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ABSTRACT

Livestock farming is a large-scale industry, particularly for beef and dairy cows,
which generate economic value as primary food sources worldwide. Behavioral
recognition of beef and dairy cows has traditionally required continuous human
observation, which is subject to recording accuracy limitations and human fatigue.
YOLOv8n was therefore applied to assist in tasks requiring continuous monitoring for the
behavioral recognition of beef and dairy cows. Datasets were collected over 24 hours for
model training, and the model was subsequently deployed on-farm to monitor a herd of 16
dairy cows for behavioral data collection over an additional 15 days to derive statistical
metrics. The target behaviors were categorized into five classes: Eating, Walking, Lying,
Standing, and Drinking, then the model was also applied to analyze the behavior of
individual dairy cows during milking 44 times on during morning and evening. The total
dataset comprised 12,848 images, partitioned in a train:val:test ratio of 70:15:15. The
mMAP50-95 metric was compared across five YOLO-based models. YOLOv8n achieved
the highest performance owing to its 3.2M parameters, which exceed those of the other
versions, yielding Precision 74.85%, Recall 78.74%, mAP@0.5 78.37%, and mAP50-95
49.18%. The classes with relatively lower performance were Walking and Drinking, as
their image counts were fewer than those of the other classes because the dairy cow within
the farm had limited space for walking. The research primarily focused on the Eating class,
as it is instrumental in predicting whether a herd of dairy cow in a farm is at risk of illness.

Keywords: Deep Learning, YOLO, CNNSs, Livestock, Cattle Behavioral Recognition,

Object Detection, Algorithm Comparison
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CHAPTER 1

INTRODUCTION

1.1 Background of the Research

Livestock farming is a major global industry, especially for beef and dairy
cattle. The practice is widely popular, with many nations promoting it as a key national
industry (On-khlai & Nadi, 2022). The global live cattle population was estimated at
approximately 1,074.17 million heads in 2024, 1,085.16 million in 2023, and 1,080.24
million in 2022, Pakinamhang and Manoonsamrith (2025), Pupphavesa et al. (2025)
indicating a continuously increasing as cattle products serve as essential global food
sources (both meat and milk). Additionally, cattle manure is utilized for fuel and
agricultural fertilizer.

The demand for diverse daily dairy products—including fresh milk, pasteurized
milk, condensed milk, powdered milk, yogurt, fermented milk, cheese, butter, ice
cream, cream, and byproducts like whey and casein—makes (Department of Livestock
Development, 2024) maintaining dairy cow health critical. If a dairy cow becomes ill,
develops a fever, and does not receive prompt treatment, its milk production will
decrease significantly.

A common disease in tropical zones, particularly in Southeast Asia, is Bovine Tick
Fever (also known as “Three-Day Fever” in Thailand). This includes conditions such as
Anaplasmosis (Bovine Anaplasmosis), Babesiosis (Babesia bigemina, Babesia bovis), and
diseases associated with Ixodes Ricinus (Liang et al., 2024; Arnuphapprasert et al., 2023).
Common Clinical Signs Symptoms typically observed in affected cattle include: (1) High
fever (2) Anemia (3) Red-colored urine (Hemoglobinuria) (4) Jaundice (Yellowing of the
skin/eyes) (5) Listlessness and reduced movement (6) Loss of appetite (Anorexia)
(7) Weight loss (8) Abnormal increase in lying time (9) Difficulty rising from the ground
(10) Cold ears and a dry nose with minimal mucus (Alvarez et al., 2019; Zapa et al., 2024;
The PLOS ONE Staff, 2019; Santos et al., 2023).



Cattle affected with respiratory disease display changes in feeding behavior
days before visible clinical symptoms appear, reflecting reduced activity and appetite
as the body conserves energy for immune response (Kamel et al., 2024). Similarly, an
experimental inflammatory challenge in cows showed sick animals lay down more, ate
less, and remained inactive longer, with changes detectable within hours of disease
onset (Ledoux et al., 2023). Lung lesions observed pathologically also correlated with
disease severity and reduced weight gain (Kamel et al., 2024).

Current Farm Management and Challenges Experienced farmers can often
identify high-risk cows. However, in smaller farms (e.g., 40 head), the farm owner must
rely on personal observation. Since a single owner or farm hand cannot monitor the
entire herd continuously, farm attendants are often hired (Shakeel et al., 2022).
However, a significant challenge is the intensive nature of farm work and high staff
turnover.

Dairy breeds originating from temperate regions have a higher susceptibility to
these diseases. While healthy cows may recover spontaneously, older or weaker cows
are prone to severe illness and potentially death without timely intervention.

Because humans cannot remain in the cattle pen constantly, the early onset of
illness is often missed. Timely detection is crucial for effective treatment. Observation
is currently limited to the two daily milking periods (morning and evening), during
which cows are given 2.0-2.5 kg of supplementary concentrate feed.

Severely ill cows must be isolated to prevent injury from aggressive interactions
with other cattle. Isolation pens typically have an earthen floor (instead of concrete) to
improve traction and minimize slipping. Treatment involves administering an
antipyretic/analgesic injection every 4-6 hours, along with saline and 20 ml of calcium.
Intensive monitoring by personnel is required three times a day (morning, noon,
evening) to check the cow's feed intake and mobility. Recovery is indicated by the cow
gradually resuming eating, moving, and standing up.

Proposed Technological Solution Therefore, we propose a disease detection
methodology utilizing Image Processing and Deep Learning. This technology can assist
in detecting the onset of illness in dairy cows by analyzing movement and feeding
patterns (Gao et al., 2023). The system would be capable of analyzing both group
behavior (Fuentes et al., 2020; Li et al., 2024) while the herd is in the pen and individual



behavior during the milking process. Currently, there are no established guidelines or
systems that specifically employ Image Processing and Deep Learning to address this

particular animal health monitoring problem (Li et al., 2024).

1.2 Problem Statement

Although dairy cattle farming is a highly managed industry, the close human
monitoring required to detect signs of illness relies heavily on extensive human
experience (Fuentes et al., 2020). The current approach necessitates constant on-site
observation, which is challenging for small-scale farms that lack the labor capacity to
employ 24-hour personnel (Shahab et al., 2024).

Behavioral monitoring to detect sick cows is primarily limited to the two daily
milking periods. Outside of these times, human supervision is absent. Furthermore,
attaching sensors to cattle to monitor behavior is often impractical as cows typically
dislike devices affixed to their bodies (Li, Liu et al., 2024; Wang et al., 2024) and may
become stressed by continuous human presence. Such disturbances can negatively
impact their growth and milk quality. If illness strikes and becomes contagious, the
resulting outbreak can cause severe economic damage to the farm. Normal Dairy Cattle
Behavior A healthy dairy cow exhibits specific activity patterns: Total Activity: 878.4
— 1196.64 minutes/day Rumination (Chewing Cud): 360 — 488 minutes/day Standing
Time: 586 —773.28 minutes/day Drinking Time: 24.48 —43.20 minutes/day (Antanaitis
et al., 2024; Marzano et al., 2024; Raniolo et al., 2024; Antanaitis et al., 2025). Normal
Body Temperature: 36.1°C-38.3°C (Alvarez et al., 2019; Zapa et al., 2024).

1.2.1 Economic Impacts

1.2.1.1 Production Losses: Reduced body weight and decreased milk yield.

1.2.1.2 Loss of Livestock and Revenue: Animal mortality leading to
financial losses.

1.2.1.3 Regional Economic Strain: Significant adverse effects in regions
where livestock farming is a major industry.

1.2.1.4 High Costs: Increased expenses for treatment and disease control.



1.2.2 Control and Prevention Challenges
1.2.2.1 Production Losses: (Duplicated from above, confirming key negative
outcome) Reduced body weight and decreased milk yield.
1.2.2.2 Farm Contagion: A high prevalence of ticks within the farm
environment facilitates the rapid spread of infection.
1.2.2.3 Expertise Dependency: Relying on highly skilled and experienced
personnel for the timely observation and identification of sick cattle.
1.2.3 Animal Health Impacts
1.2.3.1 Mortality Risk: Severe infection can lead to animal death.
1.2.3.2 Complications: Decreased immune response and disease-related
complications.

Overall, cattle illness poses a multifaceted challenge with significant economic
consequences, detrimental effects on animal health, and inherent difficulties in disease
control. These challenges underscore the urgent need for a systematic approach to
prevention and treatment. Currently, observing cow behavior with the naked eye is
difficult and requires a large number of personnel. If abnormal symptoms are detected

too late, what kind of damage or losses could result?

1.3 Research Objectives

1.3.1 Developing a deep learning and image processing system for analyzing
herd-level dairy cow behavior, namely eating, walking, lying, standing, and drinking.

1.3.2 Developing a deep learning and image processing system for analyzing
individual dairy cow behavior, namely eating and standing, during the milking process.

1.3.3 Determining statistical values of cow behavior, both on the farm and
during milking.

1.3.4 Comparing the performance of various deep learning algorithms.



1.4 Scope of the Project

1.4.1 Deep learning is applied to perform object detection on dairy cow
behavior within the farm, with behaviors classified into five classes: eating, walking,
lying, standing, and drinking. Data were recorded over a 24-hour period under four
lighting conditions highlight, normal light, low light, and nighttime and statistical
values for each behavior were determined at the herd level, using a group of 16 cows
observed over 15 days under the four lighting conditions.

1.4.2 Deep learning is applied to perform object detection on dairy cow
behavior during the milking process, focusing on two classes eating and standing to
determine statistical values from a total of 44 milking.

1.4.3 Object detection is performed on a frame-by-frame basis, with detections
counted and subsequently converted into time duration in minutes.

1.4.4 Datasets were collected by recording video using a 360 Smart Camera
Little at a local farm in Thung Satok Subdistrict, San Pa Tong District, Chiang Mai
50120, Thailand, over a continuous 24-hour period across 16 days. One day of
recording was used to construct the training dataset, with frames sampled at a rate of
one every 100 frames, while the remaining 15 days were used to determine statistical
values.

1.4.5 The predictive results of this research serve solely as preliminary alert
information in cases where dairy cows exhibit behavior that deviates from their normal
patterns. They do not indicate whether a cow is sick or healthy, as the dataset used in
this study does not include any cows with diagnosed illness.

1.4.6 The research was conducted from August 2025 to May 2026.

1.5 Expected Benefits

1.5.1 Improved Farm Management and Animal Welfare Provides precise
statistical data on cattle behavior, allowing farmers to efficiently monitor animal health

and improve overall farm management.



1.5.2 Data Utilization for Anomaly Alerts Provides behavioral data that can be
utilized to alert farm owners of statistical abnormalities, applicable to both the herd and
individual cows during milking.

1.5.3 Foundation for Smart Agriculture Identifies the most efficient algorithm
balancing speed and accuracy, serving as a valuable guideline to develop practical

Smart Agriculture systems.

1.6 Project Location and Continuation

The project will be conducted at local farm Thung Satok Subdistrict, San Pa
Tong District, Chiang Mai 50120, Thailand and the School of Applied Digital
Technology, Mae Fah Luang University, Based on the background and significance of
the problem identified, the project team will now proceed to study the relevant theories
and research on Image Processing and Deep Learning Approaches for Herd-Level and
Individual Behavior Monitoring of Dairy Cows during Milking, as detailed in the

following chapter.



CHAPTER 2

LITERATURE REVIEW

This chapter presents the theories and related research. The researcher has
collected relevant concepts and theories to apply in the study as part of the conceptual
framework and to support the content under investigation. The concepts and theories

that have been gathered are as follows

2.1 Livestock Industry

The livestock industry today plays a significant role in global food consumption,
including poultry, swine, dairy cattle (Pupphavesa et al., 2025), and beef cattle
(Department of Livestock Development, 2024). These animals are used for both fresh
meat and processed food products. The food system focuses heavily on industrial-scale
production of meat and dairy products (On-khlai & Nadi, 2022).

2.1.1 Beef Cattle Production Industry

In 2024, the number of beef cattle reached 14.04 million, an increase of 8.27%
compared to the previous year. During 2023, Thailand conducted negotiations to open
export markets for beef cattle to several foreign countries. It is expected that by 2025,
production will expand further to meet the growing demand from both domestic and
international markets.

As of July 2024, there were 121,000 beef cattle, producing approximately
20,225 tons of beef, with an average price of 76.69 THB per kilogram. From January
2024 to July 2025, the export of live beef cattle increased to 69,416 heads, with major
destinations being Malaysia (35.92%), Vietnam (31.83%), Laos (31.69%), and others
(0.56%) (Department of Livestock Development, 2024) as shown in Table 2.1.



Table 2.1 Global Beef Production and Trade, 2023—-2024

2566 2567 % +/-
1. Beef Cattle Inventory (million heads) 289.237 288.692 -0.19
2. Beef Production (thousand tons) 59,973 60,748 1.29
3. Domestic Consumption (thousand tons) 58,209 58,768 0.96
4. Export Volume (thousand tons) 12,183 12,932 6.15
5. Import Volume (thousand tons) 10,349 10,399 0.48

Map showing the density of beef cattle
farming by province in 2024

Major production arcas
1. Surin 6.49%

? 2. Nakhon Ratchasima 6.07 %
3. Ubon Ratchathani 5.86%

? ? ? ? 4. Sisaket 5.18 %
5. Roi Et 4.85 %

191 standard farms

Total 516 slaughterhouses
- 1,507 GMP

-4 GMP

- 5 export

Source: Department of Livestock Development, Thailand

Figure 2.1 Density Map of Beef Cattle Farming by Province in 2024

2.1.2 Dairy Cattle Production Industry

In 2024, the estimated raw milk production is approximately 1,079,000 tons,
representing a 5.17% increase from 2023. In July, the raw milk output was recorded at
2,727 tons per day, showing a notable increase. The farm-gate price for raw milk in
August 2024 averaged 21.06 THB per kilogram. From January to July, the total import



volume of dairy products was 182,956.95 tons. According to the Global Dairy Trade
report for August, the average global price for skimmed milk powder was USD 2,588
per ton, and for whole milk powder, it was USD 3,371 per ton.

Note: Dairy product exports consisted of cheese (37%), skimmed milk powder
(28%), whole milk powder (23%), and butter (12%) (Department of Livestock
Development, 2024) as shown in Table 2.2.
Table 2.2 Global Dairy and Dairy Product Production and Trade, 2023-2024

2566 2567 % +/-
1. Number of Dairy Cows (million) 141.338 141.425 0.06
2. Milk Production (thousand tons) 550,997 552,023 0.19
3. Domestic Consumption (thousand tons) 194,411 195,822 0.73
4. Exported Dairy Products (thousand tons) 8,323 8,451 1.54
5. Imported Dairy Products (thousand tons) 5,308 5,212 -1.81

Map showing the density of beef cattle
farming by province in 2024

Major raw milk production
sources

1. Saraburi 19.66%

2. Nakhon Ratchasima 15.44%
3. Lopburi 11.45%

4. Chiang Mai 7.54%

5. Ratchaburi 5.26%

6. Nakhon Pathom 5.10%

Standard farms 6,322 farms
Milk centers 205 centers

- GMP certified 186 centers

- GAP certified 14 farms
Collect raw milk 2,818 tons/day

Source: Department of Livestock Development, Thailand

) Y
) 4

Figure 2.2 Density Map of Dairy Cattle by Province in 2024
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2.2 Anaplasmosis

Anaplasmosis, also known as stiff leg fever or three-day sickness, has a significant
economic and health impact on livestock (Liang et al., 2024). Production losses include
cattle mortality, weight loss, or reduced milk yield (Arnuphapprasert et al., 2023), along
with increased costs for treatment and disease control. In some cases, the pathogen exhibits
drug resistance, and in severe cases, animals may die rapidly. However, early detection and
treatment can prevent the spread of the disease to beef or dairy cattle within the farm (Zapa
etal., 2024).

Beef and dairy cattle, especially those from cold climate breeds, are more
susceptible to this disease. If farmers can utilize technology for early detection (Li, Liu et
al., 2024; Wang et al., 2024), the symptoms of anaplasmosis or three-day sickness can often
resolve on their own in healthy animals. However, if the affected cattle are already weak,
the disease may be fatal. Feeder cattle, which represent a high investment, can experience
symptoms such as (1) High fever (2) Anemia (3) Red-colored urine (Hemoglobinuria)
(4) Jaundice (Yellowing of the skin/eyes) (5) Listlessness and reduced movement (6) Loss
of appetite (Anorexia) (7) Weight loss (8) Abnormal increase in lying time (9) Difficulty
rising from the ground 10) Cold ears and a dry nose with minimal mucus (Alvarez et al.,
2019; Zapa et al., 2024; The PLOS ONE Staff, 2019; Santos et al., 2023).

