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Abstract

This study utilizes Internet of Things (IoT) technology integrated with a private cloud infrastructure to
investigate heatstroke mechanisms in individuals exposed to outdoor environments, particularly under
dehydration or impaired thermoregulation conditions. The objectives are to develop an automated real-time
heat monitoring and warning system and to evaluate its accuracy and user satisfaction in preventing heat-
related illnesses. Field trials were conducted with 50 participants, including students in outdoor classes,
athletes in training, and workshop attendees exposed to direct sunlight. A prototype system was designed to
autonomously collect environmental data—temperature, humidity, and air pressure—via external sensors. A
mean fusion technique was applied to combine sensor data with meteorological information obtained from
the open weather map API, enhancing data reliability and prediction accuracy. The fused dataset was analyzed
using the K-Nearest Neighbor (KNN) algorithm to estimate heatstroke risk. The optimal configuration (k = 3)
achieved an accuracy of 86.67% in identifying high-risk heat conditions. Experimental results showed that
when ambient temperatures increased continuously from 35°C to 37°C, the system issued real-time heat
warnings. Under these conditions, physiological responses indicated that core body temperature could rise to
approximately 40°C, a critical threshold associated with heatstroke and potentially life-threatening outcomes
if intervention is delayed. The system effectively delivered automated alerts to support timely preventive
actions.user evaluation demonstrated high satisfaction, with an overall average score of 4.37 out of 5.00
(87.44%), while device control functionality received a higher rating of 4.54 (90.80%). These results suggest
that the proposed system is a reliable, cost-effective, and scalable solution for localized temperature
monitoring and heatstroke risk mitigation, particularly suitable for educational and outdoor environments

requiring proactive heat risk management.

Keywords: Realtime processing, Heat stroke, Private cloud, KNN, loT technology
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Introduction

The body cannot control and discharge heat when its core temperature climbs above a
particular degree. This condition can lead to various health issues and may even result in death.
Many things can affect this illness, but the environment is the most important. For example, being
in places with high humidity and poor ventilation, or being in extreme heat, especially during
heatwaves, can make it harder for sweat to evaporate and cool down. Doing outside activities for a
long time without protection like umbrellas or fans makes things a lot more dangerous. People who
are very young, extremely elderly, or already unwell are more likely to get sick because their bodies
can't keep their temperature stable. This list covers those who have cardiovascular, pulmonary,
cerebrovascular, or Parkinson's disease, as well as overweight people, which makes it harder for their
bodies to dissipate heat and circulate blood. Heat stroke is more likely in those unaccustomed to
hot weather or sleep-deprived. Risk is higher when you do things like severe outdoor exercise, wear
clothes that don't breathe, get dehydrated, or drink too much alcohol or caffeine. Some prescription
drugs (like diuretics, antihypertensives, vasoconstrictors, and psychiatric drugs) and illegal drugs (like
cocaine and amphetamines) can make it harder for the body to control its temperature. Such
substances can cause the body to lose more fluids or make it harder to get rid of heat. So, to lower
the number and severity of heat strokes, it's important to know about these different risk factors
and take the right steps to avoid them.

Outdoor activities are a significant contributor to heatstroke. This research aims to enhance
student learning while simultaneously implementing a warning and monitoring system, particularly
for outdoor activities conducted in low-humidity, high-temperature environments. Examples include
curricula emphasizing open-air learning, such as military training, scouting activities, practical learning
through volunteer development camps, and recreational events within educational institutions.
These activities not only promote physical health but also cultivate desirable characteristics like
discipline, responsibility, teamwork, and adaptability to diverse environments. However, the
environmental conditions during outdoor activities, especially in open areas and during periods of
high temperatures, significantly impact participant safety. A common and potentially life-threatening
issue is heatstroke, a condition where the body's thermoregulation fails, leading to systemic organ
failure, notably affecting the nervous and circulatory systems.

According to a 2024 report by the World Health Organization, the past three years have
demonstrated a persistent global increase in the number of days with ambient temperatures
exceeding 35 °C, accompanied by an estimated annual rise of 30-409% in heatwave occurrences
across multiple regions compared with the pre-2020 period. This accelerating trend substantially

elevates the incidence of heat-related illnesses, particularly heat stroke, during outdoor activities
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and occupational exposure (World Health Organization, 2024; Lugo-Amador et al., 2004). The onset
of heat stroke is not solely attributable to elevated ambient temperature; rather, it emerges from a
multifactorial interaction among environmental conditions, physiological responses, and individual
characteristics. Excessive perspiration without sufficient replacement of fluids and electrolytes,
inappropriate clothing such as tight-fitting or poorly ventilated garments, and prolonged exposure to
high humidity significantly impair the body’s thermoregulatory mechanisms. Furthermore, individual
vulnerability is exacerbated by predisposing factors including chronic dehydration and underlying
health conditions such as cardiovascular disease or diabetes, which reduce tolerance to thermal
stress (Lugo-Amador et al., 2004). Given these complexities, accurate and continuous monitoring of
environmental conditions—particularly air temperature and relative humidity—using reliable sensors
and standardized measurement methodologies is essential for effective heat stress assessment and
prevention. Advances in sensor networks, microcontroller-based systems, and Internet of Things (IoT)
architectures have enabled real-time environmental data acquisition and processing, supporting
proactive health risk management in outdoor and industrial settings (Addoddorn, 2012; Yoddumnern
et al., 2018; Rghioui et al.,, 2021). When combined with machine learning techniques, such systems
can further enhance predictive accuracy and early warning capabilities for hazardous weather and
health-related events (Abhishek et al., 2012; Mahesh, 2018; Sharma et al, 2014). Among the
established indices for environmental heat assessment, the Wet Bulb Globe Temperature (WBGT) is
widely recognized as a comprehensive indicator of heat stress. WBGT integrates key determinants of
thermal load, including air temperature, relative humidity, radiant heat, and air movement, and is
expressed in degrees Celsius or Fahrenheit. Importantly, this index accounts for both internal heat
generation arising from metabolic activity during physical work and external heat gain from the
surrounding environment, making it particularly suitable for evaluating heat exposure in outdoor
activities and occupational contexts (ISO 7243; NIOSH). Environmental heat is transferred to the
human body through three primary mechanisms: conduction, convection, and thermal radiation. In
addition, workload intensity plays a critical role, as metabolic heat production increases
proportionally with physical exertion. Individuals performing heavy workloads generate significantly
greater internal heat compared to those engaged in light tasks, thereby increasing the risk of heat
accumulation and heat-related illness. Consequently, international heat exposure standards
explicitly incorporate workload as a key parameter when defining permissible heat exposure limits
and risk thresholds, reinforcing the necessity of integrating environmental monitoring, workload
assessment, and physiological considerations in heat risk management frameworks (Shigley &
Mischke, 1989; Krutz et al., 1984).

The integration of WBGT-based environmental monitoring with validated sensor systems and

intelligent data processing therefore provides a scientifically robust foundation for heat stroke risk
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assessment, early warning, and preventive decision-making. Such an approach is increasingly aligned
with modern smart monitoring systems that leverage loT and embedded machine learning on
resource-constrained devices, enabling timely and effective interventions in outdoor activity

management and public health protection (Sudharsan et al., 2021; Wang et al., 2022).

Table 1: Summary of Factors Contributing to Heatstroke illness

Aspect Considered Details of Risk Factors

1. Physical condition - Infants and elderly individuals have immature or deteriorated thermoregulatory
and personal systems.
behavior - Individuals with underlying health conditions such as cardiovascular disease,
pulmonary disease, Parkinson's disease, stroke, or obesity.
- Individuals unacclimated to hot climates, e.g., those migrating from cooler regions.
- Individuals with insufficient rest, affecting recovery and internal temperature
regulation.
- Those engaging in strenuous physical activity under direct sunlight, such as athletes,
military personnel, or laborers.
- Wearing thick or poorly ventilated clothing.
- Inadequate fluid intake leading to dehydration.
- Excessive consumption of alcohol or caffeine.
- Use of certain medications such as diuretics, beta-blockers, psychiatric drugs,
antihistamines, and stimulants like amphetamines or cocaine, which can impair the

body's thermoregulatory function.

2. Environmental - Exposure to heat waves where temperatures may exceed 35°C for extended periods.
conditions: - High relative humidity in certain areas impeding sweat evaporation and heat
humidity and dissipation.
temperature - Enclosed or poorly ventilated spaces, such as indoor areas with stagnant air.

- Outdoor activities without access to shade or cooling aids.

- According to WHO (2024), the number of extreme heat days has increased by an
average of 30-40% annually since 2020.

- Sharma et al. (2014) confirmed that even in moderately high temperatures, heat
stroke can still occur if the body loses sweat without adequate replenishment of

water and electrolytes.
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Following Table 1, the research primarily aims to address the threat of heatstroke by first
conducting an in-depth investigation into the various factors contributing to its occurrence among
individuals engaging in outdoor activities. The knowledge gained from this analysis will then inform
the development of an automated device capable of effectively monitoring and alerting users to
hazardous heat conditions in open areas. This device is intended to serve as a proactive measure
for early prevention. Ultimately, the study will focus on evaluating the effectiveness of the
developed surveillance system to ensure its capability in genuinely preventing heatstroke incidents,

thereby enhancing safety for individuals participating in outdoor activities.

Methodology

Proactive

Monitoring

Uses real-time weather data

Provision

Creates conditions to
reduce risk

Teaches recognition of
symptoms

Reactive

Figure 1 Guidelines for preventing heatstroke (Source: Researcher, 2025)

Figure 1 demonstrates heat stress management options, ranging from reactive to proactive.
At the reactive level, training focuses on teaching people to recognize heat stress indicators so that
individuals are prepared when problems emerge. Moving upward toward proactive solutions,
provision focuses on generating risk-reducing settings, such as assuring access to cooling and drinking.
At its most proactive, monitoring entails analyzing real-time weather data to anticipate and miticate
problems before they materialize. These layers emphasize the significance of transitioning from

reactive to proactive actions in effectively decreasing heat stress.

1. loT for Heatstroke Prevention

The integration of these three approaches can effectively reduce the risk of heatstroke during
outdoor activities and enhance participant safety. Heatstroke is a medical emergency caused by the
body's inability to regulate internal temperature, which can result in severe symptoms and even
death, particularly among vulnerable populations exposed to extreme heat, such as young children,

the elderly, and outdoor laborers. Young children are at higher risk due to their immature
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thermoregulatory systems, and outdoor play during hot weather may limit physical activity and
increase health risks. Providing education to parents and installing supportive infrastructure—such
as sunshades, shaded rest areas, and automated drinking water dispensers in public spaces—are
proactive measures that should be encouraged. Elderly individuals often experience a diminished
ability to resulate body temperature and may have underlying health conditions that increase their
susceptibility to heatstroke. Climate change-induced temperature rises further intensify these risks,
which can be mitigated by offering shaded rest areas and weather-related information. Qutdoor
workers, including construction workers, farmers, and sanitation staff, face heightened heatstroke
risks due to prolonged exposure to high temperatures and physically demanding tasks. Key
preventive measures include education on heatstroke prevention, access to drinking water, and
appropriate  work scheduling (Lugo-Amador et al, 2004). From a technological innovation
perspective, leveraging information technology can enhance the design and development of a Smart
Outdoor Safety System (SOSS) aimed at preventing and managing heatstroke in public areas,
integrating intelligent safety measures into outdoor environments (Abhishek K et al. 2012).

- Temperature and humidity sensors are installed in playgrounds or outdoor training areas to
monitor weather conditions in real time.

- A smartphone-based alert application is provided for teachers, parents, or activity supervisors
to receive timely weather updates and recommendations for adjusting activities accordingly.

- A real-time risk dashboard displays heat-related risk levels and suggests appropriate
mitigation measures, such as rescheduling activities to early morning or late afternoon, or reducing
the duration of physically demanding tasks.

The integration of Internet of Things (IoT) technology with a private cloud infrastructure (IP:
61.19.33.12), combined with cloud services from OpenWeatherMap and the development of a
mobile application, can effectively reduce the risk of heatstroke among vulnerable populations and
enhance public safety in open areas.

Following Fig 2, the conceptual framework diagram presents an end-to-end system for
detecting and mitigating heatstroke risk by connecting users, sensing devices, local interfaces, an
edge processing module, and a private cloud platform. Mobile phones and laptops, operated by
users or trainers, collect contextual inputs and interact with wearable or environmental sensors that
continuously measure physiological and ambient parameters, such as body temperature, heart rate,
humidity, and solar exposure. Those data are streamed to a central edge unit illustrated at the
center, where preprocessing, real-time visualization, and preliminary decision rules convert raw
measurements into actionable indicators. Aggregated summaries are securely sent to a private cloud
for advanced analysis, detection of historical trends, and ongoing model updates that improve risk

thresholds over time. When increased risk is detected, the system triggers alerts indicated by the
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dashed path to users and trainers, allowing quick intervention and behavioral adjustment
modification. The loop of sensing, edge processing, cloud analytics, and human oversight emphasizes
speed, privacy, and scalability, while the graphical emphasis on heat-stroke outcomes underscores
the system’s public-health purpose. Overall, the framework balances automated detection with
human-in-the-loop notification to reduce heat-related harm in field scenarios. It is designed for

deployment in outdoor activities, occupational settings, and mass events.

private cloud

— (€ HeatStroke

&

Internet

User/Trainer

Figure 2 Conceptual Framework (Source: Researcher, 2025)

2. Smart Device and Cooperation

This study involved experimental trials with university students and athletes undergoing
training programs, most of which were conducted in open outdoor settings. It was found that
heatstroke poses a silent but severe threat in environments with abnormally high temperatures or
excessive humidity—particularly in the context of outdoor activities. This condition not only affects
the health of outdoor workers but also endangers the general public, especially under the
increasingly volatile climate conditions witnessed in recent years. Proactive surveillance and timely
warning systems are thus essential in mitigating the incidence of heatstroke (World Health
Organization, 2024). The system developed in this research was designed as a Smart Monitoring
System to assess real-time heatstroke risk by integrating digital devices, private cloud processing, and
multimodal alert mechanisms. The system targets general users—including field workers, caregivers,
the elderly, and the public in open spaces—through portable devices such as smartphones or
tablets that receive continuous updates and alerts. At the core of the system are environmental
sensors deployed in high-risk locations such as playerounds, construction sites, and outdoor rest
areas. These sensors collect environmental data—temperature, humidity, and the Wet-Bulb Globe
Temperature (WBGT) index, a standard indicator for physical heat stress risk. The data are transmitted

to a private cloud platform that functions as a central processing hub, dynamically evaluating

Science and Technology to Community 7 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 U1 4 alfu 1 unsPa-nuALS 2569 : TCI 1




environmental risk using machine learning techniques to analyze cumulative heat exposure and
forecast critical heatstroke thresholds. When the system detects risk levels exceeding the safety
threshold, it immediately issues alerts to users via text, sound, and visual indicators from local
sensors, such as red flashing lights or audible sirens (Sharma A et al. 2014). A key feature of the
system s its real-time responsiveness and automated functionality, eliminating the need for initial
human intervention. This makes it particularly suitable for deployment in densely populated or high-
risk areas, especially in Thailand, where average temperatures have significantly increased due to
climate change over the past decade. This research represents a critical advancement in integrating
digital technology with proactive health promotion, offering not only an alert mechanism but also
fostering public awareness of extreme heat hazards, thereby encouraging behavioral adjustments
such as seeking shade, staying hydrated, and avoiding outdoor activities during peak temperature

periods.

~ -

Figure 3.1 Smart Box Circuit Figure 3.2 Installation

Figure 3 Hardware architecture of the loT-based heatstroke monitoring device

(Source: Researcher, 2025)

Following Figure 3, the smart device operates using a microcontroller unit (MCU) integrated
with multiple weather sensors (Addoddorn, 2012). These sensors collect real-time environmental
data such as temperature, humidity, and possibly light intensity. The data is then processed locally
by the MCU before being transmitted securely to a private cloud platform for further analysis
(Yoddumnern et al., 2018). The cloud system performs co-processing tasks such as data filtering,
classification, and decision-making based on predefined models—likely using algorithms such as K-
Nearest Neighbors (KNN)—to determine environmental conditions and potential risks, such as
heatstroke. After cloud-based analysis, the processed results are sent back to the device to activate
output components, including indicator lamps and a speaker (Jay, 1981). The green lamp signifies
safe or normal environmental conditions, while the red lamp and speaker alarm indicate high-risk or
abnormal conditions that require immediate attention. This system ensures real-time visual and
auditory alerts to users in critical situations. Additionally, the device connects to a mobile or web

application that allows users to monitor environmental status, receive alerts, and review historical
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data remotely. By integrating MCU control, cloud-based computation, and intelligent output
signaling, the device demonstrates an efficient loT-based solution for smart weather monitoring and
responsive environmental safety management (Sharma A et al. 2014).

The K-Nearest Neighbour (K-NN) algorithm is a classification method that determines the
most appropriate class for a new instance by examining a predefined number of the closest existing
cases or conditions. This technique involves identifying the most similar or nearest neighbors and
counting the frequency of each class among these neighbors. The new condition is then assigned to
the class with the highest occurrence among the nearest neighbors. In this context, environmental
parameters are obtained from both local sensor nodes and the public cloud service OpenWeather-
API (see Fig. 4). These parameters are used in a combined calibration process to enhance accuracy
and consistency, employing the Euclidean distance equation to ensure proper alignment of the new
condition with the most similar class. From Fig.4, the weather data in the image indicates current
and forecasted conditions in Chiang Rai, which are useful for heat and environmental risk prediction.
Key points for prediction: high humidity and perceived temperature (heat index) indicate potential
heat stress conditions despite moderate actual temperatures. Continuous rainfall with high UV
suggests fluctuating thermal comfort levels, increasing risk when rain stops and direct sun returns.
Stable high temperatures over several days can accumulate heat exposure, raising the likelihood of
heat-related illnesses. These data support the need for real-time monitoring and heat alert systems
to anticipate and mitigate heatstroke risks during outdoor activities. Although the temperature
appears moderate, the high humidity, UV index, and persistent heat pattern make this an important

period for proactive heat risk prediction and early warnings (Lugo-Amador NM et al. 2004).

