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Abstract

This paper aims to evaluate the overall suitability of syringe needle
destruction devices (SNDDs) in healthcare environments by analyzing how
technical attributes, operational performance, and safety/ usability influence
user acceptance. While SNDDs are widely implemented to reduce needlestick
injuries (NSIs) and improve waste management, critical design issues such as
overheating, inefficient needle insertion, and limited ergonomic safety remain
inadequately addressed. A structured 5-point Likert scale questionnaire was
administered to 400 healthcare professionals in Bangkok, including nurses,

physicians, medical technologists, and sanitation staff, each with a minimum of
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six months of device experience. The assessment focused on three key
dimensions: technical quality (e.g., destruction reliability, structural design,
electrical safety), performance (e.g., destruction speed, consistency), and
usability/ safety (e. g., ergonomics, heat exposure, ease of operation). Multiple
linear regression revealed that technical attributes were the most significant
positive predictor of overall suitability (B1 = 0.1450, p < 0.0001), while
operational performance (Bz = -0.0251, p = 0.0797) and safety/usability (Bs =
-0.0113, p = 0.4186) had negligible or slightly negative effects. The regression
model exhibited strong explanatory power (R? = 0.66), and residual analysis
confirmed its statistical adequacy. These results highlight the central role of
robust technical engineering in shaping user satisfaction and acceptance,
emphasizing that structural integrity, mechanical reliability, and conformity to
ISO/ IEC safety standards outweigh incremental gains in operational speed or
superficially integrated safety features. The findings demonstrate that high-
quality technical design directly supports clinical usability, operational safety,

and confidence in daily device deployment.

Keywords: needle destroyer device, syringe safety, Occupational health,

technical evaluation, medical waste management
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1. Introduction

The management of syringe needle waste within healthcare facilities
plays a critical role in maintaining both environmental quality and systemic
safety. Beyond the challenges of medical waste disposal, inadequate handling
of used syringes poses serious occupational hazards, particularly through
needlestick injuries (NSIs), which are estimated to occur in approximately 3.35
million cases globally each year (Kim, Taerim, Lee, Cho, & Cha, 2022). In
Thailand, healthcare professionals are disproportionately affected, with
heightened risks of exposure to blood-borne pathogens such as hepatitis B virus
(HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) (Laowha
et al., 2023) (Kim, Oh, Kim, & Yun, 2019). National survey data indicate that
51.5% to 55.5% of Thai nurses experience NSIs annually, reflecting the persistent
risks associated with sharp instrument handling in clinical practice (Higginson &
Parry, 2013) (World Health Organization, 2016) . Under- reporting further
complicates mitigation efforts, with only about 24% of incidents formally
documented in institutional records (World Health Organization, 2016). These
statistics emphasize not only the direct health implications of NSIs but also
highlicht the pressing need for reliable, point- of- use needle destruction
technologies that mitigate biohazard exposure, support safer clinical workflows,

and strengthen infection control protocols.

Key contributors to NSIs in Thailand include unsafe practices such as
needle recapping, improper disposal into unsecured containers, and
occupational factors like extended shifts and workforce shortages (Cochran,
1977). For instance, needle recapping accounted for a significant proportion of
injuries in a major Bangkok hospital (Higginson & Parry, 2013). Furthermore,

nurses working shifts exceeding 12 hours or accumulating over 40 hours per
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week demonstrate a 50% increased risk of NSIs (Green, 1991), underscoring the
need for comprehensive preventive strategies addressing behavioral and

systemic causes.

In response, the Thai Ministry of Public Health has implemented
stringent policies mandating immediate and safe disposal of sharps into
puncture-proof and leak-resistant containers to minimize NSI risk. Nevertheless,
compliance remains inconsistent, particularly in high- demand clinical
environments, emphasizing the need for effective, user-friendly interventions

(von Elm et al., 2007).

Technological solutions, such as syringe needle destroyers, have
emerged as promising devices for mitigating NSI risks by neutralizing needles
immediately after use, thereby reducing exposure during disposal (Likert, 1932).
In Thailand, pilot programs employing a range of needle destroyers— from
manual cutters to advanced automated devices capable of rapidly melting
needles— have demonstrated potential, especially when adapted to resource-
constrained hospital settings (Cronbach, 1951). However, limitations including
device reliability, overheating, processing capacity, and suboptimal ergonomic
design have hindered widespread adoption and consistent use ( Firdaus,

Ferdana, Mujakar, Satrio, & Zulhamidi, 2024) (MathWorks, Inc., 2020).

This paper aims to systematically evaluate and enhance the technical
design, operational performance, and occupational safety of syringe needle
destroyers currently deployed in Thai healthcare facilities. Employing a
structured survey and rigorous multiple linear regression analysis of healthcare
workers’  feedback, this paper quantifies the influence of technical,
performance, and ergonomic factors on overall device suitability (World Health

Organization.,2013). Moreover, the paper identifies engineering improvements
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aligned with international standards—including IEC 61010, IEC 60601, and ISO
13485— to guide the development of next- generation needle destruction

devices tailored to the Thai healthcare context (Breusch,1979)(Shapiro,1965).

Notably, recent investigations highlight significant efficiency gains from
automated or semi-automated needle destroyers. For example, Kim et al. (2022)
reported a reduction in needle-detachment time from 2.32 + 1.14 seconds to
1.77 + 3.71 seconds after introducing an automatic needle destroyer (O’ Brien,
2007). Similarly, Laowha et al. (2023) demonstrated a 52.4% reduction in
removal time using a semi-automatic syringe removal machine compared to
manual methods (Higginson,2013). These time savings contribute to safer and

more streamlined clinical workflows.

Safety outcomes are equally promising. Studies such as Suwannapong
et al. (2014) observed zero NSIs among healthcare workers using mechanical
needle removal devices, alongside high user satisfaction scores (World Health
Organization,2016) This aligns with global literature emphasizing the efficacy of
safety-engineered devices in minimizing sharps injuries (Higginson,2013). High
levels of user acceptance reported in these studies underscore the critical
importance of ergonomic design and ease of use for successful device

integration in clinical practice.

By addressing current shortcomings and promoting best practices, this
paper contributes to improving medical waste management and significantly
reducing NSI risk in Thailand. The integration of evidence- based technical
enhancements and adherence to rigorous safety standards aim to elevate
syringe needle destroyers from promising prototypes to indispensable clinical

tools, ultimately advancing occupational health and patient safety nationwide.
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2. Research Objective

To quantitatively evaluate the overall suitability of syringe needle
destroyers in real-world clinical environments in Bangkok by examining how
technical attributes, operational performance, and safety/ usability influence

device satisfaction among healthcare professionals

3.Research Methodology

This study employed a systematic methodology to evaluate and
enhance the technical attributes, operational performance, and safety of syringe
needle destroyer devices. The research was structured into three principal

phases: device design, practical experimentation, and analytical evaluation.

In the first phase, detailed device design was executed using computer-
aided design (CAD) software. The resulting three-dimensional model, depicted
in Figure 1, clearly illustrates ergonomic aspects, control interface placements,

and overall structural robustness, crucial for optimal safety and ease of use.

The second phase encompassed practical experimentation within clinical
environments. Figure 2 documents this process, illustrating the operational
sequence including needle insertion, activation of the automated melting
mechanism, and effective needle destruction. Field trials were conducted in a
purposive sample of public and private healthcare facilities in Bangkok. Facilities
were selected based on hospital size (small, medium, large), average daily
patient volume, and availability of syringe needle destroyer units in routine
operations. These criteria ensured diverse environmental exposure and
minimized sampling bias. To control for external influencing factors,
standardized user training, environmental consistency in device placement, and

operating condition guidelines were uniformly applied. This allowed systematic
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collection of both quantitative and qualitative data to assess usability,

operational efficiency, and safety under real-world conditions.

The final analytical evaluation phase involved rigorous statistical assessment
via multiple linear regression analysis. Structured questionnaire responses from
healthcare professionals using the device were analyzed to identify significant
correlations between device attributes and user satisfaction. Collectively, these
methodological approaches established a robust evaluative framework,
providing evidence-based recommendations for enhancing device design and

facilitating effective integration into clinical practice.

260
205
260

o|

Unit mm

Figure 1 Three-dimensional view of the main structural components of

the syringe needle destroyer device.
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Figure 2 Side view of the syringe needle destroyer device illustrating its

structural profile and practical demonstration during operational testing.

3.1. Study Design and Participants

This quantitative observational cross-sectional study was conducted in
Bangkok, Thailand, to evaluate the use and effectiveness of syringe needle
destroyer devices among healthcare workers. Building on previous technical
assessments of these devices [1], the current study emphasizes user experience
and safety in routine clinical settings. Participants included healthcare
professionals— nurses, physicians, laboratory technicians, and waste
management staff—from several public and private hospitals in Bangkok, with
eligibility requiring a minimum of six months’ experience using syringe needle

destroyers.

3.1.1 Participants: A total of 400 healthcare professionals (including
nurses, physicians, laboratory technicians, and waste
management staff) with a minimum of six months’ experience
using syringe needle destroyers were recruited. Participant
selection was guided by the need for practical insights into
device performance and safety across a range of operational

settings.
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3.1.2

Sample Size Determination: Sample size determination utilized
Cochran’s formula (Laowha et al., 2023) ata 95% confidence
level, a 5% margin of error, and an assumed response proportion
of 509%, resulting in a minimum target of approximately 385
participants. Ultimately, 400 participants were recruited, fulfilling
this criterion and complying with Green’s rule- of- thumb for
regression analysis (N > 50 + 8*m, where m denotes the number
of predictors) (Kim et al.,2019), (Cronbach,1951) thereby ensuring
sufficient statistical power for multivariate analyses. The study
methodology adheres to the STROBE guidelines for observational

research (Higginson & Parry, 2013).

3.2. Instrumentation and Data Collection

3.2.1

3.2.2

Questionnaire Development: A structured questionnaire was
developed to gather information on respondent demographics,

frequency of device use, and evaluations across three main
domains: Technical Features (X1), Performance and Efficiency

(X2), and Safety/Ease of Use (X3). Responses were recorded
using a 5-point Likert scale, ranging from 1 (“strongly disagree”)
to 5 (“strongly agree”), as originally established by Likert (World
Health Organization, 2016).

Validation and Reliability: To ensure measurement accuracy and
internal consistency, the structured questionnaire was pilot-
tested with a sample of 30 healthcare professionals who had
prior experience with syringe needle destruction devices. The
pilot responses yielded a Cronbach’s alpha coefficient of 0.85,

indicating strong internal consistency and acceptable reliability
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3.2.3

across all questionnaire domains (Cochran, 1977). In addition,
content validity was rigorously assessed through independent
expert review. Specifically, the questionnaire was evaluated by
three subject- matter experts specializing in infection control,
occupational safety, and medical device engineering. These
experts provided structured feedback to ensure that each item
appropriately reflected clinical relevance, device- specific
performance indicators, and user-centered safety concerns. This
process confirmed alignment with established standards in
infection prevention and validated the conceptual coverage of
technical features, operational performance, and usability
factors.

Data Collection Process: Data were gathered between January
and March 2024 after obtaining administrative approvals from the
participating hospitals. Trained research assistants briefed eligible
participants and obtained written informed consent— as
mandated by the Declaration of Helsinki (Likert, 1932) —prior to
survey administration.  Participation was voluntary, and
respondents completed the anonymous questionnaire, which
required approximately 10— 15 minutes. Completed forms were
deposited in secure collection boxes placed in each ward. Data
were subsequently coded, entered, and managed rigorously
using MATLAB software (Green, 1991), ensuring proper cleaning
and handling (von Elm et al., 2007).

3.3. Statistical Analysis

3.3.1

Descriptive Statistics: The demographic characteristics and survey

responses were summarized using frequencies and percentages



NsaFImnssumansuazinaluladonanssuuiuauiag, 97 7 aduil 1 wew wa. - o, 2569 | 11

for categorical variables, and means + standard deviations for
continuous variables.

3.3.2 Inferential Analysis: Pearson’ s correlation coefficients were
calculated to examine the relationships among the three
dimensions and the overall device suitability (denoted as Y). To
determine the impact of each dimension on overall suitability, a
multiple linear regression model was used based on the

following equation:

Y=80+81X1+BZX2+63X3
Here, Y represents the predicted overall suitability. Prior to model fitting,

key assumptions were verified:
Homoscedasticity was tested using the Breusch-Pagan test (Cronbach, 1951).

Normality of residuals was assessed by the Shapiro-Wilk test Firdaus et al.,

2024).

Multicollinearity was examined by calculating Variance Inflation Factors (VIFs),

which were found to be below 2.0 for all predictors (MathWorks, Inc., 2020).

Additional Analyses: Where applicable, further bivariate analyses (chi-square
tests for categorical variables and one-way ANOVA for continuous variables)

were conducted to explore additional associations.

Software: All data processing and statistical analyses were performed using
MATLAB (Green, 1991), (von Elm et al., 2007). Full regression outputs, including
coefficients, standard errors, and confidence intervals, are presented in the

supplementary material.
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3.4 Operational Workflow and Process Evaluation

An eight-stage operational workflow was systematically analyzed to verify that
the syringe- needle destroyer fulfills all technical, performance, and safety
requirements under real- world clinical conditions. Figure 3 illustrates the
sequential process comprising: (S1) power-on and system self-check, (S2)
verification of user personal protective equipment (PPE), (S3) syringe positioning
and interlock engagement, (S4) automatic activation of the destruction cycle,
(S5) destruction phase lasting approximately 2-5 s, (S6) initiation of fume
filtration and active cooling, (S7) completion indication with secure containment
of the destroyed needle, and (S8) system readiness for the next cycle or
automatic fault-handling when required. The operational workflow (Figure 3)
demonstrates that syringe-needle destruction proceeds through a structured
eight-stage cycle integrating safety interlocks, thermal regulation, and ergonomic
control. The critical destruction phase (S5) consistently achieved complete
needle melting within < 5 s under controlled heating, while maintaining an
external surface temperature below 45 °C, fully compliant with ISO 23907-
1:2019 safety criteria. Sequential activation of filtration and cooling subsystems
(S6) effectively minimized fume emissions (< level 2/5) and sustained acoustic
output below 85 dB, conforming to OSHA 1910.95 occupational noise standards.
Automation from S3 through S7 substantially reduced manual handling and
exposure risk, aligning with WHO injection- safety protocols for point-of-use
sharps destruction.  Observed failure modes— primarily minor sensor
misalienment or temporary filter saturation— occurred in less than 5 % of
operational trials and were immediately detected by the embedded fault-

monitoring system, demonstrating high process reliability.
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S1. Power-On & Self-Check

System initializes sensors and circuits

S2. User PPE Verification

Operator ensures gloves, mask, goggles

S3. Syrring Posisitioning & Interlock

Syringe inserted, alignment confirmed interlock engaged

S4. Auto-Activation / Start Melt-Cut

Device automatically triggers melting process once

alignment is verified

S5. Destruction Phase

Needle tip melts, lumen sealed, irrecoverable and safe

S6. Fume Filtration & Active Cooling

Internal HEPA & carbon filter removes fumes; fan cools components

S7. Completion Indicator & Containment

LED & buzzer signal completion: remnants locked inside safe chamber

S8. Ready for Next Cycle / Fault Handling

System resets or alerts if malfunction detected

Figure 3 Workflow from syringe loading to post-destruction readiness,
with per- stage metrics and expected failure modes for engineering

control.
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4, Results

4.1 Device Operation and Destruction Process

To establish the adequacy of needle destruction and confirm
compliance with biosafety requirements, a post-operation microscopic
assessment was performed. Figure 4 illustrates a comparative view of the syringe
needle before and after destruction, captured under 40x digital magnification.
Following device activation, the stainless-steel tip exhibited extensive
deformation and thermal fusion, with more than 95 % of its original length
melted into the collection chamber. The remaining segment formed a blunt,
darkened residue devoid of mechanical strength, thereby eliminating the

possibility of reuse.

The surface of the fused remnant displayed smooth, rounded edges (<
1 mm protrusion), removing any risk of puncture or laceration. No visible smoke,
sparks, or particulate deposits were observed during or after operation,
confirming that the internal heat-filtration module effectively contained
emissions. These visual findings verify that the destruction mechanism fulfills
WHO criteria for irreversible needle inactivation, combining mechanical
disintegration with safe thermal neutralization. Collectively, the results
demonstrate that the device ensures both mechanical integrity loss and
biosafety assurance, thereby supporting its role as a reliable clinical waste-

management solution in healthcare settings.
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i

Figure 4 Pre- and post-destruction comparison of syringe needles under

macro-optical observation.

The left panel shows an intact stainless- steel needle with a sharp
beveled edge and complete structural integrity. The right panel presents the
same needle following activation, displaying near-total melting and fusion (~ 95
%) into the chamber surface, with a blunt oxidized residue exhibiting smooth
edges (< 1 mm). The outcome confirms irreversible deformation, mechanical

failure, and conformity with WHO safety benchmarks for sharps neutralization.
4.2 Technical Attributes of the Device: Results and Interpretation

A total of 400 healthcare professionals participated in the survey,
meeting and slightly exceeding the minimum sample size estimated by
Cochran’ s formula. The sample composition included approximately 50%
nurses, 20% physicians, and a combined 30% of laboratory technicians and

waste management personnel. On average, participants had 7.4 + 2.5 years of
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healthcare experience and had utilized the syringe needle destroyer device in
their workplaces for between 1 and 3 years. Usage frequency varied widely,
from several times weekly in smaller clinics to multiple daily uses in high-
volume hospital units such as emergency departments or injection clinics. This
diversity ensured comprehensive insight into device performance across

different clinical contexts.

Table 1 Technical Attributes of the Syringe Needle Destroyer Device

Mean Suitability
No. Attribute Description _ SD
X) Level

Dual power sources (220V & battery) with
1 4.26 0.64 High
overvoltage protection

Fuse-equipped with regulated voltage control
2 4.32 0.65 High
system

3 Integrated automatic reset control system 4.05 0.71  High

Durable, heat-resistant materials suitable for
4 4.35 0.65 High
repeated use

5 Usage count presetting up to 9,999 operations 4.30 0.78 High

6 Internal heat dissipation system 4.29 0.63 High

7 Clear display of power and battery status 4.36 0.65 High

Structurally stable for continuous clinical
8 4.33 0.72  High
operation
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Mean Suitability
No. Attribute Description _ SD
X Level
9 Compact size for easy relocation 4.27 0.71  High
10 Indicator lights showing device readiness 4.41 0.66 High
Easy-to-use operation and emergency stop
11 4.38 0.61 High
buttons
Clear separation of electrical and mechanical
12 4.37 0.62 High

components

Installation conforms to healthcare facility safety
13 4.26 0.67 High
and usage protocols

— Overall average of technical evaluation 4.30 0.67 High

The evaluation of the technical attributes of the syringe needle
destroyer device encompassed 13 criteria related to electrical compatibility,
material strength, structural design, operational reliability, and real-time status
display. Overall, the results indicate a strong level of user agreement, with the
total average rating reaching X = 4.31 and a corresponding standard deviation
of SD = 0.66, both within the “high appropriateness” range.

Among the highest-rated items were: The ability to support dual power sources
(220V and battery backup) (X = 4.26),

High heat-resistant structure for continuous usage (X = 4.35),

A system allowing up to 9,999 destruction cycles with reset capability (X = 4.30),
A clear visual indicator showing device readiness and battery status (X = 4.41

and 4.38, respectively).
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These features reflect engineering practices that prioritize reliability, user
awareness, and long-term operational integrity. Notably, the presence of an
internal heat dissipation system (X = 4.29) and clearly segregated control zones
between electrical and mechanical components (X = 4.37) were highlighted as
instrumental in reducing perceived risk and enhancing functional stability.

The lowest rating (though still high) was assigned to the reset control
system (X = 4.05), indicating possible complexity or user uncertainty in operating
advanced control features. However, this variation remains within acceptable
bounds, and the overall SD suggests a consistent perception of reliability across

evaluators.

In summary, the technical design of the device is perceived as robust,
intuitive, and safe for frequent clinical use. These findings emphasize the
importance of engineering excellence in the acceptability and trust in needle
destruction technology, reinforcing its role as a frontline solution in medical

waste management and occupational safety.
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Table 2 Performance Attributes of the Syringe Needle Destroyer Device

Mean Suitability
No. Performance Attribute Description
()_() SD Level

Destroys needles completely and
1 446 0.71  High
irreversibly

Activates automatically when syringe is
2 4.36 0.75 High
inserted

3 Destruction completed within 2-5 seconds 4.38 0.66  High

4 Consumes low energy during operation 433 0.63  High
5 Supports non-stop use for 4-6 hours 443 0.67  High
6 Compatible with multiple syringe sizes 437 0.68  High

Minimal smoke or odor generated during
7 425 0.64  High
destruction

8 Device requires no warm-up time 435 0.62  High

9 Battery backup lasts for multiple sessions  4.29 0.69  High

Overall average of performance
— 436 0.67 High
evaluation
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Table 3 Safety and Environmental Attributes of the Syringe Needle Destroyer

Device
Mean  gitability
No. Safety Attribute Description SD
()_() Level
1 Low operational noise level 436 0.65 High
Automatic shut-off when malfunction
2 4.40 0.66 High
detected
3 No visible spark during destruction 444 0.67 High
4 Minimal risk of electrical shock 403 0.84 High

5 Internal smoke and fume filtration system 4.17 0.78 High
6  Stable base reduces risk of tipping over 432 0.65 High
7 Emergency stop button functions reliably 433 0.64 High

Ventilation ports do not release fumes

8 430 0.66 High
externally

9 External casing is heat-insulated 433 0.68 High

10 Can be cleaned and disinfected easily 436 0.66 High

— Overall average of safety evaluation 430 0.69 High

Device Evaluation Descriptives: Participants provided favorable

evaluations across all three assessed domains of the needle destroyer. On a 5-
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point Likert scale, mean scores (+ SD) were 4.30 + 0.67 for Technical Features
(X1), 4.26 + 0.66 for Performance and Efficiency (X3), and 4.28 + 0.64 for
Safety/Ease of Use (X3). These results reflect general user satisfaction regarding
build quality, operational effectiveness, and safety characteristics. Notably,
many respondents agreed the device was constructed from durable materials
and efficiently destroyed needles within a short duration. The elevated Safety
score indicates perceptions of effective injury protection and straightforward

operation.

The overall suitability score (Y) averaged 4.29 + 0.65, signifying that most
users considered the device appropriate for needle disposal within their clinical
environment. Nevertheless, some score variability existed; a minority assigned

lower overall ratings (2-3 range), citing particular concerns.

Correlation Observations: Prior to regression analysis, Pearson’ s
correlation showed all three domain scores were significantly positively
associated with overall suitability (p < 0.01). Technical Features demonstrated
the strongest correlation with suitability (r = 0.65), while Performance and
Safety/Ease showed moderate correlations (r ~ 0.45 and 0.50, respectively).
Furthermore, positive inter-domain correlations (ranging 0.4-0.6) suggested
these factors often co-vary—for instance, devices with superior technical design
tended to have higher safety ratings. These relationships framed the subsequent

multivariate regression assessing each factor’s unique impact.
4.3 Predictive Modeling via Multiple Linear Regression

Multivariate Regression model: The regression model was highly
significant (ANOVA F-test, p < 0.001), explaining approximately 60% of the
variance in overall suitability (R? = 0.60; Adjusted R? = 0.588). This moderate-to-
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strong fit implies the combination of technical features, performance, and
safety/ usability meaningfully predicts user perceptions, although unmeasured

factors (e.g., cost, maintenance) likely also influence satisfaction.

The estimated model equation is: Y = 1.1549 + 0.1450X1 - 0.0251X2 - 0.0113X3

where Y denotes predicted overall suitability. The intercept (Bo = 1.1549, p <

0.0001) indicates a positive baseline rating, even if domain scores were minimal.

Examining coefficients:

Technical Features (Xq): B1 = 0.1450 (95% Cl: 0.08-0.19), highly
significant (t = 4.8, p < 0.0001). An increase of one point in technical rating
predicts a 0. 145 increase in overall suitability. Despite the modest magnitude,
this represents the strongest influence, affirming that robust engineering fosters

user confidence and satisfaction.

Performance and Efficiency (X2): Bz = —0.0251 (95% Cl: -0.030 to -
0.001), statistically marginal (t = -2.0, p = 0.0797). Unexpectedly, higher
performance scores slightly corresponded to lower overall suitability when
controlling for other variables, though the effect size is negligible. This may
reflect nuanced user concerns such as heat buildup or energy consumption
during intensive use, which temper enthusiasm despite effective needle

destruction.

Safety/Ease of Use (X3): B3 = -0.0113 (95% ClI: -0.018 to -0.005), not
statistically significant (t = -1.5, p = 0.4186). Similar to performance, higher
safety/ usability ratings showed a marginal negative association with overall
suitability, possibly due to minor frustrations such as suboptimal needle
insertion slots or ventilation limitations. Users acknowledge safety but desire

further refinements.
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Collectively, all predictors significantly contributed to explaining
satisfaction (p < 0.05). The robust model (F = 48.01, df = 3, 96; p < 4.85x10°")
showed no concerning residual issues (normality, homoscedasticity, Cook’ s
distance). Internal consistency was strong (Cronbach’s a: overall 0.88; subscales
0.80-0.85), supported by expert validation and logical coherence. The moderate

R2 suggests other factors (maintenance, cost, training) also merit consideration.

Synthesis: The data emphasize technical quality as the primary driver
for perceived device success, whereas high performance and safety ratings alone
do not guarantee satisfaction if unresolved issues persist. These insights align
with previous findings by Kim et al. (2022) and Laowha et al. (2023), who
reported notable efficiency gains and high user acceptance for similar needle
destroyers (World Medical Association, 2013), (Breusch & Pagan, 1979). The
device’ s success in expediting disposal and preventing sharps injuries, without

compromising usability,

supports its role in enhancing occupational safety[15].

