cow Eye Temperature Measurement (3%i£ 7t.)

Dairy cows' milk production is closely related to their health status. One of the
indicators reflecting their health status is their body temperature. Infrared thermal
imaging has been demonstrated to process a high potential for non-contact
measurement of dairy cow body temperature, which is crucial for establishing an
automated health monitoring system for dairy cow management. Although several
studies have reported on the dairy cow temperature measurement by handheld thermal
imaging cameras, manual measurement is not a feasible approach for practical
application in the dairy industry as it is laborious and time-consuming. To solve these
problems, this work proposes an automated non-contact thermal imaging monitoring
system that can efficiently take dairy cow eye temperature measurement from thermal
video stream in real time. The system utilizes a deep learning approach for dairy cow
eye detection. A YOLOv4 model for real-time dairy cow eye detection was trained
and optimized; it yielded a hit rate of 0.99 and an F1-score of 0.99. For each detected
sub-image containing the dairy cow eye in the video stream, a further image
processing algorithm was applied to determine the mean temperature with its variance.
With this approach, multiple temperature measurements are taken from each dairy
cow walking by the thermal camera. The system was installed in the university
experimental dairy farm and long-term experiments were carried out to assess the
variations of temperature measurement. It was found that both the ambient
temperature and the thermal camera distance have strong effect on the temperature
measurement, indicating that the eye temperature measurement needs to be corrected
with the ambient temperature and measured temperatures need to be preprocessed in
order to increase its accuracy. The experimental results also show that the proposed
system has potential in regard to detecting dairy cow fever or assessing of heat stress.

(a) (®) (c)

(a) Dairy cow carrying the UFH RFID tag, (b) The location of the UFH RFID
reader, (c¢) The location of thermal infrared camera
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Design of a Versatile Wireless Multi-Sensor Interface for the
Intelligent Environmental and Pest Monitoring System (}k:£4%,)

Building a greenhouse is an effective method to protect plant growth in a
controlled environment. To decrease the risk of disease and pest infestation and to
provide a suitable environment for crop production, microclimate control and
monitoring of greenhouse are the most important issues. The IOT devices we
previously proposed, the versatile wireless multisensory module (VMSM) integrated
with the intelligent environmental and pest monitoring system (IEAPMS) based on
Raspberry Pi, can record the long-term climate multi-position parameters in a
greenhouse. With the usage of interpolation methods, we repaired the missing data of
IOT devices. With the RBF equation, we simulated the data of areas without IOT
devices. After the data was repaired, we visualized the different values with different
colors for intuitive visual appearance. The visualization figures represent the
greenhouse microclimate variability in the crop production area. Therefore, through
the analyses of this composite and long-term microclimate information acquired by
the IoT devices deployed in commercial greenhouses in Taiwan, we can offer
suggestions by utilizing the information for better greenhouse operation management.

RO
.=

IOT Devices in Greenhouse Server Stores the Data Visualization and Analysis

Methods Architecture
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An Embedded Thermal Imaging System for Automated Dairy Cow
Eye Temperature Measurement (}*i£ 4t.)

In sub-tropical regions, dairy cows often suffer from heat stress problems due to
extreme levels of humidity and temperature. Heat stress contributes to the decrease in
the feed, and drink intake, and milk production of dairy cows. One of the indicators
reflecting their health situation is their body temperature. Infrared thermal imaging
has been demonstrated to possess a high potential for the non-contact measurement
of dairy cow body temperature, which is crucial for establishing an automated health
monitoring system for dairy cow management. This research presents a lightweight
algorithm for cow face recognition and eye detection tailored for edge computing
application with the embedded thermal image system for cow eye temperature
monitoring. The lightweight cow face recognition model was trained by using the few-
shot learning method and adapted based on newly acquired training samples. With
150 cow face images as testing data, the model achieved an accuracy of 0.99. After
the cow face recognition model was built and optimized, it was implemented online
for continuous and long-term monitoring in the experimental dairy farm for data
acquisition. An algorithm was also developed to determine whether the cow had been
detected in the video stream so that the imaging system would only be activated for
eye temperature measurement when the cow is present in the video stream. Statistical
analysis was performed to assess the variability of the measured dairy cow
temperatures, and the factors affecting the performance of the imaging system were
discussed.