Sep 16, 01:32pr CpenStnec
Chiang Rai, TH @ L
-« o
® 29°C =
Feels like 35°C. Light rain, Light breeze &
2 0.14mm kN 26mis SSE v ,
@i1DIORRA.. FRIRIGHY80%. SUVS Precipitation: 0.14mm/h o
Dew point: 25°C  Vislbility: 10.0km
Hourly forecast 8-day forecast
iom  2pm  3pm  4pm  Spm  Spm  7pm  8pm  9pm Tue, Sep 16 N 29/23°C  moowsern v
Wed, Sep 17 N s1s220c st v
e
s a2 Thu, Sep 18 ™ 31/2C  meesnen v
Fri, Sep 19 ™ 30/22°C  waseaern v
Sat, Sep 20 ™ 20/22°C  waseserin v
Sun, Sep 21 ¥ 29/22°C _—
Mon, Sep 22 N 27/22°C  regeaerin v
n
Tue, Sep 23 N 2922°c -

s 08m's

Figure 4 Public Cloud Service-API (Source: https://openweathermap.org/api)
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Results

The data values transmitted to the cloud system, which have undergone a calibration
process to enhance accuracy, are presented in Table 2. This table displays the results obtained after

the data have been processed and adjusted for precision.

Table 2 After Calibrating data on private cloud (IP:61.19.33.12)

Time stamp temp prespresure humid Clouds Wind
Coll Col2 Col3 Col4 Col5 Colé6
1546300800 29.10 1034.88 78.61 6 2.96
1546311600 32.40 1034.33 88.80 66 3.28
1546322400 33.40 1034.54 89.50 33 3.58
1546333200 30.70 1034.82 89.70 4 3.81
1546344000 25.80 1035.27 82.00 2 4.25
15463543800 29.50 1036.04 79.60 52 3.80
1546365600 31.50 1037.77 80.30 54 3.26
1546376400 29.50 1040.03 77.30 0 3.66
1546387200 28.00 1041.78 73.49 0 3.28
1546408800 25.70 1043.48 77.37 9 2.98
1546419600 25.90 1044.58 78.30 11 2.57
1546430400 25.50 1044.82 68.80 5 2.38
1546441200 28.40 1044.15 70.30 0 2.15
1546452000 30.30 1044.43 79.60 4 1.98
1546462800 29.50 1044.23 82.01 19 1.90
1546473600 27.50 1043.73 83.19 24 1.73
1546495200 31.50 1043.09 83.04 0 1.61
1546506000 28.50 1043.53 80.68 0 1.52

1. Prediction based on KNN

Weather forecasting using the K-Nearest Neighbors (KNN) method is a machine learning
technique that relies on historical data to predict future weather conditions. The process begins with
the collection of meteorological data such as temperature, humidity, wind speed, and geographical
information. These data are then cleaned and normalized to a common scale to enhance the
accuracy of distance calculations. Subsequently, the user selects the parameter K, representing the

number of nearest neighbors considered for prediction. Distance metrics, such as Euclidean distance,

Science and Technology to Community 10 NITInemansuazimaluladgyuvy
Vol 4 No 1 January—February 2026 : TCI 1 Ui aatu1 UNTIPB-NUANUS 2569 : TCI 1




are employed to measure the similarity between new data points and historical records, enabling
the model to generate weather forecasts based on the closest analogous observations.

When the nearest neighbor data points are identified, the system processes them to predict
the target value, such as the temperature for the following day or the type of weather condition.
For numerical values, the prediction is calculated by averaging the neighbors' values, whereas for
categorical data, a majority voting approach is employed. The performance evaluation of the KNN
algorithm typically utilizes metrics such as accuracy or Root Mean Square Error (RMSE) to assess
effectiveness. This method is characterized by its simplicity and strong applicability to well-recorded
datasets; however, it requires significant computational resources, especially with large or dispersed
datasets, which may impact accuracy in certain scenarios. The distance calculation is based on the
Euclidean Distance formula, a geometric measure of the straight-line distance between two points

in a two-dimensional (2D) space, mathematically expressed as follows:

d= 0z —x)"+ (y2 = y1)°
The example of k-NN grouping in term of 3-NN and 5-NN. Following Fig. 5, the KNN relies on

local patterns rather than global assumptions. For k = 3, the algorithm makes a robust prediction by
considering the majority among the closest three neighbors, reducing noise and improving
classification reliability compared to using just one nearest neighbor. In heatstroke prediction, for
example, this method could classify a current weather condition as “high-risk” or “low-risk” based

on its similarity to past labeled environmental data.

Figure 5 The data setting of k-value (Source: Researcher, 2025)

In the KNN algorithm, the Euclidean distance formula is utilized to calculate the distance

between a new data point and existing historical data points in order to identify the nearest
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neighbors. These closest points play a critical role in determining the output values, such as

predicting temperature or classifying weather conditions.

Euclidean Distance Equation:
d=(T1-T2)2+(H1-H2)2
d =\sgrt{(T_{1} - T_{2)"2 + (H_{1} - H_{2)"2}
Current data value: T1=37, H1=32
Euclidean Distance Methodology:
« Setting 1: (37-38)2+(32-30)2=1+4 =sqrt(5)~2.24
(37-37)2+(32-35)2=0+9 =s5qrt(9)=3.00
» Setting 3: (37-35)2+(32-40)2=4+64 =sqrt(68)=8.25
» Setting 4: (37-36)2+(32-33)2=1+1 =sqrt(2)~1.41

* Setting 2:

Following Table 3, the dataset includes temperature, humidity, and risk labels for heat
conditions. Higher temperatures (37-38 °C) with lower humidity (30-35%) indicate risk, while
moderate temperatures (35 °C) with higher humidity (40%) are normal. This pattern helps train a

KNN model to predict heatstroke risk based on environmental similarity.

Table 3 Training data set

Temp (°C) Humidity (%) Label
38 30 1 (risk)
37 35 1 (risk)
35 40 0 (normal)
36 33 1 (risk)

Following Fig.6, shows how 3-NN groups data based on the nearest three neighbors. The red
circle marks the neighborhood, containing the closest points that influence classification. The green
line suggests a decision boundary separating classes, while the distant point outside the circle has
no effect. The algorithm assigns the new point’s label based on the majority class of these three
neighbors, making the classification locally accurate and less affected by outliers (Sharma A et al.

2014).
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Figure 6 Group of data set
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Result: High risk, have been heatstroke.

2. Algorithm of the prediction

Following Figure 7, The diagram illustrates the KNN prediction process in seven steps. Step
1 collects environmental data, and Step 2 splits it into training and test sets. Step 3 initializes the
KNN model, followed by Step 4, where the model is trained using labeled data. Step 5 predicts
outcomes and evaluates accuracy, while Step 6 forecasts new weather conditions based on similar
past patterns. Finally, Step 7 triggers a real-time alert, supporting timely heatstroke risk prevention

and decision-making.

Step 1 B Step 2
Load Environmental ) l @{g Split Data Into
Data TR Training and
Test Sets
i 10 Step 3
Train the Model EEE 14—3 Initialize KNN
Model
Step 6
Predict and Forecast New
Evaluate Weather
Accuracy Condition

Ny .
Trigger
Real-Time
Alert

(Optional
Extension)

Figure 7 Prediction Process (Source: Researcher, 2025)
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The proposed process begins with the acquisition of relevant environmental data,
particularly ambient temperature and relative humidity, which are recognized as critical risk factors
associated with heat-related illnesses and heat stroke (World Health Organization, 2024; Lugo-
Amador et al., 2004). These data are collected through sensor-based monitoring systems integrated
with microcontroller platforms, enabling continuous and reliable environmental observation suitable
for outdoor and occupational settings (Addoddorn, 2012; Yoddumnem et al., 2018). Subsequently,
the acquired dataset is preprocessed and partitioned into training and testing subsets, a fundamental
step in machine learning model development and performance evaluation (Mahesh, 2018). A Deep
Neural Network (DNN) model is then initialized and configured, followed by a supervised training
phase in which the model learns complex, nonlinear relationships between environmental variables
and heat stroke risk outcomes. Similar data-driven approaches have been successfully applied in
weather forecasting and environmental prediction tasks, demonstrating the effectiveness of neural
network-based models in capturing intricate patterns within meteorological data (Abhishek et al,,
2012). During the training phase, the model iteratively optimizes its parameters to improve predictive
accuracy, enabling it to identify latent risk patterns that may not be evident through conventional
threshold-based methods. Upon completion of training, the model is evaluated using the test
dataset to assess its predictive performance and generalization capability. The trained model is
subsequently deployed to forecast unseen environmental conditions and to assess heat stroke risk
in real-world scenarios, thereby supporting proactive health risk management (Mahesh, 2018; World
Health Organization, 2024 ). In addition to the DNN-based predictive framework, the system
incorporates a k-nearest neighbors (KNN) approach as an interpretable and computationally efficient
method for classification and risk estimation, particularly in scenarios with limited data or resource-
constrained environments. KNN has been widely applied in weather condition prediction and
environmental classification tasks, demonstrating reliable performance in identifying similar historical
patterns for risk assessment (Sharma et al., 2014). The combination of DNN and KNN methodologies
enhances both predictive accuracy and system robustness. Furthermore, in cases where elevated
heat stroke risk is detected, the system supports an optional real-time alert mechanism to
disseminate warnings promptly to users or relevant authorities. Such alert-driven architectures align
with modern loT-based health monitoring systems, enabling timely preventive actions and reducing
response latency (Rghioui et al., 2021; Sudharsan et al, 2021). Recent advances in embedded
machine learning and microcontroller-based intelligence further support the feasibility of deploying
such predictive models on edge devices for real-time operation (Wang et al., 2022).

Overall, the proposed framework constitutes an intelligent heat stroke risk prediction and
prevention system that integrates environmental sensing, machine learning algorithms, and real-time

alerting mechanisms. By leveraging both DNN and KNN techniques, the system provides effective
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forecasting, interpretable risk assessment, and proactive intervention capabilities, contributing to
improved safety and public health outcomes in outdoor activity management.
- KNN Processing.
BEGIN
Step 1: Load Environmental Data
LOAD weather_data.csv INTO dataset
EXTRACT features: temperature, humidity, pressure — X
EXTRACT labels: weather _condition — y
Step 2: Split Data into Training and Test Sets
SPLIT X, y INTO X_train, X _test, y train, y test
USING ratio 80% training, 20% testing
Step 3: Initialize KNN Model
SETk<«—3
INITIALIZE KNN model WITH n_neighbors = k
Step 4: Train the Model
FIT KNN model WITH X train AND y_train
Step 5: Predict and Evaluate Accuracy
PREDICT y_pred USING KNN model ON X_test
CALCULATE accuracy = MATCH(y pred, y test) / TOTAL(y test)
DISPLAY "Model Accuracy: ", accuracy x 100, "%"
Step 6: Forecast New Weather Condition
INPUT new data «<— [temperature, humidity, pressure]
PREDICT predicted condition «— KNN.predict(new data)
DISPLAY "Predicted Weather Condition: ", predicted condition
Step 7: Trigger Real-Time Alert (Optional Extension)
IF predicted condition IS "High Heat Risk" THEN
ACTIVATE voice_alert system
LOG alert_event TO cloud_storage
ENDIF
END
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Table 4 Testing Set

Test Case Temperature (°C) Humidity (%) Observed Weather Condition
Test Set 1 34.00 22 Clear sky / Very hot
Test Set 2 26.20 60 Rainfall
Test Set 3 38.70 56 Rainfall
Test Set 4 22.30 32 Clear sky
Test Set 5 32.00 a7 Clear sky / Moderately hot

Following Table 4, the data based on the results of the five test sets, it was found that the
observed weather conditions were clearly correlated with relative humidity. In particular, when the
humidity exceeded 50%, such as in Test Set 2 (60%) and Test Set 3 (56%), rainfall was recorded
despite the significant difference in temperatures (26.20°C and 38.70°C, respectively). This indicates
that humidity plays a more critical role in predicting rainfall than temperature alone. Conversely, in
Test Sets 1, 4, and 5—where humidity levels were below 50%—the weather conditions were
predominantly clear, regardless of whether the temperature was high (e.g., 34.00°C) or moderate.
Furthermore, it was observed that high temperatures combined with low humidity, as in Test Set 1,
often resulted in extremely hot and dry weather, whereas low temperatures with low humidity, as
in Test Set 4, led to cooler conditions with clear skies. Therefore, it can be concluded that humidity
is a primary factor influencing the occurrence of rainfall, while temperature mainly affects thermal
perception. Both parameters should be considered together to improve the accuracy of weather

forecasting.

Table 5 Testing Set Evaluation Results

Test Set Data Characteristics k-NN Prediction Actual Result Evaluation Result
1 Extremely hot / Low humidity Clear sky /Very hot Very hot v’ Matched
2 Moderate temperature /High Rainy Rainy v’ Matched
humidity
3 Very hot / High humidity Rainy or Rainy v Matched
Thunderstorm
a4 Cold / Clear Clear v’ Matched
Low humidity
5 Warm / Moderate humidity Clear / Rather hot Rather hot v’ Matched
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Table 5, the testing table compares five cases—from extremely hot/low humidity to
cold/low humidity—listing k-NN predictions, actual outcomes, and evaluation. In every case, the 3-
NN prediction matched the observed result, indicating consistent, reliable classification across varied
weather conditions and supporting the model’s robustness for practical heat-risk detection in these
test scenarios.

The results from testing five data sets indicate that weather prediction using the k-Nearest
Neighbors (k-NN) method achieved complete agreement with the actual outcomes. Specifically, the
model accurately predicted “extremely hot” conditions under low humidity, “rainy” conditions
under moderate temperature and high humidity, “rainy or thunderstorm” conditions under very hot
and high humidity, “clear sky” under cold and low humidity, and “rather hot” under warm and
moderate humidity. These findings demonstrate that the k-NN model exhibits high accuracy and

effectiveness in forecasting weather based on the given data characteristics.

Table 6 Percentage Accuracy of Event Classification Evaluation

Test Case  Actual Data (Data Set) Classification Result Classification Result Classification
(K=3) (K=5) Result (K=7)

Test Set 1 Rainy Clear Sky Clear Sky Clear Sky /Very Hot

Test Set 2 Rainy Rainy Rainy Rainy

Test Set 3 Rainy Rainy Rainy Rainy

Test Set 4 Clear Sky Clear Sky Clear Sky Clear Sky

Test Set 5 Clear Sky Clear Sky Clear Sky Clear Sky /Rather Hot
Accuracy (%) 86.67 60.00 28.57

In summary following Table 6, the table compares classification outcomes for k = 3, 5, and 7
across five test sets, showing overall accuracies of 86.67%, 60.00%, and 28.57%, respectively. k = 3
produces the most consistent correct labels; increasing k introduces conflicting labels by
incorporating more distant neighbors, degrading performance. This indicates the dataset benefits

from a small k where local similarity is most predictive.

3. The Heatstroke- loT Application
This study aims to develop a cost-effective weather forecasting station that collects only two
environmental parameters—air temperature and relative humidity—using low-cost sensors. To

enhance data accuracy, the system integrates wireless communication capabilities, allowing it to
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access weather data from the OpenWeatherMap APl ([https://openweathermap.org/apil
(https://openweathermap.org/api)) for comparison and averaging. This hybrid approach improves the
reliability of the local sensor readings. The device is designed for outdoor use, making it a suitable
prototype for deployment in various locations. The real-time operation of the application is

illustrated in Fig 8. Heatstroke Application with multi-platform.
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Figure 8.1 Mobile Application. Figure 8.2 Web Application.
Figure 8 Heatstroke Application multi-platform (Source: Researcher, 2025)

4. Efficiency Project

The processing efficiency of the proposed surveillance system was evaluated based on five
key performance factors, incorporating data collected from experimental participants, including
students, athletes, and construction workers. These participants engaged in a range of outdoor
activities conducted under direct sunlight in open environments, as summarized in Table 7. In
addition to the technical performance evaluation, user satisfaction with the system was assessed
through a structured questionnaire administered to a sample group of 50 participants. The
questionnaire employed a five-level Likert scale to measure participants’ perceptions regarding
system usability, accuracy, responsiveness, and overall satisfaction. The combined analysis of system
performance metrics and user satisfaction data provides a comprehensive assessment of both the
operational effectiveness and practical applicability of the proposed surveillance system in real-

world outdoor scenarios.
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Table 7 Efficiency of Device Utilization

No. ltem Mean Percentage (%) S.D. Evaluation Criteria
1 Design of circuit box and material 4.24 84.80 0.88 High
utilization
2 Capability in designing the 4.24 84.80 0.76 High
application for control and
operation
3 Result reporting via automatic 4.46 89.20 0.81 High

configuration

4 Device control operation 4.54 90.80 0.81 Very High
5 Appropriateness for practical use 4.38 87.60 0.75 High
Overall 4.37 87.44 0.80 High

The study found that among the 50 participants who tested and controlled the devices.
Following Table 7 shows high device-utilization efficiency across five criteria: circuit-box
design/materials (mean 4.24, 84.80%, SD 0.88, High), application design for control/operation (mean
4.24, 84.80%, SD 0.76, High), automatic result reporting (mean 4.46, 89.20%, SD 0.81, High), device
control operation (mean 4.54, 90.80%, SD 0.81, Very High), and appropriateness for practical use
(mean 4.38, 87.60%, SD 0.75, High). The overall mean is 4.37 (87.44%, SD 0.80), indicating strong,

reliable performance with device control rated best.

Discussions

Heat stroke is a life-threatening condition resulting from the body's inability to regulate internal
temperature effectively. Several risk factors contribute to its onset, which can be categorized by
levels of severity. The primary risk factor is extreme heat or heat waves, which significantly elevate
core body temperature beyond safe limits. This is followed by strenuous physical Vulnerable
populations requiring special attention include young children and the elderly, whose
thermoregulatory systems are underdeveloped or declining, as well as individuals with chronic
conditions such as cardiovascular disease, pulmonary disorders, or obesity, which impair blood
circulation and heat dissipation. Additional, albeit lower-level, risk factors include the use of certain
medications and stimulants—such as diuretics, antihypertensives, psychiatric drugs, and illicit
substances like amphetamines and cocaine—that disrupt the body's thermal control. High relative

humidity, inappropriate clothing that limits ventilation, insufficient rest, and a lack of acclimatization

Science and Technology to Community 19 NsaIinermansuazialuladdyuyy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




to hot climates (e.g., due to relocation or travel) may also contribute. Although these latter factors
may pose lower risk individually, their combination with other stressors can trigger heat stroke.
Therefore, awareness and avoidance of these contributing elements are crucial for the effective
prevention of heat stroke.