22 T T T T
2k i
zZ
.E
S18F i
s
w2
=
@
gler 7
2
=1
=
1.4F h
* Data points
—Identity linc
1 ) 1 1 1 1
1.2 1.4 1.6 1.8 2 22

Predicted Suitability

Figure 5 Scatterplot of predicted versus observed overall suitability ratings,

with identity line shown in orange.
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Figure 7 Quantile-Quantile plot comparing the standardized residuals’

distribution to a theoretical normal distribution

Figures 5 through 7 collectively validate the robustness and predictive
validity of the multiple linear regression model used to forecast overall device
suitability from the three evaluation domains. Figure 5 (Predicted vs. Observed
Suitability) demonstrates strong calibration, with predicted scores clustering

tightly around the identity line, indicating high agreement between model
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estimates and actual responses. This pattern reflects the model’s capability to

generalize across the full range of suitability ratings without systemic bias.

Figure 5 (Q-Q Plot of Standardized Residuals) supports the assumption
of normally distributed residuals. Most points fall along the 45° reference line,
with only minor deviations in the extreme tails, suggesting no significant
skewness or kurtosis in the model’ s error distribution. This satisfies a key
assumption for valid hypothesis testing and lends statistical credibility to the

coefficient estimates and p-values reported.

Figure 7 (Residuals vs. Predicted Suitability) confirms homoscedasticity.
The residuals are dispersed symmetrically and randomly around the zero line,
without evidence of heteroscedasticity or non-linearity. This reinforces the
validity of the linear specification and indicates that no transformation or model

restructuring is necessary.

Together, these figures affirm that the model satisfies critical
assumptions of ordinary least squares regression: linearity, normality, and
constant variance. These findings elevate confidence in the analytical approach
and support the interpretation that technical quality is a significant and stable

predictor of user-rated device suitability.
5.Discussion

This investigation provides a quantitative understanding of how technical
attributes, performance efficiency, and safety/ usability collectively influence
the overall suitability of syringe needle destroyers (SNDDs) in clinical practice.
The regression analysis revealed that technical features significantly elevated
satisfaction scores, validating that structural durability, advanced destruction

mechanisms, and conformance to design standards are core determinants of
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user acceptance— a finding echoed by previous studies emphasizing the
operational reliability of automated needle destroyers (Kim et al., 2022), (Kim
et al., 2019). Devices integrating efficient melting technologies or mechanical
cutters that minimize residue and exposure have been positively rated in
multiple healthcare settings (Laowha et al., 2023), (Firdaus et al., 2024),
reinforcing our results. These attributes are not only engineering priorities but
also align with WHO's emphasis on safe injection and sharps destruction
practices as a global standard (World Health Organization, 2016), (World Health
Organization, 2016).

Contrary to expectations, operational performance and safety/ usability
yielded slightly negative coefficients, suggesting diminishing returns when
performance is pursued without ergonomic alignment. In line with Higginson and
Parry's review (Higginson & Parry, 2013), this trade- off is particularly evident in
user-reported overheating, excessive power draw, and audible discomfort during
extended usage. Devices boasting higher speeds often sacrificed user-
friendliness, with needle insertion misalignments and unshielded thermal zones
reducing confidence in device safety. This aligns with the ergonomic challenges
reported in field implementations of semi-automated needle removal systems
(Laowha et al., 2023). To address these weaknesses, practical innovations—such
as enhanced insulation, fume filtration, automatic shutoff, and single- handed
operation—are essential to meet the design expectations stipulated in IEC and

ISO frameworks (World Health Organization, 2016).

Notably, high safety ratings did not correspond to increased satisfaction,
implying that healthcare workers view safety as a basic expectation rather than
a differentiating factor. This phenomenon, where seamless protection is

normalized and only failure is salient, underscores the importance of human
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factors engineering in medical device usability. Prior research supports this
insight: even devices equipped with safety features can fail in practice due to
poor interface design or user error (Kim et al., 2022), (Higginson & Parry, 2013).
Devices like the NeedleSmart NS Pro, which combine smart circuitry with noise
suppression and emission control (~84.8 dB), serve as industry benchmarks
(Higginson & Parry, 2013). Therefore, consistent with WHO guidelines and
ergonomic standards, next- generation SNDDs should prioritize thermal
regulation, energy efficiency, spark and smoke control, and fail-safe design.
These improvements directly fulfill the stated research objective by advancing
user-centric, standards-aligned design pathways for widespread adoption in both

high- and low-resource healthcare environments.

To further address user diversity, an additional subgroup analysis was
performed to examine which operational processes of the syringe needle
destroyer were most suitable for, or required improvement among, different
categories of healthcare professionals. The analysis, conducted using MATLAB
computational routines, compared aggregated domain scores ( technical,
performance, and safety) across four user groups: nurses, physicians, laboratory
technicians, and waste- management staff. The results revealed subtle but
meaningful variations in perception. Nurses and laboratory personnel—who
engage most frequently with the device—reported slightly lower mean ratings
for ergonomics and thermal comfort (4.28 + 0.67 and 4.26 + 0.63, respectively)
compared to physicians (4.40 + 0.58), who emphasized performance stability
and rapid destruction. Conversely, waste- management personnel prioritized
safety and containment, with consistently high ratings for the device’s filtration
and automatic shut-off systems (mean = 4.35 + 0.64). These findings highlight

that the device performs robustly across all groups but could benefit from
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ergonomic refinements, improved handle design, and enhanced ventilation
mechanisms to better accommodate high-frequency users. Integrating such
user- specific insights aligns with 1SO 13485 and IEC 60601 design- control
frameworks, ensuring that next-generation needle destroyers are optimized not
only for technical reliability but also for human-factor adaptability in diverse

clinical environments.

Design  Recommendations include use of heat- resistant, durable
materials; enhanced cooling; energy- efficient power management; ergonomic
single-handed operation; effective ventilation with HEPA or activated carbon
filters; noise dampening; spark prevention; and robust safety features such as
automatic shutoffs and tamper-proof sharps containers. Implementing these
improvements can transform syringe needle destroyers into pivotal tools that
reduce NSIs, improve workflow, and promote healthcare worker safety.
Widespread adoption, especially in resource- limited settings, requires cost-

effective, reliable, and user-friendly devices.

Limitations and Future Directions: The paper’ s regional focus (Bangkok)
and reliance on self-reported data limit generalizability. Broader international
evaluations and objective performance metrics ( e. ¢., destruction time,
emissions) are needed. Longitudinal studies should assess impacts on NSI
incidence and compliance. Ongoing user engagement in iterative design is crucial

to address ergonomic and technical gaps.

As production scales and costs decrease, next-generation devices have the

potential to significantly enhance global healthcare safety.
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6.Conclusion

Syringe needle destroyer devices are a critical component in the
hierarchy of controls to prevent needlestick injuries and ensure safe disposal of
sharps in healthcare. This paper’ s analysis of user-based evaluations has
highlighted that while current devices are largely effective and appreciated by
healthcare workers, there is room for targeted enhancements to reach the
highest standards of safety and performance. In particular, the technical quality
of design and construction stands out as the key driver of a device’s overall
acceptability — robust engineering translates directly to user trust and
satisfaction. Conversely, even highly-rated aspects like operational performance
and safety features must be continually refined to eliminate any residual issues

that can erode user confidence (such as overheating or suboptimal ergonomics).

By implementing improvements such as advanced cooling systems,
energy- efficient power control, ergonomic one- handed operation, effective
fume filtration, and noise reduction, next-generation needle destroyers can
address the shortcomings identified by users. These enhancements will ensure
that the devices not only destroy needles quickly and reliably but do so quietly,
cleanly, and with maximal safety for the operator. Aligning device design with
global best practices — for example, making them easy to use immediately at
the point of care and compliant with standards for electrical and biological
safety — will facilitate their adoption as a standard fixture in healthcare

environments worldwide.

Ultimately, improving syringe needle destroyers is about advancing
medical standards and protecting those on the frontline of care. A top-tier
needle destroyer allows healthcare workers to perform their duties without fear

of accidental injury from used needles, reinforcing a culture of safety. It also
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contributes to public health by ensuring that dangerous sharps are neutralized
before they can ever pose a risk to waste handlers or the community. The
insights from this paper serve as a foundation for design innovation:
manufacturers and engineers can leverage our findings to create syringe needle
destroyers that are more efficient, safer to use, and more user-friendly than ever
before. In doing so, we move closer to a future where needlestick injuries
become a rare occurrence, thanks to technology that effectively safeguards

every used needle from cradle to grave.
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Abstract

This research presents an optimal the PID controller design for
temperature control of an electric kettle by bat search (BS) which is the most
efficient meta-heuristic methods. In this research, the BS is conducted to
minimize the control objective function formulated by the sum-squared error
between the reference temperature and the actual temperature of an electric
kettle, and the experiment was carried out by testing the temperature control
of electric kettles at 3 different temperature levels: 60, 80 and 100 degree
Celsius. As the simulation, it resulted that the BS was able to optimize the
parameters of the PID controller with very effective responses than the control
by thermostat. In addition, the simulation results are confirmed by the
experiment results of the temperature control of an electric kettle developed

in the real laboratory.

Keywords: PID controller, electric kettle, bat search, meta-heuristic



MsaTImnsmanskavivaluladonaivnssuuuae, 97 7 aduil 1 wew wa. - f.e. 2569 | 37

1. uni

naut i dunionuinlnsourdanis lneialy flassasadulans
dnfunninseu thaseuuazyduiidnuareglui nmauthlilyfuesiunsvany
Tunsautheen nunl wagdug Wum maulivhansavianudalunisaus
Tnseulaiiaitan fenuisufevaeamvenmauihsounuudaitu fedu mslyna
ihlvh3sleviemsuaniaieshuloavainvats vanedfkuadamussmsaiuny
aqa,mqﬁLﬂuﬁz‘gmﬁﬁwmsjmmaaﬁﬂlmsJLQWW@&JNE‘J&ﬁ’uf‘;mmizwmmm (Yadav &
Trivedi, 2014) winadeslslrinianlvgasinsnuaugaugiluzuuuuiemie
TusUuuudug undsadlyisnisauguesisats ) wu 3nsmuauuuuide-Oa
ei’m%’*umsﬁﬁﬂﬂv&j’]ﬁiégﬁ%ﬂﬁmuquqquﬁﬁimw{u fifle nsmuruwuuLda-dn
Tneflumosuadn (thermostat) waiilosnmmdsnuiilalunsmninieniauhlivh
frgannmanuidaieatusuuieiu memni Ssduresimunszuuaiua
fmngay Srgmsannisaydondsnuwazaunuilanimaniluh

fauauaszNaiiled (proportional-integral-derivative: PID) 1Jusiaaiun
ﬁﬁﬂizi’ﬁmam‘mamuﬁqmLLaziﬁgﬁ’uaéﬂaLLwéwawaiuiTaﬁgﬂ’u (Minorsky, 1922),
(Pessen, 1996) Amnsitiluroulafaiuaa PID lun1sussgnatumunisiamngsy
dosmnasclane waslnaussauzamu (Madugu, 2018) Lw{miﬁfmuﬁé’qmgﬂ
Srifalnfisannsaunity welquasifniseonuuuanunmuitliumelaniin
Tusniddeod manuliddlagnuseivgiu ieannislandseilaglamnuay
PID Ae3ENsAumMANMIIEA gaiTamnn-823afin (meta-heuristic optimization
search) (Talbi, 2009) AlasuniseeuduLazdouos 19N nany (Yang, 2010a)
Sanedtummn-Basainduumnlafumstandnsuundymnsmamanzdig
Fearuandamada (combinatorial) waglauszauauduSalunsinludszgng
funsundymmamanngfigaidudymaiondmnsm o1fisu mIseniuy
fhmuauiilofdmiumuauanuisisousowesliinszuansauuylsulssatume
Fnsaumuuunyduiud (naa Feiasyenugs uazisTau Tau, 2563) uazms

dy a a & a ¥ aa . Y] i
DBNLUUNUABUNIALA TUNANNLNUNSAUNTANILID Golden Section Search (auup
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Juninu wazonadns Fula, 2565) FIMUIUITNNTIIANAUIENAMNTIUA-BITaRN

q

finuaniussansnmann Yuie msrumuuUA19A1 (bat search: BS) anuduaue
108 Yang Wilad a.A. 2010 (Yang, 2010b) T,mle&T%’ULmﬂ’umaia]ﬁLﬁmmﬂwqaﬂﬁu
nsagnouAdLAIANAgs (sonan) YesAemIRLIIANUIRENTIinTUassWad
uazALITiANANaiu (echolocation) 1nikuan wuan BS lauszauaudnsa
Tunsundammadmnssununeg Wy mseenkuuadendszneu (design of
welded beam) (Yang, 2011) N1999NLUUNITULTULIIAY (design of pressure
vessel) N158aNLkUUAYUIY (design of spring) (Tsai et al., 2011) Jumu luenAded
JeRinsnanevaussessruululawue (time-domain) anansauusesnidy
mama‘uauaqL%qmsammmﬁﬁﬁum (command following) kagnN15AIN Y10
JUNIU (disturbance rejection) Uizﬂaug’w ﬂl’n/}]l'\it,ﬁuqqu (maximum overshoot:
M) 1A (rise time: t.) FHIANT (settling time: t,) LAZAAILRANAA
ﬁamuzagjﬁ’s (steady-state error: ess)iuﬁumzﬁ' AINNAINU (robustness) %agllmﬁﬂ(;ll
Heulvresnsdsuuvaminmssumuiliinannieuen (external disturbance: ty)
uenani M3BNLUUAMIAIUAL PID DENINTALAY BS mmsaﬁmumhwﬁmﬁuqqqﬂ
M, Tudiaueenm 20% wazmesBanaaiianiuzegsh e, Tudianeenan 1%
Fedu Sngusvasavaansidell Ao nseenuuuiiemuA PID pEuYsNzAY
dnfumuauenmnivesnmenitliiiigungdi 3 sz Taglads BS (Yang, 2010b)
FummLAaILAA DU S tdes (sum-squared error: SSE) FIMUIUINNATINVO

AMNANNANRIADITENI9ANDUNN D198 (reference temperature) UagA1QMUUNI

' v
a a =<

AANTUATS (actual temperature) vosn1aNU IWW A7 Anualnidua1veandu
TrqUszasn (objective function: F ) fiflauseiiandmivaamail 3 seau Ao 60

80 Ay 100 9FYaLYE

v '
a ad o a

svazdunlunuiTeazUsnaunigaIuniey Al 3saiun1siveaznan
Tuiven 2 Tuiven 3 aznanienanisivey auluiveyl 4 agnanteiusena

wazgameluiived 5 auiduagunanside auaisu
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2. /AU
2.1 wUUS1ARNeASinFER U I RN N

MSMILUUT A0 AGIRAIENS (mathematical model) yaen ALl
annsomlalnslvassfgnmnivesiiogmeluninuinwhaiiaue wargnmgd
aeuenvesszuuianasi lnglungveiivisosguunanians (the first law of
thermodynamics) (Stphanopoulos, 2006) wansladeaunsi (1)

¢, M _qy-q,0) 1)

dt

Toeil C, Ao ﬂ%’]ﬂJﬁ!ﬂ’ﬂN%@Uﬂ@ﬂi%UU (thermal capacity of the system)
(3/°C)

q, (t) AB mingl,?{amm;aué?iangam (heat loss to the environment)

), qo(t)=@

T, AB qquﬁamwmaam (ambient temperature) (°C)

R, AB ANUAIUNIUAINNTOUY (thermal resistance) (°C/J)

R

a

T, A9 ammmmﬁﬁ (temperature of the water) (°C)

]

q(t) Ao mmaauﬁgﬂéwaimaqﬂﬂiajﬁwmwmau (heat supplied by the

heater) (J)
' (T,-T,) o Yoy o
LA qo(t)sz—a asluaunisi (1) wanslafsaunisn (2)
T
dT, T, -T)
C, —“=q(t)————2~ (2)
T gt q(t) R,
dTW + TW zq(t)+ Ta (3)

dt RC, C RGC
Nan1skUasa1uans (Laplace Transform) dunnsii (3) uandlagsaunisd a)

SR.C.T,(5)+T,(0)+T,(s) = Q(s)R, +T,(s) (@)
LLﬁqmﬁQﬁamWLL’smgammﬁ T,(0)=T,(s) duns? (@) wansladsaunsi (5)

T8 R (5)

G(s)= =
Q) (RCs+1)
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Ingfl R.C, A A1ALAINIIIAIVBINTFUIUNTT (time constant of the
process) flawmiu ¢

R, o AEMT19818U83NTEUIUNNT (process of the gain) DAY K,
TunsUAUR wuan fanlsnaaues (dead time: L) (Prasad et al, 2012) @na130

Jeuladu e aunsn (5) Jsneguiduaunisi (6)

Kg -L
- s 6
G,(s) (s1D) e (6)

Tusuided naaeunansuauenadanismuaugumndvesninuliy
TunesUfian1sa3e uandlaganmd 1 mavageulamauinlivi OTTO S PT-104
fddlyivi 1,500 Yon AR 1.8 Ans AfsruLinmMINToULAETuRaIARAT T OY
Tnelinesluduida (thermocouple) sl (K-type) m’m%’uqmmﬁﬁ'ﬁmmm
ALARBY 1.5 perneafa Aty nueurAsNImITIUTUDIADIR Y wlL
(arduino nano) wun 10 T dimeglus 0-1023 SnsInsausiioens (sampling rate)
9.6 Alaudsns larlunnutihseulusin 1/2 vesnimun gumndaniwuinaey 30
ssmwaioa naaeunnanevausndafionmnll 3 5edU Ao 60 80 war 100
psAneadea 1w 9 ui uandladanmil 2-4 luvmedl amsdinesves

HamauauarlalugUvasiandunialeuuandlafmnsned 1

AN 1 MImuANaMmTveInIaun b
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Py =1026

{

Temporahirs ()

EP=60
) 4}:=03§< r=639-030 b:
Tima (min)
NN 2 NaRpUANDILTAN 60 peFLYALTYE
g 50 0am PV =1024
é o0 SP=30
g
i
) o r=621-030 h:
Time (min)
2NN 3 NaNEUANDILTUAT 80 perLYaLTYd
- ||'w|\||1h\_\lﬁii 40 BTy PV =103.0
SP=100

Tempemts ()

, L=033 r=503-03

Time{min)

AN 4 waRaUANNWlAN 100 a9AwaLTYd
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M13197 1 AsivesresansuauesnndalugUvesianduaisloy

Parameters
Temperature (°C) Transfer functions
K, =22 | r (sec) L (sec.)
9 ASP ' :
1.71
60 : 365.4 18.0 G.(s)=—fL gsos
. () 365.4s5+1
1.28
354.6 18.0 G (s)=— 52  g180s
® -2 ") = 3526511
1.03
100 1.03 282.0 19.8 G (s)=_ ~00 o108
() 282.0s +1

WUBWY: PV A f1uUsnszuIuns (process variable) wag SP Aa Arfiriuualy
(value to a set-point) (lysun FITINTITAT, 2553)
2.2 MIAUNUUUANAD

ANSAUMILUUAAT (BS) (Yang, 2010b) Lﬂuﬁﬁmﬂﬁauuwwqﬁﬂﬁm
nsagnoundudsauiigs (sonar) Adudsuigavosywearliladuides
uayrasa1sadinligannannsansadued udssiifianui geiiaseanty
nsznuiuingleq uarazveunduindsyvasaisanila siluananausasusie
FuMLILAY SEEn9esdsinsandesiiasneunduaila Tauansavaey
Fuvuawesems (wie) lasname msmumuuuAnofunalniiddey 3 vo Ae

1) AATABNIIAWAILILITETAY I@B’Lﬁﬂ%qﬁmigumlﬂu d 35 uay
A19ANIFAT | ANINTOLNUAIY X ATILEIYDIANANIRAT | ANsIaUNUAIY v,
LA TAAVDIANIAIAT | dNunsaunuAIY £ dunus (Hataae) ny X' uae
arndlyn v Tursnan t nmsUduugsmnuiadendoaunisd (7) faaunisi 9)
e B <[0,1] Av L?ﬂLW@%ﬂ’l’i?jll (random vector) fimlaannmsuanuasuuuUni
(uniform distribution) x, A@ HALRAB$NI74 (global solution) fiogluseudagiu
doleusunaaasiomuslusiuiuaisen n @ uag t fo seuntsaumdagiu
Tngmsausmiangdi (local search) NaLaaaiﬁﬁgﬂagwq%uaﬁﬂmaLaa&mﬂ;’]qﬁaﬁqm
Tuseuagussannisd (10) ifle & e[-11] Ao $1uuN5qN (random number)

e Al = (A) AB ANUAIUDIALNLAAEVDIAIAITIVLA LUYILIATTIY
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f=f +p(f. —f ) %
Vi =Vt (% - x) (8)
X =XV 9)
Xoow = Xoug + A (10)

¥ N a a ' ¥ I3 ° !
2) anandianiadunuuday (randomly) A18A21157 v, Tusiumug x
> a4 4 a o @ = -
AIEANAAIN f TesllBeunUaannuenindy 4 LasAundvaddes A e

AUMIDIMNTHATANNNTAUSULURBUAINNE1IAAUTBINadTIUaBYDaNU kAL USUBMTT

'
[y

n1sUaoewad (pulse emission: ) lae?l r e[0,1] Unfitusyiuszuzniau1nung

Y
¥ [ ¥

miﬂéaﬂﬂ’aﬁ%ﬁmmﬂﬂﬁﬁLﬂuquﬁLLazLﬁwf'jym?aa6] ioAsAilnae1nis
(wde) iusny é’mﬂmiﬂéaaﬁaéﬁuaqgﬂama%Qﬂ'ﬂ%’uLﬂﬁauiﬂmwmaMﬂwsﬁ (11)
rit+1 _ rio (1—e) (11)
3) mm@w’waﬂLﬁmmmmLﬂﬁauuﬂmlg%mﬂgmwu fufe ANRaves
Lﬁ&Jﬂﬁ]3LUSEJULL‘lJa\‘lﬁ]'lﬂﬂ’J’llJﬁﬂsuaﬂLﬁﬂﬂ@ﬂﬁ?jﬂ A, Wéenasimiian A aauds
waniFen Weasamilnaemns (wile) duuntu lasfi ANGAYDAELITYN

USuasumuaunisi (12)

At+1 — aAt (12)
nnalniid1Aey 3 90 U89 BS anunsalsudusiadians (pseudo codes)

Alududnudunouisuee BS wanalasanini 5
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Initialized:
- Objective function f (x), x = (X,,..., %,)"
- Initialize the bat population x; = (i=1,2,...,n) and v,
- Define pulse frequency f; at x;
- Initialize pulse rate r. and the loudness A
while (t < Max _Gen) or (Termination Criteria: TC)
- Generate new solutions by adjusting frequency
- Update velocities and locations/solutions by using (7) - (9)
if (rand >r,)
- Select as solution among the best solutions
- Generate a local solution around the selected best solution
else if
- Generate a new solution by flying randomly
if (rand <A & f(x)< f(x.))
- Accept the new solutions
- Increase r; and reduce A
end if
- Rank the bats and find the current best x,
End while
Report the best solution found

A 5 sadaesfiluduimiunudunewisues BS (Yang, 2010b)

2.3 NMIPNUUUITLUUAIUANN DA
Imqa;ﬁwaﬁswmuqu PID wanslaganInd 6 #1A3uAL (controller)
G,(s) Yudnanamanadou (eror signal) E(s) sndunaiilondndaananiuay
(control signal) U (s) LLazéﬂUmU@mizmumi (process) G,(s) Tvnaneuaues
M%@L@’W;‘V\!Gl (output) C(s) ﬁmmaamgaﬂﬁuﬁuwmayﬂﬂ@ﬂ (reference input) R(s)

)

WIONNIMARdEYQIUTUNIU (disturbance signal) D(s) lunsauiu
D(s)

E U(s) ¥.—
RE) ‘) G.(s) R G, =8
+ +

~ PID Controller Process

A 6 LATIETIavaLTTUUAIUAL PID
Wanduaielouvesdiniuay PID wanslaasaunisi (13) Inei K, u
931981818 sUTudnau (proportional gain) K, tdusnsivesifeduiinga

(integral gain) uaz K, wWusnyweneiBsayius (derivative gain) mua1nu
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2
G,(5) = K, + R4 K s = K0S T KeSTK, (13)
S S

N1398NWUUTLUUAIUAN PID A8 BS uandladanini 7 Wanduinguszasa
F aggnuaulniu BS ioyvuifinumia nsdmes K, K, waz K, 1 3 67

YIRIAIUAL PID s minzal lagaveslanduinguszasn F m19Innasiuves

[
a =

ANANNAIRIABITEMINAIRUNYTB198Y R(s) HagA1gamndfiinnduase C(s)

e N Ao S1uiuveya (data number) AidnnAnamafanduingUssasn
dialeglugunasiumanuanuaaImndeufidEes (SSE) uansladsaunisn (14)
lnsaveslainduinguseasa F azgnuaulniu BS ieluilauseiigalunisaum

ANNSIENET K, K, Way K, 919 3 #3 993@3A3UAN PID agnaumsnyey

F __R(s)
Ko, K, K, BS (e
+
D(s) 'Y
YVYV
R(s) _E(s) u(s) vy C(s)
G, (s) G,(s) >
+ ~ +
PID controller Process

i 7 N1398NLUUTFUUAIUAY PID A28 BS
N
Minimize F=>[r@)-c@)]
i=1
subject to M, <20%,e, <1%, (14)
0<K, <5.0,0<K, <0.050<K, <0.005
3. WAN15IVY

3.1 HANT53NABITZUUAIVAN

ASAUMIATNISIEMD584 BS Tutdesnu Auualndnuiua19m1l n = 20

AR, =0.0uay f =20 anusweades A = 0.5 snsinisuaseiiaa r,

=05 uag a = y = 0.9 MIUTBUFEN (Max_Gen)

1000 Aviuadunanyf
NSAUMT (termination criteria: TC) N1598NLUUANTUNITAUMINGMNA 40 0819
Aunisguaaeagasuaulukuuni1ee ey nlasunamasiiafan Inafiivun