Cow eye detection process
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Feasibility Study of an Autonomous Drone Navigation System for
Greenhouse Crop Monitoring Using Visual Slam (3ki£ 1%,)

In recent years, the increasing labor cost and the shortage of labor engaged in
agriculture have become pressing concerns. Many greenhouse owners have switched
to automation to operate their greenhouses in order to improve management efficiency
and lower operation costs. Many researchers began to place sensors in the greenhouses
to monitor the condition and environment of the greenhouse in order to use such
information to achieve better control of crop production. In this paper, a drone system
that can automatically record crop phenotypic data through a navigation system is
developed. The system can reduce the labor or sensor cost in the greenhouse. Differing
from outdoor drone navigation systems that can utilize GPS data for navigation,
indoor drone systems are usually limited in physical space and GPS signal availability.
A visual SLAM approach is one of the methods for achieving indoor navigation and
has received increasing attention recently. In this study, we chose the DJI Tello which
is an off-the-shelf lightweight, small drone that can pleasantly perform its mission
among greenhouse crops. In addition, it transfers data via Wi-Fi and Robot Operating
System (ROS). ROS is used to receive the RGB video of the drone and transmit the
control signal to the drone after localization and calculation by the local computer.
While using ORB-SLAM? in our experiments, we first created a pre-build map by
Intel RealSense D435 depth camera, and the drone could then locate itself through the
map by RGB video stream. After that, we could set waypoints to perform the assigned
tasks and automatically collect videos of crops in the greenhouse by drone’s RGB
camera. Experiments were performed both in the laboratory and greenhouse to test
the feasibility of applying the developed system for autonomous navigation and crop
monitoring. Video streams were collected using the autonomous drone system and
further analyses were carried out to demonstrate the capability of the system in
phenotypic data acquisition and assessment.
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Improving Insect Image Classification Performance Using Gan-
Based Super-Resolution Approach (ki 4%.)

Proper pest management during crop production requires information about the
amount and species of insect pests in the environment. We previously developed a
deep learning method for insect pest counting and classification for sticky paper trap
images. However, challenges still exist in dealing with the problems of sticky paper
images such as dust, lighting condition, and blurred insect images. To improve the
performance of the pest classification model, the aim of this study is to proposes a
method based on the super-resolution generative adversarial network (SRGAN).
Sticky paper images acquired by the AloT imaging devices were used to train the new
model and a new framework and flow for classifying six species of insects, namely
fly, gnat, moth fly, midge, thrips and white fly were established. Following the best
SRGAN model, a classification model was selected; the SRGAN framework showed
promising enhancement of the insect classification performance. Compared with the
base model the Fl-score of SRGAN classification model improved from 0.856 to
0.926.
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ezGeno: An Automatic Model Selection Package for Genomic Data
Analysis (F i 5)
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Sealing Performance Assessments of PTFE Rotary Lip Seals Based
on the Elasto-hydrodynamic Analysis with the Modified Archard

Wear Model (8 B )

Numerical assessments based on the elasto-hydrodynamic analysis (EHA) in
conjunction with the modified Archard wear model are conducted to efficiently
appraise the potential leakage of polytetrafluoroethylene (PTFE) rotary lip seals after
high cycle operations. The modified Archard model with the introduction of
exponential relationships between the wear coefficient and film thickness obtained
via the EHA is implemented into the commercial finite element software to estimate
the wear amount on the seal. The EHA is then periodically activated to evaluate the
variation of wear coefficient and reverse pumping rate for the updated geometry of
the seal lip. Simulation results reveal that the design initially having large positive
reverse pumping rate does not necessarily bear longer service durations before the
leakage.
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Applications of Neural Networks to Metallic Flexor Geometry
Optimization of Flat Wipers (J§ B £)