The developed heatstroke prediction and alert system integrates Internet of Things (loT)
technology with private cloud-based data processing to support the analysis and monitoring of heat-
related health risks during outdoor activities. The system employs a smart circuit box equipped with
environmental sensors to measure temperature, humidity, and atmospheric pressure. These data
are transmitted in real-time via WiFi to a private cloud server with IP address 61.19.33.12. To enhance
accuracy, the system also retrieves continuously updated weather data from the Open Weather Map
API, incorporating local environmental variables such as temperature, humidity, and pressure. These
values are averaged with sensor readings from the actual deployment site to produce more reliable
data inputs. The integrated dataset is then divided into training and testing sets at an 80:20 ratio and
used in a K-Nearest Neighbors (KNN) algorithm with k = 3. Experimental results showed that the
system achieved a prediction accuracy of 86.67% for identifying heatstroke risks. The model is trained
on the training set and validated with the test set to evaluate its performance. When new weather
data are classified as “High Heat Risk” the system issues a real-time voice alert and logs the event
automatically. This mechanism enables timely, accurate, and reliable preventive health surveillance
in outdoor environments.

The evaluation of the heatstroke surveillance system’s effectiveness, conducted with a
sample group comprising territorial defense students, their supervisors, and training instructors
operating in both regular and field training areas under the curriculum of the Territorial Defense
Command, indicated that the system demonstrated a high level of efficiency based on six core
assessment criteria. The design and material quality of the circuit enclosure received an average
score of 4.24 (84.80%), categorized as high, matching the average score for the application's design
and usability. The system’s automated reporting function—crucial for issuing risk alerts—scored an
average of 4.46 (89.20%), also at a high level of satisfaction. The control command for operating
devices received the highest average score at 4.54 (90.80%), indicating the system's strong
responsiveness and control capabilities. Practical applicability scored 4.38 (87.60%), resulting in an
overall system performance rating of 4.37 (87.44%), classified as high. Overall, the findings highlight

the system’s strong potential for effective deployment in outdoor activities at risk of heatstroke.
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Conclusion and Suggestions

The promotion of outdoor activities in conjunction with effective surveillance and prevention
of heat stroke constitutes a shared responsibility among educational institutions, local authorities,
and community stakeholders. The integration of public health knowledge with technological
innovation and systematic management frameworks is essential to ensure that outdoor activities are
conducted safely, efficiently, and sustainably, while also supporting the holistic physical and
cognitive development of participants. In this study, the k-nearest neighbors (k-NN) algorithm is
employed as a computationally efficient and interpretable machine learning approach for forecasting
heat stroke risk and providing early warning notifications. By leveraging historical meteorological data
and identifying patterns from similar environmental conditions in past events, the k-NN model
enables accurate risk classification and timely prediction of heat-related health threats.

Nevertheless, the operational performance of the proposed system is subject to an important
limitation. Specifically, the system requires continuous Internet connectivity to support real-time
data acquisition, online processing, and dynamic model inference. The reliance on online
infrastructure may constrain system availability in areas with limited network coverage or unstable
connectivity. Despite this limitation, the proposed Internet-dependent architecture enhances the
responsiveness and preparedness of public health agencies, educational institutions, and community
members by facilitating prompt decision-making and effective preventive interventions against heat
stroke incidents.

This system can be further developed into a cost-effective and practical wireless weather
forecasting station suitable for deployment in households, educational institutions, and general
organizations. By enabling continuous monitoring of environmental conditions and heat-related risk
factors, the system has the potential to generate positive societal impacts, particularly at the
community and local levels. Specifically, the implementation of such a system can contribute to
reducing health risks among vulnerable populations, including students, athletes, and construction
workers, by supporting informed decision-making and timely preventive actions. Moreover, the
availability of real-time environmental information and risk alerts enhances safety during outdoor
activities and promotes greater awareness of heatwave-related hazards, thereby fostering a culture
of health consciousness and risk prevention within communities.

In addition to its immediate practical benefits, the system may be integrated with advanced
Artificial Intelligence (Al) technologies, such as Large Language Models (LLMs) or Agentic Al, to further
enhance the accuracy, adaptability, and interpretability of weather prediction and heat risk
assessment. Such integration can enable intelligent data interpretation, contextualized
recommendations, and adaptive decision support, thereby improving the overall precision and

usefulness of the system for end users and decision-makers. From a policy perspective, it is
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recommended that educational institutions, local authorities, and government agencies consider
adopting this system as part of standardized safety management frameworks for outdoor activities.
Incorporating the system into institutional guidelines and operational protocols can support
systematic risk monitoring, early warning dissemination, and evidence-based policy implementation.
Furthermore, the promotion of such technology at the policy level may encourage wider adoption
of smart environmental monitoring systems, strengthen community resilience to extreme heat

events, and support long-term public health and climate adaptation strategies.
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Abstract

The Quasi-experimental research to compare the effectiveness of knee poultices and
Thai massage in reducing pain in 70 patients with osteoarthritis at Yang Sai Health Promoting
Hospital Mueang District, Sukhothai Province. Data was collected using a pain assessment
questionnaires in patients with osteoarthritis of the knee over a period of 4 months. The data
were analyzed as frequency, percentage, Paired Sample t-test and Independent Sample t-test.
The results showed that the average pain scores of patients with osteoarthritis treated with
knee poultice. Before the experiment, the average pain score for the first to third times was
451, 4.43 and 3.73, respectively, and average pain score was 4.51 (S.D. = 0.51). After the
experiment, the average pain score for the first to third times was 3.63, 3.46 and 2.83,
respectively, and average pain score was 2.83 (S.D. = 0.43). As for the Thai massage treatment,
it was found that before the experiment, the average pain score for the first to third times was
4.63, 4.03 and 3.20, respectively, and average pain score was 4.63 (S.D. = 0.73). After the
experiment, the average pain score for the first to third times was 3.63, 3.06 and 2.17,
respectively, and average pain score was 2.17 (S.D. = 0.62). It can be seen that after the
experiment, people treated with knee poultice and Thai massage. It was found that the pain

level of patients with osteoarthritis decreased compared to before the three trials, in which
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patients with osteoarthritis who were treated with knee poultice and Thai massage had a
statistically significant reduction in knee pain at the level of 0.05 (p<0.05). Therefore, it is
recommended to treat patients with osteoarthritis with Thai Traditional Medicine, such as the
use of knee poultice, Thai massage combined with Western Medicine or use as an alternative
to treat patients with osteoarthritis will help with pain. Reduce the use of analgesic , reduce
side effects of analgesic, and help patients to perform their daily routines better and improve

their quality of life in a sustainable manner.

Keywords: Knee poultice, Thai massage, Pain, Efficacy
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adsy: Insraesw lalustaulaa Tnsilraalnsdu lsanaln Wes Lasiodiplodia theobromae

Abstract

Durian fruit rot disease has caused severe economic losses to farmers, leading to
premature fruit drop and decrease fruit yields. Effective measures are essential for preventing
and controlling this disease. This study aims to evaluate the efficacy of three fungicides—
prochloraz, cyproconazole, and pyraclostrobin—against Lasiodiplodia theobromae, the
causal agent of durian fruit rot. The study began with the isolation of the pathogen from
symptomatic durian fruits. Molecular identification confirmed the presence of L. theobromae,
with three isolates identified: LT-1, LT-5, and LT-10. Pathogenicity tests conducted on 70-day-
old pruned young durian fruits revealed that the LT-10 isolate caused the most severe
infection, reaching 100% disease incidence. To assess fungicidal efficacy, the poisoned food
technique was employed at five concentration levels (0, 10, 100, 500, and 1000 mg/L). The
results demonstrated that prochloraz effectively controlled LT-10 at all tested concentrations.
At 10 mg/L and above, fungal growth inhibition ranged from approximately 75% to 100%. A
dipping test was subsequently conducted on durian fruits using three fungicides—prochloraz,
cyproconazole, and pyraclostrobin—each applied at a rate of 100 g per 100 L of water. Among
them, prochloraz exhibited the highest efficacy, achieving an 80% fungal growth inhibition rate,
followed by cyproconazole and pyraclostrobin. Dissection of treated durian fruits revealed no
LT-10 infection in the fruit pulp across all treatments. In conclusion, the results of this study
demonstrated that prochloraz at concentrations of 10, 100, 500, and 1,000 me/L effectively
inhibited the fungal pathogens causing durian fruit rot under laboratory conditions. However,
further studies under field conditions are required to evaluate its efficacy, suitability, and safety

before practical application in commercial durian orchards.

Keywords: Prochloraz, Cyproconazole, Pyraclostrobin, Fruit rot, Lasiodiplodia theobromae
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Wodidud nanidsutsannsessuinieniadwhasveslsauazuuas twaniioumnsndodian
Waenlnedunaluansazmeleidoulaluaaslsinnandudu 05 wWedidud Wuna 1 w7 udaisa
Tiukaiosndeuinnfmandou nniugumayidouseasaitesiudon 3 «in (nsraoss, o
TusTaulen uarlnslasalnst) fsedunnududu 100 nfudet 100 dns wiu 3 widl vdsaniu
thiayiFeuluignifeamlsaasuuiinveskayidou nmsugnideliuviumdnuun 0.5 wuftmg 1

Waenliluguwnanainetuivreuteannlsn (agar plug) $1W3m 1 3u sie 1 uwa (1 wa iduau
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2 una) MehusaazidonyihuinafnanieanaySeu Fsmvuatiuagviauazilivesmaiiia il
unaths 2 unaaglndtu (aanisuuiiow) wdsndunsmayiFeulifigamafives 25-30 eariwaldea
Tuiornadew Sufinsenisaiyresdulodefinigeenininumaiinduiudoaivelsauas
FunnAefifudsudinisaiauentes 1MuAuNIMAREILUY Completely Randomize Design

(CRD) Usznaume 4 n35u35 9 ag 5 91 (5uldniSeu 31uu 20 W)

NN
nsusnidenanglsanaiinlunidou

MnmsueniFosaivglsananivesmandou nduainTanaosunu sunovlvalfanie
Funu3 uaw a1 o, vinlnad 2.9unys aansawenidesn Lasiodiplodia sp. ¢ 1w 3 lelwian
fio LT-1, LT-5 uae LT-10 (awil 3) Inednvaziduloifuusnasifaninigegniiomisisaie
ndsniudlossernaviuluarBuvdsuduimuud wigdunueadsatesuna 7 $u
n¥sniudiededldndosganssa wudruveetusdnuazadrond elala (Immature conidia) Tu
seoriifialalaifalstuead (omdl 3) WenmmasuseiuTaluanalagld primer ludiuas DNA o
Tua9 500-600 bp (ITS4 Way ITS5) Ae primer ITS4 (5-TCCTCCGCTTATTGATATGC-3) - ITS5 (5-

[

TCCGTAGGTGAACCTGCGG-3) ¥n153A31e9f TS Wisuiilsuiuide Lasiodiplodia spp. a1emus

9

duq aansadnduwunlainduldes L. theobromae s 3 lelaian Ao LT-1, LT-5 wag LT-10 &4

98-100 Wasifud muasu (nwil a)

AN 3 SNYENNEUININEWBNTRTT Lasiodiplodia theobromae (LT-1, LT-5 uag LT-10)
VUSRIt PDA M10ne 7 T uagdiuveneiuguete anvagaaeldln (Immature conidia)

Tuszeeifialalidadaiuead
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& (3)LT-10

8) Lasiodiplodia theocbromae (LC858815.1)
(LC858813.1)
(

(

(1)

(19 { & (2)LT-5

9) Lasiodiplodia theobromae

4) Lasiodiplodia theobromae (FJ904843.1)

5) Lasiodiplodia theobromae (FJ904841.1)

| & (1)LT-1

(12) (6) Lasiodiplodia theobromae (PQ900154.1)
(11) '(7) Lasiodiplodia theobromae (FQ900153.1)

Alternaria alternata (NW017306267.1)

(13)

(18)

—_

AT 4 N1FTRTILUNLTDT Lasiodiplodia theobromae (LT-1, LT-5 uag LT-10)
lpgAATIEANENRUENINUGNTIY Phylogenetic tree 71lianNsAswiaduilipdlotng
UL ITS A2875 maximum Likelihood (ML) #18lUsiasy MEGA 6.0 Muuna

bootstrap analysis T#siALviTU 1000

nsnegaunisnabiinlsalunanieu (Pathogenicity test)
31INNINAdRUNITNBlAAALIAlUNAYLS8Y (Pathogenicity test) Tnetidesn Lasiodiplodia
theobromae avelspraiweskaySou frunsusnideuasfnduunlussduialuana S 3
lolwiam e LT-1, LT-5 uag LT-10 muddu smaaeudusayFeuwdndauss (99 70 Fu) nuinde
s 3 lelewan annsoneliiAalsatunaniFouldviomn Tnslunssudsd 3 dvgniden LT-10 &
Wosidudmalislseunilan fe 80 wWesifud Austausnvosmavaaes (3 fundamsUgnide) way
sl 100 wWosidud Tutudl 5 aunsedtsTuanievaanisneans (9 Yundanstgnide) saluds
wwdlduvesdesidudarusuwsaadlsaniluliluiamadeduiuilesidudnisiialsn nglutas
usnesnsUgnide wuesidusinuguussvestsn Wity 89 Wedidud wanidleszernainulau
Auganianaassfinuinvedifudanusuussedlsaiingsduis 100 wWosidud ms1edt 1) Tu
ﬁummﬁ'mﬁ’mﬁaé’qmm%nmumaﬁﬂqﬂL%yammsﬂﬁﬂwuLé’uiaﬁéun%uLﬁ]'%fgﬂﬂﬂquﬁmma (AWl 5)
sosande neIsTl 2 Ugnide LT-5 finuesidusiaruuussvedlsn whiy 48 wWodidud daulu
n33u3E7 1 Ugnide LT-1 nuwesidusinaifinlsn Uszanm 20-90 Wosidust warausuussasisa

aglutia 12-24 Wesidud auadu
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M19199 1 Woesidudnisiinlsauarannusuusivestsananinluniseu ndaugnitiesn Lasiodiplodia

theobromae (LT-1, LT-5 uay LT-10) Tuszasnanisowandauss (Pathogenicity test)

n3IU?D Wasidudnsiialsa (D) ¥: Wasidusanuguussvaslsa (DS) (%)Y
HavSEudndauns (21g 70 Tu) 3 DAY 5 DAl 7 DAl 9 DAI
n354389 1 L. theobromae LT-1 20:12°% 40%12° 40°:18° 40%24°
n354339 2 L. theobromae LT-5 40P:24° 60°:24° 60°:32° 60°48"
5533391 3 L. theobromae LT-10 80%:89° 100%.95° 100%:100° 100%:100°

CV. (%) 8.8 7.1 6.3 52

F-value * * * *

Videsidusinaiinlsa (% Disease incidence: DI) = [(0) ldwueinisveslsadinaniZeu 0 %; (1) maySeusuiiduleduuasyunagu
wHa 25%; (2) naviSeusudsunnduledunadudiimalusunaguune 26-50%; (3) naviseusuilonnisiiney diduleddn
AGUUNE 51-75%; (4) wayiFeuiennisuinas dni1 Snduniiu uasnauan 76-100%]

Ziesduinuguunsiveslsn (% Disease severity : DS) = ¥ (S1uiuuHailugnsens x seaun1sialsa) x100

IIWIUUNATIVUA x T8AUDINITLIAZIAR
R VR VY v o ca o ovoia e 4 de o o s A ax .
Anadeiiusedsnuiniwsengvluneduliferdulddaiuuansiuedeiddeddgmieadd 7 P=0.051ned8 Duncan's
Multiple Range Test (DMRT)

YDAI: Day after inoculation

LT-1 LT-5 LT-10

A9 5 Manageunsnatiinlsaluranisey (Pathogenicity test) MeLes

Lasiodiplodia theobromae (LT-1, LT-5 wag LT-10) fiszezinan 9 "iumé’qmiﬂgﬂv?}é

n1snadaudsedns nanvasdrsiad 3 e (Iwsaaasie, laldsiauilea wazlnsilaa
alnstu) den1saauauias Lasiodiplodia theobromae annalsanaiinlunifouds33
Poisoned food technique

nAsNaaeuUseansnnvesaised 3 via Anseaesie, leluslaulea wazlnsilaa
alnsdin) donnsmuAuT e L. theobromae (LT-10) anunglsanailuniieud33 Poisoned
food technique wuiniliesansiniinsnaeseiisswdnioriianunsadud snmsasymaduleves

\W031 L. theobromae (LT-10) lavnsgsumnandudy (10, 100, 500 way 1000 fladnsusiedng) lag
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Wesiudnisdugsazannysetesduet funnnududuveasiunnedeiu Faanududu 500 way
1000 fadnsusiedns Tesiduinsdudutiogeiigniie 97 waz 100 Wesidus (115197 2) uaziile
dunanisisyreaduleides L. theobromae (LT-10) lupwnsideaderingny Alinun1siasgues

o Ia o

Gulsoonunanduiude (il 6) sesasnferundiudy 100 wae 10 fadnusodng mudifu
dauansiaillnglaaalnstu fiflesmnududu 500 waz 1000 fadnusedns Afesidus
nsdudades L. theobromae (LT-10) usiofidusinstiudadefifntuiutosunn fauvitu 10
waz 14 Wesidud audsu (s 2) LLazLﬁlaﬁﬂLﬂ@ﬂﬂiL%%@%@QLﬁUIEJL%@i’] L. theobromae (LT-
10) lugwnsidsndedindn wuiideramnlsnaunsisyldiduauomadeadeliunndiafy
nsuiseuna (nmidl 6) wazanaiadlaluslaulea lunnerudutuiinaassldannsadudanis

wseyAulmveaduledos L. theobromae (LT-10) lolay

3190 2 Wesiwusinmsdudainsasadulavesduleon Lasiodiplodia theobromae (LT-10) anivis) L5
randluySeu meanseil 3 vila (nseaes, leluslaulea uazlnslraalnstu) 91 5 seeiu