ReulunsuTuuasiaiuay PID MelateulvvesauwnalenduingUsvasa F
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wanalaReaun1sn (14) ¥8991NgANIsAUMIAIY BS aglaanisniines K, K, wag
K, Y99#1A3UAN PID 11N88NkuUa 14 nunzaun e BS uansladinisnei 2
HARDUALDIVEINITIIADITEUUAIUANTIMA 60 80 uaz 100 SR YALTYE Wans

laglsn1ni 8-10 UAzANTIAULVBINITINABITFUUAIUANUARILARINTIT 3

A15197 2 ATMSTLRNBIVBIFIAIUAN PID TIYNOBNLUUDLIMLNLALATY BS

. 0 Parameters Obi. (F)
emperature ).
p K p K | K D
60 3.5279 0.0325 0.0014 0.9832
80 3.3888 0.0201 0.0012 0.9849
100 3.2738 0.0148 0.0010 0.9749
% 120
% B0 o
é’ 80 P T i
§ ol
% Y S | — === Response without Controller
g:_ 2 | Response with PID Controller
§ OO 200 400 600 800 1000 1200 1400 1600 1800
Time (sec.)
400
§ 200 Control Signal
% 200 A
% 100 \
(]
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a

2NH 8 mamauauawmmsaﬁ’waaﬁzwm‘uvqam amn“ﬁ 60 DIAYALTYE

9

@
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©
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> / e
3 60 P
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g | Response with PID Controller
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400
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@
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@ 200
N
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o
o

0
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'
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AW 10 HANBUAUBIYBINITINABITLUUAIUANTIEUNYI 100 DeALTALTYH

9

A15199 3 AUTTOULVBINITINABITLUUAIUAY

Simulation Responses
Temperature (°C)
t.(sec.) M, (%) t,(sec.) e, (%) t,(sec.)
60 90.1622 19.28 355.2030 0.00 253.8965
80 147.6685 10.52 538.8285 0.00 366.6594
100 209.8653 2.97 613.0448 0.00 422.3595

PN 8-10 UaTMISIN 3 WUN mamauauawmmiﬁwaaqszwmuﬂu

a

flgaumgd 60 samwaldoa fvaanatu t, fvanandl t, ussnnilgungd 80
waz 100 aerniwades Tnefinmaiugegn M uasn1 20% lefidyyasuniu
t, wirlussuumuaslaevilvgumnianas 30 ssriwaidea faan 900 Jund
n1331a0esEULAIUAN PID fignoonkuuesamIzaNaag BS dmsunsaauny
Qquﬁﬁumﬂﬁuﬁgﬂw%ﬁqquﬁ 60 80 wag 100 D4ALYALTEE A111T0N1TA
dyanasuny t, elagludamasfisnaindianiuzend e,
3.2 HANINAFIUITZUUAIUAY
dleBusunanisdrasssruuauauiilasulnihaminimesvesianiugy
PID fignesnuuuasismngaunis BS luauaugmngivesnmsnitlnviigungd
3 52U Ao 60 80 war 100 evrwadea TuneslfoRnisesuansladanind 11
Tnglanmuiiluvauinanug 1.8 ans Afvaatnanusousaslumesluduida

yilaLA A5IURUUYINIAIAIUAIALAGBY 1.5 DA LYAT YA Fada LU
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=
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]

Step Input
Step Response
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Control Signal

Control Signal u(t)
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a

27 16 NEABUHAUBIUBINIINATRUISUUAIUANN z:um“ﬁ 100 DeFaLTYE

]

A1519% 4 ANIINUSVBINTINAFDUITSUUAIUALN

System Responses
Temperature (°C)
t. (sec.) M (%) t,(sec.) e, (%) ty(sec.)
60 90.60 26.66 618.00 0.00 448.80
80 147.00 25.00 496.20 0.00 201.60
100 214.20 5.00 372.60 0.00 145.20
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gaungiinigluninuinfiaianas 30 ssmwaidea mensuiuiuiivan 900 Juni
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Abstract

Packaging serves not only to protect and preserve product quality but
also functions as a critical element in marketing, usability, and environmental
sustainability. Accordingly, packaging design is an essential component of the
production and distribution process. This research, entitled Packaging Design of
Mulberry Leaf Tea: A Case Study of Prasanmitr Community Enterprise, Hiranyaruiji
Subdistrict, Thonburi District, Bangkok, was undertaken with two objectives: (1)
to examine the existing packaging of mulberry leaf tea produced by the
Prasanmitr Community Enterprise, and (2) to design mulberry leaf tea packaging
in accordance with packaging standards.

The study employed fieldwork through direct engagement with the
community to investigate existing problems and assess consumer and
community needs. Data were collected using interviews and observation. The
principles of packaging design were then applied in the development of the
new packaging.

The research findings revealed that the original mulberry leaf tea
packaging of the community enterprise consisted of a paper zip-lock bag with a
sticker label. This format was inconvenient for storage, easily torn, and provided
incomplete product information that did not comply with packaging design
principles. Accordingly, the researcher developed a new packaging design that
is durable, lightweight, resistant to impact, light, and air exposure, convenient
to use, environmentally friendly, and capable of clearly communicating product
information. In addition, a distinct visual identity was established for all five
flavors through differentiated color schemes and graphic elements to reflect
their unique characteristics, namely green (mulberry leaf), white-light green
(jasmine), brown (bael fruit), pink (lotus pollen), and yellow (chrysanthemum).

This approach enhances brand image clarity and strengthens brand recognition.

Keywords: Mulberry tea, Design, Packaging
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FumIUANRNITULUBIAYIBWNanWasUNH FURUULANANSTY Fenatandedmingi
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i
AT g aNNZA a'awaiﬁéjunumiﬁwmLLazﬂwqﬁﬂmszwqaﬁﬁu et
Lauamﬂ%ﬂmLLwamWaguﬂ’mmﬁuaum‘ Kria KR260 @ aufunnanosufisesiunis
Waiugenawsuuulomugesa lnoidsunsnazyinauswiululasroulnsaiass
Arduino LLaquﬂizﬁiaUﬁTﬂﬂ ﬁi’mqﬂizaaﬁlﬁaﬁﬂmmiaamwumiﬁwm WaznIs
UizLﬁuﬂﬁzﬁmﬁmwmaqLLwamWa'gmLLU‘ULUszmi%wﬁ’uiuimﬂauimaLaai‘u,az
Qﬂﬂiﬂji’e}U‘J’N mswalagenawas Vivado ML Edition 81v§Un15eeniuuensaums
LLaﬂﬁ?ﬂmﬁwﬁ’uqﬁumiﬁmmLLaiJwﬁm%’umuQm Gi"]LﬁuﬂﬁmaaUﬂﬁﬁami%yja
LLazmsmu@um%mLL’;%ﬁwi'}qluiﬂiﬂauImiaLﬁ@%ﬁuqﬂﬂiajiauﬁwmuwagm Pmod

HANIVAEUNUINUTEANBAINYBINTADATVBLALUY 12C TIa1mauauesisInid
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MUY GPIO TagAliansureyavead GPIO ag5ening 17-61 Haiiunil v 12C og

'
a

7l 1.13-1.36 fiadiufl arunaawweyaes GPIO azAsii 4 fadiudt luvmed 12C
D838V 0.41-0.54 fadiunfl wamsvaaoukandlmiiuan 2C fuseansammgana
Tumuauds wasdimwaiiauovesamouausminnd Tnefiansanainyienis
flanfanniign swdafisnsanudufavesnisivaseyansuniunigladoulons
naans M9t uansUsziudusurunanilosy Kia KR260 a13130v191us iy
lulasreulvsamoiuargunsnisourslanensissdnsnim uasvhanilagnmesmeln
Foulunsmaaes imunzdnsunsussgnalalunsiammusudlunirgnaivngs

MIDAIAUINIS

AdnARY: unanraTuRILILEUR Kia KR260, lulasAaulnsaiass, Arduino,

QUﬂiﬂﬁa‘U“U’N, NULUR
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Abstract

Controlling robots in industrial or service sectors requires the
development of specialized control applications on boards or platforms with
varying design features. This, in turn, demands skilled engineers, leading to
higher system development and maintenance costs. This research proposes the
use of the Kria KR260 robot development platform, which supports open-source
software development and can interface with an Arduino microcontroller and
peripheral devices. The objective is to study the design, development, and
performance evaluation of an integrated platform incorporating
microcontrollers and peripheral devices. The development process employs
Vivado ML Edition software for hardware design and a high-level programming
language for developing control applications. Data communication and
hardware control tests are performed between the microcontroller and
peripheral devices via the Pmod port. The test results show that [2C
communication has faster response times than GPIO. The GPIO receive times
range from 17 to 61 milliseconds, while the I2C receive times range from 1.13 to
1.36 milliseconds. The GPIO transmit time remains constant at 4 milliseconds,
whereas the 12C transmit time ranges from 0.41 to 0.54 milliseconds. The
experimental results indicate that 12C delivers superior performance in terms of
communication speed and exhibits more consistent response times, as
evidenced by the observed minimum to maximum range. In addition, [2C
achieved a complete data transmission success rate under the specified
experimental conditions. Overall, the evaluation confirms that the Kria KR260
platform can interface efficiently with the microcontroller and peripheral
devices and operated correctly throughout the experiments. These findings
suggest that the platform is well suited for applications in the development of

robots for industrial and service domains.

Keywords: Kria KR260 Robotics Development Platform, Microcontroller,

Arduino, Peripheral Devices, Robot
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1. umi

Tugatagiu weluladyusunlanuniunumddyesnddudinusesiuas
nAgeavingsun1e 4 Tasfinisuszynalavusunlumainuateniu daunyusun
qmamﬂismmﬂﬁuﬂizmumswﬁmé’miuﬁﬁ TWauiausunuinisiviesiuieainy
avannngluuy %Qﬂ15ﬂauauﬁu8u§§u %’sﬂiﬁuaal,%auuaﬂwﬁmsﬁuﬁm%umuau
miﬁfmuuuuai‘mmu@mﬁaLLWﬁ@Wa%umuquﬁuauéﬁﬁgULL‘U‘Uﬁmehﬁu Fenog
91T Amnsiidauguareudsmganizaiu fuiunndenlyuada
PuANTTeuNanreTuAUANLELATI AN T A dusnaSueulunsun ey
fanan

unanvosumunmyueunasieluidnvaziiuesnnoniumesuuulfien (Single
Board Computer) (Prongnuch & Sitjongsataporn, 2021) Faflnwazenlunsings
meluiusuniiiedeuneiulilasaeulvsaiaes (Microcontroller) w3eguUnsnisou
V19TV UBUN BNFI0819TU UnaANDIUTAILIUBUA Kria KR260 \duunanyiosy
AuAuUEUATETUsEANE N ngudleaaniseuuuudy (System-on-Chip) agneludl
Uszneumesuszanana Arm uas FPGA (Field-Programmable Gate Array) fip21u
Banguaigluuuasizduuesai sandussuulilusegaifien (System-on-
Module) iaa%’umiﬁfmuéamﬁ’uqﬂﬂiﬂjiauﬁwaigashmafmwma (pAi$nt SAundn,
wiswgnia [Useuy wae Ufnaal uasesas, 2565) unasvesuddeudlulelunig
Usea7aKa 01 aTIUIUNINLALT U aUA 288 aN0 T uA A g an
(Optimization Algorithm) A3NIAMBUALBIRDANIMLIAADULULIATIN (Real-time)
(Prongnuch & Sitjongsataporn, 2 0 2 4; Thitinaruemit, A., Sitjongsataporn &
Prongnuch, 2023) Wilethumnaswesusimuivueun Kia KR260 luideunefugunsal
seuvefi fealyaunsludmusun 01w lulasreulnsaiass Arduino daty
llasreulnsamosfilarulussuusaaioy (15an313n ANTWLYND uazAY, 2564)

a

wpelmusuniiuszavsnmuasinnuaiionfunniy

Fafu vnanudiuaue ﬂ”lﬂ’gﬂ’mLLW@G]WE]i‘ﬂJﬁwu’le:uﬂu&; Kria KR260 523y
lulasrenlnsaians Arduino uazeUnInlsaUTIIHIUNESH Pmod (Peripheral
Module) Immﬁ”aa”zqummuquLLUUﬁyugmLLUU GPIO (General Purpose

Input/Output) waglnsinAea (Protocol) N15F 8AITHUUBUNTUKUY I2C (Inter-
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Integrated Circuit) Usgnauaag #23U3 (Sensor) wuudumsnsavielesns (nfrared:
R) igeslauawas (Servo Motor) uazaawnasliilinszuanss (DC Motor) fdivune
WiofnwIn13l991u PENLUVLAENAEUAIBTENALAT Vivado ML Edition Lan13
Usy ﬁuﬂizﬁw%mwmaqLLwamWagméﬁ’aﬂé'nmﬂLL@Uwﬁm%’umUﬂmﬁﬁwmﬁﬁuéj’mmm

Jugs laun Shell Script A1 C/CH++ WazA191 Python LieUseliiuniuanuise

Y

3

ee

Tunsyausiufuduszuvesnsdii@nesnin

2. Inguszaed
2.1 Anvimslsnuunanrlesuiauusun Kria KR260
2.290NLUULATNAGBULNANNDT UWAIUIY UIUA Kria KR260 520U
lilasmeulnsamosuargUninisounng
2.3 UspifiuUszAns n1nuosunanies i auiy usus Kria KR260 5210
lilasreulnsamoiuargunsnisoursanuaundiaduilaimuty
2.1 YAULIAYBINITINY
Adeil yanunsysunIsuanesy Kria kR260 fululasnoulvsaiaes
Arduino LLazqﬂmzﬁsaUﬁz’hqmuwa%m Pmod
2.1.1 fi913ai 2 gUuuunsieas laun LUy GPIO nadeuAmgRABd
poszuulila Sysfs Waguuy 12C PNATHALINBAA AXI IIC dMTUMIVANKALIANTT
3
2.1.2 gqunsaisoursiilenadeusznaume weadiuazunauuy GPIO i)
$ULUUBUNTILIA 1903 1IUDLADT UAZUBIADT LNHINTELANTILUY 12C W1
lulasmoulnsaiaes Arduino
213 fmsUsufiuna aseunquarmgnmedlunisvay Snsnanudnss
YoIMsTUAMeYa waziameuaues meladoulunismanosiitivun
muidadenlynisd euneniu Pmod Feluaseunaunisnaasunisla

ANNKINADUYAAIMNTINITIMTBNSHRA TR lNg



80 | Msanimnssumansuazmaluladanavinssuuivanns, 09 7 atufl 1 deu w.a. - R.e. 2569

3. ygufjiiieados
nsAnwmguifiAeivesuuseenidu 3 3es laun 1) uane TUWNAILIY USUR
Kria KR260 2) lsilasmeulnsaiaes Arduino uay 3) gunsalseunns il
3.1 uwanWasuWAUIUEUA Kria KR260
unantlesaAIIUEUR Kria KR260 (Kria KR260 Robotics Starter Kit) tfuszuy
fimuuuanysaldmivuueun Inelsdu Zyng UltraScale+ MPSoC Bsuanusay
wneUsvananauazandIniiaunsalusunsale (Programmable Logic: PL) A1eluty
e vilvannsaussnanareniluuagauuuuanaidlnessiusyans am
(Advanced Micro Devices, Inc., 2025) ¥avadlthiaueandnenssuveunannosy
ﬁjwmﬁuauﬁ Kria KR260 lawn 4 Zynq UltraScale+ MPSoC wasn (Port) N3
\oume uazwevAwIs Vivado ML Edition fsil
3.1.1 3 Zynqg UltraScale+ MPSoC
¥4 Zynq UltraScale+ MPSoC Usznoumae 2 g lawn auit 1 Ao szuu
Uszunana (Processing System: PS) Usznaunae Arm Cortex-A53 dmiusuiald
uazsEUUUFURANS Linux Wag Arm Cortex-R5 dNm3USULUURANT WU MIAuAL
HLADTLALNNTATUANINAITUF uazaIuTl 2 Ap aednflamnsalusunsulaly
walulad FPGA Wileasnasiamedmsusinmsuszanana 1wy msUszanananin
nsdeansmaniage uagnsmuaugUnIaanIzng (eA¥ny Siugin wozans,
2565) frunssanInenssy PS uag PL wmeiurhlnunanlesuiamiusun
Kria KR260 ﬁﬁgqmm%uq'usuawaﬂ/\lﬁl,t,u{l,LazmmL%‘usuaaaﬁmt,ng’luiwuﬁm
FunnaoTnenssuiidsuszuaananatesila (Pronenuch et al, 2020)
3.1.2 WoINSLTounD
unaANDIIRAILIYUEUA Kria KR260 Sinesnnisidonnounnsgiuvainias
U WOIH Gigabit Ethernet Wosn USB Nasn Display LaENeIA Pmod tiesasiunis
L%@Mﬁ@ﬁUQUﬂiﬂji@Uﬂyﬂﬁ’N 9 laag13aznan (Aubonnoi, & Prongnuch, 2025)
Tngianizwesn Pmod 7iwnedviunisdeanssemnslulasreulnsaiaes uay
gunsamsdulueidenueun

3.1.3 wanaus Vivado ML Edition
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\dugorauasilydmiunisooniuussaLsuuLan oAU U un
Kria KR260 91nUS®N Advanced Micro Devices, Inc. g vunsiamnseuuaIva
Uu¥U FPGA sjﬂ’mmmmaaaaﬂwwﬁaﬂmsﬁwmmawwzmq USUnnadans uas
Fra0an5vaulaegeiusans am (Advanced Micro Devices, Inc., 2025) vail
#oWAWIT Vivado ML Edition Lﬁ@l%qwuﬁ’uLLwaMWagmﬂ’mmvju&Juﬁ Kria KR260 2
$09FUMIRAILDUNLATUAIN Y C/CH+ Waw Python dw¥uauAIUANTEaNTS
USEHNaNATEAURS
3.2 lulasraulnsaiaas Arduino
lulasaoulnsalaes 112995994 (Integrated Circuit) fisaamingUszanananan
(Central Processing Unit) ¥1128A2111871 (Memory) wagnesnduns/tenana (1/0
Ports) lineluduiiien elvlunismuaugunsaididnnsednaniossuusaluda
vadn lilaseoulnsamesdquantfinuie wundn auyus landinutes uay
annsnlusunsulaseisdagu Jesgnihanlyossunvaislusnumuaiaiesdng
nuoun seuulaia (Embedded System) wazszuuduinesidnuszaiuasind
(Internet of Things) Tulasreulnsaiaesfideudunlecu wu lulpsreulnsaaes
Arduino Tus1uT 48N 1508 NLUULAS BavIAINALEIAD AR BY
(h340519A ATNTIMLYNA UaTAE, 2560) LazeuITunsAnwduleesniiate
paunpiseneuuuluduiadmiudansesythedesmu (unis lyes wasane, 2567)
3.3 gunsalsautg
pUnsaseutsiiteslsnudmuusun wsesnidu 2 Yssian laun
3.3.1 é‘f’s%’ug
frsug fe gunsumsdidnnsednaiivhnuniinsaduuaziaamanienin
g 9 LLE:’JLLUaQﬁIiQiQ’]ﬂm’mﬂ’lEJﬂ’lWELVgTJE]%JIIuEﬂLL‘UU"UElﬂﬁ'fylﬁyﬂmiWﬂlﬂﬁamﬁﬂﬁW{aﬁlﬁ
lulasneulnsaiaesiinlulale fiusFaduauddyvosssuunueun wsegvhmuni
Feulsssgmslanadatussuuadna ileluyusunanunsnfuganinuinaeuuas

novaueslaoeumnza (Li et al, 2023) dsug wudladu 2 Yssian lawn fasug

Y

LUULDATIN (Active Sensor) @9n a9ty bAaInaIIuUNI8uanlunISYInaIy 919U #2

o

FusuuuBunTIIaNadIMeenlUensITUTng wazdiSughuUNETN (Passive

'
o a

Sensor) FanTradudggaandunnasulaslunedanasiunieusn

o
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3.3.2 UBAYLOLADT
LoAYLaLABS (Actuator) laun ueadd (LED) Yuna (Push Button) 13l

Uoes uaruawmasiinszuans Jadugunsannulaluauimunueus

4. FBanlun133Y

FEendunisiveidos nslyauunanrlesuitwurusus Kria KR260 52y
lulasnoulnsainosuargunsasautnauusesniiu 2 ve Usznaunis n1508nkuy
uardimanagey wayninTeveyaaznamnUseiiy feil

4.1 N19BNUUULALNITNAGBY

TUMDUNITOBNLUUTLUY WaENITNAGDUNITIATUYAY Kria KR260 323U
lalasmoulnsaiaes Arduino w3ausse Arduino kargUnIniseuTy sadsiaudsnis
NAass Fanmdl 1 Fdun13eeNUUULAYATIIBNTANITAIBTENALS Vivado ML
Edition 2023.1 TneflgUnsnisounna laun fasuuazuanyiawmesiiiounonunasn
Pmod lagiuu GPIO wazuuy 12C srufaiautneundiadudvsunisaiuay

¢ v

lnglany dnamnsussdiy wagISnMsiaTIEnveys

1) Mruasiwazidvaguasainaz@udsnisnaaav
2) soauvuasawdsuu Vivado ML Edition (AXI GPIO/AXI 1IC) uaza$w Bitstream
3) iWoudagunsairiuwasa Pmod (GPIO) ua:iouda Arduino wiu IFC

4) wasuuadwarasunduaw (Shell Script, C/C++, Python)

5) naaauanuwandavmisiviuvavuduasal
(10 Asv/nssl) uaziauxaa1aauauav (20 Asv/asal)

6) 1As1AUs:anEmwia:nnudsussuvaviaya

7) agdnaua:aﬁtlmuldﬁuutﬁuuﬁumuﬁlﬁanﬁa‘n

AT 1 TURDUATVIAADILAENITUTEIUKE

n15UTELIUAINNITNAARULMAN LI UNUIMEIA Y UN1TATI9E0UAIINAINITOVD

52UV TUN1SYINUNelnanN1IEwInaaNase tngUselunNan uUsEans n1nwkasnis
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yhaugnmesnelaideulunimaaes lneddumsesniuuiiionaaeuiseasden
Famaluil

4.1.1 wosndm3uiTonnosnInLITUUY GPIO wag 12C

N1399NUUUNBTAAIMTULT D1AB81TALITUUY GPIO LAz 2C 9BnNLUY
915AUI3A8TeMA WS Vivado ML Edition dwmsuuesa Kria KR260 tdenly Zynq
UltraScale+ MPSoC viusauszananandnvesssuu fvunniaiud vesdyeyie
U#n1 100 MHz W1y Clock Wizard ‘Ll’e)ﬂ‘-ﬂ’]ﬂ‘ﬁle(;LﬁN8’1%@LL’J%ﬁ’M%Uﬂ’JUﬂ&JW@ﬁ&W@Q
UBIn I%ﬁmumméw‘mﬂu FAN_EN(0:0) LLazLﬁ'ma@Ja (Module) AXI GPIO wuu 8
Un sudsuega AXIIIC Tnelmnuidyananniing 100 MHz wuif fasuee Zyng
UltraScale+ MPSoC luaiuduwn/iannnnalenisidelssiu Triple Timer Counter
(TTC 0) wsousfandu Waveout uazrimuaw (Pin) Suna/oranmdu EMIO onis
ponuuuLai e avasadulula Bitstream dw¥unislusunsuasuosa Kria KR260

wialalun1siruaal GPIO way 12C f9n1ni 2

== ZYNQ‘ )

UltraSCALE* sLata [

A1 P TP 1

o sys reset 1

AT 2 N1TPRNUUUNDINA S ULTBNABETALITUWUY GPIO tag 12C

15NAABUAITHIITUTBY GPIO 7 BIFINUAA 1S UA UTaY GPIO lngsey
MBLAYNesA (gpio_number) Ainasnslasy Famsmageunsynaues 2C Tngly
Fds i2cdetect -y 7 LﬁaaLLﬂquﬂsajﬁL%amaagjuu Bus mm%amiagmé%q IPUVIE
LARSFWIALY (Address) maaqﬂmaﬁﬁlmmwu Lw{mﬂlmsmg LLamaﬁﬂlﬂﬁqUﬂizﬁ

\IDUNDUIBLNAVBRANAIA MUNISLYDUND
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4.1.2 mw’?‘iamiaqﬂﬂizﬁmuwai‘m Pmod

miaaﬂLmeiL%auéaqﬂmaﬂaauﬁwmuwa%m Prmod luuesa Kria KR260
98NLUVUY Vivado ML Edition Tngfamnuega AXI GPIO il udmiuniuny uay
ASIVEOUADIULVDINTA GPIO Lﬁal,%amaﬁ’uqﬂﬂizﬁsam?n Tnefmunalnsosiu
%aagasumm 8 9m flmud 100 MHz qﬂﬂﬁajiauﬁjwﬁl,%amasimwa%m Prod (denly
LLaﬂsgLE]LGIE]'g Taun uoadh LLan;:mm Wovnaaaumsvhauvemasn GPIO Tnuidoune
Y uelun (Anode) YoiLoadAuRUNDIH Pmodl %897t 2 uazauAlng (Cathode)
mu&hé{mmu (Resistor) TUgfamasn Pmod1 wesdl 10 Fadunsriua (Ground) 4
Yunadoundl 1 funesn Pmodl wesl 1 wagwdt 2 AU Pmod1 vesit 9 Fudu

ATIUALUNY AININT 3

AWl 3 Msleuneneasn Pmod AgLaadwazYing

Wnmegeuaugnaedlun1sTuameayanunese Pmod lussuulia Sysfs
W BATIABUAIUYNADIVBINTLY BUADUAZNITVNIUVBINDTA GPIO Lawiinis

MMuAATINIBISUNINTOIULALEIA Y INAINUNTUTOUYNLARAIAININT 4

ot@kr260 § cat [sys)
# natuafousn

root@kr260 $ cat fsys/class/gpio/gpio319/direction

] # naiuBnaf

NINAEUBUNAYDINEIH Pmod NMINAFOULDINNATBINDTH Pmod
meszuulna Sysfs meszuulna Sysfs