In recent years, demands of flat wipers rapidly increase in the vehicle industry
since the flat wiper has a simpler structure than the conventional wiper. Procedures
used to evaluate the appropriate metallic flexor geometry, one of major components
of the flat wiper, were proposed in the authors’ previous study. However, the
computational cost via the aforementioned procedures seems unaffordable to the
industry. A mathematical approach based on the discrete Winkler model regarding the
flexor as the Euler-Bernoulli beam is established here to simulate a flexor compressed
against surface at various wiping angles. The deflection of the beam is solved by a
finite difference method, and the corresponding contact pressure distributions agree
fairly with those based on the corresponding finite element model. Flexor designs are
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paired with various windshields to accumulate a sufficiently large simulation database
based on the mathematical model. An artificial neural network (ANN) approach is
developed to predict contact pressure distributions of the flexor much faster than the
mathematical model. The geometry of the curved surface is represented by a shape
code obtained via a principal component analysis (PCA) and used in the ANN model.
The ANN algorithm is also applied to efficiently evaluate the wiping patterns
according to the simulated contact pressure distributions. These patterns are then
classified by using a convolutional neural network (CNN) to advise several suitable
flexor designs for the specific windshield. Numerical results based on the dynamic
wiping analysis of the flat wiper show that the flexor suggested by the current
procedures is able to give qualified wiping performances.

the wiping analysis model the ANN-WP model

I : \ '

N
7l L ERYT]

Comparison of the wiping pattern of the suggested flexor based on the wiping
analysis and ANN-WP model
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Laser heating of Cu thin film for potential Laser-induced forward
applications (7 &)

Stationary and moving pulsed laser have similar domain temperature, since at
constant pulse energy, pulse width, frequency and beam diameter, the heat flux
remains the same. However, the temperature and isotherm distribution are quite
different. The heating characteristics are similar, i.e., a sudden increase in temperature
is observed due to high energy density, followed by a gradual increase in temperature
with increase in time. Finally, increasing pulse repetition leads to a saturation
temperature. Sharp cooling curves are observed between pulses due to the thin film
along with high convective and radiative cooling. Temperature for the top and bottom
surface of domain 1 was determined, and it was observed that the temperatures for the
domain, top and bottom surface of the domain were nearly same. The thermal
characteristics of a stationary and moving pulsed laser heat source is nearly identical.
Therefore, this work can effectively be used for laser heating for LIFT applications in
both single and scanning type transfer process.

65



Material: Copper Laser 5000 Pulse Energy: 0.05 mJ; stationary heat source
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Rehabilitation 19: 64.

3. Tuan, S.A., DJ.A. Rustia, J.T. Hsu, T.T. Lin. 2022. Frequency modulated
continuous wave radar-based system for monitoring dairy cow respiration rate.
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Biosystems Engineering (ISMAB 2022), Kaohsiung, Taiwan.

5. Huang, S.Z., Chen, Y.S., Hsu, J.T., Lin, T.T. 2022. An embedded thermal imaging
system for automated dairy cow eye temperature measurement. The 10th
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6. Wang, J.Y., Lin, T.T. 2022. Feasibility study of an autonomous drone navigation
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Machinery and Mechatronics for Agriculture and Biosystems Engineering
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1. Mao- J an Lin, Yu-Chun Lin, Nae-Chyun Chen, Allen Chilun Luo, Sheng-Kai Lai,
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Agriculture, 202, 107365.

2. Lai, P.C., Lin, H. Y., Lin, J. Y., Hsu, H. C., Chu, Y. N., Liou, C. H., & Kuo, Y. F.
(2022). Automatic measuring shrimp body length using CNN and an underwater
imaging system. Biosystems Engineering, 221, 224-235.
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3. Wu, T.Y, Yeh, K. T., Hsu, H. C., Yang, C. K., Tsai, M. J., & Kuo, Y. F. (2022).
Identifying Fagaceae and Lauraceae species using leaf images and convolutional
neural networks. Ecological Informatics, 68, 101513.
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1. Chang, K. R., Shih, F. P., Hsich, M. K., Hsich, K. W., & Kuo, Y. F. (2022).
Analyzing chicken activity level under heat stress condition using deep
convolutional neural networks. In 2022 ASABE Annual International Meeting (p.
1). American Society of Agricultural and Biological Engineers.
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1. Ping-Lang Yen and Yu-Jui Chen, 2022, Contact Compliance Based Visual
Feedback for Tool Alignment in Robot Assisted Bone Drilling, Sensors, 22(9),
3205.