ALY (0, 10, 100, 500 wag 1000 diadn3umadng Aaeis Poisoned food technique

4 . FzAUANULTUTY Wesidudmssugade (% GV
Yoa5LAll Y P
(Hadnunaang) V931 Lasiodiplodia theobromae (LT-10)
0 0c
10 75b
In3AaDIY 100 89ab
500 97a
1000 100a
0 Oc
10 Oc
Teluslaunlaa 100 0c
500 Oc
1000 Oc
0 Oc
10 Oc
InsleaalasTu 100 0c
500 10bc
1000 14bc

Y esliusinsduda (%) = (R1 - R2) / R1) x 100 (R1- nsiseyidiulaveduletesanmalsalunssuiBauny; R2-n1siasgfiuln
> & s W =

vaadulewenamalsalunssaissiuivansial)

7 gadumiumemdnysnwsingulureduiiiediuliinnuuanaisiueg widedAgyveads 9 P= 0.05 1ne33 Duncan's

Multiple Range Test (DMRT
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nsAaas1w

laluslaunlaa

Twsleaglastu

0

AN 6 Uszansnmvesansialinidmesn 3 via (nseraasie, lelustaunlea wazlnslaadlnsOu)

10 100 500 1000
7 5 syduanIEd (0, 10, 100, 500 wag 1000 fadnsy) senstusadulees

Lasiodiplodia theobromae (LT-10) ﬁaw&g 7

n1snadgaudsedns nnvasdrsiad 3 e (Iwsaaasie, laldsiauilea wazlnsilaa
dlastu) danmsaauaanias Lasiodiplodia theobromae aglsanainlunGaude3Syuna
(Dipping Fruits)

PMNNINIageuUsEansnnvesasiall 3 wiia (nseaese, leluslauilea wazlnslaaa
Insdw) GiE]ﬂ’]iﬂ’JUﬂﬂJL‘%@i’] L. theobromae (LT-10) @vslsanatunluiseumedsyuna (Dipping
Fruits) isesumnududiu 100 ndusierh 100 ans wuinssuisasailnseaase nuwesiduinis
Aalsauazanuguussvaslsatosiian Ao 20 Wodldud duuddrsusnueanisnaaes (3 Tundsns
Ugnite) auduganisvaass (9 Sundainisugnitle) uasiiloussiliufadefifudnisdudadefnui
ansadududelads 80 Wesdud (m519ft 3; it 7) sesaanAenssuitansiaiilaTusiaunlea
lurrasnuesnisnagaunuesiduinisiialsaldwnnsnatuasieilnsaaesiy windu 20 wWesidus
Lm'LﬁaszaznmLﬁumﬂﬁumaieﬁuﬁmiLﬁmiiﬂﬁlﬂuqas‘fumus?faﬁ'waiLs‘fius?mst,ﬁmiiﬂqaﬁa 80
Wosidust (9 umdsnisugnide) uenanduedifudmuguuswedsafuanaalulufimmaieatu
fuesifudnmaifalsn namdedlesseznanfiuiuesifudemiusuuswedlsafifistuny nely

Tugainereanisvaaedilesidudainugunsavedlse wiidu 60 Wosidud wasillafiuinds
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Wasidudnisdududannuinaiunsadudale 40 wWasigus wazluaisedilnilaaalastu iuiies
A a o aa s & & a a P s & o o A Y &
asndlydafeiniesidudnisiialsageiiantia 100 Wesidudsweiun 7 ndsuanie uagAdny
a I3 v a a [ =1 & I3 1 = [y} a1 1 Y3

sunssvesnsiialsailinaluluiianiadeddu Inedivesidudgagaduiiendu daviidu 80

sk ¢ A o s & & v o & & a6 o o v A W s & &
Wosigud Wermuinasigudnisdugadennuindwesnisdudedesiian Wiy 20 wWesigus
(M15199 3; AN 7)

MARINYIINTHNAIS U USEIUUNG DS L. theobromae (LT-10) Wvhanenaisey
WUINIINNITYURAAIEAISATTS 3 vlla (Insaaese, laluslaunlea wavlnslraalnstu) Wwes
L. theobromae (LT-10) §sldanunsadiianslufisiiovaaiou (0 8) udnisidvinatetiuae

1% a | d’lj = v v (% (XY} =3 d’lj a 1 @ =
Whusnndvelaudenngganauuudiginuluvesrauidilifiailenseu aglsinuasiad
IWSﬂaaswﬁé’amﬁﬂisﬁw%mwﬁﬁqm NAIADANBULLHNATIAATNITWNINTLAYFINUDULANAIAU
a1suaiing 2 ¥iia As leluslaunlea wazlnsnleaalnsOu Niln1svinateveatas L. theobromae

(LT-10) wagmasaiaduletuunpauunauinawdioniuuy (mununise) (01 8)

A15199 3 N1snadeuUsEanSnnvedasiad 3 via Inseassiw, wlustaunlaa wazlnsilaa
alnslu) Won15AIUANLYBIY Lasiodiplodia theobromae (LT-10) awvislsanatinly

IEUMELTIYURA (Dipping Fruits)

. nsiialsa (D) ¥: AuguKsevaslsa (DS) (%)Y nstudade (%)
e 3 DAY 5 DAI 7 DAI 9 DAI 9 DAI
AIUAY 050 0%:0° 0%:0° 0%:0° 0
Tn3Aa931% 20°:20° 20P<:20° 20%:20¢ 20:20¢ 80°
laluslauilaa 40%:20° 60°:30° 80°:45° 80°:60° 40°
Tnslpaalnstu 4040 80:60° 100*:80° 100%:80° 20¢
C.V. (%) 105 9.8 7.3 6.2 5.8
F-value * * * * *

Viesidudnisiinlsn (% Disease incidence: DI) = [(0) lunueinisvedlsaiinavisou 0 %; (1) nanSewsuiiduledvinadyunagqu
KA 25%; (2) mavpSeusuisunndulednadudinmaludnaguura 26-50%; (3) kavseusuiionnisiinay diduleddn
AGUUNE 51-75%; (4) mayiSeuienntsuinas 41 Sndumiiu uasnauan 76-100%]

Ziesidusirusuunsivadlsa (% Disease severity: DS) = ¥ ($1u3uuHafiuani81n13 x syiun1siialsn) x100

IuuNaILn x seiveslsngean
[ S da Xa oo
Weslduinsdududie (%)= (Musunswedlsagan - AnusuLTvedlsafintuluiugavhevesnimeaes)
P VR VY v o ca oA e aw o w as A ax .
Anadeiiuiedsnuinimsingulunreduiliferduliinnuuanesiuegsddoddymieada 9 P= 0.05 1ngd8 Duncan's
Multiple Range Test (DMRT)

>DAl: Day after inoculation
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nsAaas1w

laluslaunlaa

Twsnlaaalnstu

. 59U 7 U 9 Tu
AN 7 HanSEUANILIENNSYURE (Dipping Fruits) sagansiall 3 viia (nspaese, leluslauilea
wazlnalaaalnsdu) sienisniuaues Lasiodiplodia theobromae (LT-10)

fiszeziim 5, 7 uar 9 Jundainisugniae

nssu3s wseaesies  lluslaunloa  nsilaadlastu

Al 8 N1siinaeveude Lasiodiplodia theobromae (LT-10) diuvasuden wagiiloniseu
WAIHIWITN15YUNA (Dipping Fruits) Mwansiadl 3 wlla (Insaaesie, laluslauiles

waglnalaaalnsdu) Nsvesiia 9 Tundainsugnide
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N1359AUIIENA

PNNNIVRERUNaTetasall 3 vin (Insaaese, leluslauilea wazlnslraalnstu) enis
AIUALLTBT1 Lasiodiplodia theobromae anwalsananirluniiey 3uainnisuenidonainelse
HALINYDILTEY AN3AuENLTes1 Lasiodiplodia spp. M $1uau 3 lelatan Ae LT-1, LT-5 uay LT-
10 1Judu vdniuhlulinseilussdudalumanaansadasuunlddndudes Lasiodiplodia
theobromae 31474 3 Lalgwan As LT-1, LT-5 way LT-10 lagdainumdtenaanudg 98-100
Wosidud dannasdnuinuldeved 910ds1 insennarane (2566); Munirah et al. (2017);
Pipattanpuckdee et al. (2019) i¥nduunitesianivalsanaiinveaidou §eds TS wuindiawmy
MNTe5 L. theobromae Wuipafiununaasses Fadiug Ssvemayley uazany (2562); Alves
et al. (2008) fins1asouinlsanauilundsuiianvnmainiies L. theobromae nésaniiutiniie
31 L. theobromae 97U 3 lolgian As LT-1, LT-5 wag LT-10 uvadaunisnaliinalsaluna

[y |

38U (Pathogenicity test) fiunaniseuENdALAT (818 70 ) WUiB091 L. theobromae 1 3 1o
Towan anansonelmiAalsatunandeuldiomn Tnelunssudsi 3 ugnios L theobromae (LT-
10) fwefidudnsiinlsenniign Ae 80 Wesifud duusddrsusnuesnisvaaes (3 Sundanisugn
) waziiudue 100 wWesidud Tuduil seunseifeiugainevasnimaaes (9 Yundsnisdgnide)
s99a9UnA telglan LT-5 way LT-1 audfu aennasiuanuideued Piasai et al. (2021) 3913
Wﬂﬁ@Uﬂﬂiﬁ@IﬁLﬁﬂIiﬂNaL‘lJ’]IUVJL%‘EJUﬁ’JEJL%éi’] 3 9ila Aw Fusarium solani, Phomopsis sp. Wa L.
theobromae wuiidosii 3 vianeliAnlunandeuduniui 5 ndnUgnife uazidleasuinan
9 JunayFouiusuueunenfnlsasuusdldfis 100 Wesidud wenanniFlen L. theobromae 2wy
awnadlsANaLILTITIEIsane ARLIALNAYAA uNEe (Rehman et al., 2015) lspdnauLun
Tungns1 (Rosado et al, 2016) Isalulvsinaznaiinluasines (Serrato-Diaz et al,, 2014) wanan
linaudfidaisseuinges L theobromae ansnsaidwhanslungulsBuduls wu duwelade
(Rodriguez-Solis et al., 2025)

n¥rntuinnmadeulszavsnmuesasedl 3 wiin (nsnaese, leluslaulea uaglne
Traalnsdu) den1seunuidesn L. theobromae (LT-10) awnlsanaiiluneudies Poisoned
food technique wuiniliiesansiaiinsaaemafiossiaderiiaunsadudinisiasymaduleves
a3 L. theobromae (LT-10) l¢mnszduamandudu (10, 100, 500 wag 1000 fadniudedng) lng
Wesdudnsdudsasannuiotesiueg funrundudurosansiiuandistu Fsamududu 500 uas
1000 fiadnFusiedns duesifuinssuduiogsiiands 97 waz 100 Wodifud aenndasiuns
S897uw89 fina YruIaInl uay 59231 ynylsd (2558) inndeuasidaidon Tnsnaesy way
wuulaiy #2638 poisoned food technique aunsadudslade 100 Wodidus sauludenuise

284 Thomidis et al. (2008) inagauarsaiiylaulea Asiuundy lnsilaaaladu wazlnlav
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wa-aa Tunis AIUA mgﬁy’e} Alternaria alternata, Aspergillus niger, Aspergillus flavus, Botrytis
cinerea, Sclerotinia sclerotiorum, Fusarium spp., Colletotrichum gloeosporioides, Rhizopus
stolonifera, L. theobromae wag Gilbertella persicaria WuINAALTINTU 200-300 HaAnTUADANT
mllﬁﬂgmfﬂﬂﬁw%é‘gﬁ/l’mLﬁﬂlﬂ%@%%@i’] L. theobromae, Fusarium spp. Wae C. gloeosporioides
FUszann 70-78 Wedidud mudidu sesasundeanailnslaaalasufiaududu 500 uay
1000 fadnfusiedns fiesidudnisdudados L. theobromae (LT-10) whitu 10 wae 14 Wedidus
wazansiaiilaluslaulealdanunsadudimsasaivinvenduledes L. theobromae (LT-10) 14
NNTNRdeUASATNg 3 viln (nsaaese, laluslauilea waglnslraalnsou) Alvualunis
muAauansfuilosnnalnniseangmivesarsunandiaiu (Mode of action) nanafelungy
mﬂwsﬂaaiwmﬁumiﬂqm DMI (Demethylation Inhibitors; FRAC group 3) aaﬂqw§€usfﬁﬂws
#4LAT1E1 ergosterol e?fqLﬁuaaﬁﬂigﬂauﬁ’lﬁ@%mﬁaﬁmL%aév‘?’fmw ilassaswadliauysaliag
Ao mganinaiaduln Seiliide L theobromae fienuladandy DMI g FanlsiuszAnsnm
wude druaslelusiauileaisazeglungy DM wuiediu wndauautinisgadunaznisnssany
fluilodedsmnlnsaaese dwalisyiunisesngrsseosunnanaiu warluasinslaaals
581 Uuansngy Qol (Quinone Outside Inhibitor; FRAC group 11) aaﬂqwéﬁué’jﬂmzmumsmsﬂa
voslulnaeunie vilfidoswandsnu ATP faiuludes L. theobromae anafieuladongs
Qol #1131 DMI Favilsilalansnsadivsyavsnmlunsdudadesdananld (He et al, 2021)
drunsnageuranIsyURassumeansall 3 viia nseaesiy, leluslaulea waslng
Traalnsdu) don1saunudes L. theobromae (LT-10) amalsanailunifeu fiseduan
udu 100 nFuderh 100 Ans wuinssuisasiedinsnaese inalsauazausuLsIalsatias
ﬁqm fio 20 wWaesidud Aausdrsusn ﬁ]ué’u.’;jﬂmﬁ/lﬂﬁa\‘i 9 fuwé’ﬂmsﬂ@um%a) wagidoUszidiud

1 [y

s & & v o & & | o & & v oy s & &
Wesi@udnsdudugennuianinsadugutolate 80 LWesidus @anndeiuauvmaaeIved Zhao et
al. (2019) MnaseuaTANNSARRTIY ANUTLTY 1000 way 1500 dadnsusieilansy Tunisaiuny
LsAna v IR umnemlg wulnausanIuaulsaraiila 43 wWesiud neluszezian 20 Ju
naaanuasiniAaesy sesasnasnssudtarsiadlelusiauilea lugisusnvesnimaas unu
Was@udnsialsaliunnsnsiuansiedlnsnaasig Wiy 20 Wesidud usdliaszaziaiuuiniu
Wesduinisiinlsaiiiiugalunu@adidesdudnisiinlsagsds 80 wWasiiud (9 Tundinisugniae)

A o = s & & - ] o Sy sk & Al
waztllormwinfadesidudnisdudutennuinanunsaduddld 40 Wesiwud uagluasiaiilnsilaag
Instu Wuiiesansiafivlinferndesidudnisiiinlsagigniia 100 Wesidudduaiui 7 ndagn
e warAugukswainsiialsailinalUluianadeddu lnedivesidudgegaiuifeaiu den
Wiy 80 Wesdus Wedunanlesidudnisdududefinuindidesmsdudniesdign wiriu 20

Wosigus
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Abstract

This study investigates the effects of niobium (Nb) and iron (Fe) co-doping on lead-free
Bao.925Ca0.055(Tip 99a6x5N0.005a)(NDg sFeg 51,03 ceramics denoted as BCTS-xNF, where x = 0.00, 0.01, 0.02,
and 0.03. The ceramics were synthesized using the solid-state combustion method. The objective of
this work was to examine the influence of Nb and Fe co-doping on the crystal structure, microstructure,
electrical properties, and magnetic properties of the ceramics. X-ray diffraction (XRD) analysis revealed
that all samples exhibited a pure perovskite structure, with a structural transition from tetragonal to
cubic symmetry as the doping concentration increased. Dielectric measurements indicated that the
Curie temperature (To) decreased with increasing x, accompanied by a gradual weakening of
ferroelectric properties. Microstructural analysis using scanning electron microscopy (SEM) showed that
the sample with x = 0.02 possessed the largest average grain size and the highest density. Magnetic
characterization performed using a vibrating sample magnetometer (vibrating sample magnetometer;
VSM) demonstrated that Nb and Fe co-doping induced magnetic behavior in the BCTS ceramic system,

with the x = 0.02 composition exhibiting the most pronounced magnetic response.