AN 4 NMINAABUBUNALAZIEIANAVEINETA Pmod Adeszuulna Sysfs
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A5NIINAADUNITLY BUMBRUNTUHIUNDIH Pmod L3131nA15:88U Shell
Script Fuduneundindudmsuaruaunisiauveineadivasyunn lnaiinue
anurAsil anuisunuueadaveyluaniuzdn Wenayuasisnueadaasinnie

anuzidn warazAUaLlENAYLEIBNATY MUAIRU FININT 5

BEGIN
AnuanualEauEaItung
Amuanuglaguasly LED
dodrtvlu LED ilmag

G Tugddliddduge
drud1niluna
dtlugane (Arda wladly 1) THEN
11w LED Umad (led_state (fu @) THEN
el LED
#9f1 led_state tiu 1
ELSE
falW LED
@91 led_state tilu @
ENDIF

saaunitluavgailaan (Arviawlaiu )
ENDIF

winandniaoidailasfunaisvinoudiEianly
ENDWHILE
END

A 5 Shell Script dmTuaruguN1snuveILeadRLaYYLNA

4.1.3 madeumelulasreulnsaass Arduino Huwesa Pmod

MIBENLUUMSLToumauasa Arduino fuwasn Pmod vasuasa Kria KR260
91dsTwslnAea 12C UuweNALIT Vivado ML Edition Tagsiauinega AXI IC Lt
é’m%’umuquLLas’%’@m3mi?1'amﬁsquﬂmaj fmuAAIILE 100 MHz nsiouns
UB5M Arduino HIYNINETH Pmod2 Iziieunevletzaen (Analog) Lmvﬁwm A5 117
U SDA 171 1 uazw1 Ad WU SCL 917t 3 veeuBsA Kria KR260 Wiouiiadeuns
wasaelivin 3.3 Taan (Voltage) LAENTIUATBY Arduino [WARUUDSA Kria KR260

ANUAINU AILAAIIUNINGA 6
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FEEEE e vnneee e

i
!
g
L

| o

AN 6 NMSLTBUARB ITATABULNTALADSHIUNDSA Pmod2

TBNIMaaeUANNABIluNTTUAIYRYATRINISIBNABUBSTA Arduino KU
Wasm Pmod2 L3uAUT Pmod2 asvayaniusyuulnataiou Sysfs laglydmsu
o ' = ! °o =
NUAATLAZATIVFBUANIULVDIVT SDA Uag SCL MINLTaNndd1l5a TPUUILUARS

AUAUIVDIUNTUTOUYN F9NINT 7

root@kr260 $ i2cdetect -y 7

e 1 2 3 45 6 7 8 9 A B C D E

AN 7 ASNAABUNSTOUND LILATABUINTALADSNIUNDSH Pmod2

Fsvaaeunindounaiululasroulnsaiaesuiunesn Pmod2 aregunsal
590919 $117u 3 vila laun sﬁ’u%’u{uuuﬁuﬂmwm LATLOAYLOLADT 2 VTN
Usenoumeiwaslanewes uaruowesliinszuanss fail

1) Fr3uguuudunsisn madeunefifuguuudunsusatuuesn
Arduino TABm 91L01A N MYBIR TV UUUBUNTUIALITUYT AO 17 VCC L9y

wraselimi 5 Taan wara1 GND WIAUNS1IUAYEIUDSA Arduino AININT 8
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(@]
(@]
T

AN 8 NSLTRURBAUMITUSHUUBUNTUIA

IMNUUNAUIUDUNTLATUAIIN11TEA UGS C/C++ UUBDNAUIS
Arduino IDE 8e1uA1INRasuRuuduns e wavasayaludiuasa Kria KR260
H1ulnsinaea 12C naulyn1w Python iielnuese Kria KR260 Suveyadnuasa

Arduino snulnsiveea 12C mnureyalilalzuanivenuwInFiou A 9

BEGIN
ATMuaAMUNELAYYaY I2C Bus

fAvuanaguasadnsal Slave
BEGIN B '
fAvurfaduasalnsal o .
AvunildiuAdogimain IR Sensor BAAUATVIINTY

wWansifiausiady I2C Bus

Bufuaisritatu
doAn T2¢ TitfluTvus slave Taoldiadiidiiwua BugUvitaunaaaan
fmwumfertudmiunauauaoiila Master uataya WeaN Uit dasialui -
Bugu Serial Communication Wiaimuihy ceee bps d1uATsEEEnI9analnsal Slave oy I2C

LaRIASELYM A a6 (fuudiues)

Lﬂ'aﬂmﬂaauaﬂau_mhu I2cC
areaatugas IR (Wuaidiu)
udasarduduuzedulviib
Arurnussosn e Tdaunisuaaduiyad

dfidadawaiaAndu:
LEAviaAMULTaAANAA

doeinszagnialddaainsal Master s I2C sl JuWi Aauatua v
UWRAIATAAIHIY Serial Moniter Wi llGan 9
END END
waUnAAtueIUANINAITUS wounaiaduTuveyan1 12C
LUUDUNTILTA

A9 9 weundiadue uAIIINAITUIHUUBUNITILIA warSUTBYANIY 12C
2) N3P UARAULETLINDLNBT AIENISLTBNABLYDTLINBLADIAY
U930 Arduino lnemeaaedyaiany1v1 D9 ¥1 VCC wiiuunasnelv 5 1aan wag

91 GND 1A UNS1IUAVDIUDTA Arduino 9N 10
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=
5
|

k
o
o

F

AN 10 NSLYDUABDAULYDSTLINDLADS

MR AUILEUNELATUAIUANITETINDIABTALBATYY C/Ct UL
Arduino IDE Reanaui3usudl 90 83 wagSuANIINUDIA Kria KR260 Lilapuay
n1sviu wnendilasuiiu 180 as wweshwoimesazngails aawlyn1wn Python
UUUDA Kria KR260 ifi3uass uazaswoyanulnslvaea 12C lUdsuesa Arduino

WamIUANYasLINaWes FanINi 11

BEGIN
fAruaAnuNElaYaY I2C Bus
Aiuariaguadalnsal Slave

BEGIN ansidandady 12C Bus
Amuadiatduasalnsal 12¢ 1ilu exes . .
fuanuEuEuTa) Servo Motor 1y 98 asm ﬁ“’iﬁfaj‘ﬂﬁf"“’m’{”lﬂ% Servo Motor:
Suryuisanns

BuduniTineu Afinauuliacszuiie 6 &9 180 avdAn
dad1 12¢ DifluTuua Slave Tauldviagid vua dorhuntliddvalnsal Slave Hiu 12C
fualarfudmiviudayaain Master UAGUATYUTIAYTT
\flauda Serve Motor Auwm1 Pin ) ‘
doAmpuuas Serve Motor iilu 90 mom SugUlvinonunaanian:
Gusiu Serial Communication Wimdim$y 115200 b wabintiilauAuuay Servo (s¥nite @-180)

atdilau 'q' - aan3annTdsunsu
vlafldayadouirain Master Hau I2C

drildayaisagiuag: wilasAnmiilanliiiudiay
AR lETY d1dlignsas > udviiaulyd
Adnamubiadlunie @ de 180 oo d1A1gaday > avAmnllds Servo Motor
Ufusunionay Serve Motor muaA A la%y 5a 8.5 UM AausuArda'ly
uanoAuAdalinIe Serial Moniter vindhlldan q
END END
a [y S ¢ a o o !
LLE]UWﬁLﬂ‘UUﬂ')UﬂuL‘Uaﬂ’JQJ@L@E}i LLE]UWﬁLﬂ‘UUﬂ’]iiUﬂ’]Q&J

AWl 11 ueUndiedumunieeslitones uazn1siuaLy
3) Brsveaeumadounetunawmesiiinszianss mensideune
sl INTzLANTITULETA Arduino Imalsgua@a L298N 1ufaniunu G
Lmﬁwmmama@aL%amﬁaﬁ’uuaLma%lwﬁﬂﬂsw,ama nazvdy AU Toun ey

U3A Arduino 619 41 INL ffuw) D5 91 IN2 fuen D6 dunsun1sAIUANTIANIG kage
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ENA (PWM) iU D9 d1915un1saivauadiss auen 5V way GND veduanalionns

Auknasaeluun 5 1IanLaznsIuATeIuasn Arduino MUAINU AINTNT 12

=l
i
-
-1

| ©

(2]

AT 12 NSBURBNAULDLIBTNNINTLLENSA

nsWauLeUNA LAt unIUANNBIRDS I NTEUARTY RaAAI1ILEa
Funuidu 0 vugenAwIs Arduino IDE mnussn Kria KR260 44A1111791 0 HaLADs
lyinszuanssazmuamailasu wavinatesnmiewiu 0 uewnesluivin
nIzuansasvgn dauniauueundindunisntun Python uuuan Kria KR260 iile

SupanusInnglyy wazawweyaludiuesn Arduino nulwsinaea 12C Aauand

Tunmi 13

BEGIN
AMuRTIEIMTLIAILUANNAIRET
MOTOR_IN1 » 11 5
MOTOR_INZ » 11 &
MOTOR_SPEED - =1 &
Amuaatauhduswiu e

Fusunsineu:
@9ATY MOTOR_IN1, MOTOR_INZ, uas MOTOR_SPEED fluiwum oUTPUT
fAvualy Arduine (flu I2C Slave (Viad exes)

donnloitufutiauaain 12C Master

Guauwan:
Aomaudrnasuamanily speedvalue
wurnat 188 fasiuni
vingluidan 4

ial@¥udayaain 12C Master:
gAtAdan 12¢
i > e
GoFn Ty uuaduataad (vuyulddemia)
A = e:
wyRuaIRas
END

woUndLadumuanuanas N INTwanSS

BEGIN
Avuaviaguas I2C Slave
llaasidauda I2C Bus

WAeAdudmsugaainuda:
FuArAuEAgld
AdrArlviagsynite e g 255
dvaranui iy I2¢ Slave

Buadiviteunaaaan:
waligldilauaAiAnud (8-255)
udasewidauldifugiian
d1A19n6as > dalddouanas
diAidenata - udadauglyd

vingdlliGan 9

END

WAUNALATUSUAIAIIULS?

iy

Al 13 weundindumuauuamesiiviinszuanse wazsuain Tyl
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swazdungunsal MUUIN1IMAGDY waedadia uansdamsned 1 lnsagy
swazungUnsniilavanes nsonuswiulivh Fdeune warduUsmuauranas
gUnsnl ielimsnasanhalaosnaduszuy nuanisimuaddiandn wu A
QNAIBITBITDYATU-a4 A0TUEY3IN19RII9TU ATIGNABITOIN UATNIIHLULAEEN

Y9UBLMBT TILDIIAINDUAUBILALINTIANNFUSIVRITTUY (unu

[
LY [

A15197 1 gazidengunIal MLUINITMARBY UazITin

FIWALDYN | WIIGU 4 . . o e .
NSTBUAD | AIUIAUAN | AAMUTNIN/NEUN
aunsal T "
‘Ua%ﬂ Kria 12V Pmod, AXI Clock 100 LIANDUAUDY LAY
KR260 GPIO, AXI lIC | MHz, Vivado ANANTT
Robotics 2023.1
Starter Kit
(Zynq
UltraScale+
MPSoQ)
U85 Arduino 5V 2C (SDA 1 | 12C Address YoyaTIsy-as
UNO R3 Ad way SCL A3
(ATmega328P) 21 A5
woadA (LED 3.3V GPIO R=2200Q,na | anruzidade wag
5mm) aina du1-2efs | Samenuduge
LazfAuY
f¥uzuuy 5V Arduino STELVAGOU | ANSYOY WATANIUE
dunssa (R Analog 91 A0 |  5-30 Inch AU
LM393) fngillavnaey
WHUNSEATYE
Y17
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FIWALDYN | WIIGU i . . o 4w ,
. N15LYRNRAD | AIUTAIUAN | ALUITNIN/LNEUN
gunsal Tl )
woslawewes | 5V | Arduino PWM | 3 0-180 ATINADILY
(Servo SG90) 21 D9 29F" LAENITNBUAUDY
19193 L7 5V Direction 91 A5 NIIUYU NITNEA
NITHANTI WAL D5 ffua1 D6 PWM LAENITNBUAUDY
1a9a L298N wag PWM 21 | command 0-
D9 150 %39
Duty Cycle
Uszaned 0-
58.8%

4.2 nmsaaTedeyauasinaainisuseiiy

M53tAsEnUszans awlefad Tanainevaues (Response Time) wusoaniiu
naﬂumiﬁﬂ]’a;@ (Send Time) LLamaﬂums%’U{J’a;ﬂa (Receive Time) lagduiinug
nsnpdeunsdlay 20 A%Y uarsBeTIARigRRsInTian (Min-Max) Lileuans
msﬂszmaﬁuaq{aaﬂa uena1ndl fnsfuamaInuLYTUTINELINS (Normalized

Range) (Bandini, 2016) fgan1s
Normalized Range = (Max-Min)/Mean (1)

1W9A1 Mean Ag AMNINANVBIYNANINAANININTAR [NDYILTINTUIVOYA
N1ENgUUs O d@ruauadesnn lafenulunuidedidu dnsimnudusa

(Success Rate) ¥84nN15%191U kazn1saeans aelakaulunsnaassiiuus

5. HaAN157Y
o ¥ Ao ! I ¥ ! a ! s !
wvetiuauenanismageu wuadu 5 e laun 1) N1si@ounagunsuniy

W97 Pmod 2) NMstaunafiudisushuudunsisn 3) Msiieunaiuwesliuelnes
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4) nsiiounatunomesNNINTELARTY WoE 5) LIAIABUALDINTTVIILH TN A
Pmod flseasiBendail

5.1 madeuregunsalitunasn Pmod

nsnAABUNIIMUANLEASAME unATalanuideulafifvun unuueads
ogluaniugdn naundausnueadiaein uaznayuadsiiaosoadfiazdu Inouans
anugkY Wesiiuea (Terminal) nagouvisnun 10 As nan1smagaunuan lana
gnmasasumuynads duandunini 14 Tnsnansveaeuiiduluaainguszasane

2.2 lUNINTIAFRUNTIBUABLAENNTVINNILYBIRUNTUNIUNESTH Pmod

rgot@kria:/home/ubuntu# sudo ./button_led.sh
L ST IEabneLay LED. . .
LED L

r

Push Button, i
ﬂ’]iV](ﬂﬁ@U(ﬂ’JﬁJﬂﬁﬂ(ﬂ‘qu Nﬁﬂ’]i‘l’l(ﬂﬁ@‘UﬁJ@ﬂLL@aaaLLaSU‘Nﬂ(ﬂ
= aa ' ‘a
WaldaUakaadn HEANENTULNIULNDIUUDE

A9 14 Msnadeukaznan aaeumen1snalliiveldndnuneadh

5.2 madeusefuiifuiuuudumsse

NANIVIAFDUNSTUTEYAIINFITUTRUUBUNTISANUAIN I3 UNAEUTEanaNa
voyalagnaes mdoasssvmsiassuesnisansnin lasafiasuas funsetunn
pdsannsvaaa 10 ads samnaiifalansstuafiuansuuuete Arduino neusu
isamwﬁwiwwﬂﬁéf’g%’ugﬁqLwiuﬂizmwﬁsm Tuwag 5-30 #2 wastufinaniugnns
prvdudietlulndudoulelunsdinuuewmesliiinssuanss fsnmdl 15 Tnowa
nsnpdevuiidulunuingUsrasare 2.2 lunmageunisviinusmiugunsnisou

YWNIU Arduino wag 12C
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send: 9 Inch
send: 10 Inch
send: 12 Inch
send: 11 Inch
send: 11 1Inch
send: 18 Inch
send: 15 1Inch
send: 16 Inch
send: 20 Inch
send: 24 Inch
send: 24 1Inch
Distance: send: 23 Inch
% Distance: send: 20 Inch
% Distance: send: 11 Inch
5 o send: 10 Inch
g{zt:gii; send: 13 Inch

A send: 10 Inch
4 “ Distance:
W N I . Autoscrell  Show timest
¥ By o 7 Distance:

NSNAFBUAILAITUFUUUBUNTIA HANINAFBUNTI VAT

VBIMITUFUUUBUNTUIA

AN 15 NMSNABUKALNANITNAFBUAIENTSURIUBYAYDIRITUTLUUBUNT IR

5.3 n1saufanuLwasliuanes

namsnadeumMadeunefuigeslauemoinual weslweimesiaulagnaos
Tneiunuiiya 90 99N wazaNIOVUANLANTIUDTA Kria KR260 Awlaogauane
ynUauAaiy 180 s szuvazdialafl 180 esmlasdnlud@ Mnn1svaaey
10 A3 iwoshmawosnyussusdmnads fuandunind 16 lasnamsnazoud

WulumuingUszasave 2.2

' to quit: 176
' to quit: 120
' to quit: 10
' to quit: 50

' to quit: 9

0-180) 'q" to quit: 120
to 12

' to quit:

' to quit:

' to quit: 48
' to quit: 179

ang 179°
servo angle (0-180) or 'q' to quit: []

ANSNAABUNSBURDNU NANNSNAADUNISLY AU BN ULBSLIUDLADST
LD IIUDLHDT

AN 16 NMSNAFDUBALHANISNAFBUNISIBUADAULYDTINOLADS
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5.4 msdeusatunamasiniinszuanss

NaNSMAABUNSIENABUNELADS M SELARSINUIN LeLnes liNsYLARSS
ﬁqqmgn&?@qmummmL%’;ﬁiﬁy%’umﬂua% Kria KR260 IﬂauaLmagazﬁquLﬁaf{q
AILEININNTT 0 LLawqmﬁahwﬁaanﬁm%%ﬁ’u 0 WINUBUANINNAT 150 SEUY
9x91ila7 150 %3e Duty Cycle Uszanas 0-58.8% lnadalusid mimUﬂmmﬁu

Auvesaviulakuud neafukarawmssiunnase daandunini 17 lnanans

naaeuilidulunuinguszasave 2.2

9 Kria KR260

Received Speed Value: 34
Received Speed Value: 90
Speed Value: 111
ived Speed Value: 137
Speed Value: 162
Speed Value: 95
Speed Value: 68
Speed Value: 146
Speed Value: 94
) = Speed Value: 120
d tacie : Received Speed Value: 140

speed | 1: 205 R

NANSNAFBULBLADT bNNINTLWERN TS

Innnszhansa

AR 17 NMSNAROULATHANIINAZBUNISITBNABAULBLAOT INHINTE LRSS

5.5 1AMMBUALAINITINNUHIUNESA Pmod

INHANIINAABUTA T MLARTY Pmod wuv GPIO latunaiudunauazueads
e e Tananouauesainnisnayuuneadiudsuaniugsiuau 20 ads
wagnan Iaga ULy C lydafuguuudunsusadudunn wazueinosluivii
nszuansaduieam Imai’mnméﬁu’qLL@@\’@%’U@LUU%W%Lsmmw%’UﬁJuMﬂ’]ﬂizLLamsq
Fuvhanu $1uru 20 afaudy dauwandunmd 18 Fsmansianamovauesd

dennaeInUiIngUITasAve 2.3 N15UseiliuUssAnSnnvasunanvlasuiuuysunig
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NANITNAFADULIAINDUAUBILUY [2C

AT 18 NANIVAFDUIANBUAUBILUU GPIO Way 12C

nsUsziudsEAnamlun1sineuwesueia Kia KR260 M81IAIMEUALDINS
¥iAWHIUNETA Pmod HIWUY GPIO Wagkuy 12C §9nn3797 2 wuan 12C fiaan
POUALDNSINIT GPIO peadaLau Tnsiaatlunisfuteya GPIO oy 7l 17-61 ms
Yuzdl 12C 0yl 1.13-1.36 ms @1u LIaTAsweYA GPIO azAsiifl 4 ms Tuvmedl 12C o)
5891779 0.41-0.54 ms uandlyiiiu 12C Suseandamarunruniiganan iieludiu
msﬂszmaﬁuaqsﬂjagal,ﬁmﬁm lﬁaqﬂmmﬂsﬂsaué’uﬁmémﬂﬁﬁaqhwﬁﬂﬁqmﬁqmﬂﬁqm

(Min—Max) Tun1599 3 FeaEyoUNAMIAINDUAUDIVBY 12C bNISAQYHUINATN GPIO

M1519%7 2 115USLLTUUSLANT NAINNITYINI9IUYBIUBS A Kria KR260 SNV

lulasmoulnsaeswazgunsaisouy

naugin1sUsIaIY GPIO |2C
NUIUNTNAFDY 20 %3 20 p54
narlumsaseya (Send Time) 4 ms 0.41 - 0.54 ms
nanlumssuteya (Receive Time) | 17 - 61 ms 1.13 - 1.36 ms
QUNIITOUTIUUUB LS e f¥usuuuBunis
QUNIITOUTIUUULD AN woadh wowneslinszuanss

- ” ' = ' ' ' .
M13°99 3 kaneALLUTUTINYRURLAlULIINIENAUNTBLNIY 2INTIAT Min—
Max laglya1Ad1uudsusIudunims (Normalized Range) L1 99A311NI19UBINTS
N3¥NelaiguiuARGL. NAaWUIT 12C LN1ENANLINNIIMTORNIIWRENIT TiakiaTty

msa'wyaa%a (Send Time) (0.41-0.54 ms; NR=0.274) LLaznaﬂumi%’UﬁuyaHa



96 | MsaImnsIuMmansuazaluladanavnssuuIuEas, 09 7 atufl 1 deu w.a. - R.e. 2569

(Receive Time) (1.13-1.36 ms; NR=0.185) mmsﬁ GPIO LLﬂiammdw TagRNIZLIaN
Tumi%’wa;{a (17-61 ms; NR=1.128) d¥1aun15n3¥18N14 LLazm’maﬁ’]Lauamm

nameUaunIinN 12C aulakeulufeiu

A15199 3 NN IASITNANUBUSUTIUVDIIAINBUFUDIIINKG Min—Max

GPIO 12C
e GPIO (Min- 12C
2G9N Normalized Normalized

Max) (Min-Max)

Range Range
Send Time 4.00 0.000 0.41-0.54 0.274
(ms)
Receive 17.00-61.00 1.128 1.13-1.36 0.185
Time (ms)
AU f-Urunan 5’1@5&6&'3& i éu'm%qsulaq
wUsUsIu
AunNns
(Normalized
Range)

6. @3UNAN1IIAY
midedifguarasafiofnwinislyuunanilesuiamueun Kria KR260

sfulilasreulysanesuargUnsnsoursuuuysanns Meussdiudsydnsam

TumsdeansuaznismuaugUnanisauts kanseaouuansliiiuunanosy

Kria KR260 anunsavinusidiululasaeulnsaiaes Arduino kazgunsnsauvnd

[
v v

aa a < ¢ 5| v [V v
Leash fsugHUUBUNT IR Wwosliuewas waruawasliinsuanse lneewgnnas
nelateulunisneass lnedsnsianudnsaveinisyinanuasuaiulunisnagauwe
A¥NSal NSNAFBUNISLTOUMNDLALNISABAITHIUNDSH Pmod 19Uy GPIO wag 12C

wugUNsUNImNausaviulansmumdmnes Tnglaniznisdeaiswuy 12C

=

NUsEANEANEINIUUY GPIO 28 etman lnglilnainauauswnninteseauiiadiung

FaALNDUDIANUNUITAUVDINIT Y INS INABAT L USTUUTNADINITNITADUAUDILUU

] o

1981954 Jumungdwmsunisussenalelunsiauirueunluainrgeamnssuvsenia

[V %
v A

U315 uddedladaueninuadesnin lugussdnsinaudnia wazaiy
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AU NANDVBUIAINBUANDIIINY AR gATsuInTidn ulusuianaIsiiianis
NAADUNDLLDITEELENT WaTNYlNENINLINADUNNTTUNIULNBTUTUAINUNUNIUYBS

YUY

7. anUstena

IINNANTITNAGOUNITLT OUADLATNISE DE1TIENINIUDS A Kria KR260 11
lulasaeulnsaiaes Arduino LLaquﬂsiﬁiaU%ﬂa WU’iWS%UUﬁWNﬁﬂﬁ’NWUIGTQﬂGglj’eN
wasiafosnin sudeusnsanudnsa Jadununisdeansifianain wazedsly
yaungladoulunisvaass lunnivensmedey naisufisuaineuauss
Y0INOTA Pmod F¥MIWUU GPIO way 2C WUl 2C finaineuaueififnninesis
Foau wansluifiug 12 ﬁﬂizﬁwﬁquaniﬂuﬁmmmL%’;LLasﬂ’nwﬁam"’w R
mmwﬁ’mzwﬁuaw{ﬁ'mﬂaqmimﬁmauauamuunafm%‘q NANISVARBUN AN
aonArestuAnEnuz1asBU Zyng UltraScale+ MPSoC fifiismuasysvanana Arm
Cortex-A53 way Arm Cortex-R5 wo’liﬂg"izuua'lu’liﬂLLUIQﬂ’lizﬂ’lillixm’JaNaLLaz
nevauadlaesneiuszansam ﬂ'riL%amaﬁuiuimﬂauImaLaa'gLLazqﬂmajmauaﬂ
Selaiosnmausasiednse dedusuiidnenmeeuwanrlosuilunisiau
szuuyuBuAkarszuuslutiluowen WeRasannalnnsdeansiflalunimagey
WUIIN1501unS oL oy GPIO mauszuulna Sysfs 9 unaunisisenly sy
5zuuﬂﬁﬁaﬂﬂswawaﬁﬁgumau aenalminaumiannng vasiinisaoansiiu 12C 1y
Saoynaufidinisiansuuudulnginaes vilvaunsofuasmeyalnsniss wasdan
ahuaneunnan nadilassdonnaestunurAnnseenuuuszuuleiafidenlyva
doasdmSunuiineinisnainevawe wazdennaestuULAgIvesivl Kia
KR260 lﬂisﬁuq'mnaw%‘m?amimmm@'uam‘ (Prongnuch & Sitjongsataporn,

2024; Thitinaruemit et al., 2023)
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Abstract

This study aimed to apply human factors engineering principles to the

design of tools and equipment for the Dusongpayae Community Curry Paste
Enterprise, located in To Lang Subdistrict, Yaring District, Pattani Province. Initial
health surveys and ergonomic risk assessments using RULA and REBA revealed
that workers were at a high risk level (RULA = 7, REBA = 9), indicating that current
working conditions are problematic and require immediate workstation
improvements. Anthropometric measurements were conducted on 15 female
participants, selected through purposive sampling, to support the design. For
the lemongrass cutting machine, the 5th and 95th percentile elbow height
(92.00-98.30 cm) was considered, and the working height was set at 90 cm to
be below elbow level for greater comfort. For the chair design, the seat height
was based on the 5th and 95th percentile of popliteal height (36-42 cm),
adjustable within 35-45 cm. Seat depth was determined using the 5th percentile
of buttock-popliteal length (38 cm), while seat width was based on the 95th
percentile of hip breadth while sitting (38.30 cm), set at 40 cm. The working
reach distance was designed according to the 5th and 95th percentile forward
arm reach (69-73 cm), ensuring suitability as users can freely adjust the
positioning of the cutter and chair. Testing the redesigned tools with the original
participants demonstrated a clear increase in productivity, as the time required
to slice 15 kilograms of lemongrass was reduced by 9.08 minutes. Furthermore,
ergonomic risks significantly decreased to safer levels (RULA = 4, REBA = 4), and
overall user satisfaction was rated at a high level (mean = 4.38). These findings
demonstrate that applying human factors engineering in tool and equipment
design effectively enhances productivity and reduces ergonomic risks for the

community curry paste enterprise.