This disease typically occurs in tropical or subtropical regions (Arnuphapprasert et
al., 2023) and poses a threat to the livestock industry involving beef cattle, dairy cattle, and
buffaloes. The problem is widespread globally, particularly in South America, Africa, and
Asia. Infection is caused by parasites transmitted by ticks such as Babesia bovis,
B. bigemina, and B. divergens. Symptoms include (1) Severe anemia (2) Jaundice from the
destruction of red blood cells (3) High fever up to 41°C (Shahab et al., 2024), (4) Fatigue,
which may lead to death in severe cases (5) Weakness, lethargy, and immobility
(6) Anorexia

In some cases, death (Liang et al., 2024) may occur. However, the disease is

treatable if proper and timely medication is administered.
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2.3 Sickness Behavior as an Early Diagnostic Indicator

Cattle affected with respiratory disease display changes in feeding behavior up to
four days before visible clinical symptoms appear, with this “sickness behavior” reflecting
reduced activity, lower appetite, and decreased drinking or feeding rates as the body
conserves energy for an effective immune response (Kamel et al., 2024). Similarly, an
experimental systemic inflammatory challenge in cows demonstrated that sick animals
became reluctant to move, lay down more frequently, showed reduced feed intake, and
spent more time without activity, with these changes detectable as early as 1-2 hours after
the onset of inflammation and lasting up to 24 hours (Ledoux et al., 2023). Pathologically,
affected animals also displayed lung consolidation and other lesions correlating with

disease severity and reduced average daily gain (Kamel et al., 2024).

2.4 Feeding Behavior and Physical Movement of Cattle

Monitoring the health of beef and dairy cattle is essential for ensuring optimal
growth and productivity. For beef cattle, good health promotes weight gain, resulting in
greater meat yield and improved flavor. For dairy cattle, good health leads to higher milk
production and reduces milk loss. Health assessments in cattle include monitoring feeding
behavior, which reflects the animal’s overall health condition. Common behavioral
indicators include withdrawal from the herd, irregular or abnormal gait, and inconsistent
physical movement. In healthy cattle, heart rates range between 55-80 beats per minute.
Physical activity is typically reduced in unhealthy cattle.

Body movement activity is lower than that of healthy cattle. Cows in estrus exhibit
a 24% reduction in rumination compared to normal cows. Sick cows may show a reduction
in rumination behavior or even complete cessation (Li et al., 2019), and their body
temperature may exceed 40°C (Shahab et al., 2024). Under normal conditions, healthy
cows ruminate for an average of 488 minutes per day (Raniolo et al., 2024). In addition,
healthy cows typically walk 2.2-2.5 km per day, with a maximum distance of up to 4 km

per day (Neave et al., 2021). These observations indicate that feeding-related behaviors are
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critical indicators for identifying whether a cow is in an unhealthy condition (Cho et al.,
2024; Fogsgaard et al., 2025).

2.5 Object Detection for Frame-based Image Analysis

Over the past 30 years, facial recognition has garnered significant attention due to
its convenience and wide range of applications in image analysis and object pattern
recognition (Shakeel et al., 2022). Two key reasons for this trend are the diverse
commercial and legal requirements across different countries and the widespread
availability of related technologies such as smartphones, digital cameras, and GPUs for
processing.

Despite significant advancements in facial recognition systems using machine
learning (Li et al., 2024), their effectiveness remains challenged by real-world conditions
such as poor lighting, varied facial poses and expressions, partial occlusion, disguises,
intentional gesture distortions, and foreign objects in images.

Recently, machine learning has achieved substantial success in facial recognition,
identification, and verification. A major challenge in face detection remains achieving high
accuracy across varying facial scales. Deep learning techniques such as Region-based
Convolutional Neural Networks (RCNN) have been applied for recognition tasks,
alongside traditional algorithms like AdaBoost and deep pyramid deformable models
(DPM). Other machine learning-based methods, including SPP-net, Fast-RCNN, and R-
FCNN, have further improved both detection speed and accuracy over time. As a result,
object detection techniques such as YOLO (You Only Look Once) have been adapted for
tasks such as disease prediction, specifically (Shakeel et al., 2022).

Application of YOLO for Symptoms of illness Prediction and Behavioral Analysis.
Therefore, the YOLO model was adapted and implemented for Symptoms of illness
prediction by training an Object Detection model focusing on two primary stages. The
model utilizes the x_center, y_center, width, and height (Li, Lin et al., 2024; Wang et al.,
2024) parameters to accurately localize and identify specific behaviors, such as eating,
rumination, standing still while eating, and lying. The analysis of these behaviors (Li et al.,

2024) is used to predict the overall health status of the herd based on average behavioral
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metrics. Furthermore, the trained model is deployed for individual cow detection during
the milking process. During milking, farm owners or attendants typically provide the cows
with a high-protein feed mixture. If a cow exhibits low feed intake or remains motionless
and lethargic (Lomb, 2019) for an extended period, it indicates a high probability of illness.
The cow's physical movement is analyzed using the developed model with a carefully
selected threshold applied to quantify the movement count. This automated movement

count as shown in Figure 2.3.

Image
processing

Analyzing images of cow behavior.

Figure 2.3 Image Analysis of Feeding and Physical Movement Behavior

2.5.1 YOLO

Ultralytics YOLO is an implementation that utilizes Convolutional Neural
Networks (CNNSs) in Deep Learning. Deep Learning, a subset of Machine Learning, uses
large-scale Neural Networks to learn from data and is suitable for complex tasks such as
image classification, speech recognition, and language translation. CNNs are commonly
used in Computer Vision tasks such as image classification and object detection (Wang et
al., 2024).

YOLO possesses versatile capabilities for real-time detection tasks, including
detection, instance segmentation, pose/keypoints estimation, oriented detection, and
classification. It offers various model sizes: n, s, m, |, and x, each differing in metrics such
as mAPval50-95, CPU ONNX speed, T4 TensorRT10 speed, parameters, and FLOPs.
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2.5.1.1 Key Features YOLOvVS8

1. Advanced Backbone and Neck Architectures: YOLOvV8 employs state-
of-the-art backbone and neck architectures, resulting in improved feature extraction and
object detection performance.

2. Anchor-free Split Ultralytics Head: YOLOv8 adopts an anchor-free split
Ultralytics head, which contributes to better accuracy and a more efficient detection process
compared to anchor-based approaches.

3. Optimized Accuracy-Speed Tradeoff: With a focus on maintaining an
optimal balance between accuracy and speed, YOLOVS is suitable for real-time object
detection tasks in diverse application areas.

4. Variety of Pre-trained Models: YOLOv8 offers a range of pre-trained
models to cater to various tasks and performance requirements, making it easier to find the

right model for your specific use case.
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2.5.1.2 Supported Tasks and Models
1. The YOLOVS series offers a diverse range of models, each specialized

rchitecture

for specific tasks in computer vision. These models are designed to cater to various

requirements, from object detection to more complex tasks like instance segmentation,

pose/keypoints detection, oriented object detection, and classification.

2. Each variant of the YOLOVS8 series is optimized for its respective task,

ensuring high performance and accuracy. Additionally, these models are compatible with
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various operational modes including Inference, Validation, Training, and Export,
facilitating their use in different stages of deployment and development.

3. This table provides an overview of the YOLOv8 model variants,
highlighting their applicability in specific tasks and their compatibility with various
operational modes such as Inference, Validation, Training, and Export. It showcases the
versatility and robustness of the YOLOV8 series, making them suitable for a variety of
applications in computer vision (Li, Liu et al., 2024; Wang et al., 2024; Hidayatullah et al.,
2025).

Model Filenames Task Inference Validation Training Export

YOLOv8 yolov8n.pt Detection _ _ i i
yolov8s.pt
yolov8m.pt
yolov8l.pt
yolov8x.pt

YOLOv8-seg  yolovBn-seg.pt Instance Ea L v v
yolovBs-seq.pt Segmentation
yolovBm-seq.pt
yolov8l-seg.pt
yolov8x-seg.pt

YOLOvS- yolovBn-pose.pt Pose/Keypaoints [
pose yolov8s-pose.pt
yolov8m-pose.pt
yolov8l-pose.pt
yolovB8x-pose.pt
yolovBx-pose-
pé.pt
YOLOv8-cbb  yolovBn-obb.pt Oriented | E v v
yolov8s-obb.pt Detection
yolov8m-obb.pt
yolovB8l-obb.pt
yolov8x-obb.pt
YOLOv8-cls yolov8n-cls.pt Classification | E4 k k
yolov8s-cls.pt
yolovBm-cls.pt

yolovB8l-cls.pt
yolov8x-cls.pt

Source Jocher et al. (2023)
Figure 2.5 Provides an Overview of the YOLOvS8 Model Variants

2.5.1.3 Key Features YOLOv11
1. Enhanced Feature Extraction: YOLO11 employs an improved backbone
and neck architecture, which enhances feature extraction capabilities for more precise

object detection and complex task performance.


https://www.ultralytics.com/glossary/computer-vision-cv
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2. Optimized for Efficiency and Speed: YOLO11 introduces refined
architectural designs and optimized training pipelines, delivering faster processing speeds
and maintaining an optimal balance between accuracy and performance.

3. Greater Accuracy with Fewer Parameters: With advancements in model
design, YOLO11m achieves a higher mean Average Precision (mAP) on the COCO dataset
while using 22% fewer parameters than YOLOv8m, making it computationally efficient
without compromising accuracy.

4. Adaptability Across Environments: YOLO11l can be seamlessly
deployed across various environments, including edge devices, cloud platforms, and
systems supporting NVIDIA GPUs, ensuring maximum flexibility.

5. Broad Range of Supported Tasks: Whether it's object detection, instance
segmentation, image classification, pose estimation, or oriented object detection (OBB),

YOLO11 is designed to cater to a diverse set of computer vision challenges.
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Figure 2.6 YOLO11 Architecture

2.5.1.4 Supported Tasks and Modes

1. YOLO11 builds upon the versatile model range introduced in

YOLOVS, offering enhanced support across various computer vision tasks:

2. This table provides an overview of the YOLO11 model variants,

showecasing their applicability in specific tasks and compatibility with operational
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modes such as Inference, Validation, Training, and Export. This flexibility makes
YOLO11 suitable for a wide range of applications in computer vision, from real-time
detection to complex segmentation tasks (Hidayatullah et al., 2025) as show in Table
2.2

Model Filenames Task Inference Validation Training Export
YOLO11 yololin.pt Detection : i
yololls.pt
yololim.pt
yolol1l.pt
yololl1x.pt
YOLO11-seg = yolollin-seq.pt Instance I | : i
yolol1s-seg.pt Segmentation

yololim-seg.pt
yolol1l-seq.pt
yololl1x-seg.pt
YOLO11- yolol1n-pose.pt Pose/Keypoints = 4 : i
pose yolol1s-pose.pt
yololim-pose.pt
yolol1l-pose.pt
yololl1x-pose.pt
YOLO11-obb  yololln-obb.pt Oriented 4 | | E
yolol1s-obb.pt Detection
yololim-obb.pt
yolol1l-obb.pt
yolo1l1x-obb.pt
YOLO11-cls yololin-cls.pt Classification v | E
yolol1s-cls.pt
yololim-cls.pt

yolol1l-cls.pt
yololix-cls.pt

Source Jocher and Qiu (2024)
Figure 2.7 Provides an Overview of the YOLOv11 Model Variants

2.5.1.5 Compare size model YOLO

1. mAP50-95 (Accuracy): Higher values indicate more accurate and
detailed object detection.

2. Params (Size): Lower values result in lighter models, consuming less
RAM or VRAM.

3. FLOPs (Speed): Lower values indicate faster processing (higher
FPS), which is suitable for processors with non-low resources.

4. The application of each version varies accordingly. YOLOvV8n is
characterized by being the fastest and smallest version, making it suitable for portable

devices and microcontrollers that prioritize real-time performance. Conversely, larger
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models such as YOLOv8x focus on tasks that do not require knowledge but primarily
demand accuracy, as shown in Table 2.3.

Table 2.3 Performance Comparison of Yolov8 Model Variants

Model Variant mAP50-95 Params(M) FLOPs(B)
YOLOv8&n 37.3 3.2 8.7
YOLOV8s 44.9 11.2 28.6
YOLOv8m 50.2 25.9 78.9
YOLOVSI 52.9 43.7 165.2
YOLOv8x 53.9 68.2 257.8

In the development of each YOLO version, improvements are made regarding
accuracy, parameters (Params), and speed, with each version designed to have more
distinct strengths. Choosing a model requires considering not only accuracy but also
speed, as well as the nature of the application. Selecting an inappropriate model may
prevent the application from achieving the maximum efficiency of that specific model.
The model with the most Params is YOLOv8n, while the model with the [highest]
mMAP50-95 and FLOPs(B) values is YOLO26n, as shown in Table 2.4.

Table 2.4 Data Comparison of Various Yolo Versions for the Nano (N) Model Variant

Model mAP50-95 Params(M) FLOPs(B)
YOLOv8&n 37.3 3.2 8.7
YOLOll1n 39.5 2.6 6.5
YOLOI12n 40.6 2.6 6.5
YOLO26n 40.9 2.4 5.4

2.6 Herd-level Cow Behavior Measurement

2.6.1 The Mean is the calculated central value (average) of a complete dataset.
It is derived by summing all data points and dividing by the total number of data points,
representing the overall tendency of the data set (Antanaitis et al., 2025; Antanaitis,
Dzermeikaité et al., 2024).
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Formula

n
1 2.1
n.

i=1

X = The Mean (Average) of the dataset.
X;= The value of the i*" data point.
n= The total number of data points.

2.6.2 Standard Deviation (SD) is a measure that quantifies the amount of
variation or dispersion of a set of data values. It indicates “how spread out the data is
from the mean.” A low SD suggests that the data points tend to be close to the mean,
while a high SD indicates that the data points are spread out over a wider range
(showing significant differences). The SD is used to measure the variability of the data
(Antanaitis et al., 2025; Antanaitis, Dzermeikaité et al., 2024).

Formula

n—1

A =

X;= The value of each individual data point.
X=The Mean (Average) of the dataset.
n= The total number of data points.

2.6.3 The Minimum (Min) value is the smallest value in the data set. It is used
to define the lower boundary of the observed values in the sample. It indicates the
lowest value found in the data set and serves as a reference point for determining an
abnormally low range of behavior (Antanaitis et al., 2025; Antanaitis, Dzermeikaité et
al., 2024).

Formula (Logical)

Min(X) = min(Xy, Xp, ..., Xp) (2.3)
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2.6.4 The Maximum (Max) value is the largest value in the data set. It is used
to define the upper boundary of the observed values. It identifies the highest level of
detected behavior and is essential for outlier detection (Antanaitis et al., 2025;
Antanaitis, Dzermeikaité et al., 2024).

Formula (Logical)
Max(X) = max(Xy,X5,...,Xn) (2.4)

2.6.5 The Median is the middle value of the data when all data points are
arranged in ascending order. Half of the data points will have a value less than the
median, and the other half will have a value greater than it. It is particularly suitable for
data sets containing outliers and represents the true central tendency of the group
(Antanaitis et al., 2025; Antanaitis, Dzermeikaité et al., 2024).

Formula for Odd n

n+1
2

Median(X) = x( ) (2.5)

Formula for Even n

BH+*G+1)

Median(X) = ( >

) (2.6)

2.6.6 F-statistic (One-way ANOVA) is a test statistic used in Analysis of
Variance (ANOVA) to assess whether the variance between groups is more significant
than the variance within groups, in the context of research (Antanaitis et al., 2025;
Antanaitis, Dzermeikaité et al., 2024).

Formula

_ SSg/(k — 1) (2.7)
~SS, /(N = k)

SSg = Sum of Squares Between Groups
SSy = Sum of Squares Within Groups
k = Number of sample groups

N = Total number of samples
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2.6.7 F-statistic (One-way ANOVA) is an index that measures the probability

that an experimental outcome is due to chance. A P-value < 0.05 is considered
statistically significant and is used as a criterion to reject the null hypothesis (Hy),

confirming that the observed behavioral differences are indeed caused by the studied
factors (Antanaitis et al., 2025; Antanaitis, Dzermeikaité et al., 2024).

Formula
P —value = P(F = Fypservea | Hp) (2.8

Fypserveqa = The F-statistic calculated from the actual data.

H, = The null hypothesis assumes that all groups are indistinguishable.

2.6.8 Frame-to-Time Conversion is since object detection models such as
YOLO process video data on a frame-by-frame basis, the number of frames in which a
target behavior is detected must be converted into a time duration to allow meaningful
comparison with real-world, human-observed measurements. This conversion is based
on the frame rate (FPS) of the recording device, which defines how many frames
correspond to one second of video. The resulting duration in seconds is further divided
by 60 to express the value in minutes, rounded to three decimal places for precision.