Keywords: Piezoelectric ceramics, Multiferroic materials, Electrical properties,

Magnetic properties, Solid-state reaction method
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1. A9ASEUETIRNUTIAINAZAD BagoasCao oss(TiooassSNo.sosa) NDo sFeg 105 (BCTS-XNF)
S x = 0.00, 0.01, 0.02 uaz 0.03 FaAT1ERaeIsn s lrsivesunds Tagldansmadu Taun
Ba(NO5),, CaCOs, TiO,, SnO,, Fe,0s, Nb,Os wazlnadiu (glycine) Juidomas ansaadunanunidl
v laitionndn 98% msksdugndimudnsduiisiunuanaunised waruanauwuuien
degnuealiunan 24 $alus IngldBnueadusnats andusiliuieiigamgd 80 ssmieaidos
uazuslldnsiisiownasiaue niildgnraudulnadulusnadnlaemna 1:1.11 waghluunalsd
oamgdl 1100 ssmwaldea Wunan 2 $lus fednsimsifin-angaumadl 5 ssriwaiBeasound

2. misﬁugﬂuazmimmﬁﬂ Ywafidunswaalsraufuasianigindliiadafisna
(polyvinyl butyral; PVB) lusninsoras 3 lavula waruananuuudendunan 12 dalug f\ﬁﬂﬁ’juﬁﬁ
TWukeuazundnads daué’méﬁugﬂLﬂuLLﬂuwiQﬂizuaﬂwmLé’umu@usﬁﬂmwizmm 1.5 l[uRLung
nelaanusu 80 wnzUraaia (MPa) é’aasmﬁsﬁugmt,é’agﬂmeﬁﬂﬁqmmﬁ 1400 o3ALwaLdoa
Hunan 2 Hlus Wneldsnsnsiiiu-anamgll 5 ssmisaidoasioundi

3. 53R RIASIETIIHE NV LYIITNA AT ANISIA B ULYRITIELenT (Xoray
diffraction; XRD) Tutss 20 szwing 10-70° WessywlandnuazmaiUAsuutasiasaing Tassadh
QanALardnuir i Ui fnwIdIndesganssaiBidnnseunuudeensia (scanning
electron microscope; SEM) TPgwIANTULRAEAILINIINATN SEM fa8TUSwATY Image]) Wazm
AMuTILIUYaTlnlagldnann1suse13AliAE (Archimedes' principle)

4. mywesgiautinsiiiuasautinmasiman lnensiainaudiladiann3nvessiioeng

[

AreLR3aein LCR fnud 1 Aladsnd (kHz) lurisgumadl 25-150 sernwaidua audminslsd

a

dnv3nAnwanaalnanlswdu-awwlndn (P-E hysteresis loop) igaumaiivies aeldaunuluiin
gegn 30 Nlalaadsiewuiiuns (kv/cm) Ingld19as Sawyer-Tower iAuAumIeAaNiImes auus
MLULINE N8I NTLAT1ZYA28LAS 89 TRANUR LU IMA NLUUF U819 (vibrating sample

magnetometer; VSM) figaumgiivies meldaunuudmviangsan =10 Alaleldsainn (kOe)
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NAN1539Y

NSIATITHLATIASHNANVOUYIIAN Bag 0asCa0.055(Tio 9946 SNo.00sa)(NDg sFeg 5).05 (BCTS-
«NF) #1U5370 x = 0, 0.01, 0.02 4@ 0.03 FemAlANSIA ULV IF oG (X-ray diffraction;
XRD) uanslunmi 1 (a) Tugiana 20 5emins 10 - 70° (1wl 1 (2) ARANTIATIZINUINe5E
nynfegnansnuuzlassaidnuuumesenalndlaglunuiawlandasu dennaasiudoya
1195571 JCPDS PDF No. 03-0725 dnanilassairandnuuummsylnida uag JCPDS PDF No. 31-
0174 ?fqLLamImaﬁ%fmmUQﬂmﬂﬁ (Kornphom, et al. 2018) uenandlamumananvasuiiniu
wamslififiuinlonau Nb* uazFe® lenszaeedrsainanslulassairsuanfivvesesiiin BCTS Tugu
yosansazanevesuds lnsinludnvazianzvedasiaimdnvedasaianmsyIndauansfianis
Aonuuresiadionduuuiingszuu (2001/(002) Ty 20 Uszanas 45° dwsulassaranuugnuieard
wansfinmsidsnuusdienduuufiafierszuny (200) faw 20 Uszana 45° fauansduamd 1 (b)
delnnednunsienindsnuuresssdiendiiuy 20 Uszana 45° ngldnisaunuuuueesves

JUKUU XRD 71 20 581714 44-46° vin15UTuuaanelusunsy Origin aelawefidu Gaussian-

. [ [ 1 | 2 ° ' a ! a { a
Lorentzian LagHadnsvoan1susulesdiat X way R? d1ndn 1.0 Nan1siasigunuinesiniiusane

'
=

x WU 0 WANSLE 8 uuYeesdionduansiinguedszuIu (200/(002) Faududnensianizved

Tassadrammselnida ilovSum x wisduain 0.01 u 0.03 wuifiansidsnvuresisdiondiinig
sfuninguesszuy (2001(002) ufiadeivesszuy (200) Fauansiamsivasulassaiiendn
mwmsglnueadunuugnuiad venandnuinfisnisideauiyy 20 Ussana 45° Sn1sdeului
sushdudloviunn x fintu uansdamsveeiveminewadidesnmsunudivesaraeu Nb*
(0.64 A) way Fe* (0.645 A) Tusunis B-site I5rdozmoudidvunslvgninsadoznouves Ti (0.61

) Fauanslunnd 1 (o) (Lia et al,, 2020, Kornphom, et al. 2024)
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(200)
x=0.3 j (a) x=0.3 (b)
A | - | A A =S
x=0.2
x=0.2
— -
2 =]
:? < x=0.1
S [x=0.1 ~
/) A A A A >
g a x=0 (002) (200)
=
S [x=0 3}
O ~
b =] A JL Lk A A 9
.E JCPDS 310174 = licpps 310174
Cubic é Cubic
E SEEER
- 21859 S d
JCPDS 030725 JCPDS 030725 I~
Tetragonal 2 218 Tetragonal S
lf T = < T T 3 N T
10 20 30 40 50 60 70 44 45 46
Degree (20) Degree (20)

AW 1 (a) FUUUU XRD Tigaumgiiviosvaawsiiin BCTSNF Tanil x = 0.0-0.030 Tuts 26

71 10-70° (b) M3aUAY XRD LLUUsumsJﬁgm 26 1 44-a6°

YUIAKNANWALAIULAT IALARNYVDIGIITN BCTS-XNF AUSUI8S X 117U x = 0.0, 0.010,

0.020 waz 0.030 Awalaeluaunis (1) way (2) auanu (Habiba et al., 2023)

ki
- BcosO (1)

B.cosB = % + £sin® (2)

Tnedi D wnuvwandn k Ao Apsiiveaaersed (Scherer's constant = 0.89) A fie AINHET
AAuvesfadiand B Ao aruniaduiirdmisvesigean (FWHM) vasfianisidonuuvesdsdiondi
52U (101) B A qumil,?iymt,uulﬂulﬁlﬁau B, A® mwmmaﬁwqaqmmﬁml:uu (FWHM 1Ju
SfiEu) wag & A MInszaemnudunielutan Jamldananuduiudidadusening B.oso/
Way sinB/A MUNENN15Y99 Hall-Williamson (Bhardwaj et al. 2023) TUIANENLAZAIIULAT YA
wanfisfidnunildueseaesfinfiusuna x fee LLamag”Lummﬁ 1 NUIVUIANANLAZAULATYN
wanfeilendiuiiousina x Wistu nsifintuvewunauanfisuaraunionuanfisanunsaesuie Ly
PInNTunuiveteznen Nb™ (0.64 A) waz Fe>* (0.645 A) Tushumisuas Ti** (0.61 A) 7 B-site 3
Nb way Fe Saflozmoufifivuinlngnindafioznonves Ti vlvnusswadvensfdimavuiandn
it uaenndasfunisudsuntasasiianginl XRD fiuy 20 Usenm 450 uendindanuuansis
voslosaures Nb* way Fe* unudi Ti* Aoliingesinswetoandiau (Oxysen vacancy) wazlea
(Hole) iAntululpssadauanfiwmuannis (3) - (5) dwaliiadeunnseslulasadsvonesfings

HALAANULASEALARTITUD YT HARANTY (Kornphom, et al. 2024)
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Fe,0; > 2Fel: + V§ + 30% (3)
Fe,0; — 2Fer; + 2h* + 30% (4)
Nb,0s — 2Nb3; + 50% + 2¢’ (5)
Fe,05 + Nb,Os — 2Fel; + 2Nb%; + 80%  (6)

NnauMsiediu madegans Fe* uaz Nb* Tudndruninfuannsasnuangauss aded
Funtla B-site WilndiAsadu Ti* Idlaglddndudesairstounnieadinimludgauni fauansly
aunsit (6) ognslsfny Tuanmznsdanseiass Taslamznszuiumsunlvsivowdsiigamaiiae
oM ullanyseldsaunnsuaznisiasuaniuzes ndinduveslossuuisdin demalidinuin
Forieendlaunionnzszy (b, ¢) lulassaiauandiy Ssilumumsonisiadiulavennsy ms
quﬁaiﬂﬁlfmm%ﬂ wavauTRwdimanveawsiin ag19lshanu N"3i30dans (FeysNbys)™ Tuidegaund
annsadnuaunalszyadeidisumin T lalaglidududeauintesineeendiau agslsfa lu
nszUIUMIAaATIZIess Tnslamnsfigumgigauazannzmnlnl e1aiiansidsavuvesdndau
28NTIAtUYDI Fe war Nb saudan1sgeyiduaandiauuivdiu dewaliiindesiteeandiaulazlaaly
Tassadauantio Sadiunumsenssyivlavennsuiarauinaliiuazudminvesesiiin

Al 2(a)-g) LLamImqa%fN'«gamﬂmaaﬁuﬁaL%swﬁﬂﬁmuﬂwsﬁ’mﬁaé’wmﬁaﬁau (thermally
etched surface) La¥NIINTELVUIALNTUVDLITITN BCTSXNF Aiunas x windu 0.0, 0.010,

0.020 uaz 0.030 nuilasaseganIAveLYIIMIALAAIINYINTUNITUTIaneIaeuilvay

a

nsufidaau TnefuTuna x iy 0-0.02 wanslassadisganiaiinuiuiy vaed x windv 0.03
Tassadrsganiavsnglassadisgnsuiaduduanunn suansuedsvenssdindiaszidag
TUsunsy Image) nuinmwnnsuededvunelng@uein 2.3 81 7.8 pm Wovsua x Wintuan 00
0.02 (5797 1) evSina x Wity 0.03 nuinvuansuedsivuisanaegradiulddn fauandy
M9l 1 dwisunsnszaeivesuuininsuluning 2@)-(g) nuinsnIEAefivesInanas a1unsn
Fanpandaunsuviefianas Swansdaumnsuivueiiaitaemndtudioviina x 1ntu
muvurssesfinTomnlagldndnnisvesensaiing (Archimedes' Principle) wuindn
auuwiudanfinduein 563 81 5.78 o/em® WeuSuia x Wit uan 0 8¢ 0.02 muiiwansdly
3t 1 vdsmiudiauuuiuiiaasasdoiunn x dindudu 0.03 fafnnanungui
Wty (15197 2) AAImLlugenndeiulaTIaiigania MaiLTUIANTULAS ALV L
yessiinduranandesiseenduuiiiaanmsunuiives Nb uay Fe lugunuduns (3) wae
(5) Feaeduasumsemmnavetesdlsyneumaaiissrinensrurumsenaiindliuansuiady
(Yang et al, 2009, Dou et al. 2019) a819l5AmuvUIANTULE BRAZAIAILTL LT AanaseE s
1NTv3Ina x = 0.03 019RRNTaUNNTBseIeTiteanTukaglsaTifiusinanniuly danals

guganssyiulausnaveuinTulagiialasiaiwwesgnuluesdin (Komphom, et al. 2024)
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A1519 1 VTUIAKREN ANULASEALAATIY VUIALNTULRAY LAZAMNWUILUY VoY 1En BCTS-xNF 7

U x #199)

YUIANEN ANuATEALanfis  UIANSUREY AURUILLUY
U x
(nm) (%) (um) (g/cm?)
0 350 0.151 2.3 5.63
0.01 466 0.241 37 5.67
0.02 526 0.271 7.8 5.78
0.03 843 0.362 2.1 5.57
R s

g 77\

g i

E

P /t

3 |z

[ lll ) !

Sl || -

00 05 10 1.5 20 25 30 35 40
Grain size (um)

71 Distribution
—— Gaussian fitting

(\

/|
AR

00 05 10 15 20 25 30 35 40
Grain size (um)

Relative frequency

{1 Dastribution
~——  Gaussian fitting

\
\

El_/,c

Relative frequency

/‘
/ f

00 05 10 LS 20 25 30 35 40

Grain size (um)

] Distribution _
——~  Gaussian fitting

7\
A\

A \
/ ]
/P‘{
l P

00 05 10 15 20 25 30 35 40
Grain size (um)

Relative frequency

(d)

AN 2 MaelATIEIIRanIAMENaeY SEM Ya51in BCTS-XNF hagn1snsenguulnnsuyes

WFTINTATUTIIL x 6199 (@) x = 0, (b) x = 0.010, (0) x = 0.020, waz (d) 0.030
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'
a o 1 all

asduiusseniveamaiifuaadiladidnyin (e) uasnisaadeladidnnin (tand) lugas

Y

oaumgiluraa 25 fla 150°C AiAud 1 kHz vosis1din BCTSxNF fiuTana x e uanslunimii 3

[

(a) waz (b) LHaNaSUINIINAIPINLADLANNINAUTUI X WINAU 0 kay 0.01 wanIn1stuasuwlad

a

mwldsiigegeanasnndasiuanmgiies (To duaninsiasumalassairesdnanmmsslndawms
15 Bidnvn3niluuwuugnuiainisdiannsn (Komphom, et al. 2025) Inenuan Te anadangumngi
56 10U 42°C 1ife x uTuan 0 18U 0.01 wariuTuia x HuTUIIN 0.02 wag 0.03 WudtdlAs
yosnsmiinans T liusing deduiivguin To doulugamgfifisnningamaiivies 1iesinnns

Wasuwladlassasendnannmssindaluluugnunaidsaenadesiung XRD A9 & wag tand 7

'
a v ]

gamqiivies (g, tand,) waehl Tc (e, tans.) wanseglumsnedl 2 nuinAaiiladidna3nigamgiines

9 Y

(%
=

(&) WWiuauan 2963 u 5751 WeUsunal x Wuduain 0 89 0.01 wdsantauile x WinTuan 0.02
540,03 A1 & flA1anas Saandlunsed 2 dmduaansiladidnnsnd Te () WnTuan 3667
u 6051 wevsuna x Wiinduain 0 89 0.01 Fanslumsiad 2 wdandudle x Wisduan 0.02
f9.0.03 laisngdians i Tc vililianansaszym e manmgapdeladidnniniigumniivies (tans,)
dwsulwsiniaundafiutuen 0.016 W 0.088 e x 1iinTuaIN 0.0 F9 0.03 Fauanslunsei

2 Tuvugiienanmgadeladdny3ni Te (tando) Usinguanie@ivsuna x 0.0 §9 0.01 Wudeafiuen

€c Aaandlumisan 2

0.12
7000 - Curie temperature (T¢) X=0.0 x=0
=5 ‘__.--"'_‘-l," x=0.01 0.101 x=0.01
g 6000' l,’ x=0.02 % x=0.02
b7 ‘ x=0.03 | 2 0.08- x=0.03
2 5000 - S
g @ |2 (b)
o 4000 5 0.064
T @
S 3000 b .
2 = 0.04
2 -
Sk 0.02-
1000
0.00
40 60 80 100 120 140 40 60 80 100 120 140
Temperature (°C) Temperature (°C)

M 3 anuduiiusvesgamalinuamasiladdnninwasnisgadeladidnvsnvesysnlin BCTS-xNF
AU x 71199 (@) x=0, (b) x=0.010, (c) x=0.020, Waz (d) x=0.030
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a v

M58 2 gamqiiag Amnladianvin anmgadeladidnvinfigumgiiiecwazaungies uas

Y

autRwslsBidny3nueawsin BCTS-xNF U3l x 6

Tc P, P, Ec
U3 x €t tanOgr €. Tand,
(°C) (uc/em?  (uc/em?  (kV/cm)
0 56 3083 0.016 3667 0.005 5.40 11.09 570
0.01 a2 5793 0.029 6051 0.022 5.58 14.69 247
0.02 - ar27 0.053 - - 3.42 12.42 1.26
0.03 - 3109 0.088 - - 0.83 9.43 0.54

AT 4 (@)d) wansIsau P-E gamaiivesyaassiin BCTSxNF AiUFunal x sineq aeld
aulii a7 30 kv/em Tnsdunsmdmuansanu P-E TngldnsTaund wasidunsinaaauduns
Tneldnn5¥ PUND nudndunsavhau P-E aduasdunuansauUamdlssidnvinwuudniiionn
Tnedunsmidnvauzaeud1aiviu desvendelufinisiAanissilnaveanseualuin (leakage
current) lunnéeegevaaesiin sleusuna x Winduann 0 8¢ 0.03 nudwaraTIu P-E Unaan
u Fwansdarsdnilaudimslsdidnningouas (soft ferroelectric behavior) tesaniesifindinis
Wasudnvarlassaiwdnannmmssindainglassaiisuuugnuiard dsaenadesiuna XRD
Aanndadus (satuation polarization: P,) AN NTARIANS (remnant polarization: P,) ag
Anaualliinaudna (coercive field: B veuas@infiusunns x g wandlumsnad 2 wuiaen P, P,
waz Ec flnanas WeuSunm x iutuein 0§ 0.03 wandliifiuinivsina x 1ntuwsiinuans
audAldlsaEnnsniiseunnniy esnniside Fe* uag Nb Wiunudives Ti diwaronis
Wasulpssadananyilinssaiesshvesialniirlugasen (long-rang order) vadlassad andnuuy
wmsglnuoaiisiuiuanas uaziudsududalninlutaedu (short-rang order) denalwaud@mngls

Bldnm3nseouas (Lia et al,, 2020, Kornphom, et al. 2025)
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7
o

Polarization (uC/cm”)
i

Polarization (nC/cm”)
(=]

'
W
L

— P-E loop
Remanent loop

—P-E loop
Remanent loop

30 20 -10 0 10 20 30 30 30 o 0 1o 20 30
Electric field (kV/cm) Electric field (kV/cm)

"l @

”

Polarization (uC/cm”)
4 _ s

o

Polarization (uC/cm”)
o

'
w
L

R P-‘IE l'un? ——P-E loop
5] Remanent loop 10 Remanent loop
-40 -20 0 20 40 30 200 <10 0 100 20 30
Electric field (kV/cm) Electric field (kV/cm)

AWl 4 2901 P-E Tigaumgiivieaueawiin BCTSNF Aivdinasingg meldaunailnii 30 kv/cm ()

U

x=0, (b) x=0.010, (c) x=0.020, wag (d) x=0.030

myemzviaiRuivanvesiesiin BOTSXNF fivsans x i 4 igampiivies meldfaunausiman
10000 Oe fiauamdlummil 5 @{d) MMz MH vaesEniivgana x iy 0 2 M-
H uaminfnssullresuaniuin Wesnmadsulameduuiudandaas o Tu 3d sesdviavedans
v AU (T) meldaununaivdndld (Komphom, et al. 2025) evsuns x wndu 001 wag 0.02 wuin
nsmuamanTRuiE nuuumslsunuAnnnty Tnefiauunilnwdudu (satuation magnetic: M) Lag
AanilmeFunsdng (remnant magnetic; M) flAifiauain 0210 f1 0375 emuw/e way 0014 89 0,114
emu/g iy Fauandumaned 3 Feduliuguinenudutuiigel uvedlooau Feuay No™ avads
Tudwivdniamgianglusasiowsiin SsheaiuayuniGosvedimueuivanegadussdeu
1A (Komphom, et al. 2025) wsfnAivsunas x Wity 0.03 wuimen MH fidnuasednelidennu fe
AUMNEUTBIIME A TUUINUAE MUMEU I IMANA LAy Fauandlunndl 5 (d) suansiisnswdeu
uiwdnanasAwslsuunuAnd gautAueudinslsunuin owAannufduiusd uausannusering
lovou Nb™-Nb™* (Lia et al,, 2020, Komphom, et al. 2025) uenN TS Eni x Wihfu0.03 fidn M, gz M,
fiendu 0512 89 0268 emu/s U Fauanddussned 3 dmSuaLILTIRU (coercive field; Ho) WU
A1 He fiAeg3eming 79.16 - 1678 Oe fauamslusnansdl 3 Taorn He fimsasuutas lomnmsiasy
ngAnssmausivananwTsuunuinuuus eu \WumsTsusnufnudusenniy wesdgueufnlsun