2. Kuo-Chih Tung, Ping-Lang Yen, Chao-Yin Tsai, Pauline Ong, Jer-Wei Lin, Yung-
Huei Chang, Suming Chen, 2022, Nondestructive Quantitative Analysis of Water
Potential of Tomato Leaves Using Online Hyperspectral Imaging System, Applied
Engineering in Agriculture, Vol. 38(2): 273-282.

3. Yang-Lun Lai, Po-Lun Chen, Tsung-Chen Su, Wei-Yang Hwang, Shih-Fang Chen
and Ping-Lang Yen, 2022, A Collaborative Robot for Tea Harvesting with

Adjustable Autonomy. International Journal of Cybernetics and System 53(1):4-
22.
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1.

Huang, T.-C., Lin, C.-Y., Liao, K.-C., Sealing Performance Assessments of PTFE
Rotary Lip Seals Based on the Elasto-hydrodynamic Analysis with the Modified
Archard Wear Model, Tribology International, accepted, 2022 (SCI)

HTEE M T FEA AT L R AR ¢ AR
2z gk o REBEE T vol 31,2022

Huang, T.-C., Wang, T.-F., Liao, K.-C., Investigations of Structure Strength and
Ventilation Performance for Agriproduct Corrugated Cartons under Long-term
Transportation Trip, Packaging Technology and Science, accepted, 2022 (SCI)
Huang, T.-C., Liao, K.-C., Experimental and Numerical Investigations of
Intermittence for Electronic Connectors Subjected to Mechanical Shocks, Journal
of Electronic Packaging, accepted, 2022 (SCI)

Huang, T.-C., J.-W. Tsai, Liao, K.-C., Wear and Leakage Assessments of Canted
Coil Spring—Energized Polytetrafluoroethylene Seals under Ultra-High Cycle
Operations, Engineering Failure Analysis, vol. 135, 2022 (SCI)
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Pan, Z.-M., Huang, T.-C., and Liao, K.-C., Investigations of the Cushioning
Performance for Packages Filled with Paperboard Structures under Drop Tests,
The 10h International Symposium on Machinery and Mechatronics for
Agriculture and Biosystems Engineering (ISMAB), Kaohsiung, Taiwan,
November, 15-17, 2022

Chu, Y.-T., Huang, T.-C., and Liao, K.-C., Efficiency Improvement of Geometry
Optimization Procedures of Metallic Flexors for Flat Wipers Based on Machine
Learning Approaches, The 10h International Symposium on Machinery and
Mechatronics for Agriculture and Biosystems Engineering (ISMAB), Kaohsiung,
Taiwan, November, 15-17, 2022
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1.

2.

Wang, Z.-T., Chen H.-Y., Nickel Metal Hybrid Battery Degradation Mechanism
Analysis and State-of- Health Estimation by Machine Learning, (poster)

Rusly, C., Chen H.-Y., Achieving High Power Lithium-Sulfur Battery through
Amide Interlayer, (poster)
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1. Chuang, W.-P., Hsieh, B.-C. Development of a gallic acid based time temperature
indicator with adjustable activation energy, Food Control, 144, 109396, 2022
(SCI).
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1. Y. C. Hsieh, W. R. Yin, Y. Y. Xu and Y. T. Hou*, HGF/heparin-immobilized
decellularized liver matrices as novel hepatic patches for hepatocyte regeneration

in an acute liver injury model, Biochemical Engineering Journal, 180 (2022):
108354.

2. B.C.Hsieh, Y. H. Ni, G. M. Zhang, Y. C. Chiu, and Y. T. Hou*, Development of
erythrosine-based photodynamic therapy with a targeted drug delivery system to

induce HepG2 cell apoptosis in vitro, Biochemical Engineering Journal, 177
(2022): 108267.

GETEES
1. Ting-Yi Wu, Yi-Cheng Hsieh, Yung-Te Hou. Liver patch for liver regeneration
after CCl4 poisoning. 7 B 23k 2 - FF1 e & ¢ T 2022 £#2 4FF1
AP E o SH LA 2 (2022 1215-1217).
2. Yong-Heng Lin, Yu-Chuan Chiu, Yung-Te Hou. Development of a decellularized
liver matrix-based nanomedicine for liver regeneration. % 7 & >3k 4 3 ¥ § 1
fed T 2002 E2PFEIAPREEE o S LA - (2022 1215-1217).
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1. Meng-Chien Hsueh, Yu-Lun Dai, Chu-Ping Ling, Jin-Hsing Huang, Yan-Fu Kuo,
Shih-Fang Chen (2022, Jul). Developing Cucumber Foliar Disease Complex
Identification Using One-hot and Multi-hot Labeling Methods. 2022 ASABE
Annual International Meeting, Houston, TX, USA. Paper No. 2200391.