Formula

N

frame
Tryiy = ———— 2.9
min = TpS x 60 (*9)

Tmin = the converted duration, in minutes

Nframe = the number of frames in which the target behavior was detected

FPS = the frame rate of the recording device, in frames per second



24

Table 2.5 Definition of Statistical and System Performance Metrics

Statistic

Definition

Mean

SD

Min

Max

Median

F-statistic

P-value

System Accuracy* (%)

Frame-to-Time

Conversion

The calculated arithmetic average of the entire dataset. It is
obtained by summing all data values and dividing by the total
number of data points. It is used to represent the overall central
tendency of the dataset.

A value that indicates the degree of dispersion or variability of the
data from the mean. A higher SD signifies greater data spread
(high dissimilarity), while a lower SD indicates that the data
points are closely clustered around the mean.

The smallest value in the dataset. It is used to define the lower
boundary of the values observed within the sample.

The largest value in the dataset. It is used to define the upper
boundary of the values observed within the sample.

The middle value of the data when arranged in ascending order.
Half of the data values are less than the median, and the other half
are greater.

The test statistics used in analysis of variance (ANOVA).

The index measures the probability that an experimental result
will occur by chance. If the value of P < 0.05, it is considered
statistically significant.

The measurement of the system's accuracy in time measurement,
specifically the Correlation between the system's measured time
and the actual (ground truth) time. It is the correlation coefficient
between the system's measurement results and those observed by
a human.

Since object detection models such as YOLO process video on a
frame-by-frame basis, the number of frames in which a behavior
is detected must be converted into a time duration for comparison
with human-observed measurements. This conversion uses the
frame rate (FPS) of the recording device, with the resulting
seconds further divided by 60 to express the value in minutes,

rounded to three decimal places.
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2.7 Dataset Collection and Management

The most crucial component in developing any prediction system is the dataset,
which must be appropriately collected and selected to enhance the performance of the
model. Data acquisition is essential for building an effective model. The dataset split is
defined as 70:15:15 for the training, validation, and testing sets (train:valid:test),
respectively. This research employs an offline data collection approach (Li et al., 2024;
Li, Liu et al., 2024; Wang et al., 2024).

Offline Dataset

(1) Frame Rate: Set at 20 Frames Per Second (FPS). (2) Camera Angle: Set to
a high-angle view to capture the cow's behavior as comprehensively as possible.
(3) Camera Placement: Positioned at a height of 3 meters from the ground and at a

horizontal distance of 4 meters from the dairy cows (Li et al., 2024).

Figure 2.8 Example of the Offline Dataset

2.8 GitHub

Nowadays, project development has become increasingly complex, requiring
collaboration among multiple developers. One major issue in teamwork is the inability
to track individual progress or whether file changes might overwrite others’ work. Git

is therefore utilized to solve this problem by tracking file changes in a project.
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Regardless of who modifies, adds, or deletes files, those changes are visible to the entire
team.

GitHub is an internet-based Git (version control repository) platform. It
functions similarly to Git but allows users to manage and access repositories via a web
interface without the need to install a server or pay for hosting. All project code can be
publicly accessed, though GitHub also offers private plans for users who want to keep

their code confidential.

2.9 Stack Overflow

Programming languages are continually evolving, and new languages are
regularly introduced. This can make it difficult for beginner programmers to understand
or apply certain code snippets, especially since textbooks are often slow to adapt to
modern developments. As a result, many newcomers turn to experienced developers
for help. However, finding nearby experts can be difficult, which has led to the
emergence of public online platforms like “Stack Overflow.”

Stack Overflow is well-known among professional programmers as the world’s
largest Q&A forum for coding-related topics. It functions similarly to forums like
Pantip.com but focuses exclusively on programming. Questions and answers are
generally written in English, and since most programming issues are not unique,
solutions are often already available, making it easier and faster to find answers—

except in cases involving highly specialized code.

2.10 Visual Studio Code

In the contemporary era of rapid technological advancement and continuous
evolution, programming paradigms have diversified significantly. This evolution spans
across various domains, ranging from web and mobile application development to
specialized fields such as Machine Learning (ML), Deep Learning (DL), and Data
Science. Central to this development process is the requirement for versatile source

code management across multiple programming languages.
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Visual Studio Code (VS Code), developed by Microsoft, has emerged as a
prominent, open-source code editor that addresses these needs. VS Code is a cross-
platform tool compatible with Windows, macOS, and Linux environments. It provides
extensive support for a wide array of programming languages, including but not limited
to Python, JavaScript, and TypeScript. Furthermore, it facilitates seamless integration

with Git, serving as a robust interface for Git-based version control systems.

2.11 Python

Many programming languages are available for system development, including
C++, C#, Java, Go, JavaScript, and TypeScript. However, Python stands out due to its
extensive library and community support. Python is a modern language known for its
simple syntax and versatility across various applications, including website development,
REST APIs, and data analysis.

In particular, Python is widely used in Artificial Intelligence (Al), especially in
Machine Learning (ML) and Deep Learning (DL). These domains require numerous
tools and libraries to help developers and researchers build models efficiently. Python

is compatible with major frameworks such as TensorFlow and PyTorch.

2.12 Related Research

The study of related research reveals two general approaches for livestock
monitoring: Computer Vision and the use of loT Sensors (Antanaitis et al., 2025). Using
loT sensors requires installing physical devices directly onto the animal, typically
operating in a one-to-one (1:1) manner. These sensors are often attached to the cow's
tail or neck area. Naturally, cows dislike foreign objects touching their bodies (for
example, they use their tails to swat away insects). Therefore, installing 10T devices
can disrupt the cow's natural behavior. Furthermore, monitoring large herds or multiple
pens within a farm would necessitate a significant number of 10T devices, resulting in
substantial additional costs. To mitigate these problems, employing a Computer Vision

approach is a viable solution. Computer Vision allows for the simultaneous detection
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of multiple cows and eliminates the issue of behavioral disturbance caused by
physically attaching IoT devices to the animals.

2.12.1 Dynamic Serpentine Convolution with Attention Mechanism Enhancement
for Beef Cattle Behavior Recognition

This research utilizes a Computer Vision model named YOLOv8n_BiF_DSC
(YOLOv8n enhanced with Dynamic Serpentine Convolution and BiFormer Attention).
The study applied image processing and deep learning techniques to recognize the
behavior of 45 beef cattle at Shengtu Livestock Farm. The model was designed to detect
and classify several key behaviors: standing, lying, mounting, fighting, licking, eating,
drinking, walking, and searching. The overall performance metrics reported were:
Precision (P): 96.5% Recall (R) for the ‘'lying' behavior: 98.9% mAP50: 96.5%
mAP50:95: 71.5% Data collection for this research covered cow behavior during both
daytime and nighttime periods (Li et al., 2024).

Nighttime

Raw image YOLOvVS8n YOLOv8n_BiF_DSC

Figure 2.9 Behavioral Detection Charts for Beef Cattle with Different Light

2.12.2 The Relation between Milk Lactose Concentration and the Rumination,
Feeding, and Locomotion Behavior of Early-Lactation Dairy Cows
This study utilized 10T technology, specifically the BROLIS HerdLine in-line milk

analyzer and the RumiWatch noseband sensor, to collect data. The data was subjected to
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statistical analysis, including Pearson correlation, linear regression, and the Shapiro-Wilk
test. The research was conducted on 502 dairy cows during their early lactation phase
(5-30 days postpartum). The behaviors and metrics detected included: rumination chews,
eating chews, drinking gulps, bolus, activity, activity change, other chews, and chews per
minute. Data collection spanned a duration of five days and was limited only to early-
lactation dairy cows during daytime hours (Antanaitis, DZermeikaité et al., 2024).

2.12.3 Utilizing Noseband Sensor Technology to Evaluate Rumination Time as
a Predictor of Feeding and Locomotion Behaviors in Dairy Cows

This research utilized the RumiWatch noseband sensor (incorporating both
pressure and an accelerometer) for data acquisition via the Internet of Things (loT)
approach. The collected data was analyzed using various statistical methods, including
Spearman correlation, linear regression, and polynomial/logarithmic models. The study
involved 434 Holstein dairy cows during their early lactation period (5-30 days
postpartum). The behaviors and metrics measured included: (1) Rumination: Rumination
time and rumination chews. (2) Eating: Eating chews and eating time. (3) Ingestion:
Drinking gulps and bolus. (4) Activity: General activity and other activity time. (5) Rate:
Chews per minute. The data collection period spanned 16 days, and behavioral data was

recorded exclusively during daytime hours (Antanaitis et al., 2025).

Source Antanaitis et al. (2025)
Figure 2.10 Cow with RumiWatch Noseband Sensor (font and side view) (RWS; ITIN +
HOCH GmbH, Feeding Technology, Liestal, Switzerland)
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CHAPTER 3

METHODOLOGY

This quantitative, experimental study uses deep learning and image processing
to analyze dairy cow behavior eating, walking, lying, standing, and drinking—on a
small-scale farm. It aims to detect herd-level behavioral abnormalities and apply the
model to individual behavioral analysis during milking. A systematic development
approach was followed, as outlined below.
3.1 Research Design Concept
3.2 System Analysis and Design
3.2.1 Study Area and Animal Subjects
3.2.2 Analysis Overview

3.2.3 System Design

3.2.3.1 Video acquisition
Collected from a small dairy farm

3.2.3.2 Frame sampling
One frame every 100 frames

Y

3.2.3.4 Model training
Deep learning feature extraction
and recognition

3.2.3.3 Image Annotation
Manual labeling of object classes

3.2.3.6 Behavioral data
recording 15 days

|

3.2.3.5 Model performance comparison
Compare results across models

1 AN

3.2.3.7 Individual behavior analysis
Deploy model to analyze cow behavior
during milking

Figure 3.1 Shows the seven steps of the system process, from video acquisition to

individual behavior analysis, detailed in Sections 3.2.3.1-3.2.3.7
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3.2.3.1 Video Acquisition from a Small-Scale Farm: Video data was
collected directly from a small dairy farm.

3.2.3.2 Frame Sampling: Frames were sampled at a rate of one every
100 frames.

3.2.3.3 Image Annotation: Objects in the sampled images were manually
labeled with their corresponding classes.

3.2.3.4 Deep Learning for Feature Extraction and Object Recognition
(Model Training): A deep learning model was trained to extract features and recognize
specific object classes.

3.2.3.5 Model Performance Comparison: The performance of different
models was compared.

3.2.3.6 Behavioral Data Recording: The trained model was deployed to
continuously record cow behavioral data over a 15-day period, generating statistical
values for each behavior used in subsequent analysis.

3.2.3.7 Individual Behavior Analysis: The trained models were
deployed to analyze the behavior of individual cows during milking, and the results
were documented.

3.3 System Development and Implementation

3.1 Research Design Concept

This research adopts a quantitative, experimental research design grounded in
image processing and deep learning techniques to study dairy cow behavior on a small-
scale farm. The underlying concept treats animal behavior monitoring as an object
detection and classification problem: video footage of the herd is transformed into
image annotation, from which a deep learning model learns to recognize behavior-
related object classes such as feeding, rumination, standing, and lying.

The research design follows two complementary levels of analysis. At the herd
level, the trained model is applied across the general farm area to detect behavioral
patterns and identify abnormalities within the group. At the individual level, the same

modeling approach is applied within a designated milking area to analyze the behavior
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of single cows during the milking process. Multiple deep learning architectures are
trained and compared under this design to identify the model that yields the highest
detection and classification accuracy, ensuring that the resulting system is both reliable
and practically applicable to small-scale farm conditions.

The detailed system development procedure that operationalizes this concept,
comprising the seven implementation steps from video acquisition through individual

behavior analysis, is presented in Section 3.2 (System Analysis and Design).

3.2 System Analysis and Design

3.2.1 Study Area and Animal Subjects This study was conducted on a small-
scale, traditionally managed dairy farm. The farm houses dairy cattle of the Holstein
Friesian breed and Holstein-Brahman crossbreds, all female, and is divided into
approximately four areas: the first area, used for behavioral data collection, houses
approximately 16 dairy cows; the second area was not used for data collection; the third
area contains dairy or beef cattle not yet mature enough for milk production and was
therefore excluded; and the fourth area is designated for newly born calves and was
likewise excluded. For feeding behavior data collected during the milking process, all
milkable cows, approximately 35 animals, were included. No criteria regarding age,
sex, body weight, or lactation stage were applied in selecting the animal subjects.

3.2.2 Analysis Overview The process begins with video acquisition, followed
by frame sampling every 100 frames to reduce data volume (LI, Liu et al., 2024). These
frames are then meticulously labeled to create a training set for the object detection
model. Once trained, the model is applied to analyze herd-level behavior, with a
specific focus on critical areas like the milking stall, to gather behavioral data. A key
objective of this research is to thoroughly compare the performance of different models
to identify the most suitable CNN architecture. The results, including object detection
performance and model comparisons, are presented as percentages (%) and
systematically documented, as shown in the block diagram of the research as shown in
Figure 3.2 and 3.3
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Figure 3.3 Block Diagram of Research

3.2.3 System Design

3.2.3.1 The camera angle must be adjusted to provide a sufficient field of

view of the target objects, taking the farm environment into account (Li et al., 2024).

The mounting configuration, including height, distance, and angle, was selected to

achieve full coverage of the dairy cattle throughout recording, as illustrated as shown

in Figure 3.4. The camera was mounted on the first post, allowing secure attachment

without altering the farm environment or creating obstructions.



.................................................................................. 360 Sll’lal"[ Camera thtle
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.. Field of view
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Figure 3.4 Camera Setup Height of 3.0 m / a Distance of 4.0 m / an Angle of 90°

Table 3.1 Video Acquisition and Dataset Specifications
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Parameter Value
Camera model 360 Smart Camera Little
Mounting height 3.0m
Distance from cattle area 40m
Camera angle 90°
Recording duration 16 days
Lighting conditions Highlight, normal light, low light, nighttime
Total images collected 10,000
Image format JPG
Training set 7,000 images (70%)
Validation set 1,500 images (15%)

Testing set 1,500 images (15%)
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Data was collected over a continuous period covering four lighting
conditions to ensure dataset robustness across varying environmental conditions (Li et
al., 2024). The dataset was partitioned into training, validation, and testing sets
following standard practice (Li, Liu et al., 2024; Wang et al., 2024). Full specifications
of the video acquisition and dataset are summarized as shown in Table 3.1.

3.2.3.2 Frame Sampling The video clips from the four specified time
periods will undergo frame sampling at a rate of one frame every 100 frames. This
process is performed to reduce the volume of data while maintaining a diverse set of
images for model training across each time period (Li, Liu et al., 2024) as shown in
Figure 3.5.

— = e _______
o Smee——
s s e = s == =
— e —_— — — —— — = —1 e
T =2
n——— . 7 e
0 e e e D B D D D
o o SN e e e e
G et 0 D e D D D D D ==
video_1 61 video_1 62 video_1 6 video_1 64 video_1 65 video_1 66 video_1 67 video_1_T1 video 172 video_1 73 video_1 74 video_1T5
—— =1 T — — —— —— o —— — P = ——— SV
=0 0 B0 B i i i 6D S G B
deo_1_76 deo_1_77 0 1.8 video_1_84 video_1 85 o_1.86 video_1_88 video_1 89 video_1.90
=..,.:..,.a.,,a..r Ser

Figure 3.5 Example of Using Video for Frame Sampling

3.2.3.3 Image Annotation The frames obtained from the sampling process
will be used to define classes for training. There are five main classes: eating time,
walking time, lying time, standing time, drinking time (Antanaitis et al., 2024; Marzano
et al., 2024). The image annotation process, also known as image annotation, involves
using normalized values to crop and images annotation. A single image can contain
multiple classes, and each class can appear more than once. To ensure the most suitable
data for training, a Python-based tool will be created to crop the normalized values as
shown in Figure 3.6 This tool will help to create an optimal dataset for the training
model.



f Image Cropper with Zoom = (m] X

BackImage | Openimage| Nextimage |
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Save Crop
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path OK
00.100430.200.86

Figure 3.6 Cropping Desired Objects from an Image to Achieve a Normalize Value

3.2.3.4 Deep Learning for Object Detection (Model Training) Object
detection is a task that requires the model to identify what an object is (its class) and
where it is located within an image (localization). This is accomplished by drawing a

bounding box around the object, as illustrated as shown in Figure 3.7.
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Figure 3.7 Example of Image Annotation Class of Research

3.2.3.5 Model Performance Comparison This section presents a quantitative
comparison of different neural network architectures for detecting cows. The goal is to
identify the most suitable architecture for our behavioral analysis task. The baseline models
used for testing are YOLOv11n and YOLOV8n, chosen for their balance of speed and
accuracy. The study also includes tests on enhanced architectures by integrating specialized
Loss Functions and Attention Mechanisms into the baseline YOLOv8n model. These
enhancements include WloU v3 Loss, SImAM Attention, and Efficient Channel Attention
(ECA). Model performance is evaluated using standard object detection metrics: Precision
(P/%), Recall (R/%), and Mean Average Precision (mAP). Specifically, we evaluate
MAP@0.5 and mAP50-95(B), which indicate object identification accuracy and
localization accuracy, respectively. We also assess the Detection Rate to measure the
model's processing speed. The data in this table will be used to conclude how architectural
improvements affect the models' performance in detecting cow behavior compared to the
baseline models (Li et al., 2024; Li, Liu et al., 2024; Wang et al., 2024) as shown in
Figure 3.8.
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Figure 3.8 Structural Diagram of Model Performance Comparison Framework for

Cow Detection

3.2.3.6 Processing Behavioral Data To ensure the model’s generalization
capability to new, real-world conditions, it was tested on a separate set of behavioral
data from the cows. A long-term evaluation was conducted over 15 days (Raniolo et
al., 2024) to assess the model’s consistency and performance in tracking cow behavior.
The tests were performed across four distinct time periods to account for various
lighting conditions (Li et al., 2024) as shown in Figure 3.9.
1. High light: 10:00 AM — 15:00 PM
2. Normal light: 07:30 AM — 10:00 AM and 15:00 PM — 17:00 PM
3. Low light: 05:30 AM —07:30 AM and 17:00 PM — 19:00 PM
4. Night time: 19:00 PM — 05:30 AM
The following descriptive statistics were recorded for the four primary
behaviors detected and measured by the Computer Vision/CNN system (Antanaitis et al.,
2024, 2025).
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1. Eating Time: Time spent ingesting feed (min/day).