WA Watsunu x Wiauain 0.01 Wi 0.03 aenrassiudnuneiny MH salandunmi 5 (b){d)

Science and Technology to Community 68 NsaIinermansuazialuladdyuyy
Vol 4 No 1 January-February 2026 : TCI 1 Uit 4 atiu 1 INTIAL-NUAINUS 2569 : TCI 1




nsLaBungAnssumektvdnveesiiin BCTSNF Wieusuna x ity Tngianedl x =
0.03 ndnwazlsuuniufn (ferromagnetic) lugngAnssuiiddnvarlndifssueudmslsuun
win liaunsoedungldannujduiudsening Nb* Taense ilesan Nb** iulossuvin o (d°
electronic configuration) @ aliin alwiAaluLuusuadn (magnetic moment) ag19bsfinu N3
dinduresanududures Nb* annsodmansdeuseuffuiusnusindnmelusaniio (attice)
KunsAsuudasanmiandoudlasiadiaasidunienisuaniud suniaaiivn (magnetic

exchange pathways) lBUTUIUNITIDNNETU TIUIULALAUAVBUHUNINITULANWUAURUY

=

¥1Ua51angLvud (superexchange interaction) s¥1319laaou Fe*-0*-Fe* uay Fe**-0*-Nb™* i

L lduindy Fee1aenenisisesiivedluwuduiwianluiavisnseduiu wazdilugniswsdu
av o 6 1 <3 1 wa 1 @ a a a .
YIUHFURUTNIWIEN szrinanTRwimanuuuslsuunufnuasweufmslsuuniu@n (Kiran et
al,, 2014, Lv et al., 2015, Kmjec et al., 2022, Shukla et al., 2023) 48n31NT NITLW UT UVDI
Tounnies uwavmliilussdovvedanaiadovsinm x g1 endwmaliiangfnssuwdivandlidy
53108ULT95282817 (long-range magnetic disorder) WU WeANTFUMOURALWS LshuNUANE 89 (canted
antiferrornagnetic-like behavior) vsaanmezuimanuuungualuliiluszideu (cluster-glass-like state)
Feayiouosnuludnuazvennurudulivandoauuuivan @dsauulvanngAnssumslsiun

\WANWgauAR (Raevski et al., 2014, Yuan et al., 2015, Kmje¢ et al,, 2022, Jena et al,, 2023)

0.2
2l (b)
0.1
—~ —
) o
2 =
= 0.0+ (=UNI & et B R SO St S
5] 5] /
- -
= =
-0.14
0.2
0.2 T r T T T T T T T T
-10000 -5000 0 5000 10000 -10000 -5000 0 5000 10000
H (Oe) H (Oe)
0.8
0.4 (d)
202 ~ "
e e
a :
£ 0.0+ 1 [T ——— N
> o 0.0 "
~ ~
=
-0.2 z
-0.44
0.4 B
T N T T T -0.8 T T T T T
-10000 -5000 0 5000 10000 ~10000 -5000 0 5000 10000
H (Oe) H (Oe)

AW 5 297U M-H 9aw37in BCTSXNF Migaumgiiviesueaiesniin BCTS-xNF AUTanasineg neld
awnaliin 30 kv/cm (a) x=0, (b) x=0.010, (c) x=0.020, wag (d) x=0.030
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A15190 3 autRutiuwdnveaesniin BCTS-xNF MUSHad x #nge

J3u1ae x M, (emu/g) M, (emu/s) H. (Oe)
0 - - -
0.010 0.210 0.014 79.16
0.020 0.375 0.114 1674
0.030 0.512 0.268 305
n1saAUTIENa

naAsuidasandveasiin BCTSNF Wovsinumaiiedansilodonuasmnifiuiy
a1unsaasuielaananuduiusiBenalnssninglasiasiamdn Tounnsaslulaniis wasUfduius
seAugamanslutan nmsunudileseu Ti** dgleoou Fe*uay Nb™ AidumisTlad (B-site) dena
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Abstract

This study aimed to investigate the use of the Aquatic Animal Purchase Document
(APD) application among shrimp farmers in Nakhon Pathom Province. The research examined
farmers’ socioeconomic characteristics, usage conditions, levels of knowledge, and opinions
regarding the APD application. The sample consisted of 202 shrimp farmers in Nakhon Pathom
Province in 2024. Data were collected using a questionnaire and analyzed using frequency,
percentage, mean, t-test, and F-test. Pairwise comparisons of mean differences for the
dependent variables were conducted using the LSD method. The findings revealed that most
respondents were male (60.40%), with an average age of 48.44 years, and had completed
upper secondary education (41.58%). A majority reported a high level of knowledge regarding
the APD application (70.30%) and expressed an overall high level of opinion toward its use
(mean score = 2.73). The highest-rated aspect was perceived benefits, followed by data
quality, service quality, and system quality, respectively. Most farmers used smartphones to
access the application. Hypothesis testing showed that differences in experience with
information technology, shrimp production volume, income from shrimp farming, training
participation, exposure to interpersonal and activity-based media, frequency of application
use, type of sales, internet signal quality, and knowledge level of the APD application were
significantly associated with differences in opinions toward the use of the APD application at

the 0.01 and 0.05 levels of statistical significance.

Keywords: Aquatic animal purchasing document (APD), Shrimp farmers, Nakhon pathom

province
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Fuaenndaafuing Uszasd 0 azuuu windu Tiudladdernund uaenad seuing Ussasd
uag -1 Azuuy windu defnaliinssaaiagUszasd udnimanisfiansanvessievgluusazie
TUmere i samsedail emuazadailruaenados antunageulad esilelaelunnaosly
(Try out) Auinwasnsfidsed sdsmiauasugy AlFnulusunsy APD uildldngudogng S1uam 30 au
WEnhudaseimainudesiy (Reliability) T33mAdudssans mnd esius anwesasouunwd
(Cronbach ‘s alpha reliability coefficient) iAA3aLd o3y winu 0.934 WAZLUUNAABUAIINS bUNTT
THusunsuszg nd mssenwisderdunmsdouedeiun (APD) 1438 msewnes Sunsadu 20 (KR-20)

(g3uns fewnans, 2556) dAnmnuiediu winiu 0.745

miesevidaya

adflun1sinsgideyanasnisvageuanufgnu uuseandu 2 diwfe 1.n1shnszidoya
Tnel9adfLganssaun (Descriptive statistics) 19n15u9nuasA0A Agean Arga fAfesay
(Percentage) Aafie (Means) uardauldsauuaasgiuresdnuusiiugiuduyanadulasugia
uwazdanu 2.a0A990Uu1U (Inference statistics) luUszunisiuieudisunnufniusonisldau
TWsunsudszgndnisesnudsdorifumsdenednith (APD) naaeuarmulsUsulneldnsinses
t-test Way F-test LagnAdaUANLLANA1TENINANaAsvesfulsnandusog 1935 LSD (Least

significant difference) NsgAuAuWesiuiosay 95 (a3uns dowuans, 2556)

NANI5I9Y
1. nvnuziuguduyarad AT auazd A

NMsAN wudn inesnsdungumeane fovay 60.40 forgiade 48.44 U lnngueng
Weunin 44 U ddndugegn (Fesar 34.16) seaunsdnwidlulng Aedseudnwineulatevie

UsemealeUnsdvdn (Uiw.) Sesay 41.58 sulszaunsaimsldmaluladansaune wuinguid

Uszaunisal 1-10 U waz 20-30 U ddadrumnnuiisesay 38.12 Tusunsuds inensnsdiulng
nardnisdasndn 3,000 Alansusel (Seear 43.07) wariinelalady 736,833 vwwel laeselaninid
300,000 Uildnduanniign Geway 35.15) sUsuunsaaedulngdunsdmeliuiduinedos

(WUnue) Seaz 48.51 Tusumsnmun wuil inwnsnsdlugireniun1sineusunsliglusunsuean

MisdEamMAUNSTRUedRIUN (APD) Soeay 89.11 hazilnsinsiuanvunemsnssasay 63.37
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inwasnslasudeyaiieaiunislilusunsy APD uazimansiuUsyanan deyana u1niiga
Aowdmiinfinsuuszas (Fevar 65.84) sesasnderfiviosiu (fevas 21.78) uazifiouthu (Fevas
12.38) dwfu defansau wuinnsUszyuduteanman (Sesaz 64.85) s09a9uABN153nOUIY
(fowaz 22.77) waznsiSouduonaniudl (Fesas 12.38) vaizdl Aownavu nuindelmduaiidadaugs
fian (Fowar 98.00) warlnsvimiifies¥osay 2.00

wnwnsnsaulngldaustuannsvlnu (Sovay 92.08) so9a9u1AAUNIADS (5088 7.92)
arudlumsldnuaniugidumsldnudownwiedussnaumsdomis Gosar 39.11) wazuisads
dloRadesians (Fevay 38.12) vagdinsldiuaiiavennseuninideidndiutesiian (Sovas
22.77) dmiudnuaiznisne wuimsvevsaUsuaravedalulAidndugsiian (Fouay 69.80)

q

599R9UIABNITVIBNUAUD (SR8ay 20.30) kagNI15VIBUNEIU (Fa8as 9.90) drunmn Ny
a f @ '3 1 o a o/ =
duesidanigluvisy dulvaidyainusuasiades (Gosas 70.79) sosmaunfeamnInUIUNa"9
(Sowaz 29.21)

14
o

2. anufinganunsidanulvsunsudssgndniseanuiisdeninunsdauiedniui (APD)

e 1 seauanudineaiunsldaulusunsy APD

n =202
szRUAINS 31U (AY) Soway
szaunIn (11 — 15 AgUL) 142 70.30
srauUIuNa1e (6 - 10 AZLUL) 60 29.70

(Mean = 1150, SD. = 1.85, Min = 6 , Max = 15)

U v

NNITIA 1 WU inwasnsdmlugdiseduanusineaiulusunsy APD agluseduuin
Fruau 142 au Andudosas 70.30 sesauniinnugseauliunats 91uau 60 au Andusosas

29.70 sy lnedanafeaviuuiniu 11.50 dnundesuuiinsgiu 1.85 aglusysuun
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a < 1 17 J £y o w ay [ o‘%
3. ﬂ'n:uﬂﬂmu%aanﬂinsﬂamﬂmwuiﬂnmsmﬂqummsaanwmﬁamnumwamaamm
(APD)

AN 2 SEHUAMNLALTIUUBANBATNTHDNTITIUTUSHNTL APD

ANNAALALYBINEAINS X S.D. SEAUAUNAALIL
FuAMNNYDITDYA 2.78 0.359 1N
AUAMNINVDITEUY 2.57 0.543 Tl
AUAMAINYDIUTNIS 2.72 0.417 N
suszleviinlesy 2.85 0316 Tl

FUNNGIU 2.73 0.409 un

15199 2 wudh TaeamsannussnsiimmAniusensldeulusunsy APD eglusediu
1N (Aede = 2.73) Inosuiidanadogsianie duuszlevifldsu (Aade = 2.85) seaaenie
funuANYeITeya (A11ade = 2.78) uaz FUANAINYBIUTNNT (ANRde = 2.72) daududil
Andetiosiignio FMuANNWYBITZUY (ANRAY = 2.57)

fuRaAYesteya : InwnsnIiufsannfignluyssiiu deyalulusunsu APD dawgn
FeduarAsURI (FAlade = 2.86) uas %’ayjama%amsﬁmmﬁuaﬁaLLaszﬁ]ﬁ;ﬁ’u (Anady = 2.85)

=

dudssiiuiiiiuseostigaie sUkuunsuanmadtlateuazdnau (Aiade = 2.63)

FuAMAINYBITEUY : AuuInTigaeydl annsaldauldyniiyanaiifdumesiin
way sessunsldnushugunsalansaumeaingg 167 (Auade = 2.69) vazi muisilunsuszanana
LazMIRoUAUDY azuuutosiian (Aade = 2.38)

fuAMAMYBIUINNT : mmiINTigneg Wvihilransaduayuseeandeinguay
Huiing (Aueds = 2.89) sesasnfo MIUFulariamnlUsunsy APD eghsasiiaie (Aiade =
2.77) dussiduiiiudetosfignde Insineusunazatuayunmsldnuegiuiivame (Aiade =
2.61)

suuszlewiflesu - inwmsniiussnniigalulssiiu Peannisldnszauuaziendans
LUULAY (Aade = 2.89) sedasndie Fredanisteyanandnislsogrndusyuu uas afuayunns
Y03UTOINIFIU GAP (Al = 2.87) vniefivsnifiu Tanauazduneunsvinnu fezuuutes

fign (Fiade = 2.75)
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= = a < ] 1 s 0% o o & o ¢ %
q, ﬂ']iL‘U’iEJ‘UL‘VIEJ‘Uﬂ’J’]NﬂﬂL‘Vi‘uﬂﬁ]ﬂ’]’ﬂ?N’]‘NIU’iLLﬂ’i&I‘Uizqﬂﬁﬂ’]iaaﬂﬂuﬁﬁaﬂ’mﬂﬂ’]i“lﬁ)‘lﬂﬂﬁGI’J‘N"I
(APD)

M15199 3 Msw3puiiisuanufaiusenisldaulusunsudszendniseenuilsdedunisdevie

&n31n (APD)

a < ' v
AMUAALAUADNS LYY

o t-test
A3 AUAAIN  ATUAAITN  ATUARMAIN AU AN
/ F-test i i :
vasdaya VBITLUY vaeuins  Uselewd
t—test 0.615 0.927 1.377 0.856 1.091
Ll
P-value 0.539 0.355 0.170 0.293 0.277
F-test 0.352 0.226 0.195 0.023 0.141
97Y
P-value 0.704 0.798 0.823 0.977 0.869
. - F-test 0.253 0.438 0.405 0.120 0.224
SEAUNISAN
P-value 0.859 0.726 0.750 0.948 0.880
Usgaunsadld F-test 17.449%* 20.549%* 30.710%* 26.435%% 3] 382%*
GINGE
P-value 0.000 0.000 0.000 0.000 0.000
ANTAUNA
F-test 2.203 3.231* 1.555 1.063 2.264
HAKERN
P-value 0.113 0.042 0.214 0.248 0.107
elaannig F-test 4.504* 6.023** 3.506* 1.480 4.883%*
BN P_value 0.012 0.003 0.032 0.230 0.009
. F-test 0.784 0.297 0.136 0.409 0.236
Snwaignisue
P—value 0.458 0.743 0.873 0.665 0.790
- F-test 3.869** 0.985 2.771%* 2.662%* 2.712%*
ATHNBUTY
P-value 0.000 0.326 0.006 0.008 0.007
ASNSINENTY t-test 1.578 -0.355 0.652 0.827 0.627
HAIna P_value 0.116 0.723 0.515 0.409 0.531
AsasuLEs F-test 25.461** 80.831** 44.600** 29.476%* 65.546**
nndeynna P_value 0.000 0.000 0.000 0.000 0.000
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M151497 3 nslSeuliisuauAaiusenistdnulusunsudszendniseanuiidendunisdouy

1%
o o

#&n311 (APD) (si)

a < 1 v
AMUAALALABNS YU

t-test
R AIUAAIN  ATUAMAIN  ATUABAIN AU AN
/ F-test | | |
vastaya VBITLUY vauims  Usglewl
MsUnsuTTiEns  F-test 4.178* 12.130%* 3393 3482% 7077
PINANINI b alue 0017 0.000 0.036 0.033 0.001
aunsallums t-test 0.096 0.699 ~1.198 -0.97 0271
397
Loy P-value 0.924 0.485 0.232 0.333 0.787
m’mﬁumi F-test 2.598 6.277** 4.637* 4.862** 5.327**
o P_value 0.077 0.002 0.011 0.009 0.006
F-test 1.083 4.501* 1.084 2.304 2.385
UJsetnnnisuneg
P-value 0.240 0.012 0.340 0.102 0.095
Qmmwé’zyzym t-test 2.433* 4.309** 1.289 1.307 2.869%*
gunasiLA P_value 0.016 0.000 0.199 0.193 0.005
y ” t—test -3.696%* -3.643%* -5.806** -5.364%* -5.201**
sziuAug
P-value 0.000 0.000 0.000 0.000 0.000
*Ansziutiodfgtiaendn 0.05, *aA1szauivdiAgtosnin 0.01

1M 3 WUINEATNSTATLNA 818 SEAUNISANY) wazaunsallunisldauunnaneiu
fiauauAniusenisidnulusunsu APD Tuusnsnsiulunndnu

Ao v a ' YR a = | Y
WNYASNSNAUSEAUNITA M UNS KA ULATENTAUMNARANGAN19N Y TAITUANUAAAURD NS LD

v o o

ulUsuNIU APD upnanaduiiszauiadidsy 0.01 lunndiu wansliiiuinnensnsifivssaunisal
aunalulaguinnITuwud N ez Sus AMAINYDITEUY ANAINYBITELR ANAINYBIUTNIS