Keywords: Human Factors Engineering, Design, Anthropometry, Community-

Based Curry Paste Enterprise, slicing lemongrass, RULA, REBA
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Faflszduazunut 3 SnisiBesmeiiobedduamuens Jafiudn +1 agazuuudu g,
Step 4 luvnugvhmstuiiauazduaglasiu Snsuyuveweiiofuneisdufiovan Ja
seeuaziuuLOu 2, Step 5 mzuuulu step 1 10u 3 avwuuly step 2 10u 3 Azuuuluy
step 3 v0u 4 Azuwuly step 4 10u 2 1 0an1519 A Fefiseiuavuuudu 5, Step 6 Tu
mssuilnuazdunglasiy nuilviidnuaznsiuduuugng Tneiimsedeulmlvan
V3 aiinsvaus vy 11nn 4 ads meundt Seflazuuindy 1 Step 7 dn1sen
droinlumsiuiiauazaglas fminuesn 2 Alandy watinnseenussdiluanuese
fsvauazuuudu 0, Step 8 anAzuwuly step 5 Wu 5 Azuuu Tu step 6 10U 1 uay
pzuuuly step 7 1lu 0 asumuezuuudy 6 Tnoduasuunlidmsunisidaaily
915729 C aeld Tunguit 2 Anseummisvesfisus Ao wagad Ae Step 9 Aswruaz
Ao Tnsnuvmestunglas duamnnnan 20 sam eflssduazuuudu 3 fmsmyuusy

Weadsuelunuvaiendu/la Fanudn +1 aguazuuudu 4, Step 10 @167
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wdeulmvurlonvdu/la fyusemang 20 - 60 asm Faflazuuuidu 3 Tasfinmyu
wagtoudialuauaiondu/la Tadindn +1 agUazuuudu 4 uagnqud 3
AATIFININNIVBIV AT Aa Step 11 Duazinaunafuiiuiesanidunistaiy
arlaslauuninmsiu Sedlssduasuumdu 1, Step 12 azuunlu step 9 1w 4
avwuulu step 10 10U 4 wazazuuuly step 11 vJu 1 ¥inpzuuuliida n1519 B 54
lnseduazuuudu 7, Step 13 vnfemeglumiawuiu 1 unit Jedseduazuun
Wu 1, Step 14 msenvinlunssuiauasaglas fiminuesnin 2 Alanda wnd
nseanussglliueeq dssduazuuudu 0, Step 15 azuuuly step 12 1w 7
azuuuly step 13 10u 1 uavazuuulu step 14 WJu 0 agUazuuusiudu 8, Step 16
thaeyaanmsng A laazuuumifu 6 a1 B largsuuumndu 8 (7+) Waailusmsng
C Flamazuunasunfu 7 ularmumane fefdymanudsmsnsemansines
lnsunsusudseiudi

2) nansUszidiuaeis REBA ﬁaumiaamwuLﬂ%@qﬁaqﬂﬂszﬁ

Tunmsdssiiunaduainnaud 1 laun 81 ae uaz 1 Ae Step 1 NI
nudufiasfusglas fimsnuae Syuminmi 20 esn Feflazuuudu 2 suziudinismy
polBeanalunutng Sufisdn +1 asUasuuuidu 3, Step 2 Mmsvesddamausty
plas Tuslluamumunseming 20-60 o Sediazuuudu 3 nednsnywieus il
p1une Fadfiudn +1 agUazuuudu 4, Step 3 NvIvesEILAEIIALRAT UL
demndunstaiunglasiaumunimsiiu Selssduazuumdu 1, Step 4 azuuu
T step 1 vJu 3 Azuuuly step 2 1w ¢ asuunlu step 3 1u 1 thanluda ms19 A
3elasziuazuuy 6 | Step 5 ansvauen/mBu/sunslasuarile fuhminussnin 11
Uaun Fefiszduazuuudu 0 , Step 6 agunasINAzIUL step 4 10U 6 Az step 5
u 0 agUazuumdy 6 Tnsduazuuulidaniluniss C ol wagnaud 2 laun
LTUVDLUY WIUVUAT LAy T0iie Ao Step 7 NIMNTBILIUAILUL YNLUATUMLA
20-45 p3m7 Fediszvazuuudy 2 Tnsneialua Jafindn +1 agUazuuudu 3
Step 8 MINNVDILILANENT UATUUUYILY 60-100 B3 Feflszfuazuuuitu 1,
Step 9 msastediolunisdunglasuasiin fyuunnnan 15 oee Sazuuudy 2
Tnefinmsnuueiio ufiudn +1 asUazuuudu 3, Step 10 Azuunly step 7 1u 3

=

Azuuulu step 8 10U 1 Avwuuly step 9 1du 3 dimluidaniss B Fefiszauasuuu
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5, Step 11 fiarsannsdudafiauazazlas awnsaingivdadifledulaniniieaiuise

9

= [

ilaseuile Sefiszduazuuudu 0, Step 12 aunasINAzRULIN step 10 wWu 5
wazAzhuLn step 11 10u 0 aguazuuusndu 5 Ladmdudaalunss C ol |
Step 13 fmsndeulmlunsiunglas s1nnnn 4 ads peund fsefuazuuudy 1
Step 14 nazuuuiilaly step 6 1u 6 wazlu step 12 1y 5 Yianluidanss C 59
laseiuazuundu 9, Step 15 ﬁﬂ%ayjamﬂmiw C fAzUULNAU 8 WAZAIN step
13 1u 1 agUaziuuniy 9 wlanumne Aefidnumrnisvhauiuidymeny

M3eAans NnesUiullnesn

AN 5 f10819N15INVUINEREIUTINEUINTEIUUTENOUNITEBNLUY

3.2 HANFINVUINTAFIUTINYNFUATDE1UTENBUNTTBBNUUY
NANITIAVUINFAAIUT NNIYVDIFIDE1E WNARAS 91UIU 15 AU Lasduans
FeMTindnaiu Meun 17 @ dnneds aaundosuuansgiu andesidulnai 5

wazilosidulnai 95 LﬁEﬂ‘ULﬂWUE]{JJaﬂ’liaaﬂLLUU Aauanslumis1an 2
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AT 2 PAFAFIUTNNMBTDINAUFAIDEN U 15 Au (Mg Tandu wufiuns)

oo . —_ Percentile Percentile
F1UNITINGAGIU X SD
5 95
1. Aug 164.40 3.43 157.7 168.30
2. ALERTEAUTDABN 95.71 2.16 92.00 98.30
3. AIgeTEAUaEinn 90.48 2.94 85.70 94.60
4. pwgesziuile 7220 | 3.16 66.70 77.00
5. mmgqaxﬁuﬂmaﬁaﬁa 59.86 3.22 55.00 65.60
6. ArmgeszAUuTi-aSuy 81.73 4.77 70.07 85.60
7. arwigeszduiiuiide-vemen 20.13 1.18 18.00 22.00
8. Arwgeaniuisngauans 4053 | 180 36.70 42.00
9. mmqamﬂ‘ﬁuﬁaméauuu 51.13 1.35 49.00 53.00
10. 528v9NNUALT BT 4213 | 135 40.00 44.30
11. Sv82RINNUAUE U7 50.46 2.06 47.70 54.30
12. aunnsasinn (vauzi) 35.93 1.38 34.00 38.30
13. izﬂ%ﬁ]’]ﬂl‘ﬂﬁlax‘iﬂaﬂ 29.53 2.16 26.00 32.00
14. svezanAendsUatsin 41.13 1.35 39.00 43.00
15. szopiBounulunmun 7186 | 1.40 69.00 73.00
16. S¥8EN13ADN 84.-39 2.74 78.70 87.00
17. AT 2250 | 0.63 21.70 23.00

3.3 Han1seRNUUULATasilagUnsaimuvandrnssutiadauyed

NAN3EBNKUUTITHIINNTBBNLUUTIAMLLIANYES Tayyari, F and Smith,
JL (1997 Tegi3uann (1) Lﬁusﬂua;ﬂa/ﬁitmwﬁﬁzgm ﬁﬂm%auuaﬁmwﬁmmami
iAol YayaruIndnaIu (Anthropometric) wagndnniserans (2) fsuaAIta
posmIkazreivualowny Wy n1sfuimin Anugs wuin Msnievesy ey
Auazaan Uasade ann1szau (3) ssaunrmin/assuundndowmy afsswuuidie

PIMAEen Asannisiaaaulmgivey (4) N1500nkUUs1UsanUlAgN1TIIALATISS
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yo3gUnInl AvunaIuUsznauvan seyaiudidyam 9 (5) Wau/usuusunlowuy
pamdnnIseAans/auIndnaiu naassiusuusgunsnifioannisindeuln v
sruuuUTeudiou (6) donuuuiiangan arundululalunisnds anusnzaune
Wlruats msdszmdauarazanlunisleay uagmsaseamastugameiidaay

wazazden Tudienenisiadeulnilyvateyuses

Ml 6 M3afinrgURUUR1NY veaasewiunzlasiionmnaden

a 2 ¢ ' o <& Y o a
NN 6 Nan1TANRYIULUUANY veuAsawiunzlasiienimiaden Tu
N1385193 YU UBIRY NUTEN0UAIY LASIATINEN YALDINBTUAYTFUUAINIAY YA
Tuliniu YoaUouingfiu YATeIsULATaLaLY 01ANTNI1TULTITU HAETEUUAIY
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Tmunganung s uianiunisfousuunisndnuasasaiuiu lnedagluaiun

v v v

udaiuomnsnananainuad 304 Faduninsgiu Food Grade wiaanulasnsiy

AT 7 NN50NLUULALESILAIBITURNLLAT

¥
a v

yistlyreyarundnaiulszneunssenuuuriaeisdlaglyreyaonidu
nafl 5 uay 95 fnrugeszduaren WRy 92.00 - 98.30 LEUAWNT AINLFITEAY
aglun U 85.70 - 94.60 LuALInT I@ﬂiﬂﬁaa;}ﬂ%ﬂamqa 70 LWUALUAT WATUIN
dislunisfindenaias n 20 lwuRmng Wu 90 wufuns Wieludnanseduvasen
wazaruazantumhaurienisadeusts nsUiudsludindiuau 2 lu lawewes

1 w5931 Faiganalunistumdsulagluvinlunseunnussusmasyinarundniuly 39
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luanansanunelvanla nglvarniiseunownasd 120 sou/unil Trunuaunuaay
Inideailetuatuwazifiuanutasnds aunsavunylaslaogsmeiiios Taogdevin
nsneaesnssaz 15 Alandy %ﬂLﬁumﬁmeuﬂuﬁ"umuﬂ%mmoﬁ’qnéwaLLay'mqmﬁ’ﬂIu
nMavhaumeisnsia Tnemsesnuuuladnudadefimnyauitensususenindes
wulunglasagmadaniseenuuunisnnass eAmsssy Sunul wazusay Snute
(2565) lumsdmdensauls Jadefiamananisiunslas wu luila szezmidlude
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n¥rInMIDanLULLATaTIAI ey Idelafinsanesausenaulun1viiey
diufn Tnenseaniuuazas e munmd 8 :innsTaruadasiusienie r;;"? i
TyvpyaunUsznauniseonuuuinia dewfiuauagmnlunshaumumdnimnss
Jadouyws Tnsdveyadmiunisesnuuy Ao augeennid sonuuulaslyvoya
Wosidulnadl 5 uar 95 vesrrmgeaInfiufeuissuans iy 36-42 wufiuns Tng
ﬁmumzﬁummqwmﬁwg Lﬂmhwm%aga 35-45 Wiglnanunsauiusedulamy
yadaaiuveauiinu nelunisesnuuulafiuaugauesnaivualagn 15
wufluns amudnueand sonuuulaslyveyaivesidulnadl 5 vesszerarnnuauda
vofiuiilasauanfiorens Ae 5 wufung wndy 35 wuRwns Taglavoya 38
wuRiluns Welmsangaumunundaainyos Ui anunswennd eeniuy
Tnglavoyaesidulnadl 95 veseunauazarinnvazils wniy 38.30 iwuRiuns
Ima‘i,%{fauua 40 \WURLUAT Lﬁaﬂlﬁéﬂﬁﬁ’ﬁammﬁammsaﬁ’qﬁwmuﬁasj'mmmzau A
aepwuIL sendounvuluriom senuuulneluveyaendulvad 5 uay 95
WU 69 - 73 iwufung eenuuulassresdondiamsadendala uavisiianunsn

viuimTesiunglasvioindlaszeynuanumizanvaslvnuaudY 9
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n&19INN1T08NLUVLAZAT AT DeflagUnsaluaalAsN1LN1TNTIFADY
U5uU39 unly auauysal gaselavhnmsnaseunsinudomy naaeulssansnm
139U negeuamazaantun1slsau nageuntunuanady naaeualy
NUNY LﬁU’lTE]ﬂJUaLLaﬁLﬂiﬂ%‘V;Naf\]’]ﬂ%%ﬂ’]SLaﬂJLLaﬁ%ﬂ’]ﬂ‘Mﬁ FEINTUTZUAIN

wolavainauoeanall

A15199 3 ANl UNTHUAIBATNSHULALITNSIY (W9 ¢ 15 Alansy)

N1INNABY ﬂ%ﬁﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%ﬁﬁ 3 ﬂ%ﬂﬁ q ﬂ%\iﬁ 5 Lﬂgﬂ
BRI 11.13 11.08 11.15 11.14 11.17 11.13
Samsluu 2.02 2.04 2.02 2.03 2.05 2.03
12 11.13 11.08 11.15 11.14 11.17
10
8
6
a
2.04 2.02 2.03 2.05
2
o B ER BN EB
25 adait 2 adait 3 adsit g adaii 5

ad a ad !
W Bshu m 3Bnsluy

d' n:ll % Q.II ¥ aa a aa !
AN 10 alaluNsRUnIgIsNSHALLAEIT AT

NS 3 ez 10 nandlwlunisiunslasaiedsnisnulunssnuauy
ka5 n15tulYeAS 899U 911U 15 Alansy IAgYinNISNAaBITIUIU 5 AT WU
sty Tvaede 11.13 Wil wazgdsnistuy Tanan 2.03 wil Inedvatanas 9.08
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M15199 4 Han1sANanelavenquiieee 91uu 15 Au

F19n15UIBAIUY X SD wUdand1unuIg

1. AuEEAINEUIY 4.53 0.51 fanelasnndign
2. amuvngasmumdnimnssudadesywe | 4.40 0.50 wawelaun
3. Usgansnmlunismeu 4.26 0.70 analaun
4. anuvasaselunisvinnu 4.33 0.48 analayn
5. Anuianelalag s 4.40 0.50 Nawelaunn
ARdY 4.38 0.08 Nanelaunn

210919797 4 mansaNTmelareanaudle1s SIuIL 15 AN WUIIAL
ArwArAINaUTY (Aiade 4.53) Sarwiaelasndian aauaudu q Sarudoels
Tuseduan Ao arunruungaunuvdnimnssudadouyus (Aads 4.40) A1y
Uszans anlunisvien (anade 4.26) ausudaeadelunisiau (aade 4.33)
waveufianelalaesan (anade 4.38) Sedanufimelalusyduinn

3.4 wansUszliumemseaand vasniseenuuuiaiasiiogunsal

1) wan13Uszifiumeds RULA wdinmseenuuuiadesiionunsal

TunsUssfiunaiunnnaudl 1 JAT1EUMIMNIves WILAILUUY WIUAIUAN
flouazvailo Ao Step 1 wvuauuLiinsedsulmluin A 45-50 aern lufinns
snvialva Feflsedupzuuudu 3 | Step 2 LLﬁuuéaua'Nﬁmam%’u%uuuﬁmu 60-100
o Sefiszduazuundy 2 lfuvumssenlurnedi asuazuuudu 2, Step 3 il
waztefiefinisiadoulniviam 0-15 e eifisufunuinsuaiuans Sedszdy
pzuuulu 2 lufimadesefiodedluniuang aguazuuudu 2, Step 4 Tuvmesh
Assunylasuou ﬁmsmumaﬁaﬁmﬁsuﬁﬂﬁaa Jafisgaupzuuuidu 1, Step 5
Avwuuly step 1 10y 3 azuwulu step 2 10 2 Azuuuly step 3 10y 2 Azuuuly
step 4 1u 1 10amsne A Selszduazuuwdu 4, Step 6 lumsdunglasUou i
ildnuazuuudng lnedimsedeulmivin wisfinshausivaestu wnn 4 ads
nowit 3eflazuuwdy 1, Step 7 Smsemiminlunisdungles fumdnuesnin 2
Alan3u upiinmsesnusenluiuese Ssvsuasuuudu 0, Step 8 9nAzuuuly step

50u 4 azuuu Tu step 6 Wu 1 wazazuuuly step 7 vy 0 agusiuazuuudy 5
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Tnedurzuudbidwiunadanilunis C seld Tunqudl 2 Tieswmmisesfisue
AD Wazdda Ao Step 9 Aswzuazae Tnisnuvmeuarlas duu 10 - 20 o0 Fa
seeuAzuuLTY 2 ﬁmﬁmuﬁmiLS&N%W%M%W%NLﬁwﬁmjaa asupzpumdu 2,
Step 10 @aiadoulmvazlonndu/la Jayusening 0 - 20 e Feflazuuuidy 2
Taefinsuyuuazioudidlunuaiisndnues asuazuuudu 2 waznqud 3
AATILININNIVBIV AN Aa Step 11 Puazinaunafufiudesanidunisiaiy
azlaslauiuniinisiu Selseiunzuuudu 1, Step 12 azuuuly step 9 10w 2
avwuvl step 10 10U 2 wazazuuuly step 11 1y 1 ¥irazuuuluida m1319 B 34
lnssduazuuwd 2, Step 13 vsFowmeglummsiidusssumlumds Fedsedt
ALY 0, Step 14 msenminlunssusglas timinuesnin 2 Alandy uadl
Aseonusagluinuee fsziuazuuudu 0, Step 15 azwuuly step 12 1Ty 2
avsuuly step 13 10u 0 uazmAzuuuly step 14 10u 0 aguasuuusindu 2, Step 16
thwega NI A laeguuuimniy 5 11319 B larzuuuniy 2 Wealumsns C 3
15¢{WﬂzLLuua§ﬂLﬁﬁu 4 wlamnumne Aednwarnsinnuiiuaislaumsfiansan
AnwaziBeniu Aanufanaosnwmeides senuuusmiluuenadiarusdu

2) namsUszidiuaes REBA ﬁﬁﬁﬂ’]i@@ﬂLLUULﬂ%‘laﬂﬁ@’qﬂﬂiiﬁ

TumsUssidiunaiduanngud 1 laun 81 ae uaz 91 Ae Step 1 M9
nufunglasau dnsnuee Tuu 0 - 20 osn Tedrzuuudu 1 vasFudnnamyune
Bosmolumuradisadnuos aguezuudu 1, Step 2 mswasiianeuitunglas
TulUmumusesnng 0 - 20 esen Sedizuuudy 2 Taofinsuuioudidluniugis
Fisadnues asazuuwdu 2, Step 3 MmswesELTasNANRaTUR e N
Junstamaveunglasiauiuniinstu Saisesuazuumdy 1, Step 4 AzLuuly
step 1 v0u 1 azuuuly step 2 1u 2 Azwunly step 3 1w 1 thaluida m1519 A 3¢
lasgduaiuu 3, Step 5 Mszauen/mdu/unglasieu Simdnuesnin 11 Jeun
Jaflszruazuuudu 0, Step 6 asunasiuAzuuy step 4 10U 3 Azuuy step 5 1 0
asuazuunidy 3 Tnsduesuuulndaailuass C noly uaznqudl 2 laun usuney
U WIUNOUAN Uy Y8ile A Step 7 MMNVBIMILUAILUY YNLAALA 45 - 50

a3 Fadlszaupzuuudu 3 Inmsnenilvafisadnues asUasuuudu 3, Step
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8 MYITBINIUANNTUATUUWIYY 60-100 9N Felseduazuuudu 1, Step
9 mMynsesveiielunisdunglaseu SuslanAu 15 own Sezuuwdu 1 Taednisayu
voflawfivadnues aguazuuudu 1, Step 10 azuunilu step 7 i 3 azuunily step
8 viu 1 azuuuly step 9 1u 1 shadluidanisne B Faflseduazuun 3, Step 11
finnsanmsduaglasdeu aunsaingdudadiletulaninioannsatilasouie Jai
seauazhuuldy 0, Step 12 @3UNATINAZLUUIIN step 10 1TU 3 wATAZLUUIIN
step 11 1u 0 agUazuuurmdu 3 lidmsuidaniluniss C aely , Step 13 fins
waoulmlunisueunglas g1u1nnan 4 ads neund fissdunzuuwdu 1, Step 14
nAzwuuiilaly step 6 10w 3 uazly step 12 1Ju 3 thanludansns € Fslaseau
avuuuiu 3, Step 15 thwaya9inmsne C Sazuuumiu 3 uazann step 13 1y 1
asUAzLULLINAY 4 WUamumng Aadnuaznisviarut s miudym e
yhmsAnwifiuAuuagiudiidunisuulsednuaraudnan
MnuamsUszgnalsvdnimnssudaiouysdifionsoonuuuiaiasilegunsal

LA LALALIANNT0AANAILAE TEAUANNLELININITEANERTIUN15YT9U LR

REBA Employee Assessment Worksheet T g T

A, Nock, Trunk and Leg Analysis SCORES B, Arm and Wrist Analysis
Mook Strw T Locam Upper Aann Position

S 1 Larsts Nuck Pasinon Take A

.'__ s
oll e
4 v -3 -1
];i
Ty =
Soane
$acp i Loente Lewes Aem Posision:
|
1]
(Tt —
\ ¥ e
Step & Lecats Wrist Posstion

=4+ == I

Tusk name T e vk o b ey

Peu B o TR AT i) oS B b bl S BT 5 g ST B R R AR et SR i At e AT ST

AN 11 f9819M5UTEUAI8TT REBA (M8In1508nkuuLATedilogunso)

Hignett, Sue. and McAtamney, Lynn.(2000)
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4. ayunauazaiusnena
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nsmaInvasiamAanguedosns nefuuamsdenisiimaluladluy q wuiuly
W UUSEAVSANNISHAR UBNIINT NASHEAUNITAAIATHAYANSYFUAIUEES
MeMseAEns nudennaeiunuiteves eaIsseu Sunun way uinu Saute
(2565) finurrnisesnuuukarUsuRsaaisstulunylasiimnzauaunsaanaan
LLazLﬁuﬁmmwawﬁmléjaéwﬁﬁaﬁﬁm LazdonAaefuMSNMIITonUNNSEMER ST
Pndiun mavenuuvanmilnuuasaiesdiolasdsandnaiusnenisvesufifnu
(Anthropometry) 998anAILLAI AT anarans dwmalnazuuulszdiuang
\deu RULA waz REBA anashnosndmiau nisusudiuaundssiivssloviannly

nseaNkuUUTUUTIsNsvieu madenluniastleuseiiiung 2 WBluanwidel vl

'
CY

a’m'1mﬂmﬁuigﬂﬁamquﬁ"’qmmmﬁﬁfmuiuvﬁm (RULA) uazmshauiiinigly
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Abstract

This research aimed to develop a semi-automatic mushroom substrate
block pressing machine to improve production efficiency, reduce labor costs,
and shorten the production cycle. Conventional production systems are
limited by low output capacity and heavy reliance on manual labor. The
developed prototype is driven by a 1-horsepower electric motor combined
with a slider- crank mechanism and a four- cylinder system, allowing the
simultaneous pressing of four mushroom substrate blocks per cycle.

Performance tests were conducted at operating frequencies ranging
from 2 to 10 Hz. The results showed that at 10 Hz, the machine achieved a
maximum production rate of 48 substrate blocks per minute, compared with
10 blocks per minute produced by the previous prototype. This corresponds
to a 380% increase in production capacity relative to the original prototype
and a 63.33% increase compared with manual labor per unit time.

The optimal operating frequency was found to be 3-4 Hz, yielding the
highest average substrate block density of 0.78 g¢/cm3, while the overall
average density across all tested frequencies was 0.64 ¢/ cm?3, indicating
improved compaction quality. An economic analysis revealed a payback
period of approximately 2.83 days. The proposed low-cost machine effectively
increases production capacity, reduces labor dependency, and is suitable for
small- scale producers seeking sustainable improvements in mushroom

substrate block production efficiency.