2. Walking Time: Time spent in locomotion (min/day).

3. Lying Time: Time spent in a recumbent position (min/day).

4. Standing Time: Time spent upright without moving (min/day).
5. Drinking Time: Time spent drink (min/day).

24-hour testing schedule (15-day evaluation)

High light 1 Normal light J Low light L Night time

10:00-15:00 07:30-10:00, 15:00-17:00 05:30-07:30, 17:00-19:00 19:00-05:30

< l N

Behaviors measured per period
R R
Eating time Walking time
- A L Lying time
M ™
Standing time Drinking Time

\_ : ] /

Figure 3.9 Recording Schedule Across Four Lighting Conditions and Five Measured

Behaviors During the 15-Day Unseen-Data Evaluation

3.2.3.7 The trained models were used to analyze the behavior of cows
during milking. This phase of testing is critical because farm owners and caretakers
typically observe signs of illness—such as reduced feed intake—during this time. To
ensure high accuracy and precise statistical counting, the system defined a specific
detection area within the milking station. The behavioral data captured by the system
(Li, Liu etal., 2024; Wang et al., 2024), as shown in Figure 3.10 and 3.11.
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Trained model Defined detection area Behavioral data
Applied at milking Within milking station Captured and recorded

Used to identify early signs of illness, such as reduced feed intake

Figure 3.10 Model Recording Flow During Milking, from Trained Model to Behavioral
Data Capture Within the Defined Detection Area

Figure 3.11 Defined Detection Area during Milking

3.3 System Development and Implementation

While Section 3.2.3 describes the design of each system component, this section
describes the tools, environment, and configuration used to implement the system in
practice. The system was developed using Python as the primary programming
language, with the Ultralytics YOLO framework, built on PyTorch, used for model
training and inference. This framework was selected for its standard, well-documented
implementation of YOLO architectures, allowing consistent training and evaluation
across multiple model variants (YOLOv8n, YOLO11n, YOLO12n, YOLO26n, and the
enhanced YOLOv8n with WloU v3 loss, SImMAM attention, and ECA). Model training
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was conducted on Google Colab, which provided cloud-based GPU resources sufficient
for training the object detection models across 100 epochs per model. Following
training, the best-performing model was deployed on a local CPU-based computer to
process the 15-day unseen dataset, as the inference workload for behavioral analysis
did not require GPU acceleration. The implementation followed a sequential pipeline:
video frames extracted during the data preparation stage (Section 3.2.3.2) were
annotated and used to train models in the Colab environment; the resulting trained
model was then exported and integrated into a local inference script for continuous
behavioral monitoring on the local machine, including the detection of behaviors within
defined ROI areas during milking (Section 3.2.3.7).

3.3.1 The herd-level recording script processes video data collected from the
16-cow study group. For each video file, every frame is passed through the trained
YOLO model to detect and classify objects into one of five behavior classes: eating,
walking, lying, standing, and drinking. The number of detections for each class is
accumulated across all frames of a video, along with the total frame count and
processing time. Once a video file is fully processed, the script automatically proceeds
to the next file in the folder, with a 30-second pause inserted between files to prevent
system overload. After all video files have been processed, the accumulated results for
every video are compiled and exported to a single Excel file, providing the raw
detection counts later converted into time durations using Equation (2.9) as shown in
Figure 3.12.
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Figure 3.12 Herd-level Behavioral Data Recording Pipeline for the 16-Cow Batch

3.3.2 Dual-Focus Detection During Milking To analyze individual cow
behavior during milking, the system defines two regions of interest, Focus 1 and Focus
2, corresponding to the left and right sides of the milking station, using normalized
coordinates as described in Section 3.2.3.7. For each frame, the model detects objects
and determines the center point of each detected bounding box. If a center point falls
within the coordinate range of Focus 1 or Focus 2, the corresponding behavior class is
counted toward that zone independently; detections outside both zones are discarded.
This allows the system to distinguish and record the behavior of cows occupying each
milking position separately, even when multiple cows are present in the same frame.
The system also provides a real-time visual overlay showing the boundaries of both
zones and live detection counts, along with manual controls for fast-forwarding,
rewinding, and resetting the count for each zone independently, supporting verification

of the recorded data during analysis as shown in Figure 3.13.
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Figure 3.13 Dual-focus Detection Logic During Milking, Showing Zone Classification

by Center-Point Coordinates

3.3.3 Model Training on Google Colab The object detection models were
trained on Google Colab using the YOLO command-line interface. Training was
configured with an image size of 640 pixels, a batch size of 64, and 100 epochs, using
stochastic gradient descent (SGD) as the optimizer with an initial learning rate of
0.0025, a final learning rate factor of 0.2, momentum of 0.95, and a weight decay of
0.0005. Automatic mixed precision (AMP) was enabled to accelerate training using the
GPU resources provided by Colab, and no layers were frozen during training, allowing

the entire network to be fine-tuned on the cow behavior dataset as shown in Table 3.2.



Table 3.2 YOLO Training Configuration on Google Colab
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Parameter

Value

Model

Image size

Batch size

Epochs

Optimizer

Initial learning rate (Ir0)
Final learning rate factor (Irf)
Momentum

Weight decay

Frozen layers

Mixed precision (AMP)

YOLOvV8n (and variants)
640

64

100
SGD
0.0025
0.2

0.95
0.0005
0 (none)
Enabled
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CHAPTER 4

RESULTS & DISCUSSION

In conducting this research, to fully achieve the specified objectives and scope,
the research team completed the study on "Image Processing and Deep Learning for
Dairy Cow Monitoring." Consequently, the research work was tested to ensure that the
system's capabilities fully and completely meet the established objectives and scope of
the research, which includes the following topics:

4.1 Performance Comparison of Each Object Detection Models is the best in
this datasets

4.2 Determination of Statistical Values of Dairy Cow Behavior Within the
Farm then when values are abnormal, this information can be alert to the farm owner.

4.3 Monitoring of dairy cow behavior during milking cows that stand too long
relative to eating, or eat less or more slowly, this information can be alert to the farm

owner

4.1 Performance Comparison of Each Object Detection Models is

The Best in this Datasets

Based on the experimental results, this research compares the performance of
each Object Detection Algorithm. The YOLO versions used in this research experiment
are YOLOv8n, YOLOv8n + WloUv3Loss + SImMAM Attention + ECA, YOLO11n,
YOLO12n, and YOLOZ26n. In this experiment, datasets were utilized from recording
133 video clips, employing Frame Sampling every 100 frames to reduce the dataset
over a 24-hour period. The data was divided into a 70:15:15 proportion for each video
clip to ensure the datasets cover all light intensity conditions (Li et al., 2024). There
were a total of 12,848 images, train:val:test 9,010:1,919:1,919 comprising 9,010 images
for Training, 1,919 images for Validation, and 1,919 images for Testing.
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4.1.1 Metrics Used to Measure the Performance of Each Model
4.1.1.1 P, R, and F1 are used to measure the accuracy and coverage of the
model.
4.1.1.2 mAP@0.5 and mAP50-95 (B) are used to measure the detection
accuracy of the model.
4.1.2 Comparison Results
The comparison results led to the selection of YOLOVS8n, as it achieved the
highest MAP@0.5 (78.369%) and mAP50-95 (49.182%) among all compared models,
indicating the best detection performance, as shown in Table 4.1. Although YOLOv8n
is an earlier version compared to the other models tested, it achieved higher accuracy,
which may be attributed to architectural differences that are better suited to this dataset
[28]. To further verify reliability, the mean and SD of each metric were calculated from
epochs 50-100 for all five models, as shown in Table 4.2. YOLOv8n maintained the
highest mean values across most metrics, consistent with its best-epoch performance as
shown in Tables 4.1 to 4.4. The low SD values indicate stable convergence across all

models, supporting the validity of the comparison.
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Figure 4.1 Precision-Confidence Curve of YOLOv8n
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Table 4.1 Performance Comparison of Object Detection

Network Model P/% R/% F1/% MAP@ mAP
0.5/%  50-95(B)%

YOLOvV8n 74.846 78.735 76.741 78.369 49.182
YOLOV8n + WloUv3Loss +  74.189 75.084 74.633 76.061 45.27
SimAM Attention + ECA
YOLO11n 74.345 78.186 76.217 77.983 48.476
YOLO12n 75.556 77.414 76.473 78.228 48.863
YOLO26n 74.171 75.355 74.758 76.533 47.247

Table 4.2 Model Performance Stability (mean = SD, epochs 50-100)

Network Model P/% R/% F1/% mAP@ mAP
0.5/% 50-95(B)%
YOLOv8n 75.614+ 76532+ 76.063+ 77.756+ 48.733 =
0.008 0.008 0.002 0.003 0.003
YOLOvV8n + 74068+ 74582+ 74320+ 75.688+ 44,772 +
WIloUv3Loss + SimAM 0.007 0.006 0.004 0.004 0.005
Attention + ECA
YOLO11n 74536+ 77404+ 75934+  77.509 + 48.105 +
0.008 0.009 0.002 0.003 0.002
YOLO12n 76.073+ 77132+ 76597+ 77.529+ 48.458 +
0.005 0.005 0.002 0.003 0.002
YOLO26n 74138+ 76.055+ 75.078+  76.003 + 46.817 +

0.007 0.008 0.004 0.003 0.002
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Figure 4.6 Application of the Model During the Four Time Periods

4.2 Determination of Statistical VValues of Dairy Cow Behavior Within
the Farm Then When Values are Abnormal, This Information Can

be Alert to the Farm Owner

Based on the experimental results to identify the most suitable object detection
model for this dataset, YOLOv8n was selected and subsequently applied to collect
statistical values across five behavior classes: eating time, walking time, lying time,
standing time, and drinking time. The 24-hour duration was divided into four time
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periods, namely highlight, normal light, low light, and nighttime, along with an all-time
category. For monitoring, the video clips were converted into images, with every frame
analyzed to ensure accuracy. Since the video clips had a frame rate of 20 FPS, the
number of frames in which each behavior was detected was converted into minutes
using Equation (2.9), as shown in Tables 4.3 to 4.17.
4.2.1 Collection of Dairy Cow Behavior Data Within the Farm over a 15-Day

Period

4.2.1.1 From the study of dairy cow behavior over a 15-day period, it was
found that eating behavior correlated with light intensity. The peak eating durations
occurred during the Normal light period at 14,432.975 minutes and the Low light period
at 14,396.088 minutes, respectively, which collectively accounted for 76.45% of the
total eating activities in a daily cycle. Such a pattern reveals a normal life cycle where
dairy cows primarily consume food during those periods because the farm caretakers
mainly provide feed at those times, twice a day. Conversely, during the nighttime, dairy
cows transitioned to lying down, with the maximum recorded lying behavior value
reaching 24,029.036 minutes. These baseline data illustrate the behavioral balance of
dairy cows, which is a crucial component in detecting the biological abnormalities of
dairy cows, as shown in Table 4.18.

4.2.1.2 Regarding the analysis of Anaplasmosis, a significant decrease in
eating behavior during the peak periods of Low and Normal light is considered the most
critical biomarker. This is because the disease's pathology induces high fever and
anemia, resulting in dairy cows exhibiting severe anorexia and lethargy (Alvarez et al.,
2019; Zapa et al., 2024; The PLOS ONE Staff, 2019; Santos et al., 2023). This is
reflected through a decrease in Eating Time and an increase in Lying Time during what
should be normal active periods. Therefore, the collected numerical data was utilized
as Key features in developing an automated disease screening system using Image
processing and Deep learning. This relies on detecting deviations in eating and
movement times, enabling early-stage disease diagnosis in accordance with technical

data analysis standards in Smart Farming research.



Table 4.3 Collection of Dairy Cow Behavior Data on Day 1

53

) High light Normal light Low light Night time All time
Behavior Day 1 ) ) ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 131.608 728.579 1,038.237 220.502 2,118.926
Walking Time 234.547 267.308 132.672 506.788 1,141.314
Lying Time 2,084.900 548.683 34.077 2,358.031 5,025.690
Standing Time 901.968 1,076.471 865.351 948.854 3,792.644
Drinking Time 130.078 129.569 64.207 65.459 389.313
Table 4.4 Collection of Dairy Cow Behavior Data on Day 2
High light Normal light Low light Night time All time
Behavior Day 2 ) ] ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 299.942 1,031.214 937.581 153.758 2,422.495
Walking Time 145.568 203.524 225.539 669.324 1,243.956
Lying Time 1,627.694 499.029 52.573 1,043.544 3,222.841
Standing Time 850.570 916.893 981.210 930.047 3,678.720
Drinking Time 127.194 94.608 62.603 49.413 333.818
Table 4.5 Collection of Dairy Cow Behavior Data on Day 3
High light Normal light Low light Night time All time
Behavior Day 3 . ‘ \ ) .
(minute) (minute) (minute) (minute) (minute)
Eating Time 440.878 1,028.627 773.902 419.455 2,662.861
Walking Time 202.052 234.358 221.835 443.077 1,101.321
Lying Time 1,576.267 567.085 81.331 1,321.913 3,546.596
Standing Time 1,072.548 831.999 1,157.024 2,067.984 5,129.556
Drinking Time 139.938 119.771 66.452 89.590 415.750
Table 4.6 Collection of Dairy Cow Behavior Data on Day 4
High light Normal light Low light Night time All time
Behavior Day 4 . ) . . .
(minute) (minute) (minute) (minute) (minute)
Eating Time 526.757 929.566 1,011.691 316.176 2,784.189
Walking Time 140.648 280.023 121.598 415.168 957.438
Lying Time 1,498.825 740.628 73.409 1,520.040 3,832.902
Standing Time 1,364.738 1,047.874 899.043 1,371.147 4,682.802
Drinking Time 130.533 165.406 54.724 65.384 416.047




Table 4.7 Collection of Dairy Cow Behavior Data on Day 5
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) High light Normal light Low light Night time All time
Behavior Day 5 ) ) ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 444.063 985.355 1,005.813 262.691 2,697.923
Walking Time 137.325 200.297 202.531 444,397 984.549
Lying Time 1,915.331 474.812 67.578 1,754.448 4,212.168
Standing Time 893.214 1,047.416 870.305 1,262.660 4,073.595
Drinking Time 98.063 123.055 74.136 61.509 356.763
Table 4.8 Collection of Dairy Cow Behavior Data on Day 6
) High light Normal light Low light Night time All time
Behavior Day 6 ) ] ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 270.841 861.683 927.013 302.830 2,362.368
Walking Time 196.250 338.533 232.673 512.244 1,279.700
Lying Time 1,659.171 605.463 46.039 1,134.856 3,445.529
Standing Time 1,110.754 1,068.932 866.153 1,588.750 4,634.589
Drinking Time 155.906 138.981 67.780 96.678 459.345
Table 4.9 Collection of Dairy Cow Behavior Data on Day 7
Behavior Day 7 Hig-h light Norn.1al light Lov.v light Night time AI! time
(minute) (minute) (minute) (minute) (minute)
Eating Time 380.519 894.649 1,010.194 306.064 2,591.427
Walking Time 291.338 243.333 275.432 259.884 1,069.986
Lying Time 1,223.877 894.404 17.410 1,769.328 3,905.019
Standing Time 1,399.798 793.183 1,046.784 1,225.984 4,465.749
Drinking Time 214.508 137.887 106.933 104.984 564.313
Table 4.10 Collection of Dairy Cow Behavior Data on Day 8
High light Normal light Low light Night time All time
Behavior Day 8 . ) . . .
(minute) (minute) (minute) (minute) (minute)
Eating Time 298.143 902.936 877.702 417.953 2,496.733
Walking Time 203.824 338.580 235.258 364.358 1,142.020
Lying Time 2,129.718 768.613 57.331 1,761.947 4,717.609
Standing Time 849.955 887.576 1,136.962 1,353.620 4,228.113
Drinking Time 116.013 129.488 89.298 71.678 406.477