Uselonlilasu uasnmsiuvadlusunsy APD uandangiuszaunisaliogaelidudAgynisadii

'
o =

nwasnsfdnandnfaananeiu dauanudaviusenisidauluswnsy APD uana1afud

JeAUTEE1AY 0.05 NEAUYDIAMAINVBITLUUWNTIY diududulilimnuunnsinsegneliteddey

o

nwasnsniisglaannisidesdwanaieiy daumudsiiudenisideulusunsy APD

LANA1AUIUAUAMAINYDITFUY karn T Nseautiadfny 0.01 dIuauAMAINYBIURYA Lay

d‘ 1Y) [

ANNTBIUINT TlaumnuAaiusianisidaulusunsy APD uansnsiuiissauiudfiy 0.05
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nRININRANBAEN1318 Lazn1siluaindnaaiduinensnsfiunneedy Saudaviuse
nstdaulusunsy APD ldunnsnaiu Tuvasiinisidrsunisilineusuuansisiu feudadiusenis
Tdaulusunsy APD uansinefuseaulediAsy 0.01 luauaunmuesdaya AMAINUBIUSNIT
Uselowunlasu waglunmsy
nunsnInEnsUasuinasandeunnaazdenanssunandeiu danudniusenislda
LUsunsy APD uanensiulunnanuiissaududnfey 0.01 waz 0.05 mudiu
Aa = 19 | a & 1 %] i o
nwnsnsdANulunsidnuwaneiu danudadiudenislidanulusinsy APD uansineiu
MiszAutied1fty 0.05 TUMUANAIMTBITTUY ANAMIBIUINS Uselerinlasu wasnimsu
a ! v oo a @ ! 1% ! o A
NEATNINTUTZANNITVIBUANA1AY SaruAniuden1sldaulusunsy APD wananeiui
seAutiadAty 0.05 TumuAuA NYRITEUUYINTIY
neasnsfdaunmuesdygyiudumesidaunndaiy deudadiudenisldauluswnsy
APD upneneiunseautiedfny 0.05 TusuamnnYeloya ANNTNYBITEUU WAZATNTIY
LY £ d' J LY = a 3 ! 4 ! LY
FLAUANUIVBUNUATATAUANGAY TAduAaiudanisldaulusunsy APD unnefi

v W [

Nszutiedfsy 0.01 lunneu

o

n1saAUTIENE

neasnsfifiuszaunisailunistdmealuladansaumanansiety dauaudadiusneanis
Tdulusunsu APD unnsnafuiiseduadifey 0.01 Feaonndaadu 35¢ wnmes uay ATy Nod
1 (2561) YinsAnw AuARLTuieueNNALATY Agri map Mobile vesvmpRuaaaninnysy3
NANISANYINUIN nuefuetaliuseaunisalinistdinaluladunnmiefuaziinuanaiuse
wanndndu Agri Map Mobile Tunmsaufiunnsing mmqmammﬂLﬂwmﬂsﬁﬁﬂssaumsdﬁW
walulafasaumegs fafanuduiasuazanuiulalunsldaussuuadva daalviuesinnisly
TUsWN58 APD lududaulazaninsonauausdsaninuAednsineg1aruzay Tuneansanudnu
mwmﬂsﬁﬁﬂ3zaumi§ﬁﬁ’mm¢ﬂuiaE‘Tﬁaﬂawaiﬁﬂmﬁ'ﬂﬂumﬂ%’am FefimnudAniuronsid
1Usunsu APD Tusgautleanin

nensnsinseldunnseiy Senuaudadiusenisldnulusunsy APD wansnafuiisssy
oddy 0.01 Seaenndesiu Tufid fiedde (2558) nain selddmufsedeuiiunnaeiuiiaiy
Nanelalunsidrvnivledunna1eiy Lavdennasanu Suns1 enansn wag Asan Fusnu (2566)
fvinsfnwiies mwdaiuvesdmininsueunsiodenisldueunaiatuayalnsdnwsi wuin

1%

v a v aa Yo A A [y = a <@ 1 v a v [y ¢ 1
Wﬁuﬁiflﬂill’e]u’mEJV]QJi’WEJlﬂG]@Lﬂ@UV]G]’NﬂU Nﬂ’)’]&lﬂ@LMUG]’EJﬂ'ﬁIEULLE)ﬂWﬁLﬂ’lium;lﬂiﬂ/ﬁﬂwvmLLG]ﬂG]’N

'
v A v v [

unszivdedIAty 0.05 donadesny wasaneal leadautaudd (2561) na1131 51818 (Income)

—
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v

Asfudeniirien muAn AudaLasngAngsy Muansneiy Maderadumsizsels Jdulunis
ANVUAAIILABINIT AIUAR LATNOANTTU VBIYAAS

neasnslasunsinausuwanaiy danuaudnmiusenisldulusunsy APD uaneng
U ‘NI U U o o ‘:! ¥ U a U ‘g a U 1 ‘NI L4 1
NUNTEAUULEIAY 0.01 FIFARABINY LAFAANA ANY WarAE (2567) NAIIINYATNTNLYITIY
lassnsanasunisndnilasunisdauasuniuunnsgivduniness dnisldmalulagdiiudnaninnis
nandulonudiviiuasufiuandviunseaulpddny 0.01 nstneusulunszuiunisiiteasuasis
Au Anunla wasvinuelunisldmalulad villiinwasnsasenindaseleviuaznuaaglasu
nnsldmalulad Fahlugriruainfuazanudulaluldnu suziinwnsnsnldlasunisiineusy
wioldsunsadvayules dnvinaruiulauaznisiudideuin Seasvisueenunluguuuuaufoiu
UANANS

aa ay Y 1 & v v A N a
NERINIALNISITATUTEIsIINFayAnaIN I Useu wag @AanIsuaINnIg

InUszyy wanaeiy Ianuanudaviudenisldaulisinsy APD uananeiy agadidedidgyni

a

adf sedued1d 0.01 aenndeeiuauITeund 155N AN UATAMY (2568) 7 ANW
mIseniUITUUINYATUIug SISy (Handy sense) wasinumsnsgiugnuzaitsinents! 1une
U1awd Fandnaynsusinig wanisAnwmudn ineasnsldsudeyatnansifeituinunssaaiezan
doynmarnniign fe dnduaiunmanuns (Fesas 73.5) wagdenanssude msineusy (Gevas 40.9)
agviouliiiuda doyana lnslawizidminiivszuadunumdiAyeged senisanenenninug
Aala

wansAneALAAueLnunInsiidestadiiauaUsudenisldaulusinsa APD wudn
ANUARLIL“AuANAMYDITEUL” Tazuuuladenidign (Anede = 2.57) lnslanizludsziiu
“ausrlunisuszanananaznIsnauaues” é'faﬁmuuusi"wﬁqw (Alady = 2.38) widunwnsnsaau
vz fumusifenfulusunsueglusziuann (Gesas 70.30) wasianuAniiusnuusslovidldsu
oglusziugegn (Al = 2.85) nafinamazvieusialifiufeesinsdrdgszuinsdnennves
Fldaulusunsu APD A mnamfoumamaiiavesszuu Ailnalaenssdoninuamisalunislde

DYNANLAUDVDINBATNT

unagUuasdatauauuy
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fiAvsdeiauasUsy wuh invesnsadunfienudedluseduan uasdenuAaiiusonisldo
Tusunsu APD egflusziiuifiusnennn fie sudsslewidilasu sesasunie sunuamuesieya uas
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Abstract

This research aimed to 1) develop a web-based sales information system to enhance
entrepreneurial income in the YRU Fresh Mart project, 2) examine the efficiency of the
developed sales information system in terms of system operation, information system quality,
and technical capability, and 3) investigate the satisfaction of system users, including
entrepreneurs and general users. The study applied the concept of Management Information
Systems (MIS) as a framework for system development and employed a research and
development (R&D) approach in conjunction with the System Development Life Cycle (SDLC).

The developed system was a web-based sales information system designed to manage
product data, sales transactions, and summary reports. The samples were selected using
purposive sampling and consisted of 385 participants, including lecturers, staff, students, alumni,
and entrepreneurs in Yala Province. The research instruments included a system efficiency
evaluation form and a five-point rating scale questionnaire for user satisfaction. Data were
analyzed using descriptive statistics. The results revealed that the developed system achieved
a very high level of efficiency (mean = 4.54, S.D. = 0.52), while user satisfaction was at a high
level (mean = 4.31, S.D. = 0.72). These findings indicate that the developed sales information
system is appropriate for practical implementation, effectively supports sales operations, and

enhances systematic data management for the YRU Fresh Mart project.

Keywords: Information system, Sales, Entrepreneurial income
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Abstract

In the digital age, where HR management is essential to an organization's success, using
an online system for managing interviews and recruitment is one way to increase HR's
effectiveness. Flutter and MySQL are the primary technologies used in this study to create and
assess the effectiveness of an online hiring and interview scheduling system. To determine
how satisfied a sample population of 30 persons was with the system, a survey was also
administered to 15 users and 15 HR officers. The data collection results showed that 84.46%
of job applicants were satisfied with the ease of use of the system, while 88.40% of HR officers
agreed that the system helped reduce the burden of paperwork and made the selection of
applicants more efficient. From the research results, it can be concluded that the developed
recruitment and interview system can effectively meet the needs of both applicants and HR,

as well as increase employment opportunities and reduce the organization's operating costs.

Keywords: Design and development, Application, Job interview, Flutter framework

unin

luagdu weluladasaumaiunuimadgluynaiadiueeesdns tageniglusiunis
Famanswennsuyud Fadunszurumsddiitelfesdnsannsafgn Aden wazindresynains
funzauldegsfiuszansam egelsfinu nszviumsivaasnunagnisdunivalsulunans
osdnstiandliiBnsuuudaiuiiFesfionenarsuagmsfindeussaususihudeamsoanlal Sedama
TAnAuatazanuiudoulunszuaunsiiiua Uisvuasmhoausing o shsadasilin
dunwaliede 20-25% seideuannisdirainanaudaauyanawisssimalng wul 68%
veanadnsingldszuudunivalosulal Fadanudesnisszuuiianmisatisannnududeuly
nsvvIumMsatasnunarduntvalo welifannsndanisteyadadasidegraduszuy Aamu
anugnsasinsuuuuealng wartglidmihidhoyanaainsouimsdanisnsedunivaild
og1ediUszAnsnn itedTeidmnglumatau ssuufvatasnuuasnsindunivaiooulad
Tnold Flutter uag MySQL \Humaluladndn tedresiursauazanuiviagldey uenaini
mAedldinmsdmanuAaiiuresnguiieg i 30 au Ussnauing Wwithildieyaaa 15
AU uag Gliau 15 au ilodssdiumnufisneladossuy wamsdnanuissuuiivaud udasan
aszauvesiieyaraldeg19iuszaAnsam anszezalunsiamnedunival wagiiiuaiiy
avmnaueliiugatiasu dadu mafaunssuuainsnuwesmsdadunvainueseuladluassilsl
Weaheifiaszansnmlunsdanisminensimd uwidsannsoanduyunssiiuinuredsdng

isHasRUsEaUNsInA i udadas wartielinnsdsnululdegnnasuesivszdnsamunniy

Science and Technology to Community 105 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




o

AQUIAIANTIIY

1. Wi sponuuukas WA LeUndLatudnsunisinnewasduntvalsulaeld Flutter
Framework

2. 17 9UsELfiuUsEans AnaesuasUnaatunisins suasdunival ulaeld Flutter
Framework
3. L‘ﬁ'aﬁmsmmmﬁawalwaa;ﬁﬁﬁmuﬁﬁﬁiaLL@‘UW%Lﬂsi‘fumiﬁmﬁiaLLazﬁumwzﬁmuImW

Flutter Framework

= ada v
3HUYUITIY
a v = < !
N1T198ATIULUIUTETINTRRNLUU 2 NQY
Useansn@nw) nqui 1 lawnd@erngaiumalulad drunisesniuu diunsideu
Tsunsy 91w 3 A Laennquiieg9lagldIBiaantuulaIgaINAMUTLIMIQNT 3 U LN

Yy a Y

Uszansamvesueundintunisinseduntvalauniendnnesinsudsn Taglildeivigeiu
walulad AdviansiadeuANgNRealidunsiaINELaYNTYINIUTDITE UL
Usgnsiidnw nqudl 2 laun winausesgldnuueundndy wnunyana vsEnineds
Iy 15 AU RennquiegelagliitiaenuuULINEaRNEREIYURIEYARALAE TIAE TR U
a Y a | v ¢ o 1 < o w 1
szuuieundadunisindedunival 1w 15 au wdsesnidu 4 @191 lay drdneulng 5 au

= a 1 [
g7 A3 3 AU anuwgedlud 4 Ay ﬁ’VUWQLﬂm 3 AU

W/ANLUNITIVY
ada o a a o [l I g.JI
Wentunideuualu 2 Tunou
TUADUN 1 TURDUNTNAIUILDUNALATULIAST
WOUNALATUTNAUINIUTURDUTDINITHMUITZUU SDLC (System development life cycle)
(Mindphp, 2022) A4il
1. Yagtunszuiumsaliasuiasnisdunivalnuluuien neids dasldisnisuuunaiy

wu Msfulvadasluguuuuienans msdeasiiudanselnsdnsl Lazn15dnn1steyanigseuy

wnansnigly Fedwmalmfadgymmdn aruarilunisienugaing nsdanisdeyadadasndu

Y
a

nszawinlimsianuanuzgadasnuldnaiuiu wazifindelinnainussass nsianisteyanlald

kY

Uszdnsnm Jeyagainsuazanrusnisainsuliladaiivegiadussuu dwmalidayagyme

YRR

A ! a Y A LY L o‘d‘ 1 1 k4 (Y L & v
wieluaunsaisenlalaviud NTUANUIYFUNTYUNYIYN: N']EJ‘L‘J‘ﬂﬂﬁﬁ]@ﬂﬁ]ﬂﬂ?i@]’ﬁ?ﬁﬂuﬂqﬁm@?EJ

AU vibiaAududeulumsUsraunu wasiinauardlunisudaneudadas Ussaunisel

Science and Technology to Community 106 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




a v oo

Hesinsiilud desinslallisudeyaanuznisasinsvidonisduniualogieviuviaei dawaliAnaaulafis
welauazanlenalunsiagagasinsfidinanm

2. MIAATILNAIIUABINT ANIUABINITVDITHUY Hadlasanunsansendeya a1 Usedn uaz
AnsuanugnsadaslaruLeundintuiiefs deyaraaunsadnnisteyadadas danseinvaneg
dunwal warfnsnunanisadaslalussuuivueundiadu

3. nseenuuUszUY Adeldhaudesnsfildannnsieeiluduseudeunthunldluns
90NLUUTEUY Walvnswaunssuuaiasnuuasindodunsaiiudulusgwiussansnmuas

MOUAUBIEAUABINITVRIR LY Inedinseaniuuludiusiing 9

szvusinFeuntsiisdinde / dousauniay » o
; " . . PAGEEEE]
W/ au 7 ufledayadinfede use wilnaw

dayanisaafndunfnsie

\ dnua ‘ | 0 | amadeu/ afwiswafinge

Ty

ANTIRNRARD TeranuEauwioy

ssrumMseddindngo

swandoyadindnde /£ wilna

suuidnAoumsvadufiede

wilnau

A9 1 Context Diagram sxUUNIARILNTEULARMRaNATIULALAndadun valuieyAaa

v o ¢ i ) v A a Y a av
wansmudIuSsEnIsruAUglduieItes (7w : Anedde, 2567)

A2 = -
:J;".‘;;j o sayaamndou
Hufasia = > aaniiiau » uruauiiou
< «<
<
A
udatfiaunns
amsial@l) dayaasviniou
vﬂ\ { \ - ~. -
BAYIR 1 Tuvindayadn
nudiou N 2
wilnau - Alcifimsia » wduda
<
- - - @@/ . -
GundaauLa? sunsiayaf
o = s
sunsTayaa? 36 SHENG
(LN /u usly)
AnnsAaya
(A9 |y uAly) >
> .
HRUR B2 = Annsiaya
dayxdn
Fayasovmiou

A7 2 Data Flow Diagram szuumsimtnszuudnsoadasiukasinsodunivaludeynaa

wanInsInfiudoyavedssuu (Iun : Angdde, 2567)

Science and Technology to Community 107 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 Uit 4 atiu 1 INTIAL-NUAINUS 2569 : TCI 1




nseenuuuguieyafisouiin fauaauisadanisdoyavesfufarounsniineu g
Ansoaninsaamzidounioasimseeiade ninnuausanTIvaeUan U nsUaveld

4. MINAIUNTEUU Aareadasiulazduniualauld Low code platform: Outsystems Tu
3ULUU Reactive application fisoedu Responsive web design way PWA (Progressive web app)
WierinUszansamuazanuazantunslinu ssuutedanstouardasing udufeuanuzdnlusla
wazdammadunmuniuuudealnl ansvezauariunounisvhauvesheyaaa

5. msvade sz Andeasinsiuuazdunivaling eussidiueuanysalvesiladdusing
0 WU MISANTTTINe MsuwsaRey wazn1suanmadaLy nudeRananTiintusEwinenslday
wazdndunsudloaussuuiimnuanysal minduthssuuddnsmnaeddauie

6. finnsinmuna nsldeussuudndeatnsiuasdunivalaudeyanastareliied
WiolsruunauaussmudeanIsueld manutlyvudedinnudosnisivasuuas axdiums

USuusauasunlolvisyuuliuseansnimesan

w3eadiefildlunuide
1. upUndiatudnseaasiunazdunvalnuldfunsnnaseuaunmlaegidornyiu
walulaBAdviadiuin 3 au Wionsvaeuanugndesvesiladidunisdavaneuaznnsvineuessuy
faildsuiuusiuasUsuusnussuuiieuauysaindesldo
2. wuuUssiliussuuindeadinsaunazdunivalaudioyana TduwifnvesdiAsy (Likert
scale) (Likert, 1967) Inerimuninnei 5 sedu Tdun winfian uin duna dos uaztiosiian Lile
UspiliumafionelauazdszAvsnmunsssuy Midaunsoulanannazuunilased
5.00 - 4.50 Mingfis 1nTign
4.49 - 3.50 y1eEs 1N
3.49 - 2.50 wgis Urunan
2.49 - 1.50 vianeds Yoy
1.49 - 1.00 yanefs tosiign
Funoud 2 mafudeyanisussduiisad dmsussuuindeatnsnuiardunivain 1
fudunsmaasslinuaiafuidmhininanudiuom 15 au uasgliaudnou 15 au laglinnaes