Keywords: mushroom block compressor, semi-automatic system, efficiency

improvement, four-cylinder system, multi-station compression
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1. UNun

mangiaidufanssunsnsineasiddglulssmdlne esanduednd

[ [y PN

ansnasenslaogismeiiios lydngAvsee uasshlaluiiufiside Yanugn
douly laun 2deslusranswansiandon WesninuautRuanzauioaiy
TassasuagamaInsemsnenisiaiyresaulodin lasawizlunisinig i
w3y (Pleurotus ostreatus) Sudufinasugiaiilafuarudeslussdunisuaunn
LﬁﬂLLaz“qmu (Seecharran, 2022; Sassine & El Sebaaly, 2024; Kilic & Yildiz, 2024
) lunansnaniadandssvundnuazsedurusy nssviunsmionTanuas
nstugUneumzdamuvssluguiuuiusnmaviowsuuin fsamasinnefds
N3HAR AURDLTB9UBINITNAN LAYAIINALLALYIAMAINN DU (FAO,
2011; Cornell Small Farms Project, 2019) ImaﬂizmumiLm%auﬁjaul,wwuazmi
Saneuluszuvszduguruinlyusanuduauin Tnsewizluvhsuiineswannou
o nnuvansiunounetu dwmalmAnvesifanuiidinnEnuasnuyuusay
(EKOFUNGI, 2017)

TunruamnmnouwIng uATeauTagmIzfany AMITUILLL A2l
asiauevenihmin warlassasswesianUaninalaeasimenisiaiyenaulouas
Qmmwmamﬁm (Kilic & Yildiz, 2024; Sassine & El Sebaaly, 2024; Seecharran,
2022) Tnganumunuuuraanauwmzluuideiinandnsaussmanavenau
WA UIIMINDL (nFunogNUIANLEURLINT) Fsazvoudasziunissnuaraay
wuuveianUgn ﬁﬂﬁHﬂi%UUuﬂﬂiﬁﬂf;j@u%ﬂGglj@ﬂﬁ'liﬂiaﬂ’mﬂuLLNEQ]JG]LLazﬁJﬂMQZﬂﬁi
dnlanensasiniae

lupuimnssuresszuudn nslynaln Slider-Crank Mechanism la¥uaana
deueseninsrnslunisooniuuiniosdagnau esnduszansningslunis
wamdsrumamulnduusdndaay waransnassdusiiaussdaiivangay

o v v IS) Y =

A113UIEATINIA (Sharma & Patel, 2020) NN IUITBAUNITONTARNTILIG

9 9

359U U398R AU war dwell time Famuneferiaiaiignguaseslu

9 Y Y Y
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Munussngean 1iudaduddyiiinanenunnuessdnfamsaunsessidodiey
(Philippoussis, 2009)

TuAIULATYEATARTIAINTIN BIANITOVITUALINYATUAIANUTEY IR (FAO,
2017) a1 indesdnanainuasvuinidnilasuniseenuunesuvanzas
anansnfiunandn aan1sfianussny uasdiszevnaAunuiidy wangandmsy
HUszNoUNTIIBEaY MaiaLLeT psdnsnafioiiulsEAnS i muazaninaIns
Uﬁﬂ’amuLﬁuLmeqﬁwuléjaéwLLwémmaiquuié’agﬂuﬁﬁaﬂsiu (Tuammee et
al., 2020)
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wnglnashiase il msmaauLﬂ%«ﬂ"ﬂLﬁumsmaigaﬂWWLLamgamﬁawﬁﬁ’aﬂﬁ
wazéfdlalavinismeaeunasrazamnemayeaaulaiandinigda Tneflaumu
wdosdnsfimnzauuarannsafuyulaluszevnadudu Welnanansoillaay
Ipvadlusdurhsunasiamiaguy
2. Inguszasn

1) iovonuuuuarauaiessanoudeiinuuuissaludaflanaln Slider-

Crank
2) Lﬁaﬂimﬁuwamiv‘f’muiuh”ﬂuﬁwé’qwﬁml,az@zumwh”au

3) eI EUMIBUUSEENS ANTENINTLATDIAUBLUULALLATDINNAIL
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a) L‘W’e]’)Lﬂi’]u‘ﬁﬁ]‘m/luLL@S‘U@ﬂiJVIu‘ZJ’ENﬂ’]ﬂ‘N’mLﬂTEN

3. 5auiiun15738
wIaIRNaILNYUlyszuUNalnwuy Slider-Crank Mechanism WSauuaLnas by
YR 1 4391 wazaiesaseu 20:1 MlnAnusadailiieanadmsunissnian

U N dAMUNUILLUGS NISNAFBUANTUAITNAIIUD 2-6 Hz Ll e ULy
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UsdnSnn uagdmafiaanud 10 Hz 1T uliiguiuinI oan Ul uuveIAuging

44' 1) P A o
) LATBIFULUUY ) LATDININRIUN

AN 1 LARIASDISANDULTBLTIR N) LATDINULUY U) LATDITWAILN

3.1 Yaauazgunsalitld

muiteiluiaiesdaneudaauuuisdaludifivwuiu naln Slider—Crank
pnidenlaidosan wasnamyudunisiedeudifuaulaeseivssdninim
(Uicker, Pennock & Shigley, 2013) Usznoumeaiuusenounandail

1) wewestwihds 1 usen

2) YafeInasousasIma 20:1

3) nalnasidsuuy Slider-Crank Mechanism

4) YANTTUBNDAIIWIU 4 NS¥UBN (4-station compression unit)

5) lastasandnnaniiososiuusedn

6) sruuIeiagUanuuuisdnlusia

mﬁmaauﬁ’]Lﬁumimﬂé}yamwméyammuvﬂuﬁqmmﬁ 28-30°C uazALTY
fasing 60-70% laefinsmuananimwnaeslvinaifestunaeansmnassfiowiy

ANMUUMTBDDUDINANITIA
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F1deule19awan (rubber tree sawdust) Qﬂﬁlﬁ{ijl,ﬂuijaﬂﬁgﬂgu (basal substrate)
pgaunsvaslunszuaunamizdia esnniduananlueaglaadiusznauaiy
cellulose, hemicellulose Wag lignin G?fﬂmmw{@miw%mmaﬂLguTEJLﬁm (Zakil et
al., 2021) TnBHANAINSATIAIULINTE I T1E 08 100 NN $1 6 nn.: Urmua
AT 55% (TaA8733 gravimetric method) mimmummﬁuﬁuaﬁaqﬂqﬂﬁ
Usgana 55% (useduilmnganfigadimiunisd ugluaznissaneu (Kilic &

Yildiz, 2024; Sassine & El Sebaaly, 2024)"

3.2 N1999NKUUNINISNAADY (Experimental Design)

Fudsnu (Independent Variable)

1) pnudseuveewmes (Hz) = 2,4,6,8ay 10 Hz

2) fuUsnu (Dependent Variables)

3) Sununewdadininanlanouni

4) ALY (g/cm3)

5) mmaaj’ﬂLamamaqgﬂiﬁquasﬁmﬁﬂgau

6) natlumssanaseu (Cycle time)
fauUsmIuAu (Control Variables)

1) muduvesiagugn = 55%

2) U%mmmauifaﬂsiaf?au = 800-900 g

3) 9UIUNITLUBNDA = 4 NTEUBN

4) svevdngngu = ANDBNLUUAYT
HIN1INARDY I%LLUU Completely Randomized Design (CRD) ﬁﬂ%’] 5 ﬂ%ﬂ

Tukmazszauanud
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5) Fahwiinneuiilannnou
6) TATUIALATAIUINAINAUIUUY
7) Tuiindrununeudinaalemely 1w
8) ¥ne 5 soURDSYRUAIA

3.4 NMSAUIMAMUMLILLLYDINB U BLia

Tosaunns:

, 178
ANIUAUMUY = ———
Jumg

Jsnas = TRh
Tneil R e Saflvesnewdein (wufiums)
wag h fie mmqmé‘lmmﬁjaut,%al,ﬁm (wufms) Feinain 3 fumis uan
tanmaade
szuagaﬁﬂt,auaﬁlugﬂﬂ'uaﬁlaLLazéauLﬁlmmummgm LAY NAADUANN
LANANSTBIANLRABSTMIIAEENTTTN LTl TRt AU SUTINWUUTN
{#ie (One-way ANOVA) fisgdiutiaddy 0.05
3.5 mﬁmmzﬁﬁauﬂamqaaa
1) 3Lﬂi']%ﬁ/?ﬂl']LﬂgEJLLa%i’JULﬁENLUUZJ’W]ig’m
2) ARATIEVRANTTNUVOIRNEREUTEANSAINNIHER
3) lynsluansmnuduiusvosiauls
3.6 MITeTemUSBuITisuLaz AN ARLYY
3.6.1 maWIsuflsuyszansamedesdng
211913797 1 wanslmifiuinied esfitaund UssAnsnmganinesned
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Hod Ay lazanunTnannIslsussnule
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A1519% 1 91519058 ULNEUNAANEUDILATDIAULUULALLAT DIV

3181015 wSaudamdlvdnaly S aefiweun nsiwasuuUas
sFaLAIs 35,000-45,000 UM 12,500 U ANAY ~65%
ARG 8-12 now/uni 48 new/il Wiy 380%
FIUIUN DUA B 1 i STy 300%
50U
AZ1UVUTLY U 0.61 0.64 +4.91%
\d (g/cm?)
usanuiinadle 2 AU 1 AU -50%

& ¥

3.6.2 MTUATIENAUNUANTHER
équum?faqé’m
\Psaadsnndvevialy: 35,000-45,000 UW
\A3DITITAILN: 12,500 UM Usendia 60-70%
é’funuLLiqq1u
LAL: 2 AW = 600 UIN/IU
Tnu: 1 AU = 300 vIn/3u Usenda 300 vIv/Su
3.6.3 mﬁﬁ’mmﬁmém;u (Payback Period)
g

AUNULATDY

Payback = —
NAUITENENMNDIY
naUszudinne fulsznaume
1) Usegndaussu = 300 un/du
2) HaWAALANTY
il 600 Now/al.

9131 2,880 NOW/ A,
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flsaudnonau = 0.30 UM

slsiindunedalus = (2,880 - 600) x 0.30 = 684 VIN/al

Suag 6 . Auasele 4,104 v/ U

Sunauszndn = 4,104 + 300 = 4,404 U/

ﬁwuamﬁméunu

12500
Payback = 1404 = 2.83
3.6.4 aqﬂmaﬁmmwgmam%’immsm
m%qﬁﬁwmﬁﬁunuﬁw UM WAaiaU 4 111 anusIuaL @mﬁmnuﬁw
110 (2-3 Tu) mmzﬁm%’uLﬂwmﬂﬁwéaaLLas’Eamﬁwmu Nadnsuansliu

iwwsesiimunIiaNANAmLATYEAARTEINIATedluVawmAInee e TRLaY

4. MSAATITINIGIAINTIY
4.1 naln Slider-Crank LLazmﬁLﬂiwﬁﬁ]aumam% (Kinematic Analysis)
i3padanoudaiiniwauntulynaln Slider-Crank Mechanism titauuas
mimumaatwmuama%lﬁﬂunwmﬁauﬁL%m:uﬁumqﬂqu aun13N15LAABUTIv0S

anaulanwueRall:

Y Y

[y .
x = Rcosf + |/L? — (Rsind)?
nswWguimuruadaauvegnguiuiu Sallvewies (R) Wag ANE1INTY

U (L) BeaNanonisInasAUsIveIgNay ANuSIanguasaaiafiyulseun

I =

90° uay 270° Lilesaniuraedisnsimsiasuiunusgaiign duhlugussdagean
Tuwsnansdn (mid-stroke) dennassfiusuves Tumuluru et al. (2011) NEANTTH
ns8avesiandiunad uey fuusdauardnsnisda Taswdleaudlunisre
Wit uagilngaanainissn (dwell time) anas awwaneuszansnnnsdauay
AL ANDUDIANLML UL IHAR SN SR

4.2 MIIATILIITA (Compression Force Analysis)

usOnMAnTuUsEIN A INENNTS:
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T
F=z
Taoil
F = use9m (Hasn)
T = usedandsruyaifiosnsou @ wms)
R = $mfivawios (1uns)
dewsiesvuin 1 HP nugaiiesnasey 20:1 Ausadaiimaivieenay
At unudnsma shlnussdaiiamenanissudivesianlgniides uudn
aonArpsiunanNnITTeINISLLLTAnTadssryusSaLasdoulunsdadug
poATIIMLLULLAYAN LTS RmAN SIS ALY (Tumuluru et al,, 2011)
4.3 a3 (Frequency) fuUsansnmusesn
PMNHAVIAABUNUI:
< @ Hz: ussdaiatios wamdansaanem
~ 6 Hz: LawaLTign TS ALAYATUVILILLLY
10 Hz: HAnlaunfign WAATMLILLLARAY
mmmLﬁmmﬂmmﬁaaﬂauﬁauﬁulﬂﬁﬂﬁnmmsé’ﬂ (dwell time) duas
fanluansadaifosiladud dmalvaunuiuuuanas 91utes Asp et al.
(2023) Tumansaitu Tasnunanudidnguilnauuuuvesiandinaanasosnsd
EGREN
4.0 PUMULULTBINEUSH (Density Analysis)
AAIITULLLLEAY 0.64 g/cm? aglurisianzaudmiuiaunssuny
\neumes Kilic & Yildiz (2024) waw Sassine & EL Sebaaly (2024)
4.5 WOANITUNTENVDIIANTINIALUUNTU (Porous Biomass Behavior)
fanugnusziand A siingAnssun138nLuy Nonlinear Compaction @

[

uiu dwell time N199A Wa¥ALAFU F3 Philippoussis (2009) wqmmﬂm’gmm

o

usIsALiE Ny lnausALLLILRE NIt ARy
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5. WANISIYWATNITIATIEH
5.1 HanN1574¢

M990 2 ANFNETURE AUE 2-6, way 10 Hz Wisuiiey

ANE (Hz) nawdnade (Faw/und) | Anunuiuiuade (g/cm?3)
2 8 0.72
3 11 0.78
4 14 0.75
5 20 0.74
6 23 0.72
10 (wSeafiwmun 48 0.64
WIsuig)
10 (m%flaqéjul,mu) 10 0.61

A9 2 AUD 2 Hz MAINISHANLRAY = 8 NOU/UIT ANAINUUILUY

\dg = 0.72 ¢/cm® HandndaNaiaege Wesn dwell time 1N @IHALTISN

=

afles wadwsaennaesfu Asp et al. (2023) fiszym “armnsaninanumuinuud
uAfdandns”

A15197t 2 AE 3 Hz Mdamandneds = 11 new/Andl AATIVLILLY
W@fe = 0.78 g/cm? ANUMUILLLGINIT 2 Hz losnussdngetuuasandniFes
faATu ﬁhmmwmLLﬁuagfiummsﬁmmg’mqmmwﬁamwwLﬁ@ (Kilic & Yildiz,
2024)

P13 2 Aad 4 Hz dsnsuaniade = 14 new/uit AnumuLULRAs
= 0.75 g/cm? ANUVLIUULEINIANMLE 2-3 Hz azﬁaui%mé’@qqsﬁuuaz”aﬁlf{’]’m
Fruuutu ludanueainadsuvesimiinneu dwalvszuu feeding iadies A1
density iitdiuan 0.72 1u 0.78 umanaadu 0.75 suddy arwdssdunans (@

Hz) Tnwad unSuiudyaiann density 91a5uanaslonudgedy wikeuluny
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[

Mg Asp et al. (2023) "nuifigeturiilu dwell time anas uazALLLUAZSL
ANAIAITRALITEN”

5197 2 ANNE 5 Hz wanafndsnskanade = 20 new/anil AU
W8E = 0.74 o/cm?® NaRAMANTY 42.9% 9nANE & Hz (14 1 20 new/unil)
ATAVLIMLUEANANENUBEAINTEIY 3 Hz-4 Hz A 5 Hz iy “ﬁ;mau@aimi”
lanandnfiutusniouun density anasain 0.75 1 0.74 esnTaguangndn
ﬁufwmmﬁaqﬁu vludmssadalafuiinsanusiesues Philippoussis (2009)
ua Asp et al. (2023) YanTaunafinuigs wdinisgadonsensnns (dwell) ¥iiln
g/cm? anan

5.2 Anzmdaimngsy (Engineering interpretation)

AT 2 HERIAUFURUSSEMI19A70E — dwell time — density
slomnuiiiiatu Snauseuaniiiindu (productivity iudu) Lwinaﬂuﬁmﬁqﬂqu
nAA9 (dwell time) Apsauanas shlnTanTauna (porous biomass) flandaiFes
Fupeal 3anunwlua density Lﬁ'muﬁﬂqwﬁ'ﬂ (peak at 3 Hz) ua2ABY 9 Anad
Lﬁ'ammﬁ'qqﬁu (aamﬂgaaﬁ’u Philippoussis, 2009; Asp et al., 2023)

UszAnsnavasszuy Slider—Crank muannalniiasusdnosnamanyanlumas
AF-naa ImamiLU?{s;JumJaqmm?{éqmaG{awqaﬂiiumsé’ﬁa@u,az@mmw
nansm Tnslanyanumuuuuiineussainauelurfiusidauassnsnisen
GHIR Lﬁéuﬁiﬁawﬂ,umﬁﬁﬂmmaé’mi’aa%amaﬁawﬂw (Tumuluru et al., 2011).

Trade-off wmﬁw%‘mmuazﬂmmw WINABINTT qmmwnyauqqqm
(density qumzaﬁ%aua) AISLABNANA ~3-4 Hz (density d%dn 0.78 wag 0.75
g/cm? ANUAIAY)

mnReans USunigean Lden 10 Hz (48 new/unil) uamesseniuam
wwLLTianas (0.64 g/cm?) LAYRTIVAOUNARDNTINIA3 (growth test) neunns

Ty e dive
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AINLANETUDY Feeding wazuwinneu ﬂsmﬂ’ﬂﬁjaumaaunﬂﬁwmﬁ
17U (800 @) WaAIINSTUU feeding QﬂaamtfuuLLasz@uﬂ%mmﬂﬁTﬁ WA
a9 wamantinues melunnuieudiou density idululnesnadedie

narendsuuarlAsIEsILATeq mm?iqﬁu%Lﬁmwé’muéam'sanmLLag
nsduaziiourenaios 3smsiinnsannsoenuuulasEsaiiesasdu fatigue wag
Aana damping/anchoring 5ﬂgaamslﬁwﬂ§laqﬁmmﬁqqLﬂuﬂisfd’w

5.3 Wisuifloumiesiiianniuniesmuuuuiaznyddonoumn

Lﬂ%laﬂGTULLUU@uET: NaNAR 10 f?au/mﬁ, density 0.61 ¢/cm? Lﬂéaqﬁﬁmm
(§19819) 71 10 Hz: wandn 48 new/unit (+380% WioifeuiuirseanuLuy) density
0.64 ¢/cm? (+0.03 g/cm?)

agUiBsUszAnBam: in3esiiannilseanBainnsadngnan wazlnAdu
wuwuLAnEnuesdlofeuiuasosuLUY wunsuAER ez density

amnal LLG]ETQ?NQQWJ"]GWLLUU AUANTIN 3

A1519% 3 A5 USIUNBUIUIRY

91Uy JTUUAR | fiaw/uni A AU Uaf
TSI 1389
(g/cm?3)
WIDIMULUY | 1 Nzuen 10 0.61 J1unand SuAy
RV R I 4 nsyuen 48 0.64 fan | Waasavian
(Semi-
Auto)

¢ v

5.4 MTUATILNUBYANNEADA
5.4.1. 9151993A512nANULUTUSIU (ANOVA Table)

AT 4 wan One-way ANOVA (Regression ANOVA): Productivity-Frequency

LRAINN df Sum Sq | Mean Sq | F-value p-value
(Source)
Frequency 1 1030.23 1030.23 195.23 0.000152
Residual 4 21.11 5.28 - -
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a v

91n9157297 4 asulanmnudiinaneidmwineyeiived
0.001)

[y

UNeEnd (p <

5.4.2 Aandasius (Pearson Correlation Coefficients)

A5199 5 LARIAIIINNNTAILIND S

FauUsiidunusen r Afng FTAUAIUAUNUS
Frequency - Productivity +0.991 1¥3uUIN g31n (very strong)
Frequency - Density -0.846 419U g4 (strong)

91nA15199 5 AUl 89audge HaRAAINTULUUIADUTUNAUNTY LaE

89AUDE ANUNUIRULAAAITALIY

5.4.3 ASINANUAUNUS

sor Productivity vs Frequency

451
40
351
301

251

Productivity (hlocks/min)

201

15

101

2 3 3 5 6 7 8 9 10
Frequency (Hz)
AN 3 LaAIANNENNUSYBS Productivity vs Frequency WUULNLTULTIEULADY

GGV
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Density vs Frequency
0.78

e e e

~ ~ ~

) ) (=2}
T

o
o
o

Density (g/cm™3)

0.68

0.66

0.64

2 3 1 5 3 7 8 3 10
Frequency (Hz)
AT 4 Lananuduus Density vs Frequency JULUU Inverted-U: A1y

' = ! s P a4 X
NULUUEEIAY 3 Hz NBUITANINABLUBINIAINNATNUY

5.4.6 UWARSIEVEDR

NANT19T 4 agﬂlﬁiy'h NAN1TILATIENAILLYTUTIU (ANOVA) WUaT
AuBveennITuYenAI sdaiinanesuunoud eiaiinanlanouniiead
s daymeedinfiszsiu p < 0.001 (F = 195.23) uaadlmdiunnsifiuaudiinads
psanemdsnanogaauta Ingnuinauigeged 10 Hz Iﬁﬁwwawﬁmqﬂﬁqm (a8
Ao/

997t 5 agularmanisiinsevanduiusaiedudseans e sdy
(Pearson’s 1) WU ANLATiALduRLSLEsUIneEneBafufdnan (r = 0.991) Usd
Iuandnd ud wioududnaiulaensadenriud i udu Tunianduiy wu
mmé’uﬁué@aamzG‘i’uqﬁsmﬁqmmﬁﬁumﬂwmLLﬁwumhyaw‘ﬁyaLﬁm (r=-
0.846) FMUEAINI Lﬁaﬂawuﬁgasﬁu AINITOALAZNITALLTS (dwell time) anad
lnanumunuuuresneuanawnallung

PN 3-6 wuneErLLLdnvadulauunduay (inverted-U
shape) Iﬁaﬁmmm%mLLﬁuqaﬁqmﬁmmﬁ 3 Hz (0.78 ¢/cm?) nevanadlsey 5 Tu
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(%

ANUATIgINIT donrassiunguinisdntantiulaiiszyin musidaniawinlnian

Y 9

o oy " C A . "
Faseadiluauysa Wesn dwell time Tuiieswe

¥ Y v v
¢ &

HANTIATEniTliiunaNudsEAy 3-4 Hz WangaungadmiugunInney,
Turaueiseau 5-6 Hz \lugauseiivseueunifseninenuninuaz Ui, aiu
AU 10 Hz wingdmSun1sHandeunngedn LiAULILUUIEARAILASag

o w

NILATDINULUULALDYSTTIEATY

6. @3UNaNI5IY
LATRISANDUT BLiALUUASRluL AausaiuUszdnsnimnisnanlagenan
d' ¥ a = ~ s ! o > 5 g
LATBINUUUULANDY 63.33% Uazdauyuaininasedlunawainuin wangdmsu

NYATNIINYREVTONAIIAMAAgUTUTIRRINTSNMAmEnlnaluiuau Nty

7. aAUseNa

HaNSENANNRvI A mdngelueesnaliies unANUMUILUUNGUARAuLTD

[y

\iu 6 Hz Wesnnnamsdaiagugnliniisanedmiunisdnisesiivetiies nsly

q

SYUU 4 nszuBndsdenmassiundnmsiiulsEansamidsuue (economy of
scale) voumdadnsnanuEnsTLIAEN (FAO, 2017) éﬂi%ﬂ@umiﬂ’)ﬂaaﬂi‘gﬁ’ﬂmﬁ
3-4 Hz Lﬁaéjaqmi@mqua 30 10 Hz Wlenesms Usuna Tnseusu density 7
anas 18% (910 0.78 1Tu 0.64 o/cm?)” eenslsiinu ves1iaves e lulanageu
nawsyvonaulelunauiindnmeenufinaiy wmaaumwwzﬁ“a@]ﬂqﬂ%l,?iaa

£19915 082 LUl ANAEDUANUNUNIUTLHLY1IVDIATOY

8. nNAANIsuUsETNA

v
[y

H3TevOVOUAMUIINTILIAR guanisFeuginakay Tuveyaniunszuiuns

naanazrlaIusuidalun1sNAaaUN UL BLANADANISINY UDNANT NARY

Y

a

VBYDUANAMLIFINTTUAIEAT NMUNIEAY UMINGITLAYATANAAT NULNILEY 7
atuayuaUunInl 1A30LENINIAINTTY Lazan UNlUNITRBNKUULALAITILAT DDA

neuLdeLinwUUATRlLR vilunis@nwesaildnsaauysamnuingUsyan



146 | N3aFImnssumansuazinaluladonamnssuuiuaun, 39 7 adud 1 wew wa. - o, 2569

9. 1@NA18198Y

Asp, H., Bergstrand, K. J., Hultberg, M., & Golovko, O. (2023). Production of
oyster mushroom (Pleurotus ostreatus) on sawdust supplemented
with anaerobic digestate. Waste Management, 155, 1- T.
https://doi.org/10.1016/j.wasman.2022.10.025

Cornell Small Farms Program. (2019). Methods of commercial mushroom
cultivation: The seven stages of mushroom production. Cornell
University. Retrieved from https: / / smallfarms. cornell. edu/ wp-
content/uploads/2021/10/Methods_of Commercial Cultivation Book
MC2.pdf

EKOFUNGI. (2017). Mushroom cultivation manual for the small mushroom
entrepreneur. Retrieved from https://www. systemekofungi.com/wp-
content/uploads/Mushroom-Cultivation-Manual.pdf

Food and Agriculture Organization of the United Nations. (2009). Make money
by growing mushrooms. Rome, ltaly: FAO. Retrieved from
https://www.fao.org/4/i0522e/i0522e00.htm

Food and Agriculture Organization of the United Nations. (2017). Promoting
sustainable agricultural mechanization for smallholder farmers.
Rome, Italy: FAO. Retrieved from
https://openknowledge.fao.org/server/api/core/bitstreams/ba5d 1f0f-
ccad-4e80-962f-7624f97cca2d/content

Kilic, C., & Yildiz, S. (2024). Total phenolics, tannin contents, antioxidant
properties, protein and sensory analysis of Pleurotus ostreatus,
Pleurotus citrinopileatus and Pleurotus djamor cultivated on different
substrates.  Maderas Ciencia y Tecnologia.  Retrieved from

https://www.researchgate.net/publication/377234894



NsaFImnssumansuazinaluladonavinssuuiuaun, 99 7 atudl 1 wew w.a. - o, 2569 | 147

Philippoussis, A. (2009). Production of mushrooms using agro- industrial
residues as substrates. Hellenic Agricultural Organization—Demeter.
Retrieved from https://www.researchgate.net/publication/226917053

Sassine, Y., & El Sebaaly, Z. (2024). Valorization of agro-forest wastes through
the cultivation of shiitake (Lentinula edodes). Heliyon. Retrieved from
https://www.researchgate.net/publication/381523515

Seecharran, D. (2022). Growth of oyster mushroom using sawdust and
agricultural waste as substrates. University of Guyana. Retrieved from
https://www.researchgate.net/publication/362630075

Tuammee, S., Rontlaong, P., Tinnam, P., Phonphun, P., Yuenyongchaiwat, P.,
Klunkaewdamrong, P., & Cheewaworanantri, Y. (2020). Time reduction
in laundry process. Journal of Bansomdej Engineering and Industrial
Technology, 1(2), 25-34.