Table 4.11 Collection of Dairy Cow Behavior Data on Day 9
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) High light Normal light Low light Night time All time
Behavior Day 9 ) ) ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 367.773 998.018 970.392 544.410 2,880.592
Walking Time 148.262 226.308 205.215 301.387 881.171
Lying Time 1,862.804 600.414 51.015 1,520.633 4,034.866
Standing Time 1,034.341 1,216.067 1,074.490 1,191.153 4,516.051
Drinking Time 123.269 116.618 69.023 127.081 435.990
Table 4.12 Collection of Dairy Cow Behavior Data on Day 10
) High light Normal light Low light Night time All time
Behavior Day 10 ) ] ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 246.934 1,023.324 975.080 302.273 2,547.611
Walking Time 230.977 265.248 269.520 436.918 1,202.663
Lying Time 1,322.085 272.498 50.645 1,613.287 3,258.515
Standing Time 1,514.344 1,029.498 965.163 1,548.825 5,057.830
Drinking Time 160.408 110.192 111.670 135.936 518.205
Table 4.13 Collection of Dairy Cow Behavior Data on Day 11
] High light Normal light Low light Night time All time
Behavior Day 11 . ‘ ) ) .
(minute) (minute) (minute) (minute) (minute)
Eating Time 294.580 1,098.431 937.756 106.459 2,437.226
Walking Time 206.736 189.860 232.310 272.741 901.647
Lying Time 1,522.537 474.653 64.713 1,960.443 4,022.346
Standing Time 1,161.526 827.093 837.413 1,079.693 3,905.723
Drinking Time 160.062 106.698 84.078 101.592 452.428
Table 4.14 Collection of Dairy Cow Behavior Data on Day 12
High light Normal light Low light Night time All time
Behavior Day 12 . ) . . .
(minute) (minute) (minute) (minute) (minute)
Eating Time 341.214 990.379 1,072.481 228.749 2,632.823
Walking Time 229.430 177.168 152.234 354.912 913.744
Lying Time 1,353.379 652.095 36.753 1,803.816 3,846.043
Standing Time 1,176.253 866.468 882.643 1,091.282 4,016.646
Drinking Time 210.472 95.852 104.529 108.445 519.298
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Table 4.15 Collection of Dairy Cow Behavior Data on Day 13

) High light Normal light Low light Night time All time
Behavior Day 13 ) ) ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 197.905 941.897 921.233 146.418 2,207.453
Walking Time 160.746 186.764 199.300 317.921 864.731
Lying Time 1,812.448 486.958 27.038 1,477.995 3,804.438
Standing Time 995.631 1,011.946 979.677 926.974 3,914.228
Drinking Time 156.794 62.261 85.611 95.503 400.168
Table 4.16 Collection of Dairy Cow Behavior Data on Day 14
) High light Normal light Low light Night time All time
Behavior Day 14 ) ] ) ) )
(minute) (minute) (minute) (minute) (minute)
Eating Time 357.324 965.422 907.286 278.713 2,508.745
Walking Time 249.719 339.803 221.943 234.934 1,046.400
Lying Time 1,495.202 559.434 46.898 1,409.954 3,511.488
Standing Time 975.201 899.029 951.097 1,141.118 3,966.444
Drinking Time 137.510 164.245 89.296 117.645 508.696
Table 4.17 Collection of Dairy Cow Behavior Data on Day 15
Behavior Day 15 Hig-h light Norn.1al light Lov.v light Night time AI! time
(minute) (minute) (minute) (minute) (minute)
Eating Time 186.474 1,052.896 1,029.728 84.386 2,353.484
Walking Time 141.003 245.944 182.234 206.498 775.679
Lying Time 1,754.926 288.589 63.798 1,578.803 3,686.115
Standing Time 688.285 901.193 704.059 663.114 2,956.652
Drinking Time 93.174 56.990 58.287 52.891 261.342
Table 4.18 Collection of Dairy Cow Behavior Data for a Total of 15 Days
Behavior of High light Normal light Low light Night time All time
15 days (minute) (minute) (minute) (minute) (minute)
Eating Time 4,784.954 14,432.975 14,396.088 4,090.837  37,704.854
Walking Time 2,918.424 3,737.052 3,110.294 5,740.549  15,506.319
Lying Time 24,839.163 8,433.359 770.608 24,029.036  58,072.165
Standing Time 15,989.128 14,421.637 14,217.373 18,391.204  63,019.341
Drinking Time 2,153.919 1,751.619 1,188.624 1,343.788 6,437.950
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4.2.2 Determination of Statistical Values of Dairy Cow Behavior Within the

Farm Over a 15-Day Period

4.2.2.1 Based on the descriptive statistical analysis of dairy cow behavior
over a 15-day period, it was found that eating behavior exhibited a clear and consistent
pattern, with the highest averages occurring during the Low light period at 959.739 +
75.134 minutes and the Normal light period at 962.198 + 91.243 minutes. The relatively
low standard deviation (SD) values during these two lighting periods reflect the eating
behavior adhering to the normal cyclical periods. Conversely, during nighttime, the
lowest average eating time was observed at 272.722 minutes, but it exhibited a high SD
of 125.138 minutes, indicating higher individual variance during the nighttime period.
Furthermore, the median values being close to the mean values across all behavioral
periods indicates a data distribution that serves as a baseline for constructing statistical
models to detect behavioral abnormalities.

4.2.2.2 In the context of diagnosing Anaplasmosis, the Mean and SD data
of eating behavior during peak activity periods are utilized as crucial variables in
detecting abnormalities, particularly the condition of anorexia, which is a significant
clinical indicator of this disease. If the average eating duration of an individual cow
during the Low or Normal light periods decreases below the defined standard deviation
threshold, it is considered an early warning sign of illness. Additionally, a combined
analysis with lying behavior, which exhibited the highest average during nighttime at
1,601.936 + 326.499 minutes, enhances the accuracy of disease identification, because
infected dairy cows also exhibit lethargic behavior. Utilizing detailed statistical values
across each lighting condition thus helps minimize errors in differentiating between
natural variance and disease pathology. This makes the Classification system utilizing
Image processing and Deep learning in this research more accurate in analyzing the
probability of dairy cows exhibiting illness or abnormalities, as shown in Table 4.19 to
4.20.
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Table 4.19 Descriptive Statistics of he Investigated Traits Unit Minutes/Herd

Behavior studied Mean _SD Min Max Mf}dian

(minute) (minute) (minute) (Minute) (Minute)
Eating Time (High light) 318.997  106.245 131.608 526.757  299.942
Walking Time (High light) 194.562 47.495 137.325 291.338  202.052
Lying Time (High light) 1,655.944  269.655 1,223.877 2,129.718 1,627.694
Standing Time (High light) 1,065.942 228.617 688.285 1,514.344 1,034.341
Drinking Time (High light) 143.595 34.685 93.174 214508  137.510
Eating Time (Normal light) 962.198 91.243 728.579 1,098.431  985.355
Walking Time (Normal light) 249.137 55.799 177.168 339.803  243.333
Lying Time (Normal light) 562.224  164.788 272.498 894.404  559.434
Standing Time (Normal light) ~ 961.442  119.154 793.183 1,216.067  916.893
Drinking Time (Normal light)  116.775 31.112 56.990 165.406  119.771
Eating Time (Low light) 959.739 75.134 773.902 1,072.481  970.392
Walking Time (Low light) 207.353  44.712 121.598 275432  221.835
Lying Time (Low light) 51.374 17.572 17.410 81.331 51.015
Standing Time (Low light) 947.825 121.166 704.059 1,157.024  951.097
Drinking Time (Low light) 79.242 18.308 54.724 111.670 74.136
Eating Time (Night time) 272.722  125.138 84.386 544410  278.713
Walking Time (Night time) 382.703 124.715 206.498 669.324  364.358
Lying Time (Night time) 1,601.936 326.499 1,043.544 2,358.031 1,578.803
Standing Time (Nighttime)  1,226.080 338.280 663.114 2,067.984 1,191.153
Drinking Time (Night time) 89.586 27.257 49.413 135.936 95.503
Eating Time (All light) 2,513.657 206.679 2,118.926 2,880.592 2,508.745
Walking Time (All light) 1,033.755  151.442 775.679 1,279.700 1,046.400
Lying Time (All light) 3,871.478 497.767 3,222.841 5,025.690 3,832.902
Standing Time (All light) 4,201.289 563.737 2,956.652 5,129.556 4,073.595
Drinking Time (All light) 429197  79.253  261.342  564.313  416.047




Table 4.20 Comparison of Daily Behavioral Durations of Dairy Cows Across Different Light Condition

Behavior High Light Normal Light Low Light Night Time o

) F-statistic P-value
(minutes/day) (Mean = SD) (Mean = SD) (Mean = SD) (Mean = SD)
Eating Time 318.997 + 106.245  962.198 £91.243 959.739 + 75.134 272,722 +125.138  216.747 <0.001 ***
Walking Time  194.562 + 47.495 249.137 + 55.799 207.353 + 44.712 382.703 +124.715  19.386 < 0.001 ***
Lying Time 1,655.944 + 269.655 562.224 +164.788  51.374 + 17.572 1,601.936 + 326.499 181.836 < 0.001 ***
Standing Time  1,065.942 + 228.617 961.442 £119.154  947.825+ 121.166  1,226.080 £+ 338.280 5.066 0.004 **
Drinking Time  143.595 + 34.685 116.775 £ 31.112 79.242 £ 18.308 89.586 + 27.257 15.439 <0.001 ***

65
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4.3 Monitoring of Dairy Cow Behavior During Milking Cows That
Stand Too Long Relative to Eating, or Eat Less or More Slowly,

This Information Can be Alert to the Farm Owner

Based on the application of the YOLOv8n model to analyze behavior during
milking, milking stations were designated and divided into Focus 1 and Focus 2 to
enable the differentiation of behaviors during the milking process. This was defined by
restricting the model to perform detection exclusively within these focused areas.
Specifically, Focus 1 is located on the left side with the video focus coordinates at 0.39,
0.57, 0.16, and 0.48, and Focus 2 is located on the right side with the video focus
coordinates at 0.57, 0.56, 0.16, and 0.48, defined by the Region of Interest (ROI)
boundaries (Normalized 0.0 - 1.0), as shown in Figures 4.7 to 4.8.

" YOLO Detection - Dual Focus = m] X

Figure 4.7 Designation of Focus 1 and 2 for Analyzing Dairy Cow Behavior During
Milking
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7 YOLO Detection - Dual Focus =3 o X

[ Focus 1 ] (Pregs21' to Clea

“-'.,1 .."

'mil it

Figure 4.8 Analysis of Dairy Cow Behavior During Morning Milking

4.3.1 Data Collection for Behavior Analysis During Milking

Based on the application of the model to analyze behavior during milking, dairy
cows could be analyzed individually. The analysis was divided into two periods:
morning and evening. The number of frames in which each behavior was detected was

converted into minutes using Equation (2.9). From the experiment utilizing the model,
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the behavioral values of the two periods demonstrated distinct differences, as shown in

Tables 4.21

Table 4.21 Monitoring of Dairy Cow Behavior During Morning Milking

Morning Focus Static.m Time Eatir'lg Time Stand?ng Time
(minute) (minute) (minute)
2026/04/14_05:03:42 No. 1 1 9.118 1.677 8.152
2026/04/14_05:03:50 No. 2 2 9.184 4,734 5.371
2026/04/14_05:13:41 No. 3 1 15.061 10.373 57.497
2026/04/14_05:18:55 No. 4 2 15.937 8.204 11.747
2026/04/14_05:29:20 No. 5 1 10.558 0.621 10.284
2026/04/14_05:35:32 No. 6 2 4.942 3.267 23.706
2026/04/14_05:41:24 No. 7 1 10.366 5.388 6.623
2026/04/14_05:47:08 No. 8 2 11.733 5.294 8.820
2026/04/14_05:52:21 No. 9 1 13.653 5.588 10.092
2026/04/14_06:01:09 No. 10 2 14.956 1.153 15.720
2026/04/14_06:06:47 No. 11 1 14.501 5.260 12.654
2026/04/18_04:56:32 No. 12 1 20.101 0.890 19.682
2026/04/18_04:56:39 No. 13 2 16.591 8.019 7.921
2026/04/18_05:18:20 No. 14 1 8.918 0.328 8.788
2026/04/18_05:23:56 No. 15 2 15.383 3.788 15.417
2026/04/18_05:28:45 No. 16 1 16.959 0.173 16.755
2026/04/18_05:41:06 No. 17 2 10.354 5.878 5.188
2026/04/18_05:48:23 No. 18 1 12.208 4.326 10.018
2026/04/18_05:54:22 No. 19 2 14.508 1.011 14.180
2026/04/18_06:01:10 No. 20 1 14.844 1.862 19.576
2026/04/18_06:09:28 No. 21 2 17.121 5.740 18.713
2026/04/18_06:16:25 No. 22 1 13.117 8.562 20.297
2026/04/13_15:00:27 No. 1 Al 11.506 10.598 9.688
2026/04/13_15:00:32 No. 2 2 17.001 10.333 12.032
2026/04/13_15:12:16 No. 3 1 11.409 8.561 11.775
2026/04/13_15:17:56 No. 4 2 14.384 12.453 2.650
2026/04/13_15:23:55 No. 5 1 13.918 11.613 9.800
2026/04/13_15:32:50 No. 6 2 11.370 7.483 5.818
2026/04/13_15:38:49 No. 7 1 12.571 11.653 19.553
2026/04/13_15:44:40 No. 8 2 13.308 10.884 3.132
2026/04/13_15:51:45 No. 9 1 15.536 8.970 24.750
2026/04/13_15:58:48 No. 10 2 14.658 10.743 5.318




Table 4.21 (continued)
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) Station Time Eating Time  Standing Time
Morning Focus ) ) ]
(minute) (minute) (minute)
2026/04/13_16:07:47 No. 11 1 11.658 9.931 12.623
2026/04/23_14:51:50 No. 12 1 10.214 8.164 7.629
2026/04/23_14:51:55 No. 13 1 14.438 8.233 12.465
2026/04/23_15:02:25 No. 14 2 9.041 7.980 7.416
2026/04/23_15:07:00 No. 15 1 9.038 8.586 1.885
2026/04/23_15:11:40 No. 16 2 11.117 9.271 11.043
2026/04/23_15:16:50 No. 17 1 15.786 9.727 7.610
2026/04/23_15:23:05 No. 18 2 14.606 65.852 21.460
2026/04/23_15:33:08 No. 19 1 10.359 7.758 3.762
2026/04/23_15:38:00 No. 20 2 11.091 5.977 17.713
2026/04/23_15:44:05 No. 21 1 15.813 10.888 7.396
2026/04/23_15:51:02 No.22 2 14.333 8.633 14.090

4.3.2 Determination of Statistical Values of Dairy Cow Behavior Within the

Farm During Milking

Based on the descriptive statistical analysis of dairy cow behavior during

milking (22 times in the morning and 22 times in the evening), it was found that the

behaviors exhibited clearly different statistical values. This was due to two factors: the

lighting conditions during that period, and the farm lights turned on in the early

morning, which caused interference resulting in experimental errors. The average

Eating Time during the morning period was 4.188 minutes, and the evening period was

12.013 minutes. Furthermore, the average Standing Time in the morning was 14.873

minutes, and the evening period was 10.437 minutes, as shown in Table 4.22.
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Table 4.22 Descriptive Statistics of the Investigated Traits During Milking (Minutes/Cow)

Behavior studied Mean SD Min Max Median
during milking (minute) (minute) (minute) (minute) (minute)
Eating Time (Morning) 4.188 2.978 0.173  10.373 4.530
Standing Time (Morning) 14.873 10.891 5.188 57.497 12.200
Station Time (Morning) 13.187 3.514 4,942 20.101 14.077
Eating Time (Evening) 12.013  12.130 5977  65.852 9.499

Standing Time (Evening) 10.437 6.187 1.885 24.750 9.744
Station Time (Evening) 12.871 2.314 9.038 17.001 12.940
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CHAPTER 5

CONCLUSION

This study on “Image Processing and Deep Learning for Dairy Cow
Monitoring” was conducted in accordance with the defined scope and objectives of the
research. Experiments were carried out, and challenges, limitations, as well as
recommendations were identified throughout the course of the thesis.