IdszuunaznpuluuUszdiuauianaly e waunUulsssuuliliussansamasan

Science and Technology to Community 108 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




nsAATIideya
N15iATIEYRaNITUTEE LR UNARTUN SR TEUUARd ol AT ULAEARsad NN WAl

dheyana Taeldriade uavduidsavunasgussuuindealinsnuiasdunvaiinu ieasuszdu

anufianelaveaniinnuuasfldiunasUsansnmussszuy wavinadilaluimunuiuugesyuuli

AOUAUDIRDANUADINIS AR BT

NaN1578
NAN1TI8STUUAAR AT ATIIUkAE duN i uLUseanTY 2 d1u Tawn Nan1sWaIuITEUU

Uaz Nan1sUTELLUTEUU

1. wamswauLeUnAiadunsaunszuudndealinsnunasiadeduntualnudieyana
1.1 Tuduveulduing
woundnduludiuvesdadasiuauisaldauesuladiiuauninliy negldauaiuise

awmglguumyunAndaiiansendeyaadasany n1sgulnanonas wagn1IRANINEN1UEATS

GRGERYY
Visitor App
minam
= o = Y o a 1 = aw
AN 3 KUIDNITAIVELULUTDLVITUNITANFD (VU : AUEIRY, 2567)
Science and Technology to Community 109 NITInemansuazimaluladgyuvy

Vol 4 No 1 January-February 2026 : TCI 1 U1 4 alfu 1 unsPa-nuALS 2569 : TCI 1



wigssuuminem

AN 4 ‘mﬁfmamséaﬂﬁuﬁﬂéizwwﬁmm (111 : AEINY, 2567)

Wnthtanunsadinangteyavesiniaseldviintannse naduduteya vse unly uay audeyald

T

€ Jemsusedi

2NN 5 uﬁwam’iﬁaﬂﬁw,%"lgjiwuwﬁﬂmu (11 : AEIVY, TANLUAST)

MNTIHYINNTANYRIsEUUARsRalAs I uLa I el

AW 6 MNeNITIIY (11N : ANEITY, 2567)

Science and Technology to Community 110 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 Uit 4 atiu 1 INTIAL-NUAINUS 2569 : TCI 1




SIPUANEINTaRenTuNLazala

Y-MM-DD;

aswswau POF

AN 7 KTN9951897U (1NN : ABEIRY, 2567)

PRSIV L BB NG R R LR IR e R oL PR B[ g

Select a printer

AT 8 VUNDLARNINATBISTIEY (TIU : AEIRY, 2567)

Science and Technology to Community 111 NsaIinermansuazialuladdyuyy

Vol 4 No 1 January-February 2026 : TCI 1 Uit 4 atiu 1 INTIAL-NUAINUS 2569 : TCI 1



2. wan1sUszfiuanuianeladenisldssuufindaainsaunazdunivaliulagiiudayaain

[y

v Y o v o ° a a &
Lﬁ]’muﬁmj\ﬂ%ﬂ’muazwuﬂﬂu SIUIUIU 15 AU UpaUTELHUAIY

A13197 1 Han1susziiiuauianelasenisldssuuiadeadnsiulasdunivalaudsuana

(&l

518115 Ands  dudsavuinasgiu  seRuanuianela
ANuazantun1sldusEUY 4.50 0.07 flanelaanniian
ANUTALUUBIBUMBSIWE (UI/UX) 4.14 0.10 fawalaunn
AnusIaslunsihauesE Uy 4.38 0.08 analawnn
AUATUNIUYDITIATUNITYINU 4.38 0.08 analawnn
ANUgNABIveteyaluszuy 4.56 0.06 flanelaanniian
Usav5NIMBIn1SUILADUSALULTR 4.25 0.09 fanalasnn
Uszaunsalnsidaulaesiu 4.31 0.07 fanalasnn
nsatuayuNsinuesgyana 4.25 0.09 Wawalaun
ANUMNIzaNvassEUURUMSTduULgUnTalingg 4.31 0.07 wawelaun
ANURanelalunNTIUVeITTUU 4.25 0.09 fanalasnn

NN 4.22 0.08 Newalaun

NANT9 1 WU eansusziuauianelasiensldssuuinseadnsnuuazdunivaliy
(il denadegegalusuanugnieswesdeyalussuu sesasnfsnnuazantudunsldem
wazlududugauaiu Jeasvieuliiuitszuuilanunsanauausimiudeanisvesy laulidu

1 a a a a £ %4 a
28197 warduseansnnlunsitauasy

A13197 2 wan1sUssliuanuianeladenisldssuuinaeadasaunasdunivalaudisyana

(WNaU)

518015 ALady Ei'aul,ﬁml,uuuflm'ﬁg'm szAUAMUNINala
ANNAEAINIUNITLEUsTUY 4.53 0.045 flanelasnniian
ANUTALUVBIBUBSIE (UI/UX) 4.40 0.05 anelaunn
AnusIASlunsuesTUY a.47 0.04 Wanelasnn
AUATUNILYDIHIATUNITYINU 4.33 0.06 analasnn
ANUgneBvesdeyaluszuy 4.40 0.05 anelaun
UseanBAIMUBIn1sLINAo U ALULR 4.33 0.06 analaunn
Usvaunsainstaanulagsiu 4.40 0.05 Nanalaun
nsatuayunIsvinuvesieunaa 4.47 0.04 analawnn
ANUMNIzaNTasTEUUAUMSIduUUgUnsalsingg  4.40 0.05 Hawalaun
ANUNINBllUATNTINVDITEUU 4.47 0.04 anelaunn

NN 4.42 0.05 Nawalaun

Science and Technology to Community 112 NsaIinermansuazialuladdyuyy

Vol 4 No 1 January—February 2026 : TCI 1 Ui aatu1 UNTIPB-NUANUS 2569 : TCI 1



NEN5I9 2 WU man1sUsEiupuianelasenslidsr uuinseatinsiuardunivala
(wifnaw) wuihuiiildedegeaade anvazmnlunsldauszuy fiede 4.53 sosaunfe A
madlunshauresssuuataied.a7, msatuayunisihauveshoyana aade 4.47, A
welalunmsIneessyuy Aede 4.47 uwazdudy q mudiu Feastouliiiuinssuuianunse

movaueInNfoIN1svRIltLlAalusged uazliussavaninlunisldauais

n1seAUTIEHa
siteiannsndislunsiaussuuiedealinsnuuasdunivaiouldegwliussansam

N15UILUIAAAIUAITUTNITIANITAY SeUvaITaumne waznaluladfadviaudssyndly vinlv

nsrvIunIsasImsasAndanyaansiluldegradussuuiazanmiugenn &msunis usmsianis

] (Y (% L3

AEUTUNITAUAIYANIY T2 UUAMDILTINEIUIaNTausaA U LI UNAATY (LURANT d5usnune
ez aydn 9, 2562) Wudiegrslunisansseziiainissenseaiunsaunldivssvudunivalau
Wl adaslasunisdndiduilivangay anaua1dn wagyililigyanaaunsadanisnisg

[y

Fuawallddedu luruniendu wwusassademanifidisaniarsonosldds 95.30% (an¥m]
Fuiian uay Laug) Insduns, 2566) faunsatundsegndldiunisumsdanisduauallmiuly
oehailuszAvBamannTy msvesiadununinueeulal sruvaesdideneiulativen @na fi
uiAn way sAdand U13a3, 2565) lufeg1sveensld Al Chatbot Tunsdanisda dsanansoih
wuAnduusulilussuvdunwalnudelidadasausadennaniamneldazaniy anau
Futeuresnszuiunsiaang waztelitheyaraauisadanisnsedunivalldiety weundie
FuagsAudn (@ians yidy wazauy, 2564) Wik ldauisadennaidanungioawiussuy
ansnsntlinsuiumsdiiuluegadussuuuesnniitu medafuuasuivstoyadaiasay

Tsunsuansaumeaiion153nan1snzileunindgadu (Usw fugues wavany, 2562) Miauawuinig

al

Mluszuvdmsunsdanudeyafianunsasenldnuldednsings aunsausuldtiunisiaiudeya

¥ C% 1

[ va g wa [y L3 v A a £ v [ A
Hasing iy nsiivsgiinisadasau Useiinmsdunivel wazdeyaiifeitedlvieglusuuuuirne
ypnaamsadladenazilussifovuindu nmsdududeya Amuns Uran uwaz algies
3 v ¢ < o ! [ ¥ Y A v
wWAuTRY, 2566) Aanunsadiunldlunisyiensiraeunardnnsestayayains ielvdeynna
aunsainfsloyangnees wiug waztielvanansadndenyanaiwunzauiumurisnulaagied
Usg@nBnn mskdaieunazinmuanuzdadas woundiaduiienissuirnudedsalifinseisess
(Usgemns AIaNU WagAY, 2565) lausluifnieinussuukdsieuliaiunsafnniunginssuves
nutpaldanusauusuldlussvvadasauiisudufsudadasiioafvaniusvesnisadasuas
Avuan1sdun1eel WU n1sudaisuidefsimundunivel vsensudsantuznisdndentviyading

Funs1u Tuvgiszuvansaumad msuuuinlyd QR Code (13501 ATENARANNT WAzAMY, 2567)

Science and Technology to Community 113 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




Husegswesnisiimalulad QR Code unldiiteidnfsdoyaldiannsatunyssgndldiuszuy
asinsany 1wy nmsligatasanunsnains QR Code dudhiithyanaaunsaaunuiloitriedoyaisy
i UsgdRnnsduntval wazdeyadu 1 IWazminbeiiu msuiuussssaumsnivesdliuaziioyaea
Tunsiamnszuvainsay ssuutdnmneadiniuanssuild Low-Code (wssngmn dunsudy uae 3
WISe wa9Ra, 2566) wanaiuiinsly Low-Code anunsatisliiaynnaaiunsausunsssuy
admsaulimdiiuanudeinisvesesdnslaviliss uuanunsadUwalaegnesinsiwaziinudangu
szuuUmsdanssawndild SDLC way MVC (gviduvi yayniiu uasae, 2566) NM3eRNLUUSEUUT
aunsavenedamiuannsalusuianls Jsanansathinuiuldiussuvatinsauiieseadunisiamn
Tuszaze1 taznan15Anw) wuil nlrinuianela LWS1232UU6199) 18 81U8AIUAZAN
aonAdasiuMIANYIves F5ned qudng wazans (2567) Teeniuulaziamiuueundindussuy

[ =3 q v a a 4 a v ¥ = I3
LAY dUAU LLazLLammamuﬂmmuwuwazmm% IG]EJE:\JIAL“ZNWUN@'NNW\‘IWEJIQ

unagUuasdatauaunuey

sruvinsoadasuardunvainuiitaunduiaeliiheyaesauisadanistoyadading
Avuamsdunual wasdamuaniuznisatasliogazan luvusidainsannsadonuuay
nandun1uel nnuanuy wazgUusyiRnsainsvesmuiesliegnsiieniy

dorausuurlunsthluld ssuutlansailuvssgndldiunudmayanadudu 9 Wy ns
amnedunival nseusuniingu wiensdanisnisneenluesinsene q Welinszuiunisyiiay
HuszuuuaeiivsyAnsnmanniu

Torausuuzlunsiauidely mafiuiliiduduieuiulatinio sms welvigatasldsu
ToyadAgyetsmai sudafindomeuemiuiioyana Weliamisoasunmdeyanieudly

Yywmng o laazaniu

LANE1591989

FINGY YIYTAT, WYINT WINUATY Yoy FuRavInens wae Aina Nsddeu. (2567). N3
ganwuUkaziRL LIV UNAIATUsSTULIAIU AUAU wasuansrauU3y dnusuas
ARy, MITITuianTsudouasnisieas, 3(2), 36-57. https://s010.tci-
thaijo.org/index.php/jimc/article/view/1439

P35 AsznagALNS, [iBssT3n AVBIUNLAY Wa Sq1 H5IUNBUA. (2567). MIWAUITTUY
ansaumadniulnmmalulagfensian. 115a153vInsimAluladanarngsy
UNINGIFYTIVANFTUNT, 9(2), 110-124. https://ph02.tci-

thaijo.org/index.php/journalindus/article/view/255423

Science and Technology to Community 114 NsaIinermansuazialuladdyuyy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




Fnuns Urand uag algies 2edasnil. (2566). msdvaudeyauaznisieyaldly. 975975079
USISNISUNAS ML SN TTUTDIBY, 7(3), 307-324. https//s003.tci-
thaijo.org/index.php/JLGISRRU/article/view/269784

U397 Nugues, FAseu Junsans), evsny dosua, 5lin1 neduussiasy wae aaun1tadud.
(2562). nawmwlUsunsIasaumaiion1sUEMsTansiume Seunsndaunes
wﬁmmé’aLaﬂ%uLLﬁﬂwﬁaiu%’qwifmuﬂiUgm. NISFITUNIINGIFEATAAYY, 25(2), 79-91.
https://he01.tci-thaijo.org/index.php/CUTJ/article/view/168531

¥

Useens (??aaw, unAa BUNSIUNS LAz AI3y ANATNTN. (2565). msaaﬂLLUULLaﬂwam%’uLﬁaﬂﬁ%’U;
audssuasudaiiew dmsulsaldfnresese. Aaunssums, 15(2), 1-17. https://s005.tci
thaijo.org/index.php/fineartstujournal/article/view/259996

NIITNO W FUNLUIN Laz TUFAY Laafa. (2566). N1sHmLILEUNARTUTIANITNISTANLIENIIN
Suuimseeuladl | nsdifinwedtinviunnssy. 2153153 man suazialuladgouy, 1(4),
31-43. https://li02.tci-thaijo.org/index.php/STC/article/view/607

LURJANT §ouSNWIIA wag aulin 3. (2562). NSNSy UURIEmSULSINeUIa. 9758753998195
uazmalulad umIne a8 1vA UM, 2(2), 1-6. https://ph02.tci-
thaijo.org/index.php/jstrmu/article/view/245774

ana aduLen wag sidnnd U363, (2565). nsiaunszuuIssdumenwiiuladven. 275575
MYINITINNITUNIING 1085 1VAYNYAFIATIN, 4(2), 17-31. https://s003.tci-
thaijo.org/index.php/jmspsru/article/view/260680

avistiudt ygyn iy, Sswa fula way A3nsal Mudf. (2566). MasEULUIMSTANIIOR.
13315 IMemansuazialuladayuy, 1(4), 19-30. https//li02.tci-
thaijo.org/index.php/STC/article/view/598

ann¥o Fuin way lw Inddund. (2566). msumsdanmsfuuuidsalvivundnauiasonie
\Weanszozinanissersslngliuuuirassmeadamans. 19597530 m 5dmumans
inSa1e3essI T, 5(2), 84-98. http://s003.tci-
thaijo.org/index.php/prn/article/view/267615

ginsT Yeyiii, gawas lansaed, 93e lnsall uae wilan wilwna. (2564). Mmaimueundindy
o udnuusEuuURURNsLaUATOEA NSEANYISIU AB Tattoo Janineasiny. 375475
Inenmansuazsnalulad un1Inerdesivinaiasine, 1(1), 29-38. https:/li01.tci-
thaijo.org/index.php/STJS/article/view/250981

Likert, R. (1967). The Method of Constructing and Attitude Scale. Attitude Theory and.

Measurement. Fishbeic, Martin, New York: Wiley & Son.

Science and Technology to Community 115 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




08

ANSWAILIFDLUZUNNISVUNL T I UNUFIUNIUAZNTSUNISDINIS AL (98).)

Development of Advisory Media for FDA Registration

a [y} [-4
ATUTTN IUNILNA

Siraprapa Jantate

AMEATATANS UNINEI T dlny

Faculty of Education, Chiang Mai Rajabhat University
#3nsal fudar

Sirikorn Kankhat*

A INEIAERswasAlUlas W Ing1aesAL el

Faculty of Science and Technology, Chiang Mai Rajabhat University
E-mail : 65121867@g.cmru.ac.th and sirikorn@g.cmru.ac.th*

*Corresponding author
(Received: 7 February 2025, Revised: 1 November 2025, Accepted: 4 November 2025)
https://doi.org/10.57260/stc.2026.1065

UNANED

a ‘:’"
JT1UI98U

a o

Uszasd 1) ewmundeuurihnistung Seusudinnuanenssunisemis
uazen () uay 2) itednwanuiaelansldrudeuusinistunsfoy e Userns fewadhu
Tushuaindne snnoudluns Savinidedlal donnguiiog19aInnsduuuURIza Usznaude
fusznouns uasidmiiniasy S1ua 10 au iesdefldlunisideuszneudas 1) Fouurthnsty

Y =

neilgu 9. NaN15as19EINNITUTEEUINALTLINEY Seauaun mvesdeliseauaudilaly

9

SEAULNN ANRRUMINY 3.68 kazd@ Ut TgbUULINTFIUYNNY 0.071a% 2) LUUUSEIUAIIURIND LD

<9

£%
v a

AT UABLULENINSTUSETEU 98, FINNANITIVEAIT 1) FoLUzUINISTUSEITYUY 98, @1U150aN
nawazaNuRanaalagldansawisuenasLarumveliegegnsies ey 2) nauseiduaiy
NINa1INTIBINUE DR ULUINISTUNLLTEU B8, FLASIEUNANINADANILANRAY hazdIULD 89U

I U d‘ ¥ U d‘
W35 agluszAuinyian Mmudnade 4.57

AdAny: douuriuszvns gUsenouns mstunzideu ee.

Science and Technology to Community 116 NITInemansuazimaluladgyuvy
Vol 4 No 1 January-February 2026 : TCI 1 I aatu1 UNTPL-AUATLS 2569 : TCI 1




Abstract

This research aims 1) to develop a media guide for registration with the Food and Drug
Administration (FDA) and 2) to study the satisfaction of the population using the media guide
for registration with the FDA. The sample consisted of 10 people from the villagers in Kuet
Chang Subdistrict, Mae Taeng District, Chiang Mai Province. The sample was selected through
a specific random sampling method, consisting of entrepreneurs and government officials. The
research tools consisted of: 1) Media recommending FDA registration. The results of media
creation from the evaluation by experts. The level of media quality has a high level of
understanding, with an average of 3.68 and a standard deviation of 0.07. 2) Satisfaction
assessment form for using the FDA registration media, which has the following research results:
1) The media recommends FDA registration. It can reduce time and errors by allowing users
to prepare documents and submit applications correctly. 2) The results of the satisfaction
assessment of the use of the FDA registration media were analyzed statistically with the mean

and standard deviation at the highest level with an average of 4.57.

Keywords: Media recommendations for the population, Entrepreneurs, FDA registration
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