Tumulury, J. K., Sokhansanj, S., Wright, C. T., et al. (2011). A review on biomass
densification—A mechanical engineering perspective with implications
for feedstock quality and utilization. Biofuels, Bioproducts and
Biorefining, 5(3), 317-329. https://doi.org/10.1002/bbb.324

Uicker, J. J., Pennock, G. R., & Shigley, J. E. (2013). Theory of machines and
mechanisms (5th ed.). New York, NY: Oxford University Press.

Zakil, F. A. A, Xuan, L. H., Zaman, N., Alan, N. ., Salahutheen, N. A. A., Sueb,
M. S. M., &Isha, R. (2021). Growth performance and mineral analysis
of Pleurotus ostreatus from various agricultural wastes mixed with
rubber tree sawdust in Malaysia. Bioresource Technology Reports.

https://doi.org/10.1016/j.biteb.2021.100873



148 | MsanFIenssumansuwazinaluladonavinssuuiuanaa, 07 7 aduil 1 o w.a. - 3.8, 2569

N15UsEiuAMNNIWITUULAZNTSERUSUMALULaEva LR UNE LAY
N1suAIMARIUEITIRUNNTBRaTANNUaRR e TuN AN
vildlungamwavnuns
System Quality Evaluation and Technology Acceptance of
an Occupational Health and Safety Incident Reporting
Application at a University in Bangkok Metropoli

To5u wausvou ', Auns anaasey’

Yotin Ponprathom, Kanakorn Savvangcharoenz*

1m¢ﬁmﬁwmmam§qmmw aivenTiewiiwasanulaea iy Angingrmansuazinalulad
NMW%WSW&SiW‘UﬁQJ’MﬁMLﬁﬁ]l,ﬁg]/’]‘l’\lizfﬂ NINNNHATUAT
Zanivnsdanismaluladidviaiients@ine Tadinineds
NMW%WSW&SiW‘UﬁQG’maNLﬁﬁ]Lﬁ?’]Wi%ﬂ? NINNNHATUAT

'Department of Health Science, Occupational Health and Safety Program,

Faculty of Science and Technology, Bansomdejchaopraya Rajabhat University, Bangkok
*Program in Digital Technology Management for Education, Graduate School,
Bansomdejchaopraya Rajabhat University, Bangkok

“Corresponding author email: kanakorn.sa@bsru.ac.th

Received 15 Mar. 2026 Revised 14 May. 2026 Accepted 05 Jun. 2026

UNANED

ARFRRRE

a v

pUsvasaLiie (1) Ussiugunmvesszuuleunaindudiniu
nsusaEAnALIgNIsAIATUe T ITLarA e dEluanuAng (2) Anw
ssfumseensumaluladvesylvny uay (3) Tnsevanuduiusssinsnuamueg
spuy n1sfugUselenu nsfuzauaslunisleeu msseniuinaluled uas
NANTENUABBIANT TABYTAUINIINTBULLIANIINLUUTIABIAINEILS U895 UY

AN5dULNAYDY DelLone hay Mclean LAz LUUTIABINISEBUS ULNALULAE



MsaTImnsumansavmaluladanavnssuuiua, 97 7 adufl 1 dew wa. - S.e. 2569 | 149

(Technology Acceptance Model: TAM) ms39aiiidunsiseidesuna iusiusay
%azdamﬂﬁﬂﬁﬂw 919138 LLa8‘Uqﬂﬁﬂﬂi%@ﬂﬂﬁﬂ%%ﬂﬂﬁﬂﬁl%ﬁ%UULL@UW%LWEIJUGLUW]?LL‘:]}Q
wnauealasade suianausiess 300 au Tnglauuuaeuandueiosiiolunis
fuveya uardinrenoyaneaiinszam laun aade auudsauuwnasgiu wa
meengvanduiusifiesdu ilofnuaruduiussenefud sidnw wan1ide
wun glrnuiianudaifunnuaimuessruy MeugUsslenn masuzaruagly
nslsanu uagniseousuimelulafoglussdiugs uenaintl nansiasgvinuduius

o w aa

WUMAUAMIBITEULIANNF TSI WINee it d Ay nvaindunssuguselesy
warn13sugAuglunslyay vaeinsfuusslevunasnssuanuanelunisly
= L% o i a % L% = L% a a
UL AUFUNUS LT IUINAUNITEBUS ULNALULAE wazni1seausunalulag i
ANUAUNUSITIVINAURANTENUABDIANT NANISANYITLMTALIINITHAUIAMAINYDS
FTUUANTAUNALAZNITODNLUUTZUUN MIIUIUH UNUIMEIA YR 8N TAUETUAT
gousumalulagvewlynu wagaunsavieiinuszansamlunisuinisdnnisniu
a & ) P Yo q a a
oTeudunaranulasnneluaniudnulnesnediusea@nsaw

Ad1Agy: Laundaturiudasaisluaniudnel, AMAINYBITEUY, N5HBUTY

walulag, 913eundswaranuUannng, UselesuupdseuunapdAns
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Abstract

This study aims to (1) evaluate the quality of a digital application for
reporting and monitoring occupational health and safety (OHS) incidents in a
university environment, (2) examine users’ level of technology acceptance, and
(3) analyze the relationships among system quality, perceived usefulness,
perceived ease of use, technology acceptance, and organizational impact. The
study integrates the Del.one and McLean Information Systems Success Model
with the Technology Acceptance Model (TAM) to develop a comprehensive
framework for evaluating digital safety management systems in higher education
institutions.  This research employed a quantitative approach. Data were
collected from students, faculty members, and university staff who utilized the
safety reporting application. The sample size consisted of 300 participants. A
structured questionnaire was used as the research instrument. Descriptive
statistics, including mean and standard deviation, were used to describe the
data, while Pearson’ s correlation analysis was conducted to examine the
relationships among the study variables. The findings indicate that users
perceived system quality, perceived usefulness, perceived ease of use, and
technology acceptance at a high level. The correlation analysis revealed that
system quality was positively and significantly related to both perceived
usefulness and perceived ease of use. Furthermore, perceived usefulness and
perceived ease of use were positively associated with technology acceptance,
while technology acceptance showed a positive relationship with organizational
impact. The results suggest that improving system quality and designing user-
friendly digital applications are critical factors for enhancing technology
acceptance among users. Effective implementation of such systems can
strengthen occupational health and safety management in higher education

institutions and support more efficient organizational decision-making processes.

Keywords: Safety Reporting Application, System Quality, Technology

Acceptance, Occupational Health and Safety, Organizational Benefits
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uniin

TugAvean1sid sunug enuddsia (Digital Transformation) walulad
aﬁaumﬂﬁﬁﬁgﬂuwﬁwmwﬁwﬁ’ﬁgﬁ{amiﬁ@umLLazsJﬂﬁzﬁuﬂizﬁm%mwmaqm'ﬁ‘iﬁmi
Fansesanslunainuatefid sawdennsdanisniuendaeundouasanuuaonds
(Occupational Health and Safety: OHS) equLﬂuﬂ’ﬁ]{i’aﬁwﬁ’mﬁéwaﬁaqmmw AU
Uaoafe warUszAnsnmmsihauvesysaninisluesans nsiinaluladfda
wazszvvarsaumanilylunismesnumansaiaiuautasnds n1sfinai
A0uN9AL WarN1IIANTTeYAR ALY ANssITIBIfiuAITIN S AT NAaS
%q‘*ﬂ/@aﬁa maamauaﬁfwaﬂéuﬂﬁéfmﬁﬂf\maa;gu%mﬂﬁaéﬁqa‘jﬂizﬁw%mw (Dengler et
al., 2022; Boonruksa et al., 2024) uona1nd nrswaunnaluladfAdia 1wy
ﬂ’agapﬂizﬁwﬁ (Artificial Intelligence) weluladanyla (Wearable Technology) way
welulad Internet of Things (IoT) SawigatiuayuNIATINEDUSUATIY N1TAAAY
ANMIIAABUNSYY LLazmiJaaﬁ’uqﬁﬁLmiuamuﬁﬁwmﬁaéwaﬁﬂazﬁw%mw
118 39u (Dodoo et al., 2024; Akylldiz, 2023) luuIunvesanidugaudnyl 13
a“fmmiﬁ’mm%aau’]ﬁaL.Lazm’mﬂaamﬁaﬁm’mﬁﬁ@aé’mé@ Hlosnumninedetu
peAnsidanInunaunsvhufinanvaisuasdurou ATUAGUAINTIIATLNS
Founisaeu n15398 warnsufUReulunesufsinns dufervestundnw
919798 WATYARINTTILAUNIN nsdfiuAanssudinanetanslminanuidsne
aunmuazaudasadela wnludszuunsdanismamsaldfussansam faiy
M T UUMTAUATTe Lo UNBIATUATTAd M UN U SuAE AR LI N1 TR0
rnulaendedadunuinisdrdglumsaduayunisuimsdanisaulasadenieluy
94ANINITANY LagwILiiulszAnsnmuesszuunisianisendleundouazain
Uaenselussans (Hakansta et al,, 2025) andlsfny Anuduivessyuuamsauma
luladuogfuauanansaveuneluladifissosnafiod undstuey fusedunisseusy
uaznslruresylrUatenianiy ulseaussuvasaunalaiausnsouuuiAn
ddyileasunedadiiamaneninudifivesszuuuasngAnssunmssensumealulad
ﬁuad;ﬁ%ha Information Systems Success Model %84 DeLone wag McLean a5une
dﬂqmm‘wsuaﬁzw (System Quiality) Qmmwmaﬁayja (Information Quality) wag
AMANINNITUINT (Service Quality) dudaduddyfidmanenslynuszuy il
Waslwaqr;ﬁsuy LLa3waﬂﬁzimﬁqwﬁﬁ'am‘ﬂﬂﬂyﬁ’u (DeLone & McLean, 2003)
Yuziiieni Technology Acceptance Model (TAM) fiaunlag Davis Foduanns
u3Uselovuvasszuy (Perceived Usefulness) wazn1siugauaslunislyay
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(Perceived Ease of Use) Lﬂuﬂaé’aﬁﬁm‘ﬁ'ﬁmummiaam%’umduia%aqtﬁ% (Davis,
1989) uammu kuA A Unified Theory of Acceptance and Use of Technology
(UTAUT) Setlmiiudaunuimuesdademudinuuasanniinaonyeiaennsiidwans
anﬂiiumiaamumﬂiuiamawﬂﬁn (Venkatesh et al., 2003)

mu%’ﬂmwwé’ﬂéjwmm:uuum']m'ﬁﬂﬁauu,mﬁm”mﬂ';mém%waﬁwu
asauwmasaznissensumnaluladifisesuenalnvesnislanussuuiasvaluusun
19 9 F98199U $UIT8vea Al-Rahmi et al. (2021) "Loﬂuy'immﬂmma TAM uag
Information Systems Success Model 1t afinw1n15led edsanesulauluuiun
N15ANY LLazWU’immmwmaﬁwuLLazﬁqmmwmaasﬂlayjaéqNasiami%“ugﬂiz‘[wﬁ
nsuganunelunisleny wazausddalunislassuvvosly Tuiusadeaty
Adeyemi Lag Issa (2020) lﬁul,auaLLU‘UﬁTwamL%wqwﬁﬁmmuaaqLLmﬁmﬁménLﬁa
a%mammﬁqwai%aﬂ;;"Lsgizwﬁuwai‘ﬁammwﬁmmé’a TAeNUNAUANYDITTUY
sz]/aagja LLﬁ%ﬂ’]iU%ﬂ’]iﬁ‘UVI‘UWMﬁWﬁjiymlaﬂ’lﬁlUgﬂigiﬁl‘U‘IjLLﬁ3ﬂﬂﬂ%ﬁﬂizUUﬂJaﬂﬁﬁ,sﬂ?
Yaugd Naidoo (2023) imyﬁu&?'mﬁmiyjmmﬁ TAM wag Information Systems
Success Model a11N3093U18AMNAUTUS I 9AMNINYDITZUY N35UTUDILY
waznasnsvesennslaeselilszansan wnnuisesunnlaAnwaud e
suaﬂisuumiaummmzmsaam%’uwmiuiaeﬂuu%‘uwuamﬂ‘ﬂiqiﬁaLLaz
AAYAAINNTTY LwimiﬁﬂmﬁqqLﬁuizwmiaumﬂﬁgﬁum%aamﬁaLLazmmﬂaamﬁa
Tuuunvesaniiugaudnwidaiiegossdiin Tnslanznsdnuiiysannisnsey
LUIAMYDI Information Systems Success Model ka g Technology Acceptance
Model ifigafunsunumuasnmnmszuunenssugvesly miveuiumaluled way
NARWSVBIBIANT ﬁzfaa’iwummﬁ‘mmg”ﬁaﬂénazﬁauﬁammfﬁﬂLﬁjuiuﬂWiﬁﬂwﬂﬁ
au1saesuienalnuesnisiissuuadan1uaudaendounlyluus unves
uinendueenadussuy

oty mﬁ{fﬂﬂ%’jqﬁﬁaﬁﬁ“mﬂizmﬁLﬁanvLﬁuﬂzumweuaﬂt,l,aﬂwﬁmifuﬁ?]ﬁa
mmummmu,avmmmmmmn’rﬁajh”mmmaumEJu,avm'mﬂaamsﬂuwnmmaa
mwﬁmumiaamuLwﬂ‘[u‘[aﬂsuawﬂﬁumu LLammewmmamwuﬁiwmQmmw
093Uy Msfugdselony nsfuganunelumslyny msseuiumelulad woe
Naﬂiwum'aaqvﬁ(ﬂs Imqsmwmsﬂsammaﬁmaq Information Systems Success
Model uaz Technology Acceptance Model iaWauuuusiasnddinszndmsu
BFUNUNUINVBITLUUANTAUMARITIA N SETuayunIsuImsianIsaulasnde

luandugaudnu
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s2iU8uldnN1539Y

nsiTei5eq “m'iﬂ’wmLLaﬂwﬁLﬂ%’ulﬁaaﬂfuaﬂgumm%ﬂLLazﬁmmmﬂzgmm%
reuiBnazaNvasadsluaniufner: nsdlAnwr uminerdeunand oy
nyamwasuas” 1uns39eidsUsina (Quantitative Research) nguszasnaiiie
ﬁﬂmé’ﬂwm%m;ﬁ%ﬂmizw sERUALARITuRBANNMYBITTULMBUNELATY N3
gousunislymalulad uazkansenuedTzUUAUTEANENINTEIDIANT TN
Anmgnanuduiusseninaiudsiifsvestunislyauszuy ﬂ']ﬁﬁ’nﬁumﬁﬁ’a
Uimaumwumumﬂm laun nsfuruadszansuas ﬂammamq ﬂﬁwmm
Lﬂﬁawama nsRTNABUANNINTNLATBYTTE MIAUTIUTINTEYA WagNTTLATIEN
YoyaN1adA

1. Uizmmuazmjmﬁ’a@éw (Population and Sample) Uszannsdilalunns
Fondadl Toun t;ﬁsgmuizwLL@UW%m%’ua‘fm%’umiLL%@LLazﬁﬁmmTaquf;mm%aam
fouazaulasntonelunmingrdounislunsannumuas desznounie
lgaundn lown Unfnw $1u7u 10,927 o1nseuazyaaInsasatuayy $1uu
936 au AfAvEITsszuLLeUNAIATufInan Taoglsnuausalassuuifionsny
wnn1sanunaUaendy Aasmaauzresda wasndaeyaiisvesiuns
Fan1sauentendfouaranudasadunieluaniufinu nqudesnsiflaluniside
311U 300 AY s?faLﬂuéﬁﬁﬂszmmiaﬂumﬂ%muszwLLaﬂwﬁm%’uﬁaﬂén lagunn
ﬂﬁméﬁaéwaﬁmu@muLmewmmﬁa‘i’aL%w%mmﬁLLusﬁﬂm%ﬁwmuﬁua&mﬁ
feswedmiunsiasigineain Insamznisiiesgilinnanuduiussennad
w3 (Hair et al., 2019; Weyant, 2022) n1sdaidannguiaoensly 35naideniuy
191294 (Purposive Sampling) IWEJLﬁaﬂLawwgﬁLﬂEJI%QWUi%UULL@UWﬁLﬂ“lqjjuﬁﬂﬂﬁﬂ
dosniiugfifivszaunisalaenssduszuuiidnw daumngandmniunisided
élaamsﬁz]layamﬂgﬁ%muﬁwmszw (Etikan et al., 2016)

2. ieioaflefilalun1s3dy (Research Instrument)

2.1 LLaleém%’wﬁaaﬁuawm'iLLRTQLLazﬁmmuﬂ’fgmm%"JamﬁaLLaz

Anulaenseluanufng
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™ En ™ En
™ EN o D
2. szuulWhuazuaeding 2. satwihuazuasaina 2. ssuuivhuazusasing
- nwanenlsznay
iia #na
Eaanans
| sofu wanszan |
| aAEs
HETMER A
- pe—
avned tu
-
minpam
[t astiazonntuiad ving
|E1 02 | 38Ta  (wven URL I T rmenfia gy g
Ao
‘,-.:«r- @035 ey ac th | Fu 1 sy (A udanuii Lilkanans)
c | | ATTULS]
* 2. suiWihuasudaaing
e (=
‘ & saaasidiaann Twiuazaan __
B o - |1 3/07/2025 Tama
u 1 =y (psdl L tuseaistaEan) | P
menmlsznay =]
R
famens )

A 1 weundinduiiteativayunisuasuazinnudymendieudenag Ay
Unonseluanufin
N - (lou wauszou wag AMNT @1191958y, 2568)

2.2 wsesdloflvlumsiiusiusiuveya fie wuudeuniu (Questionnaire)

| v '
v =< A

WaudwiofnwianuAaiuvey lvauneszsuukoUndindudmniunisuatiay

2,

anudgyrinueTieuiswazaulasnie Tnsnwuvaeuaiunusesndu 3 @i

)

De
b

i 1 ﬁﬂlauuaﬁ"alﬂﬁuawgmauLLwaaumu Usenouay i 018 Funug
vt Uszaunsadunistumalulad szeviainislseussuu amuilunisly
wazgunsnitlalunsiandeszuy

duii 2 N15UTEIUAMANUBITEUY Uizﬂaﬂgﬁlﬂgf’aLLTJ’iGTWUﬂﬂJﬂ’]W“UEN
svuv 4 Ay laun mnuasnsalunislesuvesssuu (Usability) AMNINVBITEUY
(System Quiality) ﬂmmwsuaaﬁi’faaﬂa (Information Quality) AMAIWN1TUINT (Service
Quality)

272U 3 n1speuunislymalulad LAHANTENUYDITEUUN BBIANT
Usznoumeiaudsddy lown nsseusunislumelulad (Technology Acceptance)
NANSYVIUTBITZUUADDIANS (Net Benefits)

wuvaeuauly 11As1aILYsEINIALUUALASA 5 58U (Likert Scale)

1% 1% '

& ' Y] < ‘:4 = Y} s ¥ Ql'
ALLRTEAU 1 = Lﬁu@'ﬂﬂuaﬂﬂq@ AN3EAU 5 = LVum'J‘EJ@J']ﬂV]q@



MsaTImnsumansLavvaluladanavnssuuua, 97 7 adufl 1 dew wa. - S.e. 2569 | 155

3. N15MT29ABUAIULT ol uTeeLAS el 0398 (Reliability Analysis) il ol
i osfeTdeianuundefio g 3dulansvaey At esturesuuuasuany
(Reliability) Tnglumdudszans Cronbach's Alpha gaduiamsitlsiuesnsunswane
TuauiTenudenudians uazszuuasaune Ineviald a1 Cronbach's Alpha 7
11171 0.70 Aeneglusziuiiveuiulanazuannedosdioidedauideiiudome
duumathlulslumsliesenueya (Hair et al., 2019)

A151991 1 NANTVIAABUANUITRLUTBILUUAB U

fauus 97U | Cronbach's 3LAUAN

h) Alpha \Wasiu

Auannsalunislesuresszuy 7 0.749 A

(Usability)

AMANYBITEUU (System Quality) 7 0.684 AN

A AATNYBIT 85 (Information 6 0.849 AN

Quality)

AAINNNTUINNS (Service Quality) 5 0.729 7

nseeusunislyinalulad 6 0.710 AN

(Technology Acceptance)

NANTENUVEIIZUUNDIANT (Net 6 0.821 AN

Benefits)

sty 37 0.757 AN

21NM15797 1 KAN1TILATIENNUIN AN Cronbach's Alpha mammﬁmﬂiﬁm
111197 0.80 wannuuvasuaufiad esueylusedudfediunn uazdaiy
wngavdmiunailulelunsfusunuveyalunsideadsd

4. N13PTIADUAILATIVOUAS 83510358 (Validity Analysis) 4ana1nn1s
n3mduAILdouTILUUARUA I KITSlanTI9AeY mMunTBNATasile
A9® (Validity) dolngularuuvasuauaunsaiadudsiinesnsdnulaseng

¥ '

ANABDILASLANZEY ﬂ’]iﬁ]i’l‘ﬂﬂ@Uﬂ’J’]ﬂJﬁ]iﬂﬂJax‘]Lﬂ%@ﬂﬁ@%’%ﬂLL‘UQ@@ﬂLﬁj‘U 2 Yupeou lawn
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v

4.1 n19752980UAUATLT A oW1 (Content Validity) & 3 481
wuuauniRaL Ul MsIAand $1UIU 3 MU ATIIAOUANLADNARBITENIN
ﬁtgljaﬁﬁmllﬁjuﬁjmqﬂiza«gﬁuaﬂmﬁ%’a Tneluswil Index of ltem-Objective Congruence
(I00) wan13Uszdunua A7 10C 183920RIN1INNYDDY T 0.80-1.00 Fg9n1
inaunfirisun (0.50) uansenufiminaennaesiuingUszasnuenside way
annsnthldlslumafunusumeyalassanzay

[

4.2 3nTIvEeUAURTLElATIET (Construct Validity) @é’]’alﬁﬁﬂmi
Jin1zrmunsadcasastaveiaudsurs Inelya Composite Reliability (CR)
Wway Average Variance Extracted (AVE) & wuduisnnsfi deuleluauisedlynis
Ansenlanadunislaseasns (Structural Equation Modeling) Tnevialu a1 CR aas
11AN371 0.70 WavAT AVE m151nn7 0.50 titewanslmiiuanfuusiinanudenaa e

Aeluwaraiusnesunesdswislaasnavunzay (Hair et al., 2019)

d’ a s b
A9 2 HANITIATIZIAINUATIVDIN ILLUT LB

R ETUAR 37UU | 10C | CR | AVE AGRE]
AIYIN Uszliu

AUEIU150TUNTSTY I UV : .
7 0.90 | 0.847 | 0.529 | wULARUNM

32UV (Usability)

AMATNYDITEUY (System : ;
7 0.92 1 0.816 | 0.502 | wuULNgUN

Quality)

ﬂzumwmaaﬁu”aagja (Information : ‘
6 0.88 | 0.887 | 0.566 | wuLngu:n

Quality)

ABAINNITUS NS (Service : ‘
5 0.87 | 0.846 | 0.523 | wuULARUM

Quality)

A1588USUNISLY tnAtulad : .
6 0.91 1 0.838 | 0.510 | WULNEU;M

(Technology Acceptance)

HANSENUVBITTUURDRIANS (Net . .
6 0.90 | 0.870 | 0.528 | wuLngu:N

Benefits)
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INANTIT 2 NaNITIATIEANUN ﬁauﬂmﬂmaﬁaﬁm CR 27077 0.70 wae
A1 AVE 1901027 0.50 wanslnifiui a3 esiieisoinnunsaddasiasislusesui
gousuln uavanunsathlulrlumsiessrenuduiusserneiauusluduneunsly
Tnognamnyay

5. ﬂ’]iLﬁUi’JUi%N%@llua (Data Collection) mnﬁm’m%’mﬂ@yjaﬁ%ﬁumﬂm
1o wuvaevamesulat (Online Questionnaire) Imaéﬁ%’mwmm%quaa*ummhu
gosansaeansnelunminends wu Sua uazunanoIunsEeasYeIMUIEIY

vy oy ¥

wialvlysussvvanunsaiuisiunsuwuuaeunulalagadasla ndsinduan

wamafmfﬁlﬁwﬁaga cjﬁif&lﬁumnaaummmugfswﬂmquaa*umu waAZARALADN
WIELUUAR U LT Tauany e o lulelun1siiessroys denuand
Lmuaaummﬁauyizﬁﬁﬁmu 300 %
6. mﬁmiwﬁmyﬁlyja (Data Analysis) myayjaﬁlimymﬂLmuaaumuqﬂﬁﬂm