5.1 Summary of Experimental Results

5.2 Challenges and Limitations

5.3 Recommendations

5.1 Conclusion of the Experiment

Based on the research work “Image Processing and Deep Learning for Dairy
Cow Monitoring,” adhering to the research scope and objectives allowed the developer
to study and learn the research design process, leading to a comprehensive
understanding and the discovery of various problems during the research execution.
Because the researcher independently designed and tested the research, they acquired
an in-depth understanding of each step of the research process. This research presents
“Image Processing and Deep Learning for Dairy Cow Monitoring” by utilizing image
data analysis techniques and processes, employing Deep Learning Object Detection to
monitor behavior. A Frame Sampling method was applied every 100 frames to reduce
the amount of data for dataset creation, utilizing a total of 12,848 images to train various
versions of the YOLO model to obtain the most efficient model optimally suited for
this dataset. The mAP50-95 metric was compared across five YOLO-based models.
YOLOv8n achieved the highest performance owing to its 3.2M parameters, which
exceed those of the other versions, yielding Precision 74.85%, Recall 78.74%,
MAP@0.5 78.37%, and mAP50-95 49.18%. The classes with relatively lower

performance were Walking and Drinking, as their image counts were fewer than those
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of the other classes due to dataset imbalance, since the dairy cows within the farm had
limited space for walking.

From the study of dairy cow behavior using a monitoring system employing
YOLOv8n over a period of 15 days under 4 different lighting conditions, the results of
the One-way Analysis of Variance (One-way ANOVA) revealed highly significant
differences in all measured behaviors (p < 0.001). The most prominent relationship was
found in eating behavior (F = 216.747), which clearly varied according to light
intensity. Eating behavior reached its peak duration during normal light conditions at
962.198 + 91.243 minutes per day and low light conditions at 959.739 + 75.134 minutes
per day, respectively. These two lighting periods collectively accounted for 76.45% of
the total eating activities in a daily cycle. The low standard deviation (SD) reflects clear
behavioral patterns and a consistent regular cycle. Conversely, lying behavior exhibited
a distinct trend during nighttime, with a maximum average of 1,601.936 + 326.499
minutes per day, demonstrating a clear transition between active periods and resting
periods. These baseline data illustrate a behavioral balance that is a crucial component
in identifying abnormal conditions, as changes in health status often induce reduced
appetite and lethargy in dairy cows. This is reflected through a decrease in Eating Time
and an increase in Lying Time during what should be normal active periods. Therefore,
the numerical Mean and SD data were utilized as Key features. Furthermore, not only
was the herd's behavior analyzed, but the model was also applied to analyze the
behavior of individual dairy cows during milking (22 times in the morning and 22 times
in the evening). It was found that the statistical values differed distinctly; during the
morning, dairy cows had a significantly lower average Eating Time compared to the
evening, which was 4.188 minutes versus 12.013 minutes. In contrast, the average
Standing Time in the morning was higher than in the evening, which was 14.873
minutes versus 10.437 minutes. These statistical differences occurred due to two main
factors: natural lighting conditions during each period, and the turning on of farm lights
in the early morning, which caused interference resulting in discrepancies between the
dairy cow behavior analysis results and reality.

Although all dairy cows were in perfect health throughout the 15-day
experimental period, the collected data serves as a Behavioral Baseline and establishes
a reliable Normal Operating Range derived from the experiment. This established norm
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is highly critical for the Anomaly Detection process. If the system detects a significant
deviation from these averages (Mean £ SD), particularly a sudden decrease in eating
duration, it can be statistically identified as an Anomaly. For this reason, this research
demonstrates that data from object detection can be applied to provide farmers with
early alerts of changes in cow behavior, both at the herd level and during the milking
process, before the behavioral changes become more severe and potentially lead to

further losses.

5.2 Challenges and Limitations

Several challenges were encountered throughout the study. The use of new tools
and frameworks required a steep learning curve for the researcher. Additionally,
existing online datasets were insufficient for the research objectives. Consequently, a
custom offline dataset was developed to ensure diversity and better alignment with real-
world application scenarios, enhancing the model’s generalizability across different

farm environments.

5.3 Recommendations

5.3.1 Animal Identification for Real-Time Tracking To implement real-time
tracking and alerting systems, it is essential to integrate cattle identification
mechanisms such as facial recognition or RFID. These methods would enable the
system to track individual cattle behaviors (e.g., chewing, movement) and generate
personalized alerts in the case of anomalies, even when multiple animals are present in
the input frame.

5.3.2 System Integration with loT and Database It is recommended to develop
a database-backed system and deploy the trained models on 10T devices. This would
facilitate seamless installation on farms and support overall monitoring and analytics
for livestock health and behavior.

5.3.3 Data Expansion for Enhanced Model Performance To improve model

robustness and accuracy, future work should focus on expanding the dataset through
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continuous data collection. The lower performance observed in certain classes, such as
Walking and Drinking, was attributed to dataset imbalance, where these classes had
fewer images compared to others. Future data collection should therefore aim to balance
the number of images across all classes as closely as possible, which would help
improve overall model performance. A larger and more diverse dataset would enable
further model training and refinement, leading to improved prediction performance in
varied environments.

5.34 To enhance the model's performance, the training phase should
specifically account for the milking process to ensure robustness against morning

artificial lighting conditions.
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APPENDIX A

DATA RECORDING FORMS

Table A1 Performance Comparison of Object Detection

Network Model PI% R/% mAP@0.5/%  mAP50-95(B)% F1/%
YOLOv8n
YOLOv8n + WloU v3
Loss + SimAM
Attention + ECA
YOLO11n
YOLO12n
YOLO26n

Table A2 Class Counting for Each Light-Period Time, Min/Hard-Level

Behaviors studied
(Trait) Day 1
Eating Time

High light Normal light Low light Nighttime All time

Walking Time
Lying Time

Standing Time
Drinking Time

Table A3 Descriptive Statistics of the Investigated Traits Unit Min/Herd-Level

Behavior studied Mean SD Min Max Median

Eating Time (High light)

Walking Time (High light)

Lying Time (High light)

Standing Time (High light)

Drinking Time (High light)

Eating Time (Normal light)

Walking Time (Normal light)




Table A3 (continued)
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Behavior studied Mean SD

Min

Max Median

Lying Time (Normal light)
Standing Time (Normal light)
Drinking Time (Normal light)
Eating Time (Low light)
Walking Time (Low light)
Lying Time (Low light)
Standing Time (Low light)
Drinking Time (Low light)
Eating Time (Night light)
Walking Time (Night light)
Lying Time (Night light)
Standing Time (Night light)
Drinking Time (Night light)
Eating Time (All light)
Walking Time (All light)
Lying Time (All light)
Standing Time (All light)
Drinking Time (All light)

Table A4 Monitoring of Dairy Cow Behavior During Milking

Eating Time

(minute)

Standing Time

(minute)

) ] Station Time
Morning / Evening Focus .
(minute)
datetime No.1
datetime No.2

datetime No.n
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Table A5 Descriptive Statistics of the Investigated Traits During Milking (Minutes/Cow)

Behavior studied during Mean SD Min Max Median

milking (minute) (minute) (Minute) (minute) (minute)

Eating Time (Morning)
Standing Time (Morning)
Station Time (Morning)
Eating Time (Evening)
Standing Time (Evening)

Station Time (Evening)
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APPENDIX B

APPLICATION FOR APPROVAL TO USE ANIMALS
IN RESEARCH

o - o - o
UUUNBSHUBTUNM TR HUTTUER SLNBNUNNINeAEnS

dwiuanideviienadau Form: F5-S0P-AC02:02

Application for approval to use animals in research

o o °o o . - o a o . =
nm::n‘mm'lsmnuQu.amvuun'1‘maﬁwil.wwmma'mmﬁ'mﬂ§ WAINgIABUIIIAI9 taviilenans (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMPEN) fvncirs

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th TGS

1. #0 Name & Tasans / Project O 4alASINTT / Project series O swumedou / Test
(nwlne) Project title in Thai : MsUstanaranmuazmsGaufiddniiensianumginssut
(nw18ana) Project title in English : IMAGE PROCESSING AND DEEP LEARNING FOR DAIRY COW MONITORING

nsthdugelasans Tthm:quaTﬁﬂms The project is a follow up project

(mMw1lne) Project title in Thai :

(mMw1dangw) Project title in English :

2. HawnlilAseIN19/4AlATINTS/ATUNAGaU Project leader

Fo-uana (Name-Sumame) : Wipagsud Tuzin d1iinden (School of: melulaBAdviauszgnd
E-mail 6751501006@lamduan.mfu.ac.th vansiauinsdmiadoud (Cell phone number): 061 563 5979

vaneiaulvsn fivinanu (Work phone number): ... e MANBLAYINTANS (Fax) :

v

Uszaunsainsliidnd (Previous experience working with animals)
O/dtyes&........ T years (TuiamzszazIaiiins 133 (only count the time during which animals

were handled)) szuiinamsiiaeUfiredn (Describe procedures used on the aNIMals).............w:
o i No

taﬂmuayrmmwﬁm’i (Number of animal license) U1-12703-2569 Uszinn (Type of license)...

sanWiilefl (issue date) 9 fiunAu 2569 Mummqv“w?i (expiry date) 8 fiunAu 2573

3, aﬂaﬂsﬂéﬁ"xu’ﬁuﬁﬁﬁ’mlﬁu’)iadutnﬂmiﬁ (There is the researcher in this project)

Mﬂ loun (szq%‘a-mnﬁqa) Yes, specify name and surname [] aidl No

mnﬁnwwszu%mmséé 338 (Specify the scientist’s name and surname who participate in this lab
protocol)

Fo-umana (Name-Sumame) : 583FNaNs9156 7333655 FerFiadny

san o

dnindn (School of): inATuladAdviaUszend

wauitluaygnl§dnT (Number of animal license) ... Ussnn (Type of license)..........
00N T (isSUE date) it MUADITUT (eXPiry DBLE) v
FO-UMANA (NAME-SUMBME) © . g (School of):

Laﬂﬂuaqmm'l‘ié’m’i (Number of animal lCENSE)........coouverrverrrssvireres Uszim (Type of license)..............
sonlyislaui (issue date)........o.ore. e Tl (expiry date)

%’a-muarga (NBME-SUMEME) © .eovvrercrrermscrrmnaerescensesmeen dIn3v1 (School of):

Lﬁﬂﬂuﬂqmjm‘lﬁﬁm’i (Number of animal license)........ccccccuwucciriccinruncuces Uszim (Type of license)...............
anliloTuil (issue date)......oomo Muﬂa’]q?uﬁ (expiry date)
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Application for approval to use animals in research

Form: FS-SOP-AC02-02

AznssuNIsMAvguadfiun1sedndiienuneinendans uninerdswinmans

Lavftendns (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) NUMBE) ©ovvsssvsssns
3. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th (7 ) T,

4. anwazlasens (Project details)

[ e research [] v9asu testing [ wan@ing biomaterials

[J wandn animal production [] 8u 9 other (s¥U specify).
5. szeztamamiiun1slasens Project duration 0 U years 5 1@au months
fauel starting from 1 uNTIAN 2569 &UGA to 31 WeBAAN 2569

sz812a1MUGURIUAAT Animal use duration

Fust starting from 1 iw1Bu 2569 Auan to 30 WY 2569

6. @nuiiaiiun1s Project location

O Waofineldmsiiuguaves ana. aafidanufidiiunis within the university under supervision of

institutional animal care and use committee

1 Waowfiduiifiaaiianuds (use external registered location Szutatl specify registration NUMBEN. ...

™ Waanuiiau lifiiaufianuds (use location with no registration number) syyanuil (specify lo

vhsulauweswnUm dua vsalan sunedulines 1edui 50120

7. wandeansinuuinisiudnd Details of animal use

7.1 & iildlulassms Animal details

cation)..

Usznm iin anenug F1uU (§2) el ginmine/udn
Type of animal Name of Breed/Strain of animal No. of Sex Supplier/Breeder
animal animals
dninaasg
(Animal for
experimental use)
dnfides (Pet) foideagndne | Teadlond wiiBeu uas 40 wadle | Talushduves
thu (e | gnuausswrindleadlaniiy LaeiveY
STy

AR5 IIUYIA
(Animals from
nature/wildlife)
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Application for approval to use animals in research

Fwsusuidevisennaau FOrmsES 208 AC02:02

o w o o \w P o I’ o . =
ﬁm%ﬂii&ln"lSﬂ"ln‘l.l@LI.EW]"ILLI‘L!n’]iﬂaﬁﬂ’ik“ﬂﬂ’]u‘ﬂ']ﬂ’]“ﬂﬂ']ﬁ']’dﬁ% unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMBEN v

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuil (Date) e

7.2 szuumsdesdnd (Animal husbandry system) FRduauuuaaifin (Conventional)
73 wane¥Ensinadnudniillulasins/galasins/maaeu (calculate sample size necessary for the
project/project series/test) : Tnualurhiuiiianan 40 6 audumsihndedldienduime IAdiunginssuveslauy
meluin uas thepduiiloansfinsiminuu Iesendospigianiiu 4 wes Wifidaisvhanaiuvedeauunislu
w19u Tneldimsgelnann powerbank liifundesilédnenauifle
7.4 Brswudednd Tunsdifinsvudunanneuenumiinends (nuviiedemng v lutes annsaviiadomng
aunndn 1 989) (Details of transportation of animals into the university)

O fnmsmunugumgil (Temperature control)

O dimsszuvganmeiieswa (Ventilation)

O finstlesfunsinde (Measures against infection)

O mwxussqimiﬂumlﬁausﬁ (Provision of sturdy transportation container)

O ffufivesnsswudaiisma (Area of transportation container is sufficient) (Usaszyuuaiiui Specify

area size and number of animals per container)

I.V_(szazlnmﬁmﬂwmwawma (Usasy) (Length of transportation time) Msiiunmwndie/Adle Sruau

16 T

7.5 Bnsuazanuilasysin daiteuiurld (Housing and feeding details of animals before use)

(srygaumndl Shsuasaing i wlinemns thi Yansesuau (Specify temperature, light intensity, humidity,
type of food, type of drinking water, bedding)

wlﬁﬁmsﬁuﬁumsagimﬁwaa?Tm' weasiluRandas iiadhenm/Adle wofnssuvadauslaie Tnedin1sfingeann
i 4 wns war SmsAndeitldsrevnadlium lsiinmsduangii 16isindes was wumaesiigises (power bank) T
mstelvivindu

7.6 BUtRUAnlnsazBen WsneBuiemsvivinans asiell/@ring fkunldfudnd) (Preparation and
treatment of animals) (Describe procedures that will be used on the animal and/or list any substances that
will be applied on the animal)

Tifimsld maindl/Bring biimsunzdesivosdnd
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Fwsusuidevisennaau FOrmsES 208 AC02:02

Application for approval to use animals in research

o w o o \w P o I’ o . =
ﬁmxnisumsn’m‘u@u.ammumwaan'5Lwa\ﬂuvm\1'mmﬁ'1aﬁ§ unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) NUMBE) ©ovvsssvsssns
3. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuil (Date) wvenrrern

7.7 mevhuiiRmsiudnd (rsaminefemine ¥ Tutes ansnsovineSemnelfinand 1 de9)
M ailailéSunuidutan (animals will not experience any pain)
O dniinrnudutanidfissiione lidnudedieianuin (animals will experience a moment of pain,

no need to provide pain medication)
O Wienaaudad (will use anesthesia)
O Wiensz futhnviesnaeudszannundad @nimals will be provided with analgesics and/or sedatives)

O liansaldonaau ensziutavtesnaeuuszamindnd (animals will be provided with analgesics
and/or sedatives)
7.8 TWsmgaieene (Method of euthanasia)
laifingeuenn Tauy
7.9 3ridnendnd (Method of eliminate animal carcasses)
laifingaienn Tauw Jelifimsfdaendnd
8. wanvsesssuihianldiudailun1s3de/madeu (Ethical principles pertaining to animal use in research

projects/testing)

8.1 fmsdufionathuldunudnildviel Wenssywanadeiniludsll#3smstusnanuldunudnd (Are there
any alternative methods/techniques that can be used instead of animals? Provide a reason why no alternatives
can be used (Replacement)).
esnemuitedunsfinsuasiinsesingnssuvedauunelunidy feiwdudostinsdienduinlelauunidly
vhdu
8.2 minfimanannudnduiiesdeslddnuasliannsol#38ns8 unauny s nmavieuuimaujialunsan
a"wdua”m’lﬁ'ﬁ'aﬂﬁ'a‘maemls (In the case where there is no alternative, explain how you will minimize the
number of animals used as much as possible (Reduction)).
Lifimsdudarulausmslunnsudumsnandediiledremeluniiy wazliflddeglul Ffnaemafuvedaus

melurhdu

i aa avay o ¢ 1 4 9 ve ea 2 o oo " . .
8.3 iudislunmsufiidudniednels elddnifianululiniesdign (Explain how you will minimize suffering
(Refinement))

finsfndandeadenavitlelisaniSwarhifimsldgunsaififinansenusiodn
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Application for approval to use animals in research