2. Shih-Yu Lee, Jen-Cheng Wang, Ming-Chi Guo, Joe-Air Jiang, Ming-Hsien Hsieh,
Jui-Chu Peng, Shih-Fang (2022, Jul). Developing a Self-Guided Field Robot for
Greenhouse Asparagus Monitoring. 2022 ASABE Annual International Meeting,
Houston, TX, USA. Paper No. 2200540.

3. Chuan-Che Lin, Shiou-Ruei Lin, Shih-Fang Chen (2022, Aug). Implementation
of Few-shot Object Detection Methods on Tea Diseases Identification. 2022
International Conference on Advanced Robotics and Intelligent Systems, Taipei,
Taiwan. Paper No. 1078.

4. Shih-Yu Lee, Shih-Fang Chen (2022, Aug). Development of Automatic Scouting
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10.

11.

12.

13.

14.

15.

Robot for Asparagus Greenhouse. 2022 International Conference on Advanced
Robotics and Intelligent Systems, Taipei, Taiwan. Paper No. 1090.
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IHE A S E=ZE R A X (2022 # 10 * ) - Mask2Former & & &
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Yu-Tang Chang, Shih-Fang Chen (2022, Nov). Design of Basis-projected Layer
for Sparse Datasets in Deep Learning Training Using GC-MS Spectra as A Case
Study. The 10th International Symposium on Machinery and Mechatronics for
Agriculture and Biosystems Engineering, Kaohsiung, Taiwan. Paper No. 1123.
Chih-Yun Tsai, Yan-Cheng Lin, Shih-Fang Chen (2022, Nov). Predictive Model
Development for Specialty Coffee Quality Applying NIR and FTIR
Spectroscopies. The 10th International Symposium on Machinery and
Mechatronics for Agriculture and Biosystems Engineering, Kaohsiung, Taiwan.
Paper No. 1125.

Ding-Ci Wang, Shih-Fang Chen, Xiu-Rui Lin, Xian-Zong Tsai (2022, Dec).
Application of Transformer Model for Tea Shoots Grading System Development.
The XX CIGR World Congress 2022, Kyoto, Japan.

Yan-Cheng Lin, Shih-Fang Chen, Shu-Ping Hung, Juin-Ming Lu, Jia-Hung Peng
(2022, Dec). Prediction of Production Factors and Flavor Profiles for Specialty
Coffee Using Neural Network. The XX CIGR World Congress 2022, Kyoto, Japan.
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1. Shih-Fang Chen, Yan-Fu Kuo. (2022). Artificial Intelligence for Image
Processing in Agriculture. In: Ma, S., Lin, T., Mao, E., Song, Z., Ting, KC. (eds)
Sensing, Data Managing, and Control Technologies for Agricultural Systems.
Agriculture Automation and Control. Springer, Cham.
https://doi.org/10.1007/978-3-031-03834-1_7
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1. Ankit Das, Samarpan Deb Majumder, Chien-Fang Ding*, Feasibility evaluation
of nanofluid based solar collector for biodiesel hot wash: An experimental study,
Solar Energy, vol. 245, pp. 385-403, 2022. (SCI)

2. Che-ShuLin, Hsin-Fang Hsieh, Chien-Fang Ding, Kuan-Mingli, Hong-
TsuYoung, Wen-TseHsiao, Laser surface modification on rGO/ZnO composite
materials for NO2 gas sensing, Materials Chemistry and Physics, vol. 290, pp.
126551, 2022. (SCI)
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Reviewer, IEEE Transactions on Robotics and Automation L3S i
Reviewer, IEEE Transactions on Engineering Education ¥ 5=
Reviewer, IEEE Access L
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Royal Society of Chemistry, Fellow BPZ
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