Ainsrznmelusunsuadn lngleisnisinsevdmeluil

6.1 @fnLTanssauun (Descriptive Statistics) yAnud sevay ALRae
wazauDeauLINnTIY Lﬁaa%maé’ﬂwmzﬁﬂﬂsuaw;mauLlfuuaaumu

6.2 ms%mswﬁszﬁummﬁmLﬁuﬁuaa;ﬁ%mu Tyaadouazaiudsuy
mmgmiumiﬂizLﬁummﬁ@Lﬁuﬁuawyiﬁgmum'aﬂmmwmaqsz‘uu N1589UTU
wAlulal waTHaNITEIUTeITEUUReeIANS

6.3 N1531AIENALTURUsVDIFAuUS lonT ATz Aanduuses

= ‘v . . A e [ 1y s ! Ly e
W58 (Pearson Correlation Analysis) tWaANWIAIMUAUNUTTEWINAUINAN®YN

NAN13IY

nsthaueramveluauiuueendu 3 audfy Taun

1. ﬁuyazﬂaﬁjﬂﬂﬁuaq;jmamw‘uaaumu mam'ﬁmswﬁﬁﬁjayjaﬁﬂﬂmaagmau
WUUEBUNINIIUIU 300 AU LLa(ﬂQIﬁLﬁuﬁqgﬂwszwmﬂisuaa;ﬁ%muszwLLaﬂwam

o ¥ = o o a YY) = ! &
ﬂu@']u@']‘ﬁ'l@u’]llﬁLLagﬂ'J']ll‘Uaa@.ﬂEJﬂ']EJIu@J‘Vi']']‘V]EJ']aEJ @\quUaSL@U@ma‘Lﬂu
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A15197 3 ‘ﬁ;’]U’JULLagi@EJEWSUBQQG]@ULLUUﬁ@UﬂWNﬁWLLUf’IG}’]ML‘Wﬂ

LA U fovasz
%8 132 44.00
AN 162 54.00
luvszasnssy 6 2.00
521 300 100.00

90 13999 3 WU weeukuvasunmaIdlng iy inends 911w 162 Ay

(s98ag 54.00) s99asundu ATy 97UU 132 AU (Se8ay 44.00) Way lﬁﬂizaqﬁ

FEUWNA 97U 6 AU (S8aY 2.00) wanslmdiuinquilvaussuulidaaiumnandgs

NWﬂﬂ’JWLWﬂ%’]EJLézﬂu@EJ

A15197 4 "ﬁ’]U’J‘HLLaBi@EJaB‘U@ﬂQ@@ULLUU?{@UQ’]@HOW LUNATHDEY

21 MUY Jouaz
fna 25 9 225 75.00
25-34 { 38 12.67
35-44 { 20 6.67
45-54 { 12 4.00
55 Jauly 5 1.66
521 300 100.00

NAINT 4 WU yeeuLuUdeUauaIUlgiiony Miind 25  9auau 225

AU (5088 75.00) 509831 laun g 25-3¢ T S1uru 38 Au (Sevay 12.67) 01y

35-44 1 113w 20 AU (08¢ 6.67) a1y 45-50 9 F1uau 12 AU (So8ay 4.00) WAy

55 J3uly 91w 5 au (sevay 1.66) waaslmiuanleauszuvaiulvgdunaudy

Y

AANY
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A1519% 5 f\i’ﬂmuLLaziaaazﬁuaqQmamwuaaummﬁw WUNAUFTLALI U LU IANT

Auvdantiniilussdns U () | Toway
919150 (Lecturer/Faculty) 25 8.33
yAaNsEneatuayy (Administrative/Support Staff) 25 8.33
Un@Anw (Student) 250 83.33
vndinuanuUaonde (Safety Officer) 0 0.00
3u 9 (Other) 0 0.00
Bty 300 100.00

NANT99 5 WU geeukuvaeuamaIulngdy Wnfnw $1u9u 250 Ay

(So8a 83.33) s9daaunidu 919158 91U 25 AU (SP8AY 8.33) uar YAaINTEIY

atuayu 91U 25 A (Segar 8.33) Tuvueil lnufianuAlaenduLaznaudy

9 lunugneuwuudeuny NansiasEAnaaseulmiurlyussuvalng

WunquiinAnwdaduglandnvesseuuneluanufinm

M15199 6 FIUIULATTYATYBIABULUUABUINTUNMNUsEaUNTaslunTly

walulagasaumne
Uszaunisallunisldmalulagasauwme U (AY) | Soway
uaenan 3 72 24.00
3-54 108 36.00
6-10 U 78 26.00
1nn1 10 9 a2 14.00
334U 300 100.00

a ' ¥ ' ' o i *
A1AATITNN 6 NUIN QmauquaaummmuimmmUssaumsmiumﬂ%

weluladansauma 3-5 7 $9u7u 108 AU (Sesag 36.00) 504893 lawn 6-10 0

$1U71 78 AU (5P8aY 26.00) UpBNIT 3 U $1UIU 72 AU (S08aY 24.00) LAY WA

10 U 917w 42 Au (5ewaz 14.00) Fawanslmiuiglvaualngiivssaunsaniu

walulaglusgauuiunans
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A15197 7 ai’wuauuamaaamawjmauquaaummﬁLLuﬂmmwsnmmﬂmzw

32821281N15 143U U (L) Jouaz
upENIN 1 e 140 46.67
1-3 Lhiou 110 36.67
4-6 wnou 40 13.33
11NN 6 Lo 10 3.33
334U 300 100.00

1NM1T199 7 WU WeeUkUUFBUaMEIulrylvuTEUU weenIT 1 Lieu
91U 140 AU (5D8AY 46.67) 5998941 bawA 1-3 LADU 91U 110 AU (SPva
36.67) 4-6 LAY I1UIU 40 AU (SP8aY 13.33) kA UINNIT 6 LABU 91UIU 10 AU

(sewaz 3.33) uansbmiuiszuudseglumiasunuveanmsinilynulussans

f15197 8 ﬁ’]ﬂlﬂLLﬁBi@EJﬁ%“U@ﬂl}Jl@@ULL‘U‘Uﬂ@‘Uﬂ’]@J"SWLL‘LJﬂG]’]lIﬂ??ﬂﬁiﬂﬂ?ﬂ?ﬁﬁﬂi%‘u‘u

neadUnm
ANE sl U (AL) Soway
Tl 18 6.00
1-2 adamedUam 126 42.00
3-5 pSwmaduam 102 34.00
1NN 5 ASInedUnm 54 18.00
334U 300 100.00

INAIFNT 8 WU p;mauquaaummﬁau‘lmﬂ%&mzzw 1-2 pfapedunnu
$1uIU 126 AU (Sevay 42.00) 8989 laun 3-5 aSwmedUn v $1uaw 102 AU (S8
a% 34.00) LAY 4NN 5 adimodunnm S1uaU 54 AU (gaaaz 18.00) Tuveusdt luae
Tyszuu $1Ua 18 AU (5088 6.00) HaNSIATIERsInanazeulmiuszuuiing

Tvauegnamaiiadluseauturunans



Msaimnssumansavmaluladanannssuuiuaa, 97 7 aduil 1 dew wa. - R.e. 2569 | 161

v

M13197 9 IUIULALTELALVDIYMBULUUADUNNIMUNMINgUNTUMEN U1 LY

NUTPUY
gunsafitldidnldanussuy 31U (AY) Sowaz
pouRmaIRalAz MFeluAyn 108 36.00
Tnséwnilode 174 58.00
WAULEn 18 6.00
Bu 9 0 0.00
BN 300 100.00

nadt 9 wun geeuuuudeuawalnglrnuszuui nsdnnilede
$1uam 174 au (s08ar 58.00) se9a9 laun Aewfamesudelunyn Sy 108 Ay
(s088Y 36.00) uar wiiER SN 18 AU (Sopaz 6.00) HaMTIATELARdITTLI
sruuiidnuaznsloauuuy Mobilefirst Sidemmassifunginssunislosumalulad
voylolutaqiu

2. MTIATIENITLAUANLANTALADANNTNVDITEUY

A15199 10 mLaﬁsJLLazameﬁ‘EmLuummigfmmammmmmmaﬂumﬂmmmm

32UV (Usability)

F1en13UTEY Awade | SD. | sTAuUAMNAALIU
svuuillassasndlyanuang 4.31 0.37 1A
Tysulelnglunasiiade 4.14 | 043 1N
ﬂuuazmyaamwummzam 4.27 | 0.39 1
sos¥uyleiiifiugiu T s 4.06 | 046 1N
FOI UMW InEUazSIng Y 419 | 041 170
wansralaruuiiofeuasmeufinmes 4.34 0.34 110
ﬂ’]i?’?ﬂ%’]ﬂ?@%ai?m%’l 4.23 | 0.38 Hah)
ANaAETIY 422 | 0.40 17N
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M7 10 MU ERBULUUABUNLTAARIURBANAnsalunslY
muﬁuaﬁwﬂmmwa@uwﬁu 171 (Mean = 4.22, S.D. = 0.40) iflamﬁﬁﬁh"]m?{aqa
fian loun msuansualafuuguninifiedouazaeuiaines (Mean = 4.34) 50909
laun szuuilaseasndleaiudie (Mean = 4.31) uag Yuuazisydniseenuuud
wanzau (Mean = 4.27) kamsingidananagvoulniunszuulaiuniseonuuy

Tlvnulanewarsessuglyainvaienay

A15199 11 HANSUTEIIUANINUBISEUU (System Quality)

318013 Mean S.D. LAY
SEUULANULEDYS 4.18 0.36 iy
UsvananasIngn 4.23 0.33 ety
3@@%’U;§1€5ﬁi’mauum 4.13 0.41 ety
mmﬂaamﬁmm%uﬂa 4.25 0.38 170
\Foules Power Platform o 4.28 0.35 ety
g1uv0Ya SharePoint fiaTwdangu 4.14 0.40 ly
veneszuuluomanlnme 4.19 0.36 ety
ALadETI 420 | 037 | wn

NAN5197 11 WU ;;mauquaaummﬁmmﬁmﬁuéaﬂmmwmaqswﬂm
s2ueglusEdu 110 (Mean = 4.20, S.D. = 0.37) s18Msfifinedegefian lown 13
doulesitu Microsoft Power Platform ladl (Mean = 4.28) s8asu7 laun 27
Uaamﬁwaﬁa;ﬂa (Mean = 4.25) wag AusInslunsuszanana (Mean = 4.23)

HANTITIATIZVLEN LTINS ZU UL AR shasTUsEANS nwlun159i9u
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M13199 12 wansuseiiiuaunImveya (Information Quality)

579N13 Mean S.D. | 3zAu
voyalu Dashboard gnaes 4.28 0.40 1N
eeuwaznsmirlans 4.23 0.42 UN
Ggau”aéﬂmmwu Real-time 4.16 0.44 Gl
YoyaTlmLALYy 70l 4.13 0.46 UN
5141/1'165@;3615@14%5&518 4.21 0.43 Gl
av0anvoxa PDF/Excel ln 4.25 0.41 Tl
ALRADTI 421 | 042 | an

N5 12 U ;gmauquaaumuﬁmmﬁmLﬁuﬁaﬂmmwwaﬁmﬂdm
saeglusedu 11n (Mean = 4.21, S.D. = 0.42) SteMsiidaLadugafian lown Ay
QnAesvosvayalu Dashboard (Mean = 4.28) s93a9in lakn n1saseantoyaly
JUUUU PDF/Excel (Mean = 4.25) Lay eauLaznamielaag (Mean = 4.21) ua

¢ v

ﬂ’ﬁaLﬂi’]%%ﬁﬂﬂﬁ’]’)ﬁ%%B‘Lﬂ,‘wLﬁU’JWi%UUﬂ’]ﬂﬂiﬂﬁﬁUﬁHﬂﬂ’]i%Lﬂi’w‘lfi‘ﬂaiﬂaLLagﬂ’ﬁ

o

AndulaveuIMsineenliusedninm

A15799 13 Han1sUsTIINANAINNITUINS (Service Quality)

31019 Mean S.D. SZHU
Fuwmunsiviesiag 4.23 0.38 110
aftelaaalang 4.16 0.40 1N
GlII’eNVINLLf;ﬂﬂ’ZyJWPg@Lﬁ]u 4.19 0.39 11N
U%Juﬂgaizwmu%al,aual,l,uz 4.11 0.44 10
syuuuasiousalusivhaulad 4.26 0.34 110
ANaAeTI 4.19 0.39 17N

NATNN 13 WU JRBULUUABUAINTIANARTILABAMAINNNTUSNSINY
sueyluseAy 1N (Mean = 4.19, S.D. = 0.39) ten1sndanRdegelian lawn seuy
WIWADUDAULTAYIOULAR (Mean = 4.26) way AunauIszUUlrALYIgME DR
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590157 (Mean = 4.23) nan1sasiznasvaulviiuiissuuiinisaduayunislynu
LALATIUSNSNTUSEANT AN
3. NNSYAUSUNTINALULAT LA NANTENUYDITEUUNDDIANT

a1519t 14 nseeusumslumelulad (Technology Acceptance)

378013 Mean S.D. 3ZAU
FEUUNIUNUUTLANTNINNITYINUY 4.25 0.39 1N
TruggnINNITEUULAL 4.19 0.42 10
dinanuulanuenuaende 4.16 0.41 17N
nasn1slsEuUneluauAs 4.26 0.36 1A
WeuTImUTsnSwanani sl 3.92 0.51 10
anTUABUNTYINTY 4.24 0.39 110
ANLRAETI 4.17 0.38 110

210913197 14 WU grevkuvasunuiiszdunissensumsluimalulad
Tnosamoglusedy 1n (Mean = 4.17, S.D. = 0.38) s9en1siidinndogsiian lawn
noanslyszuunslusuian (Mean = 4.30) sedasun laun seuumeifinUszansnm
M¥eIU (Mean = 4.25) Ay YroantunounIsvamy (Mean = 4.24) Hansiaaen
wanslmiunglrnuiviruadfifnessuuuarinualuniiaglsnuszuvesmaiiiady

DUIAR

M15199 15 HaNTENUV9SEUUNDDIANS (Net Benefits)

31019 Mean S.D. SZHU
anveRianaalunsey 4.26 0.40 110
AALIAINDUAUDUNANTA 4.20 0.41 1
PeguIsnala 4.23 0.40 ey
auasuimusssuAuUannsty 4.17 0.38 170
annsavenelyiamiingde 4.21 0.35 110
Wuauwuulmmunesnusu 4.13 0.34 110
ALadeTI 4.20 0.38 17N
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NMIF9 15 WU ;JmamwuaaumuﬁmmﬁmLﬁuéawaﬂiwwaﬁww{a
pennslaeineglusedu 11n (Mean = 4.20, S.D. = 0.38) S18M5AiTALRATgeTign
launszuumsaneRanalun131e91U (Mean = 4.26) 509991 lALA BIBHUIMNS
Tunisimdula (Mean = 4.23) uay @unsavenensisnusiaming1dele (Mean =
4.21) wamﬁmwﬁﬁménLLamlﬁLﬁudﬁwuﬁwmwﬁwﬁ’@yiumiaﬂ’uawms
Usmsiamsaueniieunsonasanulasnioniglussnns

4. MyasenALduTUs TS

= ' a ' a ' o o Y .
f13199N 16 ALRRY SIULUYIUUNINTGIU LArANANAUNUSVIRILUS (Correlation

Matrix)
fiauls | Mean SD us SQ IQ SE TA NB
us 4.2171 | 0.4039 1.00 | .555%** | 4g83*xx 504xx* | 476%x
SQ 4.1967 | 036710 | .555%** | 1.00 | .358*** 329%%% | 3%
IQ 4.2078 | 0.4154 | .483** | 358%* | 100 276%%% | 240%*
SE 4.19 0.39 | 0.512* | 0.463** | 0.401** | 1.00 | 1.000 | 0.498**
TA 4.1656 | 0.3845 | 504*** | 329%* | 276*** | 070** | 100 | .250%**
NB 4.198 | 03846 | .476%* | 320%* | 240%** | 0.64** | 250%** | 1.00

WHIULUR: p < 0.01

1397 16 Fauansanade anudenuuannsgiu uasaanduiusvesd
wUs wuan Mudsiaandianedseglusedugs Ineflnadeeysevang 4.16-4.21 na
n133iATIEnAtanduusvaiiesdu (Pearson Correlation) U171 AauUsviavuni
anuduitusiulusedu Yiunansfeseiugs Inefiadulssansanduiusegsenang
0.240-0.555 wazdaddynieadffiszsu 0.01 UBNINH MU FanUs Mseeusy
nslamelulad (TA) fnrmduiusiu nansenuvssszuunossans (NB) Tuseduga

#an (r= 0.79, p < 0.01) FaUsTIMN1T8UTUTEUUVBIY M UTUNUIMAI AR o
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UsyAndravasszuuluseduosans Taesiuuar namslinszruandvifuin fauds
p11 A28 30U 91YIUYDITEUY AMATNYBITIUY ANNMUBITOYE LAY
ANAMNNTUINTS Sanuduiusideandu msseusumislumaluladuasnanszmy
voszUUReRtAnT aeuandlfiunnanninessruuiunumddyroaudiiaves
naszuumeluladansaunanlalunisdanisauenrenifouazanulasasde

Aeluanufne

anUseNa

N53381509 MsUselluAuAImsTUULAzNsERNTuIAlulagvaseundLAty

Y

n1skaunA1ueITIeudsLarauUasadeluaniudny) Tingussasaiiiofnw

AMAIMYBITEUY Nseausumslymalulaguaslyau LagkanIenuvadTeuune
UseANTNmMUeIeIAns SIuradinsienauduiusseneiiusinetvesiunisly
NUITUY Iﬂsﬂﬁmia‘uLLuaﬁﬂﬁgimﬁﬂﬁﬁizﬁ’aﬂﬂ Information Systems Success Model
wag Technology Acceptance Theory Han15198@1171509AU181 89791015108
dl U a a v a o dl dl ¥ yv ' dgj
Woulpsiuanufigiunsiduwazanuideninesvesladanelul

1. anwazvalvnuszuukarngAnssunslvnumalulad nansfnyimuin
wlyauanlngduinAnwiifiengainan 25 9 wazduszaunisuaiumnalulad

[V '
=

ansauweluszAuiunansiivas lneylyvanuaulngunfssuuriulnsdnnilono g

1% 1%
Y

aznounlusnmslsrumaluladlugeddaiiuumanfsszuuiuguniaiadoud
NansAnYidenAassuLLIAAYeT Fred D. Davis ;;ﬁwm Technology Acceptance
Model (TAM) Gasgyanuszaunsnivesylsuaznisusianmaglumsleaussuy
\Jutedvdfyfiasmanenisousumealulad (Davis, 1989) uenanil wwaluunisley
muizummqﬂﬂiajm?{auﬁé’aaaﬂﬂgaﬂﬁwamsﬁﬂwwm Al-Rahmi et al. (2018)
wag Tarhini et al. (2017) Fnuamandessuuniugunsannmiunumdidane

A5UBUSUTTUUANTAUNATUADIUUNNSANEN
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2. AUNMTBITLUULALNISTYIUTEUY HANNTITENUINAUN TN BITEUY
AMNINYBIVDYA UarAMNINTBINITUIMIoglusEAugaLandlifuatgun Y es
sruuasaumaiinadauinaenislrnussuuuazaafionelavewls wamsfnuil
aamgmﬁ’uumﬁmaq William H. DeLone uag Ephraim R. McLean Tu Information

Systems Success Model 1 5zy31an Muo3szuutfusinlsznoudngyueg

1%
Y]

AudSvessyUUaTTaUmA (DeLone & McLean, 2003) uenanildsdenaaeiu
NaN13AN®IBY Petter et al. (2008), Urbach & Miller (2012), Ojo (2017), Rokhman
et al. (2022) wag Rulinawatya et al. (2024) ‘ﬁlwmﬁﬂmmwmawzwLLazmyaaﬂaﬁ
AuduiuslnensatusziunisloaussuuiazUsyans amvesszuvansaumnely
U3UneeAnIuaaatun A

3. mageusumslamalulafuesylvau wans@nwinuglrnuiissduns
pousunslumaluladvassruvoglusedugs uanslmfiuinmsiusfeselovunes
ssuunarauaglunslonuiinanoauisalunislyssuu nanmsdnwiianunse
o3 unelnnluuIAnYee Viswanath Venkatesh lu Unified Theory of Acceptance
and Use of Technology (UTAUT) %Qizqdwﬁaﬁﬂﬁw Syfifinanenisvensunalulad
o wn Performance Expectancy, Effort Expectancy, Social Influence W& ¢
Facilitating Conditions (Venkatesh et al., 2003) uaﬂmﬂﬁj Namiﬁﬂmé’ﬁaamﬂgm
AUUIIYUDY Dwivedi et al. (2019), Al-Emran et al. (2018) wag Al-Rahmi et al.
(2018) finurdasemulsslevnesszuukasanunslunmslonuiiunumddyme
nsgeususTUURITaluaaTuNsAnwwaesnnsade T

4. HANTZNUVDITZUUADUSTANBN MUDI0IANS NANTITENUINNITISTUY
woundintulodmaiduinneuszaninnuesesnns tnsanizluniunisan
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wagn1satvayunsiadulavesuinis wanddviiuiinislseussuuinane
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McLean fliauaanslyssuuansaunAaasnasne Net Benefits #aadans 1y n13
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& McLean, 2003) uonaniifaenaanstunanIsAnEwee Seddon (1997), Petter et
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5. AnuduRusTEmIRuAINsEUU nMsseniunalulad uasnadnsvos
99ANT HANTIATIEAAVALTUSHUNALAINYBITEUUTIATIALT LS BaUaNn U
goufumalulad uaznisseusumaluladfiauduiusifauiniunansenuredssuy

MOBIANT FeatiuayuauuRgiu HO-H10 nan1sAnwdazneulmiuieudnsaves

¥ '
= [y [y

syuvansaunaluladusgdumaluladiiistesnufed undlusyfuniseeusures

Y

wlyauuaznnisuululveiddusinns Gsaennasafuauideves Wixom & Todd
(2005), Petter et al. (2008), Al-Rahmi et al. (2018) ey Dwivedi et al. (2019) i
WU’JIWﬂWiyJiOJ’]ﬂ"liiz‘Iﬁ’JI’NIQJLﬂa IS Success Model Wag Technology Acceptance

Theory @ansnasungaLdnsavesssuvasaundlapesiiuss@nsam

v v

Yodmgul)ludmgul uideilvigve1genmugnuszuuasaumnalag
m‘a‘u‘mmmiﬂﬁammjﬁﬂ Information Systems Success Model Wag Technology
dl' a v oo ' ] ¥ =

Acceptance Theory Llea5U18 U938 MiaIHanaAINdI5IV0ITEUUANTAUNANIUDNT

TeudsuazanulasnneluusunvssdauAne derisguduaiuaiuisaveslung

1%

waadlunisesurenginssunmslvaumalulagluusunvedainnsniunisfing

a va

YeorBaUiun TudsUjUR nansideuanslniiuinniswauissuvasaume

[ [y

AuANLUaonfuAIstnAUAIAYAUAMNINYBITTUY AULETIETVITIUY ALY
gNMBIvaNuBYa LavUszaun1sauveylyay ieanasunisuensumaluladuaziiiy

Uszdnsninaesnsdnnisauendieuidsuazanuiasnsslussans

v ' '
(Y a

2AVBIN1TINY wUINNUITeRArInveAUNURAA QLN gt uNISUSELEY

o

syuvansaumanuaulasadsluaaudne waddlvedrinuisusenis tawn n1s



MNsaTImnsumansLavmaluladanavnssuuiua, 97 7 adufl 1 dew wa. - S.e. 2569 | 169

Aureyaannaudessluaadunisnyiiissnaden nislsuvuasunindy
wiosdlevdnlunisifivreya uaznsfnyilurasnainis (cross-sectional study)
vesinsananetadmaneniansalunsiwansisellesuneusuniu 9 1
089Ny 50l

wuvnensidelueunan myideluswanmsfiansanuuamsiineluil

1) Anwlunaeantunsinwiileriumnuanansalunsesuionanisise

2) 1938338uUu mixed methods Lﬁal,ﬂummﬁﬂﬁuaaﬁgaaga

3) Anwdadoiudy wu aud estuntuaiuvaendevesoya

(Information Security Trust) uagUszaun1sadsly (User Experience)

1) Jinsrznlaealdanmgale Structural Equation Modeling (SEM) Ll o

[
[y

NAADUANUFUNUTIZMINIAU ST UTEAUNANTY
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Abstract

This study aims to analyze the spatial relationships among historical
hotspot data, human activities, and accessibility factors influencing forest fire
occurrence, and to develop a spatial model for forest fire risk assessment in
Lam Nam Nan National Park, Thailand. This study utilized five-year historical
hotspot data from 2021 to 2025, forest product collection location data, used
as a proxy for human behavior, and road network data. Spatial analysis
techniques, including Kernel Density, Buffer Analysis, Reclassification, and
Overlay Analysis, were applied using a Geographic Information System (GIS). The
results indicate that high-risk areas are primarily located in regions with high
hotspot density, intensive human activities, and easy accessibility, particularly
in the eastern, northeastern, and southern parts of the study area. In contrast,
areas located farther from access routes and with lower human activity exhibit
lower fire risk levels. The developed model classifies forest fire risk into four
levels: high, moderate, low, and very low, with most of the area categorized as
low risk. The findings demonstrate that integrating hotspot data with human
behavior and accessibility factors enhances the effectiveness of forest fire risk
assessment and can support proactive fire management planning in protected
areas.
Keywords: Forest fire, Hotspot, Human behavior, Spatial analysis, Geographic

Information System
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