Form: FS-SOP-AC02-02

o w o o \w P o I’ o . =
ﬁm%ﬂii&ln"lSﬂ"ln‘l.l@LI.EW]"ILLI‘L!n’]iﬂaﬁﬂ’ik“ﬂﬂ’]u‘ﬂ']ﬂ’]“ﬂﬂ']ﬁ']’dﬁ% unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMBEN v

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuil (Date) e

9. ﬂiz‘iamﬁsiauqvéw‘saﬁﬁiuazwaﬂiﬂﬂ%ﬁwﬂﬁmmiﬁmﬂ'jnﬂﬁ% Potential benefit on animals,
humans and expected academic benefit
msld computer vision Faetnuasnslunsguadanisvhiukaztiensinmunginssu
10. A15U594¥999191358/1n338 (Instructor declaration)
Fmdwesuserhazufiiredainsimudsnisilfasyl iy Livdesvavasias qualsith swnsluuiine

iflssmosiernudiomis muauanmwndenliinzan Wananmedulunmstesiumsindeuasnsunsnszaeide

P

auasgrunsufuRnuildsmual vasusesinlddnilviiussavniamasan lnensenindnuervesdinuas
Fasssunumanenau LLaszmLﬁ'ﬂﬁuéﬂﬁﬂm:nﬁumsﬁﬁuguamsuﬁmLnazliﬁm'iwmaaqgﬁ'amumﬁwmmam%&mmu
wazasnaeuld wieniull Smidlduuuienansundhe dail

| certify that the animals will be treated in the manner described above. | declare that the animals will
be given access to sufficient amount of water to meet their needs. The living environment of the animals will
be strictly monitored and maintained in such a way as to prevent infection and spreading of infection should
it happen. According to the ethical principles and religious morality, animal life is valuable, thus the utmost
care will be taken to ensure use of as few animals as possible. | welcome the Committee for Supervision and
Promotion of Procedures on Animals for Scientific Purposes to check in and monitor the process at any time.
Please find attached the following documents accompanying the application:

MﬁwLuﬂumgiy'mlﬁﬁ’m’iﬁamumﬁwmmam% Copy of animal license (nsiduaAfovesindne 1%

mm‘sﬁﬁﬂ?nmwﬁmﬂuéﬁu In case where the researcher is student, the principal advisor is the applicant)

M wéngrunsaeusinulasesismide (sdfumddevenindinu) In case where the researcher is

student, provide proof that the student has passed the proposal examination
™ Foiauelasimsise Research proposal (Proposal)

< Y o s 9 8 v o Ve o € v o
O wwnasvievangwdu q Afusesnnudasadovesmdniusivisoasildiudnd (13 Other documents

regarding safety of products and/or substances that will be used on animals, if applicable (specify)

SE

(WeInTud dezind)

ad%e Signature

vnthlasans/Aalasins/maaey
Project/project series/testing leader
Fuit Date 18 /0. / 2569
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Application for approval to use animals in research

AznssuNIsMAvguadliunsedndiienuneingrdmans uininerdewsidmans | weienans (Document

NUMber) tismiin

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC)
3. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th

druvaadmdi Office use only

dud 1 Wmihiinsaaeuuaziuiindoyaluszuugiudeyaseuiosudn (officer has verified and recorded the

information in the database system.)

Wwtind (Officer)

Ao (Signature)
( )

i’u*?i Date....cc.coouu VL L o———

AIUVDUAVIUNIG Secretary use only

daud 2 dwsularynis Aauendssnvvadlasinisideiansiiansan (For the secretary — to classify the

types of research projects for consideration.)

0O Tesimsifefieniunmsiansanassenussaunislddniiionunidineimans (Exemption)
(Research projects exempted from ethical review on the use of animals for scientific purposes)
[ tessmsideiiihiuntsiiansauuuida (Expedited review)

(Research projects undergoing expedited review)

O esimsideiidriunisiansanluiivszyuanznssunis and. (Full board review)

(Research projects reviewed in the MFUIACUC committee meeting)
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dmsusuideuionndeu

Application for approval to use animals in research

Form: FS-SOP-AC02-02

AznssuNIsMAvguadfiun1sedndiienuneinendans uninerdswinmans

Lavftendns (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) NUMBE) ©ovvsssvsssns
3. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuil (Date) wvenrrern

82

Lamqn'mﬂua%a AN, uflueﬁ'ﬁmsmﬂﬁiami (Secretary nominates members of the MFU IACUC to reviews)

va - =3 o ! T IN] v e
o (mesmﬂﬂsamiLaanmmnﬂmznﬁums And. vesnendsuitima Alufidwlddudenulasans

** (reviewers are selected from the MFU IACUC members, who have no conflict of interest with the project)

N13ATEUANANTR

Yo - dna

(Name- Surname)

1Ju ana.
(Is an MFU JACUC

member)

Lidudfidnlddudelulasinisiivedufinnsan

(Has no conflict of interest in the project under review).

Winwou (Approved)

Institutional Animal Care and Use Committee

adde (SIGNATUIE) <.ovvev e

(Mr. Karnkul Bumroongchad)

Usymuaawaunssumsmiuguanisiiiuniseedin

Winumeimenmans uvinendeusifiivials

(Chairperson of the Subcommittee of Mae Fah Luang University

Institutional Animal Care and Use)

adte (SigntUE). ...covov e flciiviaisicasns

page 7of 7

(Assoc. Prof. Dr. Siam Popluechai)

@umMsAznssuMsiiuguanmsiiiiunseiednd

WinnumMavenaans uniendeisifihvais
(Secretary of Mae Fah Luang University

Institutional Animal Care and Use Committee)
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LUUNSuYBTUNTHANSTANRSTTENUTIMERIINB UM INeNAEnS
dmsusuideuionndeu

Application for approval to use animals in research

Form: FS-SOP-AC02-02

o w o o \w P o I’ o . =
ﬁmxnisumsn’m‘u@u.ammumwaan'5Lwa\ﬂuvm\1'mmﬁ'1aﬁ§ unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMBEN v
3. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuit (Date) v

1. %0 Name M Tasenns / Project O 4alATIN"3 / Project series O srunedeu / Test
(mwlng) Project title in Thai : MsUszanaranmuasmsBeuiiiadnfiomsAnaungfnssuh
(mmé’mqw) Project title in English : IMAGE PROCESSING AND DEEP LEARNING FOR DAIRY COW MONITORING

nsdhurplasams TsnszuTelnsinis The project is a follow up project

(mwlng) Project title in Thai :
(Mw1danaw) Project title in English :

2. fiwtilasens/4alaseants/aunagau Project leader

Saa o

Fo-wwana (Name-Sumame) : wiBARsLA Nogint d11n3 (School of): walulaBAdviadsyand

E-mail 6751501006@lamduan.mfu.ac.th mnearmsiniadeui (Cell phone number): 061 563 5979

s oo

ne@ulvsAnm Avhau (Work phone number): ... MUNBLAYINTAS (Fax) :

v o

Uszaumsalnslddng (Previous experience working with animals)

O fyes ... Uyears (Tulanzsyuziaiin1sidd@ms (only count the time during which animals

were handled)) sxqﬁmamiﬁmaﬂﬁﬁﬁc«iaﬁmi (Describe procedures used on the aNiMals).............mmmmeereerersmnnees
o st No

La‘vmuaum’mwﬁmi (Number of animal license) U1-12703-2569 Usztan (Type of license)................

oonliidatuil (issue date) 9 furau 2569 Mummqv”w?i (expiry date) 8 fiuau 2573

3, mmiﬁc"{i’aaﬁ5ﬂﬁﬁﬁ’suLﬁU’;‘ﬁ'aﬂ1ﬂﬁwnﬂiﬁ (There is the researcher in this project)

o # 1w (sruBe-wmang) Yes, specify name and surname [ 13iff No

mnﬁnwﬁzm‘iammié@: 11398 (Specify the scientist’s name and surname who participate in this lab
protocol)

fo-ummana (Name-Sumame) : 589FNAns 136 75 538338 Torfiadey

Saa o <

d1iniu (School of): inAlulaBAdviauszgnd

wweiiluaugwlddng (Number of animal UCense) ... USELAY (Type of license).............
20D TUT (SSUe dALe) oot mmmqa"uﬁ L il grgia (1)
%a—umaqa (Name-SUrname) : ...........eeeemeecsenenenemeseeenn . 8UNIU (School of):

Lamvﬂuaumml%ﬁmi (Number of animal license).... .. Usviam (Type of license)...

20N TUT (SSUE dAte).mmrrsrosrr VAU (€Xpiry BE) v

%‘afmuaqa Mame-SUMREme)+- 8. .., N Az #1In3% (School of):

Lawmuaum’mwﬁm’f (Number of animal license)............ccoooruvvevcrrrrnnennn. 52N (Type of license)....o......
aonlisloTudl (issue date).....n.. MUABIIUT (expiry date)

Institutional Animal Care and Use Committee page 1of 8 9" Ediition July 20 2025
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LUUNSuYBTUNTHANSTANRSTTENUTIMERIINB UM INeNAEnS
dmsusuideuionndeu

Application for approval to use animals in research

Form: FS-SOP-AC02-02

AznssuNIsMAvguadfiun1sedndiienuneinendans uninerdswinmans

Lavftendns (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) NUMBE) ©ovvsssvsssns
3. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th (7 ) T,

4. anwazlasens (Project details)

[ e research [] v9asu testing [ wan@ing biomaterials

[J wandn animal production [] 8u 9 other (s¥U specify).
5. szeztamamiiun1slasens Project duration 0 U years 5 1@au months
fauel starting from 1 uNTIAN 2569 &UGA to 31 WeBAAN 2569

sz812a1MUGURIUAAT Animal use duration

Fust starting from 1 iw1Bu 2569 Auan to 30 WY 2569

6. @nuiiaiiun1s Project location

O Waofineldmsiiuguaves ana. aafidanufidiiunis within the university under supervision of

institutional animal care and use committee

1 Waowfiduiifiaaiianuds (use external registered location Szutatl specify registration NUMBEN. ...

™ Waanuiiau lifiiaufianuds (use location with no registration number) syyanuil (specify lo

vhsulauweswnUm dua vsalan sunedulines 1edui 50120

7. wandeansinuuinisiudnd Details of animal use

7.1 & iildlulassms Animal details

cation)..

Usznm iin anenug F1uU (§2) el ginmine/udn
Type of animal Name of Breed/Strain of animal No. of Sex Supplier/Breeder
animal animals
dninaass
(Animal for
experimental use)
dnfides (Pet) foideagndne | Teadlond wiiBeu uas 40 wadle | Talushduves
thu (e | gnuausswrindleadlaniiy LaeiveY
STy

AR5 IIUYIA
(Animals from
nature/wildlife)

Institutional Animal Care and Use Committee page 20f 8
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LUUNSuYBTUNTHANSTANRSTTENUTIMERIINB UM INeNAEnS

Fwsusuidevisennaau FOrmsES 208 AC02:02

Application for approval to use animals in research

o w o o \w P o I’ o . =
nmznssumsmnuguammumiﬂaawimamuvrwwawﬁﬂaﬁ% unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMBEN v

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th G

7.2 ssuumsdesdng (Animal husbandry system) FRduauuuaaifiu (Conventional)
vhsuurhiuuuurmidu msquadilfifunasgm Tnefansallausdundeduamnndalusos fu msl
awnsezutseanidu 3 suuuy il
1. awnsiliusswingtu andunindiilue Susnanuis dudin $1in Grnew) Alansuas 0.62 Ui launay
Audssananiuas 40 Alanuram
2. ewnsasudwiulau Tushiu 18 N3N nsvaavaz 390 v TausmilsiaAulszana 2-2.5 Alandu wdaue
wuei Tawaglilughdmbun Fedinsiadhuaiuay 2 ade awnsiaiufivegniiivas 2 aduguiy
3. wnlauudaries avaaUiuensEsuwAenstay 1 Alanu
mslihvadauuasléinszn Tasfinmmuslugluuuysthnszaisnugasi q mnUiinahanas gauanisuvie
dhweahsuasiuindly wasesdinswasudmn 4 7 fuiee
73 wansdEnsinadnudaiililulasaims/galasins/maaey (calculate sample size necessary for the
project/project series/test)
ghaghanisiiudeyanginssuvasiauy winzasiuuazueandiu Ussana 4 il
1. dowivilezlfifuioyaniameass laeillauaszana 20 #h
2. dwiredhildfinmsifudeyaniswases
3. dndmudulaumieladenigililaweiaslmhuils Falallafinasiudeyanisnaaes
4. E’i’:uﬁﬁtﬂuﬁuﬁLﬁvﬂanTﬂﬁtﬁanaaﬂ wazlailafinsiiudeyanisnnans
segunmsiiufoyamsiuemsvasiamhun sl flaumniitansnsciathusld Ussanw 35 6
7.4 Fnsvudednd Tunsdifimsuudananamsusniminends (ruwhiedesmne v ludes annsaviieiemsng

Isfunnnin 1 989) (Details of transportation of animals into the university)
O fimsauaugaumnil (Temperature control)
O fimsszuwenieidisame (Ventilation)
O fmstlesfiumsinde (Measures against infection)
O nwuwssqﬁmiﬁuﬂmﬁum (Provision of sturdy transportation container)

ad o Lo " . . + & o o
O diuiivasnsswudaiioana (Area of transportation container is sufficient) (lUsaszyvnAfiuf Specify

area size and number of animals per container)

Mixammﬁmﬂwmwawmq (lsmszy) (Lensth of transportation time) msifiunmnede/Adle $1uau

16 U

7.5 FBnsuazanuidey/sin dninewimld (Housing and feeding details of animals before use)

Institutional Animal Care and Use Committee page 3of 8 9" Ediition July 20 2025
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LUUNSuYBTUNTHANSTANRSTTENUTIMERIINB UM INeNAEnS
dmsusuideuionndeu

Application for approval to use animals in research

Form: FS-SOP-AC02-02

o w o o \w P o I’ o . =
ﬁmxnisumsn’m‘u@u.ammumwaan'5Lwa\ﬂuvm\1'mmﬁ'1aﬁ§ unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMBEN v

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th

(szygamadl Sxvuasaing awiu vlinewns Uhdu Tagsesusu (Specify temperature, light intensity, humidity,

3 v

type of food, type of drinking water, bedding)

lildfinsusvanwiedeumsegonduvesdnd iiswusfndindaaiianianim/Adlengdnssuveslauuuaziaiie lng

a ¥ v & ' s w1 o w 4w =
mmnamqamnwuﬂ‘szmm 3 ns uazvnanlafildiieUssnm 4 wins ﬂ']'lﬂ'i'l.lﬂ'ﬁLﬂU‘lJaﬂvanmﬂi?ﬂ‘u@ﬂﬂuu

o v o ¥ o o o & odew . - = v o o ccio
sudaldnaaeuvnzSatiug Suds Inmshedaiidsseznabivi iimswuarel Tfsndes was wunnesiidses

(power bank) Tumsselvivhiu

avav o

7.6 Wufudfivdnilneaziten (UsneSuenisvininons ansail/Aning funldiuded) (Preparation and

treatment of animals) (Describe procedures that will be used on the animal and/or list any substances that

will be applied on the animal)

Laifimsld ansiafl/Aing lifinmsunzdosivesdnd

Institutional Animal Care and Use Committee page dof 8
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LUUNSuYBTUNTHANSTANRSTTENUTIMERIINB UM INeNAEnS
dmsusuideuionndeu

Application for approval to use animals in research

Form: FS-SOP-AC02-02

o w o o \w P o I’ o . =
ﬁm%ﬂii&ln"lSﬂ"ln‘l.l@LI.EW]"ILLI‘L!n’]iﬂaﬁﬂ’ik“ﬂﬂ’]u‘ﬂ']ﬂ’]“ﬂﬂ']ﬁ']’dﬁ% unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMBEN v

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuil (Date) e

o & wa v o ¢ o0 i / ' ° o o ] |
7.7 mshuftRmsivdng (nsanviieSomune ¥ Tudes ansavhieSesmneldunnnds 1 9e9)
M ailailéSunuidutan (animals will not experience any pain)

O dniinrnudutanidfissiione lidnudedieianuin (animals will experience a moment of pain,

no need to provide pain medication)
O Wienaaudad (will use anesthesia)
O Wiensz futhnviesnaeudszannundad @nimals will be provided with analgesics and/or sedatives)

O liansaldonaau ensziutavtesnaeuuszamindnd (animals will be provided with analgesics

and/or sedatives)
7.8 TWsmgaieene (Method of euthanasia)
laifingeuenn Tauy
7.9 Bindaundnd (Method of eliminate animal carcasses)
laifingaienn Tauw Jelifimsfdaendnd
8. wanvsesssuihianldiudailun1s3de/madeu (Ethical principles pertaining to animal use in research

projects/testing)
8.1 fmsdufionathuldunudnildviel Wenssywanadeiniludsll#3smstusnanuldunudnd (Are there
any alternative methods/techniques that can be used instead of animals? Provide a reason why no alternatives
can be used (Replacement)).
esnemuitedunsfinsuasiinsesingnssuvedauunelunidy feiududostinsdisndvinlelauunidly
s Tae lifinsfvuneigine ifinsimusimiing lififwuaszaynsid
8.2 minfimanannudnduiiosdeslddnuasliamnsol#38ns8 unauny vuiisnmavieuuimaujialunsan
a"wwa’mﬂﬁ'ﬁ'eaﬁ'a‘maemh (In the case where there is no alternative, explain how you will minimize the
number of animals used as much as possible (Reduction)).
Lifimsduiaiulaumeluihsndumsdindediftedionelurindy uas Mﬁiﬁoﬁ%agjﬂuﬁ Afavemaiuvesiaum
melurhiu uaz 1ndes 360 Smart Camera Little Faidnuarnsviinuadiendosnsastn
8.3 viuiiFslunsufidudadesndls itelidaifinnuduuanesiian (Explain how you will minimize suffering
(Refinement))
msifueyaldndes 360 Smart Camera Little Salidnuarnisinusdiondonsasta uazhineliAauadvainmsld
nundes M miegiiiusadlvidy WunastianmahsuiRassliiounds medelsildtinsindgunsal

dWndinle 9 wenINNFe3 360 Smart Camera Little

Institutional Animal Care and Use Committee page 50f 8 9" Ediition July 20 2025

87



LUUNSuYBTUNTHANSTANRSTTENUTIMERIINB UM INeNAEnS
dmsusuideuionndeu

Application for approval to use animals in research

Form: FS-SOP-AC02-02

o w o o \w P o I’ o . =
ﬁm%ﬂii&ln"lSﬂ"ln‘l.l@LI.EW]"ILLI‘L!n’]iﬂaﬁﬂ’ik“ﬂﬂ’]u‘ﬂ']ﬂ’]“ﬂﬂ']ﬁ']’dﬁ% unINeaLIivas taviiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) | NUMBEN v

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuil (Date) e

9. ﬂiz‘iamﬁsiauqvéw‘saﬁﬁiuazwaﬂiﬂﬂ%ﬁwﬂﬁmmiﬁmﬂ'jnﬂﬁ% Potential benefit on animals,
humans and expected academic benefit
msld computer vision Faetnuasnslunsguadanisvhiukaztiensinmunginssu
10. A15U594¥999191358/1n338 (Instructor declaration)
Fmdwesuserhazufiiredainsimudsnisilfasyl iy Livdesvavasias qualsith swnsluuiine

iflssmosiernudiomis muauanmwndenliinzan Wananmedulunmstesiumsindeuasnsunsnszaeide

P

auasgrunsufuRnuildsmual vasusesinlddnilviiussavniamasan lnensenindnuervesdinuas
Fasssunumanenau LLaszmLﬁ'ﬂﬁuéﬂﬁﬂm:nﬁumsﬁﬁuguamsuﬁmLnazliﬁm'iwmaaqgﬁ'amumﬁwmmam%&mmu
wazasnaeuld wieniull Smidlduuuienansundhe dail

| certify that the animals will be treated in the manner described above. | declare that the animals will
be given access to sufficient amount of water to meet their needs. The living environment of the animals will
be strictly monitored and maintained in such a way as to prevent infection and spreading of infection should
it happen. According to the ethical principles and religious morality, animal life is valuable, thus the utmost
care will be taken to ensure use of as few animals as possible. | welcome the Committee for Supervision and
Promotion of Procedures on Animals for Scientific Purposes to check in and monitor the process at any time.
Please find attached the following documents accompanying the application:

MﬁwLuﬂumgiy'mlﬁﬁ’m’iﬁamumﬁwmmam% Copy of animal license (nsiduaAfovesindne 1%

mm‘sﬁﬁﬂ?nmwﬁmﬂuéﬁu In case where the researcher is student, the principal advisor is the applicant)

M wéngrunsaeusinulasesismide (sdfumddevenindinu) In case where the researcher is

student, provide proof that the student has passed the proposal examination
™ Foiauelasimsise Research proposal (Proposal)

< Y o s 9 8 v o Ve o € v o
O wwnasvievangwdu q Afusesnnudasadovesmdniusivisoasildiudnd (13 Other documents

regarding safety of products and/or substances that will be used on animals, if applicable (specify)

e

(WeInTud dezind)

ad%e Signature

vnthlasans/Aalasins/maaey
Project/project series/testing leader
Fuit Date 31/ i.a. / 2569

Institutional Animal Care and Use Committee page 6of 8 9" Ediition July 20 2025
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wUUN SN YR UNTRANTUNRTTIUTIUAR LB UM INenAEnS
Fwsusuidevisennaau FormsESS0L-AC02:02

Application for approval to use animals in research

AznssuNIsMAvguadliunsedndiienuneingrdmans uininerdewsidmans | weienans (Document

NUMber) tismiin

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC)
3. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th

druvaadmdi Office use only

dud 1 Wmihiinsaaeuuaziuiindoyaluszuugiudeyaseuiosudn (officer has verified and recorded the

information in the database system.)

Wwtind (Officer)

Ao (Signature)
( )

Suit Date....cc.coouu VL L o———

AIUVDUAVIUNIG Secretary use only

daud 2 dwsularynis Aauendssnvvadlasinisideiansiiansan (For the secretary — to classify the

types of research projects for consideration.)

0O Tesimsifefieniunmsiansanassenussaunislddniiionunidineimans (Exemption)
(Research projects exempted from ethical review on the use of animals for scientific purposes)
[ tessmsideiiihiuntsiiansauuuida (Expedited review)

(Research projects undergoing expedited review)

O esimsideiidriunisiansanluiivszyuanznssunis and. (Full board review)

(Research projects reviewed in the MFUIACUC committee meeting)

Institutional Animal Care and Use Committee page 7of 8 9" Ediition July 20 2025



LUUNSuYBTUNTHANSTANRSTTENUTIMERIINB UM INeNAEnS
dmsusuideuionndeu

Application for approval to use animals in research

Form: FS-SOP-AC02-02

AznssuNIsMAvguadfiun1sedndiienuneinendans uninerdswinmans

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC)

Lavftendns (Document

NUMber) tismiin

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th

90

Lamqn'mﬂua%a AN, uflueﬁ'ﬁmsmﬂﬁiami (Secretary nominates members of the MFU IACUC to reviews)

va - =3 o ! T IN] v e
o (mesmﬂﬂsamiLaanmmnﬂmznﬁums And. vesnendsuitima Alufidwlddudenulasans

** (reviewers are selected from the MFU IACUC members, who have no conflict of interest with the project)

N13ATEUANANTR
Y2 - ana 1Ju ana. Lidudidnlddudelulasinisiivedufinnsan
(Name- Surname) (Is an MFU JIACUC (Has no conflict of interest in the project under review).

member)

Winwou (Approved)

adde (SIGNALUIE) .ovveeeivieceiie i sesseens

(Mr. Karnkul Bumroongchad)

Usymuaawaunssumsmiuguanisiiiuniseedin

Winumeimenmans uvinendeusifiivials

(Chairperson of the Subcommittee of Mae Fah Luang University

Institutional Animal Care and Use)

adte (Signature)

(Assoc. Prof. Dr. Siam Popluechai)

uLMsAznssuMsiiuguanisdiiiunseiednd

WinnumMavenaans uniendeisifihvais

(Secretary of Mae Fah Luang University

Institutional Animal Care and Use Committee)

Institutional Animal Care and Use Committee page 8of 8

9" Ediition July 20 2025



91

wuureiu uilvlassnislunisveiunisiansanassenussudndienunsineddans

Modification Report of the Project Presented in Form: £5:50PAe02:05

Animal Ethics Review for Scientific Purposes Application

anznIINMIMAivguasiiunsiadnfitenuneinenmans winInerdeusiivaly | aviienas (Document
number) : AR04/69

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC)

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fufl (Date) : 30 3.0. 69

1. 9nsdifaau/fiawthlasen13ayalasanis Instructor / Head of the project or set of projects

aussynd

v & o w

%o - wwana (Name - Surname) wieansud deint  dindvr/muaeary (School / Unit): alulaBidsi

2. ilaﬁ'xﬁauwﬂﬁﬁﬁnﬁ/ﬂaimﬂﬁﬁﬁn'ﬁ/‘lﬁiamsw?aqﬂnﬂn'ﬁ (Title of the practical session / practical course /
project or set of projects): msﬂwmawamwLnazmiﬁ'wﬁl,%ﬁnLﬁamsﬁmmquanswﬁ (IMAGE PROCESSING AND DEEP
LEARNING FOR DAIRY COW MONITORING)

3. m3ufly (Responses)

TS v = PIEI-1 Py vev = T da

A0V | YDLAUBLULAINAMLATIUNITNINTUNRTTIIUTTU msu,ﬁ'lumamvmema'lmsuqﬁaulepau WIDNTZYAUNUINY
No. (Suggestions from the Committee) mMsasuulaudn

(Responses or Explanations from the Instructor /Researcher

including the positions of responses)

1 | v sample size calculation shatamafiulieyanginssuvestaun tunnvesiiiiuazus
oonifu Usvan 4
1. duiinisaslfifiuioyanimenss Tneflausussanm
20 ¢
2. duimedildfimaivioyanimanes
3. it dulauvdelaiefiilTameiiagliiuls
Faldlafimsiiudeyanisneass
4. d’suﬁﬁLﬂu“ﬁuﬁl,gmaunlﬂﬁl,ﬁqﬂaam wazlalldginasifiu
Joyan1snnaes
etumaiudeyanisivemsvarimiuy axlilausmndai

annsadauald Uszaney 35 i

2 | MwaziBen vesanuiidesdnd Sinesguhiy | shsuduwisuuuuemtiu msguadihilaiduinasgu Teed
P RN, % i s 5

visoldl Al Insdamsvrsuedals @dlasu | annsallauudnaindetiunainsulundayu nisliemnsay

thuavemsegnsls wuseaniiu 3 guuuu sall

1. @wnshliuseninedu andunadnilne Suanan
U3 Fuaiv Hiim W) Alandlas 0.62 v Tauw
azAulszanaiuag 40 Alansused

2. onsiasudmSulauy WUsiu 18 nfu nsvaeuay 390

v Tauunilednulseana 2-2.5 Alansy uanuauun

Institutional Animal Care and Use Committee page 1of 2 9 Edition July 20, 2025



wuureiu uilvlassnislunisveiunisiansanassenussudndienunsineddans
Modification Report of the Project Presented in

Animal Ethics Review for Scientific Purposes Application

Form: FS-SOP-AC02-05

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC)

anznIINMIMAivguasiiunsiadnfitenuneinenmans winInerdeusiivaly | aviienas (Document

number) : AR04/69

ns. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fui (Date) : 30 31.0. 69

i Tegaglilutisaiug Jeiinssathuniuas 2 ase

&

gnsiEsunzgnlnivas 2 aSuduiy

Y

P o
v

3. wnlauudwies wanlinuemsidiuviensiay 1
Alandu
nsbiivedaunayliinyssun Taeinwugluguuuuuetn
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Date 31/ .A. / 2569

Signature

Institutional Animal Care and Use Committee page 2of 2 9 Edition July 20, 2025
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HUUNOSURT ST TEAS ST BUNSEUIALD VD FUN SRS MNDTTBUS SRS
WU ingrmans amanerduwaifvian Form: FS-SOP-AC02-08
Mae Fah Luang University Notification of Payment of Fees for Submission of Animal Ethics

Review for Scientific Purposes Application Form

anznIsun1siiuguadiiuntssedniiianumaineaans sninerdewsidimvade | 1aviiiends (Document

The Mae Fah Laung University Institutional animal care and use committee (MFU IACUC) number)

1. (Tel) 0-5391-6399 Email: MFULabanimals@mfu.ac.th Fuft (Date) 1. 20309

Falasann534u (Research Project Title): miﬂszmauamwuazmsL?uué’t%aﬁnLﬁamsﬁmmquﬁnssu"h

fiamtihlasin1s3de (Head of the Project): wwansus Huzdnl

ﬁagj (address): 203 vy 1 Yunasne 9o 2 AU 8.1119A4 A.Tedlu 50230

F1uRY (Amount) 500 U (MFesumiiu-)

Maim'luLa%‘i)%'ut‘iu'lumuﬁmﬁﬂﬂsams (to issue a receipt in the name of the project head)

O senluiasasuiuluunuminetdoutiihmans ( to issue a receipt in the name of Mae Fah Luang University )

O eenluiaiasuiiuiolasiniside ﬁaajwﬁwmﬁmm’ﬁmma (to issue a receipt in the name of the research project, with the

address of Mae Fah Luang University)

= e o - = z . . . " T
Ussinmmsionsanlasinsideiilduavaiunasiiensunaseusn (Type of Research Project Submitted for Ethics Review for the First Time)

O Tesamsideiildiauevenuamnmissnuvesiy melulssina vio neuenyszime nienuaindnalssmandomizeauienyy iy
Arsssulisunisiissaniasiniside $1u9u 2,000 vivsolasInig
(Research projects applied for funding from government agencies, either domestic or international, or from foreign funds or
private organizations, are subject to a review fee of 2,000 Baht per project.)

O Tassns3suiilildsunuanilla wasdiiumslaowinnuansisinis iuasssuiioumsiotsanlasinisiss s 1,500 vmsde
lassms
(Research projects not funded by any source and conducted by academic staff are subject to a review fee of 1,500 Baht per
project.)

IYrTmsamﬁa’aﬁ‘tﬂﬁ%numnﬂ"lm uagsiunslasiindnusedutiudindng umsssdounisfinisanlasinisife S 500 vinde
Tassns
(Research projects not funded by any source and conducted by graduate students are subject to a review fee of 500 Baht per
project.)

O Tﬂsﬂmﬁ'{)’uﬁlﬁlﬁ%numnmm uazsuiunslaetdnAnuUsuyes 1dsunseniudisssuion

(Research projects not funded by any source and conducted by undergraduate students are exempt from the review fee.)

Sign g’ci/% Sign “\Sns

(wansudt desint) ( weanens dummea )
Research Project Head Administrative Staff
Date 20 / §1.. / 2569 Dates207 W)/ 2569
Plan Code 02201 Organization Code 11412000 Fund Code 203000

*TsadrszRuiidiunsiiuuac Uy unIngrdowiimans uazddunluaaundundeuiulasinside
** Please make the payment at the Division of Finance and Accounting, Mae Fah Luang University, and submit a copy of

the receipt along with the research project proposal.**
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APPENDIX C

ANIMAL USE LICENSE

Certificate No: AR-69-04

=
Mae Fah Luang University Institutional Animal Care and Use Committee

This is to certify that

Title of the Project / Set of Projects / Test (in Thai) : msUszmauamwuazmsﬁuuiﬂaﬁmﬂan‘\s
Aanunginssuda

Title of the Project / Set of Projects / Test (in English) : IMAGE PROCESSING AND DEEP LEARNING
FOR DAIRY COW MONITORING

Head of the Project / Set of Projects / Test “Mr. Jaturon Niyarut

Affiliation . School of Applied Digital Technology

Application Number : AR04/69

is a/ an project / set of projects / test that does not conflict with the ethical standards on the
use of animals for scientific purposes, as set forth by the Institute of Animals for Scientific Purposes
Development (IAD).

Therefore, it is deemed appropriate to conduct the project / set of projects / test within the
scope of the information presented to the Mae Fah Luang University Institutional Animal Care and Use

Committee on 7, April, B.E. 2026.

(Professor Dr. Sujitra Wongkasemyjit)

Chair of Mae Fah Luang University Institutional Animal Care and Use Committee

Date of Approval: 7/6/2026
Date of Expiration: 7/4/2027



DOCUMENT ID:239866731773049145

o/ A a
Tuaugalddndinasumeimenaans

Animal Use License

Laﬂﬁ'luahmv'mwé'ﬁ'i Uj|- @ - EE

License Number

o uw ansud Heziai
Name MR. JATURON NIYARUT

UAsUsyaAaUsEanTY vl 1-5052-00048-25-1
Thai National ID Number

Jusanluaugyn 9 flunaAn 2569
Date of Issue

JununaY 8 fiunAu 2573
Date of Expiry
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APPENDIX D

CONSENT FORM FOR RECORDING PHOTOS/VIDEOS
AND PDPA
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